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1 Introduction

This manual describes how to use the lightcurve simulatnoifigting programs in th€NANAproduct. This
code was originally developed for the SDSS-II Supernovar&urand then it was modified to simulate
and fit SN la lightcurves for an arbitrary survey. Current SNdels includeMLCS2k2 [1], SALT-II [2],
SNooPy [3], stretch [4], two-stretch[5], and Core Collapsel6].

The simulation is designed to be fast, generating a few dbgktturves per second, and still provide
an accurate and realistic description of supernova ligkie=i In particular, the simulation accounts for
variations in noise, atmospheric transmission, and cadene reliability of the simulation is based on
the accuracy of the “seeing conditions” that describes d¢legng, sky-noise, zeropoints, and cadence. The
conditions file is easy to prepare post-survey; predictirggdonditions file before the survey is crucial
to making reliable predictions for the lightcurve qualifihis simulation does not use pixels or images
directly, although it makes use of information generatedithe images.

The underlying programs are binary executables based ox effiartran and C. Each program (fitting
or simulation) requires an input file as an argument, plupopt command-line overrides (§12.2.1). The
command-line overrides allow making small perturbatiomshst a new input file is not needed for each
variation. For typical analyses that require many varraian both the fitting and simulations, script
utilities are provided to launch job sequences on multiglees using batch systems such as “gsub” or
“sbatch.” These utilities arem_SNmix.pl  for simulations (812.3.1) ansplit_and_fit.pl for fitting
(812.4.1).

Finally, while the simulation is a stand-alone program withuser interface, the analysis programs
allow for user interaction in multuple ways using thavate option (86.1). The idea is to layer code
on top of the underlyingnana code that reads data (real and sim) and applies basic selettis. This
architecture allows users to focus on writing the new ansifgstures without worrying about the overhead
of reading data files. Three ways to use the private intedeeé&) write an entire analysis or fitting package
(e.g.,snlc_fit  orpsnid ), 2) use existing code, but modify an underlying algorittam¢g 3) add private
code in the user-interface routin@sSRINI,USRANA,USREND), such as computing a new variable, writing
information in a specific format, etc.

2 SNANABasics

From any DES or SDSS server at Fermilab, invokeSNANAproduct with the command:
> setup shana
This command defines a few useful global environment vaggbl

> echo $SNANA DIR/
Isdss/ups/prd/snana/v8_04/Linux

> echo $SNDATA_ROOT/
/data/dp62.b/data/sn/data/

At non-FNAL sites, you will have to defineSBIANA_DIRand §NDATA_ROO@s part of the installation.
The environment variableSBIANA_DIRpoints to the software that is accessible to everyone, bité-wr
protected. Th&NANAdevelopers use a cvs repository to share code, and an upaaion is “cut” (i.e,
released) on occasion to provide a stable software versiacoflaboratorsSNANAS re-released as often
as necessary (8 13), as bugs are fixed and improvements aee Taacurrent software versiony8 04



as indicated by $NANA_DIR You will likely have a future software version when you reas manual. If
there is a problem with the current software version, youfafithack to an earlier version with

> setup snana v3 03
The main source codes for the simulation and fitter are

> $SNANA_DIR/src/snlc_sim.c
> $SNANA_DIR/src/snic_fit.car

The environment variableSBIDATA_ROOPoints to the user area. Everyone has write privilege here,
so please be careful. The contents are explaineGNDETA ROORAA README

2.1 Dr. Evi-ABORT-Face

The SNANAsimulation and fitter programs have intensive error chegkimoughout the execution. If
anything looks fishy, the program will abort with a messagxkiog like

FATAL[get_user_input]: Cannot open input file :
'sim_BLABLA.input’

‘ Hu“lll

| ABORT program on Fatal Error.

While some of these aborts may at first seem frustrating, themcial for catching bugs as early as
possible so that you don’t waste months (years) doing santetily.

2.2 Citations

While anSNANAcitation is always appreciated ([7]), please make surefereéace any underlying work
that is used bySNANA Referencing the appropriate light curve model (81) is thatrobvious example.
However, there may be other features to reference such aotitee of spectra for theilMSED model,
survey efficiencies, host-galaxy correlations, etc ... dbyead a published article and susp&§ANA
usage with a missing reference, please contact the leadraarid one of th&NANAauthors.



3 The Calibration + K-Correction file

Before running the simulation or light curve fitting prograan’,K-correction” file must be created. This
file contains

e filter transmissions.

native mag for each filter.

SED of the primary reference (i.e., AB, BD17, ...) and each Sotkp

zeropoint offsets (native- synthetic mags)

Optional AB offsets (to apply to data)

for rest-frame models requiring K-correction,

— K-correction tables vs. redshift, epodk;-warp.
— rest-frame magnitudes.
— Galactic extinction corrections.

The purpose of this file is two-fold: (1) collect the relevarformation in one file that can be used for any
model such as SALT2 or mics2k2, and (2) for K-corrections;@ompute quantities that vastly speeds up
the simulation and fitting programs. Tg-warp parameter warps the SN SED to match a grid of colors,
and is used to quickly find the warped SN SED that matches thereed colors. Example kcor-input files
are here$SNDATA_ROOT/sample_input_files/kcor

and the command to create a K-corr file is

kcor.exe myKcor.Input
The output file is specified by the kcor-input file key
OUTFILE: mySurvey.fits

3.1 Changing the Mean Filter Wavelength

The mean filter wavelength can be adjusted via the commaedatigument

kcor.exe myKcor.Input FILTER_LAMSHIFT r 2.1 i 3.2
kcor.exe myKcor.Input FILTER_LAMSHIFT r 2.1 i 3.2 OUTFILE k cor_lamshift.fits

which shifts the meam- andi-band wavelengths by 2.1 and 3.2 A, respectively. Thesésstén be
entered only via command-line arguments, and it is theeefecommended to also include a unique
OUTFILE name as well, as shown in the 2nd example above. The LAMSHifelis written into the output
header. Note that to implement more complex wavelengtlatians requires a new set of transmission-
VS-A curves.

85.25 shows how to define a duplicate set of filters with a comwavelength shift, and how to select
the A-shifted band(s) in the fitting program.



3.2 Defining aSPECTROGRAPH

A SPECTROGRAPiHstrument is defined as a list of SNR-vs-wavelength, &NRfor two distinct magni-
tudes. SNRA) is defined for two mag values so that in eaehin an effective zero point and skyNoise is
computed analytically, allowing SNR) to computed for any mag. For each spectroscopic bin-cehter,
zeropoint (ZP) and skyNois@{y) are given by

10-04m _ 10-0.4m
(10-04M /SNR; )2 — (10-08M /SNR, )2 (1)
04y = (F/SNR)?—F ; F=1004m-2P o
wheremy , are the two mag-reference values, and $plRre the corresponding SNR. To account for

exposure-timeTexposd dependence, SNR) can be defined for multipl@xposevalues. Th&&PECTROGRAPH
is defined in a separate text file with the following syntax:

ZP =

INSTRUMENT: MYSPECDEVICE
MAGREF_LIST: 20 28 # used to define SNR1 and SNR2

TEXPOSE_LIST: 300 1000 2000  # seconds

# LAM  LAM LAM

# MIN  MAX RES SNR1 SNR2 SNR1 SNR2 SNR1 SNR2
SPECBIN: 4200 4210 124 11.39 0.017 24.78 0.063 50.72 0.168

SPECBIN: 4210 4222 145 12.39 0.018 24.94 0.066 50.82 0.172

etc ...

EachA-bin (SPECBINkey) includes\min andAmax (A) to avoid confusion with non-uniform bins. The
LAMRESolumn specifies the wavelength resolution in A. Since thesehredT, exposevalues in the example
above (se@EXPOSE_LISTkey), three SNR pairs are given, where each SNR pair comelspo the two
mag values following th&1AGREF_LISTkey. An abritrary number ofexposevalues can be defined, with
the corresponding number of SNR pairs. For the simulaffggposecan be defined in th8IMLIB file
(84.5.2) or in the sim-input file (§4.22). SNRxposd is interpolated based on tAgyposegrid.

The aboveSPECTROGRAPHe is not read directly by the simulation, but instead itngested into a
kcor file along with the filters and calibration referencdghé above file is nameblYSPECDEVICE.DAT
the following keys can be added to a kcor-input file, aft€elLld@PATH key:

SPECTROGRAPH: MYSPECDEVICE.DAT

# name minLam maxLam ABoff
SYN_FILTER: IFU-0 4200 4500 0.0
SYN_FILTER: IFU-1 6000 6600 0.0
SYN_FILTER: IFU-2 7200 7600 0.0

The SPECTROGRAPkey defines the file containing the noise properties. OpliS¥d_FILTER keys define
IFU-like synthetic filters from th€PECTROGRAPH
The SPECTROGRAPKbins can be re-binned in the kcor file as follows,

SPECTROGRAPH: MYSPECDEVICE.DAT(rebin=3)

In this example, every three consecuth#bins are combined into one, and the SNR values are added in
quadrature. With 20@-bins inMYSPECDEVICE.DATtherebin=3 option results in keeping 66 combined
bins. Since 3 66 = 198< 200, the last twa-bins are ignored.
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4 The SNANASimulation: snlc_sim.exe

4.1

Overview of Model Magnitudes and Noise Calculation

The available lightcurve models are described in 89. Fostaframe model of supernova, suchsCS2k2
or SNooPy, here is a brief overview of how the simulation generategnlesl fluxes in CCD counts,

1.

o o M w DN

pick random shape parameter (efy.PM15) and random extinctior’(,) according to measured
distributions.

generate rest-frame light curvg; B,V,R, | mag vs. time.
apply host-galaxy extinction tdBV RImags.

add K-correction to transfortdBV RIto observer-frame filters.
apply Galactic (MilkyWay) extinction.

apply zero-points to translate generated magnitude@@D counts; this step account for atmo-
spheric transmission and telescope efficiency.

For an observer-frame mode suchsasT-11, steps 2-4 are replaced by a function that generates olbserve
frame magnitudes.
The noise in the simulation is computed as follows,

0% = [F + (A-b) + (F - 6zp1)% + (G0 - 1074 ZFTee)2 1 67 ] SN (3)

where

F is the simulated flux in photoelectrons (p.e.).

Ais the noise-equivalent area given [yt [ PSF(r,0)rdr] L.

b is the background per unit area (includes sky + CCD readoutlkalarent).

Ozpr is the zeropoint uncertainty.

0o is a constanELUXCALuncertainty, and ZPgk transformsdg into an uncertainty in p.e.
Ssnris an empirically determined scale that depends on the Isigieose ratio (SNR)

Ohost IS from the underlying host galaxy.

The terms with hatsd, Gzpr, §5NR) may be difficult to compute from first principles, but thesents

can be determined empirically from fits that match simulatedertainties to those from the data. The
A, b, 6zpt terms are discussed in 84.5. The éSNRterms are discussed in 84.11. The host-galaxy noise
(Ohosy) is discussed in 84.19.
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4.2 Getting Started Quickly

In this section, you should be able to start simulating kghtes in a few minutes. There are many options
that may take some practice to use properly. The first stepespy a sample input file to your private
area,

> cp $SNDATA_ROOT/sample_input_files/mlcs2k2/sim_[SUR VEY].input.

where[SURVEY] is one of the surveys for which a sample sim-input file is a@dd. Edit the file and
change th&ENVERSIOName:

GENVERSION: CHANGE_ME

We recommend just adding your initials and/or project naobat you do not over-write somebody else’s
files. Now you can run the simulation, for example, with

> snlc_sim.exe sim_SDSS.input

which should generated ten lightcurves using the MLCS2k2ehothe next step is to modify the input
file to suit your needs. The input parameters are internaltyroented within the source code; for example,
to get more information about t&ENMAG_SMEA&yword,

> grep GENMAG_SMEAR $SNANA_DIR/src/snlc_sim.h
> grep GENMAG_SMEAR $SNANA_DIR/src/snlc_sim.c

will help you trace the meaning of this variable. All of theirt options are defined in a structure called
INPUTSIin snlc_sim.h . Please report variables that are not commented, or thatdmanfusing comments.
Don't hesitate contacting other people familiar wstlic_sim.exe . Some of the light curve parameters
are obscure (i.e, describing the distribution of extinti#A), and our best estimates of these parameters
can change. To reduce the burden of tracking all of thesenpeas, defaults for these obscure parameters
are stored in the file

$SNDATA_ROOT/models/snlc_sim.defaults

If you simply ignore these obscure parameters in your inpeitthie “defaults” defined above will be used
in the simulation. You can modify any parameter by definirgpharameter explicitly in your input file.
The simulated lightcurves are located IBNDATA_ROQSIM. Do NOT try ‘Is’ !l Instead, try is -d
*/ * to see all versions. To avoid sifting through hundreds akians from multiple users, | always use
‘RK as a prefix for my versions, and therefore | can see my vessiath ‘Is -d RK* . Each simulated
version is located in a sub-directory named by your verskRecall that you have full write-privilege, so
use caution. Each version has an auto-generated READMEffyleut version is called ‘MYFIRSTSIM’,
then do

> more $SNDATA_ROOT/SIM/MYFIRSTSIM/MYFIRSTSIM.README

which contains a list of all your simulation options. The aldf format is FITS: one FITS file for the
header info with one row per SN, and a second FITS file with fathe light curves. Instead of FITS
format, you can generate a text file per SN with the optiE@RMAT_MASK: 2(84.29). TheSNANAfitting
programs read both the FITS and TEXT formats. You can get aflfdes with the commands

cd $SNDATA_ROOT/SIM/MYFIRSTSIM/
Is  MYFIRSTSIM_SN*

or
more MYFIRSTSIM.LIST
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4.3 Synchronizing Random Numbers

The simulation is designed to preserve the random numbeleseg when input parameters and options
are changed. This feature allows generating the exact s&Neeg(If®dshift, sky-coords, SN properties)
when making changes such as ®i8ILIB , exposure time, mag-offsets, intrinsic smearing, and rode
parameters. To ensure that different simulations are sgncted to the same random numbers, use the
same random seeBANSEELkey) and verify that the following output to the README file aantical:

Random Number Sync:
RANDOM SEED: 123459
FIRST/LAST Random Number (List=1): 0.181881 0.150452
FIRST/LAST Random Number (List=2): 0.196079 0.139981

The first list is for the nominal generation, and the secostidi for the intrinsic scatter models. The
optional sim-input key\RANLIST_START_GENSMEA&an be used to pick different random numbers for the
intrinsic scatter without affecting the main random seaeerNote that this key value is an offset in a list
(not a SEED). Since each scatter model typically usd® randoms per SNRANLIST_START_GENSMEAR
should be set to multiples of about 10.

Selection cuts may result in a different number of gener&tsd, and hence a different last random
number; in this case use tBVGEN_DUMBption (84.30.3) to verify the sync.
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4.4 Simulated TYPE

The simulation produces an SNTYPE value for the data headlewing specific sub-types to be ana-
lyzed! There are two basic SNTYPESs assigned: SNTYPE for spec-ocvediSNe (§4.15), and a different
SNTYPE for unconfirmed SNe; the latter correspond to a phetooally identified sample. By default,
the integer SNTYPE for unconfirmed SNe is 100 + the SNTYPE etsmnfirmed SNe.

The SNIa-SNTYPE is determined with the sim-input k&NTYPE_la” or “SNTYPES_la”. For exam-
ple, the SDSS-II code for type la is

SNTYPE_la: 120 # spec la -> type 120; photo-la -> type 220
or
SNTYPES la: 120 106 # spec-la -> type 120; photo-la -> type 10 6

where the 2nd key allows specifying the photometric-id typdée different than 100 + spec-confirmed
type. This integer code appears in the header of each outpaufite after the SNTYPE.” key. For spec-
confirmed SNla, the defauiNTYPE _la value is 1.

The SNTYPE values fadON1ASERNdNON1AGRIDModels are given in the sim-input file as described
in 89.5. To specify TYPE for non-SN models, or over-ride theae, us€sENTYPEas follows:

GENTYPE: 80 # specType=80, photoType=180
or
GENTYPES: 80 81 # specType=80, photoType=81

Beware of SNTYPE collisions ! The user must beware of SNTYPE collisions between SNla and
Non-la. For example, consider the example above WHiHTYPE_la: 120 ” in the SNIa sim-input file,
and a separate Non-la input file in which SNTYPE=20 for onehefd$pecies. The unconfirmed Non-
la SNTYPE value will be 26- 100= 120, which conflicts with the SNIa-SNTYPE value. There is no
problem if the SNla and Non-la samples are analyzed separaté there could be a problem if the
samples are combined. There is no way for the simulation tmagentify these conflicts because the la
and Non-la are generated separately; hence the user mggt che

1See&SNLCINPnamelist variabl&NTYPE_LIST in thesnana.exe andsnlc_fit.exe programs.
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4.5 The ‘SIMLIB ’ Observing Conditions File

A user-generatedSIMLIB * file? is needed to define the cadence, translate magnitudes into 6@ids¢
and to compute the uncertainty as described in Eq. 3. As am@rathe start of th&IMLIB file for the
SDSS-II 2005 survey is shown in Fig. 1. The pul8i¢ILIB files are located in SNDATA _ROQSimlib

and aSIMLIB file is specified in the sim-input file with the keyword

SIMLIB_FILE: SDSS2005_ugriz.SIMLIB

The simulation will first check YOUR current working direcyofor this file; if it's not there, then
snic_sim.exe  will check the public directory $NDATA _ROQ3imlib

A SIMLIB file is created by someone with knowledge of the telescopeadnsdrvation conditions.
There is a convenient utilityt§NANA_DIRSsrc/simlib_tools.c , that you can use to create tB&LIB
file in the correct format. This utility has a lot of error clkétg to prevent you from accidentally writing
absurd values like a negative PSF. In principl8IMLIB file need be created only once per survey, although
systematic studies may require multi@i#MLIB s. If there are several exposures per filter per night, the
utility simlib_coadd.exe (812.3.2) will re-make &IMLIB with all exposures per filter combined into a
single effective exposure per night.

For a non-overlapping field, theé-IELD: ” header should appear only once per MJD-sequence. For
overlapping fields, th&lELD key appears more than once as indicated in Fig. 1. You carateglg
toggle between two fields, or simply list all the MJDs for oreddi(i.e, 82N) followed by all of the MJDs
for the other field (i.e., 82S); the MJDs need not be chronoldgn theSIMLIB , as the simulation will
sort them internally. You can ignore tR&LD key in theSIMLIB as well, in which case the SNDATA files
and analysis lose track of the field.

The simlib header values f&A DECL have units of degrees, tiXSIZE value is in arcseconds, and
MWEBY is the B—V color excess due to Galactic extinction. If MWEBYV is zero, tisia flag for the
simulation to use the default dust map from [8].

Below is a brief explanation for each column in tBBMLIB file, along with references to terms in
Eq. 3,

1. S: key starts a line with search-image info.

2. IDEXPT: arbitrary identifier. You can set this to zero if you want. BWSS, it glues together the
run and field numbers.

3. FLT: single character to specify a filter for this observation.
4. CCD Gain: Number of photo-electrons per ADU or DN.

5. CCD Noise: CCD read noise in photo-electrons, per pixel. This term is lysoauch smaller than
the SKYSIG term below.

6. SKYSIG: Standard deviation of sky (including dark current), in ADds DN) per pixel. See 84.12
for noise calculation. You can optionally enter the skysifires per arcsédy specifying the simlib
header key

SKYSIG_UNIT: ADU_PER_SQARCSEC

The simulated README file includes ttf8KYSIG_UNIT value.

2«SIMLIB " is an abbreviation foBIMulationLIB rary.
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7. PSF1,2 and RATIO: The PSF is specified by a double-Gaussian wiWwidths (pixels) ofo; =
PSF1 ana; = PSF2.RATIO refers to the ratio at the origin, PSF2(origin)/PSF1(arjgNote that
the default PSF unit is in pixels, not arcsec. You can optlgriave the PSF values in the more
astronomy-friendly units of arcsec-FWHM by specifying timalg header key

PSF_UNIT: ARCSEC_FWHM

The simulated README file includes tlRSF_UNIT value. These PSF values are used to determine
a noise-equivalent areé (n Eq. 3 and Eq. 8). If you have computédrom the measured PSF, then
you can simply define PSFL /A/4mtand sePSF2=RATIO =0.

8. ZPTAVG: Zero point relating the source magnituae) to the CCD flux measured in ADU:
Flux(ADU) = 10" 04Mm-2PTAVG)

For example, ifF,g is the flux (in ADU) for a point source with mag20, thenZPTAVG = 20+
2.5log,0(F20). Note thatZPTAVG encodes information about the atmospheric transparesley, t
scope aperture & efficiency, and the exposure time. For ammngimlib file, the simulatedPTAVG
can be changed globally or by filter as explained in 84.17 eNlwait the zeropoint in photoelectrons
is given by ZP e = ZPTAVG + 2.5l0g,;5(GAIN).

9. ZPTSIG: Seebzpttermin Eqg. 3.

A sequence of MJDs that span the survey constitutes oneierttrg SIMLIB , and the index “LIBID”
labels each entry. SIMLIB can have one LIBID, or hundreds. Large-area surveys, likesDSheed
hundreds of LIBIDs to properly sample the sky. A small areaeyrlike DES, may need just one LIBID
per pointing, and per season.
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SURVEY: SDSS FILTERS: gri

USER: rkessler HOST: sdssdp47.fnal.gov

COMMENT: ’Extract random RA,DECL,MJD from MYSQL: year=200 5’
BEGIN LIBGEN Tue Apr 17 13:32:33 2007

#
LIBID: 1

RA: 26.430172 DECL: 0.844033 NOBS: 42 MWEBV: 0.026  PIXSIZE: 0.400
FIELD: 82N

# CCD CCD PSF1 PSF2 PSF2/1

# MJD IDEXPT FLT GAIN NOISE SKYSIG (pixels) RATIO ZPTAVG ZPTS IG
S: 53616.383 556600405 g 4.05 4.25 4.04 1.85 3.61 0.247 28.36 0.020
S: 53616.383 556600405 r 4.72 425 528 1.64 3.62 0.142 28.17 0.022
S: 53616.383 556600405 i 4.64 12.99 6.95 1.60 3.81 0.103 27.8 4 0.017
FIELD: 82S

S: 53622.395 558200552 g 4.03 545 4.09 158 3.31 0.107 28.45 0.018
S: 53622.395 558200552 r 4.89 4.65 500 1.46 3.55 0.065 28.15 0.028
S: 53622.395 558200552 i 4.76 10.71 6.43 1.53 3.65 0.075 27.8 5 0.029
S: 53626.359 560300625 g 4.05 4.25 4.40 1.83 3.50 0.282 28.24 0.020
etc ...

Figure 1: Header and part of first entry of tB&ILIB file used for the SDSS-II survey.
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4.5.1 SIMLIB Options in the Sim-Input File

SIMLIB_MSKOPT: nnn # bit-mask of options (see below)

SIMLIB_IDSTART: nnn # start at LIBID nnn

SIMLIB_IDLOCK: nnn # use only LIBID nnn ; skip all others
SIMLIB_NSKIPMJD: n # use every 'n+l'th observation

SIMLIB_IDSKIP:  nnl # ignore LIBID nnl

SIMLIB_IDSKIP:  nn2 # ignore LIBID nn2 (add as many as you want )
SIMLIB_DUMP: 1 # dump summary of simlib

SIMLIB_NREPEAT: nn # repeat each LIBID nn times (for speed)
USE_SIMLIB_PEAKMJD: 1 # use peakMJD in header (if there)
USE_SIMLIB_REDSHIFT: 1 # use redshift in header (if there)

More information about th8IMLIB_DUMP option is in 84.30.1. Th&IMLIB_MSKOPToptions are

e MSKOPH=2: for each.IBID in the simlib, keep generating until an event is accepte@. itmber
generated for eadtBID is stored in the output tables(s) and SIMGEN-DUMP file&N&EN_LIBID.
To avoid infinite loop, generation for a given LIBID stops whéEN LIBID > MXGEN_LIBID. To
preserveNGEN_LIBID information for no-accept LIBIDs, these events are forcduetaccepted with
NOBS = NEPOCH = t ensure that forced events fails all analysis cuts.

e MSKOPT+= 4 : if any part ofTest range overlaps a season, include entire season in lighecurv
Season defined by gap 90 days.

e MSKOPH= 8 : debug option to replace correlated template nGiEMPLATE _XX)Xkeys below) with
random (uncorrelated) noise.

When the trigger efficiency is low, such as fé®N1Amodels at high redshift, the simulation speed is
limited by reading the ascBIMLIB file. The simulation speed can be improved by a factor of femgus
‘SIMLIB_NREPEAT: 10’, where 10 is a suggested value. This option generates 10MNeachSIMLIB
entry before reading the neS8tMLIB entry, and thus reduces the amount of reading by a factor .of 10
Be careful to make sure that yo8MMLIB is fully sampled. For example, if &IMLIB has 1000 entries
and 1000 SNe are generated W&8iLIB_NREPEAT=10, then the first 10GIMLIB entries are used and
the remaining 900 are ignored. In this situation at leas0@0 SNe should be generated to sample each
SIMLIB entry.

SIMLIB_NREPEAT BEWARE : this option results in non-uniform sampling of the SIMLIB)chit can
be corrected witiNGEN_LIBID in the output table. However, if you are not sure how to cdrreith
NGEN_LIBID then you should not be using this option.
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4.5.2 SIMLIB SPECTROGRAPH

A SPECTROGRAPidstrument is defined in the kcor-input file as described i283heSIMLIB Search-
epoch key for a broadband filter is “S:” and the correspon@iMiLIB key for a spectrum is

SPECTROGRAPH: 54997.3 1840 # MJD & Texpose (seconds)

An arbitrary number oSPECTROGRAPKeys are allowed in &IMLIB file. In addition to computing a
spectrum at the listed MJD, the optional synthetic mageisu YN _FILTERS key in kcor-input filers) are
evaluated in the same way as any other broadband filter.

Correlated template noise in both the spectra and synthiéicsfcan be included by specifying the
template exposure time in the LIBID header as follows:

TEMPLATE_TEXPOSE_SPECTROGRAPH: 5010 # seconds
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4.5.3 SIMLIB Options for each LIBID
The following header options can follow ealdBID key in aSIMLIB file.

RA: XXX # right ascension, degrees
DECL: xxx  # declination, degrees
NOBS: nnn  # number of obs to follow (i.e., number of 'S:" rows)

PIXSIZE: xxx # size of each pixel, arcsec

# optional
MWEBV: xxx  # E(B-V) from Galactic extinction
FIELD: sss  # name of field (optional)

REDSHIFT: xxx # force this redshift
PEAKMJID:  xxx  # force this peak-MJD

CUTWIN_REDSHIFT: xxx xxx # reject if zCMB is not in this range
REDSHIFT_RANGE: xxx xxx # idem with legacy key

GENRANGE_REDSHIFT: xxx xxx # regenerate zCMB in this range

GENRANGE_PEAKMJD: xxx xxx # regenerate PEAKMJD in this rang e
GENSIGMA_PEAKMJD:  xxx # pick from Gaussian profile; otherw ise flat

GENRANGE_SALT2x1: xxx xxx # regenerate SALT2x1 in this rang e
GENSIGMA_SALT2x1: Xxx # pick from Gaussian profile; otherw ise flat

GENRANGE_SALT2c:  xxx xxx # regenerate SALT2c in this range
GENSIGMA _SALT2c:  xxx # pick from Gaussian profile; otherwi se flat

# correlated template noise
TEMPLATE_ZPT: <value for each filter> # ADU
TEMPLATE_SKYSIG: <value for each filter>  # ADU/pix
TEMPLATE_CCDSIG: <value for each filter>  # e-/pix

If any GENRANGE_XXKey appearsvithout an associate@ENSIGMA_SIGMAey, then the corresponding
value is re-generated from a flat distribution. If tBENSIGMA_SIGMAs specified, then the new value is
re-generated from a Gaussian distribution whose peak i@hte¢he center of th6ENRANGE_XXXindow.

For more info on th@EMPLATE_XXXeys, see 84.7. ThESE_SIMLIB_XXX keys are specified in the
sim-input file (84.5.1).
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4.6 Simulating Overlapping Fields

The simulation can handle overlapping fields, such as foBI8S82N/82Soverlap, and the 20% overlap
of the LSST fields. Overlapping fields are specified in$hHéLIB file by specifying the~FIELD keyword
as needed. Figure 1 above illustrates an overlap betweeBDBS fieldsB2N and82S Note that over-
lapping fields make no sense if there is just one simlib enéryfigld with the position selected at the
(non-overlapping) center of the field. To generate lightvesrin overlapping fields, th&IMLIB should
include many LIBID entries per field, where each LIBID is asat&il with a random RA & DEC. This
mechanism accounts for dithering as well as variationsiwdlfield from Galactic extinction and observ-
ing conditions.

If the fields are small and non-overlapping (e.g., SNLS)nthsingle LIBID per field, with the RA &
DEC at the center, may work reasonably well. However, thidibiwill not probe variations in Galactic
extinction that can occur even on small angular scales.

The &SNLCINP namelist includes two FIELD-selection variables that wimkboth data and simula-
tions. First you can pick specific fields with

SNFIELD_LIST = ‘field1’, ‘field2’, ‘field3’
By default all fields are analyzed when running the fitting paog. The second option @UTWIN_NFIELD

so that you can select SN that overlap more than 1 field.

4.7 Correlated Template Noise

Coherent template noise is simulated with the followsiigLIB keys:

TEMPLATE_ZPT: <value for each filter> # ADU [required]
TEMPLATE_SKYSIG: <value for each filter>  # ADU/pix [option al]
TEMPLATE_CCDSIG: <value for each filter>  # e-/pix  [optiona 1]

where the list of NFILT’ values corresponds to the list &iFILT filters following theFILTERS key in
the header. For example, if 6 filters are defined BILTERS: ugrizY " then eachTEMPLATE_ XXXkey
must be followed by 6 values, even for LIBIDs that use a subkglters. TheTEMPLATE XXXeys can
appear before the first LIBID to specify a global set of valumssivery generated SN. Alternatively, these
TEMPLATE_XXXeys can appear after each LIBID (along with RA, DECL, etc ..9decify an independent
template noise for each LIBID entry. Note tHid@MPLATE_ZPTis required if one or both of the noise keys
(SKYSIG or CCDSIG) is specified. For each generated SN epoclteadependent random template
fluctuation is normalized to the search image using the ZR3rnmation, and the normalized fluctuation
added to the flux.

Internally the simulation adds two sets of fluctuationseaibrs excluding the template are used to pick
one fluctuation and the template error is used for the othetuéion. The first fluctuation is independent
for all epochs; the 2nd fluctuation is coherent among eparctigi same filter. The reportélUXCAL_ERR
combines these two sources in quadrature.

Off-diagonal errors coming soon ...
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4.8 Simulating Multiple Instruments

SN photometric observations may come from more than oneumsint, such as optical and infrared
observations. To simulate all of the light curves togetbach simlib entry can contain information from
multiple telescopes. The only caveat is the that telesc@meenand pixel size must be re-defined as
illustrated in Fig. 2.

Since the default units for the noise (CCD and SKY) and the P&Bath in pixels, th®IXSIZE value
has no practical effect. However, when using optional urfitarcsec (84.5), the correBtXSIZE values
are important.

LIBID: 4

FIELD: F4 RA: 0.50 DECL: -43.0 MWEBV: 0.008

TELESCOPE: CTIO PIXSIZE: 0.270 asec

NOBS: 120

# CCD CCD PSF1 PSF2 PSF2/1

# MJD  IDEXPT FLT GAIN NOISE SKYSIG (pixels) RATIO ZPTAVG ZPTS IG MAG
S: 56249.039 1002 g 1.00 10.00 9190 1.93 0.00 0.000 33.02 0.0 20 99.
S: 56249.000 1003 r 1.00 10.00 151.40 1.49 0.00 0.000 33.29 O. 020 99.
S: 56249.008 1004 i 1.00 10.00 275.66 1.62 0.00 0.000 33.42 O. 020 99.
S: 56249.016 1005 z 1.00 10.00 442.18 1.40 0.00 0.000 34.31 O. 020 99.
TELESCOPE: VIDEO PIXSIZE: 0.339

S: 56250.323 1006 Y 4.0 160.0 11422 109 0.0 0.0 31.70 0.010 9 9.
S: 56256.033 1007 J 4.0 160.0 282.14 116 0.0 0.0 31.99 0010 9 9.

Figure 2: Excerpt fron8IMLIB with two instruments: DES opticafj(iz) and VIDEO infrared Y J).

4.9 Simulating Multiple Seasons

Multiple seasons can be simulated with a sepa8iIB file for each season, but this strategy requires
multiple generations and bookkeeping to generate a fulliraehson sample. An alternative is to construct
a singleSIMLIB file containing all seasons, either as separate LIBID enfaegach season or as long
LIBID entries that each spans all of the seasons/years.

For the latter option using a sing®MLIB for multiple seasons, there are typically long MJD gaps
with no observations, leading to inefficient generationDMidasks can be specified in tB8MLIB header,
as illustrated here for the SDSS-II,

GENSKIP_PEAKMJD: 53710 53970 # skip the off-season
GENSKIP_PEAKMJD: 54070 54340 # idem

EachGENSKIP_PEAKMJIxey must appear before thBEGIN LIBGEN' key, and it specifies an MJD-range
to ignore in the generation.
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4.10 Simulating a Filter as a Sum of Components

There are some cases where the flux in a filter should be sietuéet a sum of components in order to
avoid ambiguities in the zeropoint. Examples are red-lgaka a UV filter, cross-correlation filters, or a

very broad filter. If the filter transmission for 0’ is the suwrhfilter-transmissions 1+2+3+4, the following

SIMLIB entries are needed:

# CCD CCD PSF1 PSF2 PSF2/1

# MID  IDEXPT FLT GAIN NOISE SKYSIG (pixels) RATIO ZPTAVG ZPTS IG MAG
S: 56190.000 1000 O 1.00 10 10000 2.00 O O 1+2+3+4 0.020 99

S: 56190.000 1001 1 1.00 10 4763 235 0 O 3298 0.020 99

S: 56190.000 1002 2 1.00 10 9863 235 0 O 3233 0.020 99

S: 56190.000 1003 3 1.00 10 12263 235 0 O 32.21 0.020 99

S: 56190.000 1004 4 100 10 14763 235 0 O 3216 0.020 99

The ZPTAVGvalue for filter-0 is assumed to be ambiguous because it dispem the magnitude of the
object (see below), and hence this entry is replaced by 1#2+@indicate that its flux is a sum of filters
that have well-determined properties. Filters 01234 milisteadefined in the usual way in the kcor/calib
file, and theGENFILTERSkey must include these five filters. The MJDs for 012345 mustxaetly the
same; if not, the simulation will abort. The SIMLIB entries 1234 must be accurately defined, and any
reasonable values for '0’ are sulfficient since the filter-& fiill get over-written with the sum of fluxes
from 1+2+3+4. The zeropoinkf) for filter-0 is calculated to be

Zo = 2.5x logy, [Z 10—0-4<m—M0—Zi>] (4)
|

wherem; are the simulated magnitudes in filter componentsl, 2, 3,4, Z; are the user-determined ze-
ropoints ini = 1,2,3,4, andMg is the simulated magnitude in filter-O. Note that for a coaddhave
m; = Mg and recover the usual expression for the co-added zeropoint
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4.11 Global Noise Corrections (Optional)

Global noise-term&, and Ssnr (Eqg. 3) can be specified in the simlib header. Tiagerm can be used
to account for additional noise from the SN-photomeéyNR is a global correction as a function of the
log of the signal-to-noise ratio, Igg(SNR); this correction may be useful for PSF forms that are highly
non-Gaussian (e.g., in space), or as a global correctidmegate simulated uncertainties better match the
those from the data.

FLUXERR_ADD: YJH 33 5585 # sig_0 term for each filter

# Below is the S_SNR map,

# FILTs LOGI10(SNR) ERROR/ERROR(SNANA)
FLUXERR_COR: YJH -5.00 1.0000 1.0000 1.0000
FLUXERR_COR: YJH -4.80 1.0000 1.0000 1.0000
FLUXERR_COR: YJH -4.60 1.0000 1.0000 1.0000

FLUXERR_COR: YJH 0.40 11387 1.1719 1.1775
FLUXERR_COR: YJH 0.60 11368 1.1704 1.1751
FLUXERR_COR: YJH 0.80 11295 11611 1.1654
FLUXERR_COR: YJH 1.00 11189 1.1470 1.1512

BEGIN LIBGEN

For SNR values outside the map-range, the correction at themmax edge of the map is used. Thus for
the above map, SNR 10 results in corrections corresponding to the Fa$tXERR_CORow.

To determinggy, plot the calibrated flux-uncertaintfFEUXCAL_ERRTOT(or FLUXERRIN ntuple 7799)
for both data and simulation; adding the bes6iin quadrature to the simulated uncertainty should match
the measured distribution. It is recommended to check tteeslenulation comparison in PSF bins. There
is a utility in the SNANA fitting program that calculates theise analytically, allowing a more direct
comparison of the true uncertainty to the uncertainty traildbe computed in a simulation. This feature
is automatically enabled for verbose-formatted data theludes the SKY, PSF and ZPTAVG for each
observation. See the SDSS data as an example of the verlvos#.f@ he quantity ERRTEST the ratio
of calculated-to-true uncertainty, is included in ntupf®9 for each observation.

To determineSsg, plot ERRTESTvs. log;o(SNR) and the construct thELUXERR_CORnap from a
polynomial fit or spline fit.

Finally, note that there are no SNANA utilities to constrtieése maps.
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4.12 Noise Calculation

Here is an analytic calculation of the noise from the sigmal sky-background. The error on the signal
(in photoelectrons) is simply/Npe. To get the error in observed CCD counts (ADU), we start by iredat
the signal counts in ADU to the number of photoelectrons,

ANapu = Npe X G txSzp (5)

whereNpe is the number of observed photoelectro@ss the number of photoelectrons per ADU (CCD
gain), andszp is a scale factor applied to the signal so that the SN magnisiceferenced to the template
zeropoint. This factor iszp = 10°4(?R-2R) whereZPy; are the zeropoints for the search and template
runs. In cloudy conditions§zp >> 1 because the signal is much smaller than it would have be#mein
template run. If no template is given, thgm = 1. The error on the signal (in ADU) is

0*(Napu) = Napu x G+ x 5zp (6)

The sky-background error is computed from

Oskytot = Szp X \/A X (ngypix-i_ c_ygkypix) (7)

where oy pix is the search-run skynoise per pixekyypix is the template-run skynoisé, is the noise-
equivalent area in square-pixels, and the units are ADUrdlisea similar term for the CCD readout noise
per pixel (summed over the area), but it is left out here ia &€xample.

Using double-Gaussian fit parameters for the PSF, in whiichare the PSF-sigma for the two Gaus-
sians, andhy » are the heights at the originthe noise-equivalent area is

ol L amdred) o (LR R’
PSP (r,0)rdrd® 1+ 4120%05(h +hy)2 R (1+rp)2+ (1+R2rp)2]

where in the second sté = 02/01 andry, = hy/h;. For a single-Gaussian PSk,— 0 for any value of
Ry, and the area is justré?. For typical ground-based survegg(4mo?) ~ 1.5.

(8)

The rest of this section will perform an explicit calculatiof the noise, using an example from a DES
simulation. Here is the information for a random epoch omaoan simulated lightcurve:

3A double-Gaussian PSF with normalizati6PSH(r,0)rdrd® = 1 has 21o?hy + 03hp) = 1
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PASSBAND: g r [ z Y
GAIN: 1.000 1.000 1.000 1.000 1.000 e/ADU
RDNOISE: 10.000  10.000 10.000  10.000  10.000 e-
SKY_SIG: 108.81  105.36 21758 378.84 848,53 ADU
PSF_SIG1: 1.500 1.500 1.500 1.500 1500 pixels
FLUX: 14707.89 12515.67 30756.55 28334.23 62748.97 ADU
FLUX_ERRTOT:  590.695 571.406 1170.485 2022.083 4518.783 A DU
FLUXCAL: 18.52 42.21 46.13 46.59 51.71  (x10"11)
FLUXCAL_ERRTOT: 0.986 2.403 2.385 3.683 4.141
MAG: 243311 234364 23.3402 23.3292 23.2160
MAG_ERRPLUS: 0.0569 0.0624 0.0565 0.0898  0.0892
MAG_ERRMINUS: 0.0569 0.0624 0.0565 0.0898  0.0892
ZEROPT:  34.7500 33.6800 34.5600 34.4600 35.2100
ZEROPT_SIG: 0.0350 0.0340 0.0350 0.0340  0.0350

For simplicity, note that the PSF is modeled as a single-&8ansand that the gain is unity. Now let's
compute that flux and noise foiband.

The measured flux (in ADU) and the calibrated flux (for lightau fits) are given in terms if the
magnitude ify) and zeropoint4;),

FLUX = 10—0,4(m—zi) _ 10—0.4(23.3402—34‘56) — 30755 ADU (9)
FLUXCAL = 107 %4™ x10''=46.13 (10)

which agrees with the simulated values above. Since theigainity, 1 ADU = 1 photoelectron (p.e.),
and the noise from signal-photostatisticgigy = /Npe = 1754 p.e..

To include the sky-noise, we use the following informatioonf the simulation library (see above
dump): SKYSIG= 217.58 ADU/pixel, PSKFo) = 1.50\/pixels and 1 pixel is @7 x 0.27". The ef-
fective aperture area i8 = 4 x PSF = 28.27 pixels. The total skynoise is thusy = SKYSIG x

VA= 115695 p.e. The total noise on the flux BLUX_ERRTOT = /0%, + 05, = V1156942 + 17542 =

11702 p.e= 11702 ADU. The signal-to-noise ratio (SNR) is 3078370~ 26.
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4.13 K-corrections

For the stretch anfILCS2k2 models, K-corrections are needed in both the simulationtheditter. K-
corrections are applied using a technique very similar & tised in [9, 1]. The basic idea is that for
each epoch and each pass-band, the spectral template isdAar@pplying the CCM89 extinction law
with a variableAy; “Ay-warp” is the value ofA, for which the synthetic color matches the color of the
rest-frame lightcurve. The K-correction is then deterrdifrem thisAy-warped spectral template. Note
that this method is model-independent and can thereforgléeed to any lightcurve model.

The K-corrections and synthetic magnitudes are NOT congpiatiernally because this would result
in slow code, especially for the fitter. To speed up the calouhs of these convolution-integrals, K-
corrections and synthetic mags are read from a lookup tabiergted wittSNANA_DIR/bin/kcor.exe
Before running the simulation or fitter, the progréoor.exe  must run, although it runs once and only
once until you need K-corrections that are not defined. kthe program reads a self-documented input
file such as

$SNDATA_ROOT/sample_input_files/kcor/kcor_[SURVEY]. input

and then generates lookup tables as a function of redshdthe and extinction parametay. A typical
table binning is 0.05 in redshift, 1 day in rest-frame epauid 0.25 inAy; this binning is used to store
every user-defineldy, and to store synthetic lightcurves for every user-defirlegt fi

A linear interpolation routinedetermines a K-correction for arbitrazyepochdy . A special function,
GET_AVWARHinds the magicAy-warp parameter such that the warped spectral templatehkasaime
color as your lightcurve. The table formatG&RNLIBs HBOOKand is stored in

$SNDATA_ROOT/kcor

The subroutines that read and interpolatektioe tables are written in fortran, and are storedriana.car

The SNANAproduct includes a fortran librarylib/libsnana.a , which allows C programs to use the
fortran utilities. Theextern statements at the top eflc_sim.c  declare the fortran functions used to
lookup K-corrections.

4a double precision version 6ERNLIBs FINT is used for multi-dimensional linear interpolations.
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4.14 Intrinsic Brightness Variations
4.14.1 Supernova Brightness Variations

There are six general methods to introduce intrinsic varatthat result in anomalous scatter in the
Hubble diagram:

# method 1: coherent variation in all epochs & passbands
# note: colors are not varied.
GENMAG_SMEAR: 0.1 # coherent mag-smear in all measurements

# method 2: independent variation in each passband (coheren t among epochs)

# that results in color variations

GENMODEL_ERRSCALE: 1.1 # scale MLCS peak-model error
GENMAG_SMEAR_FILTER: UBV 0.05 # and/or fixed smearing per f ilter
GENMAG_SMEAR_FILTER: RI 0.08 # and/or fixed smearing per fi lter

# method 3: Pick model name from specialized code in genSmear _models.c
GENMAG_SMEAR_MODELNAME:  G10

GENMAG_SMEARPAR_OVERRIDE: BLA 1.234 # optional param over ride

GENMAG_SMEARPAR_OVERRIDE: BLALIST[3] 1.8 22 34 # idem

# method 4: vary RV with asymmetric Gaussian distribution

GENPEAK_RV: 1.6 # location of Gauss peak
GENSIGMA_RV: 01 09 # lower,upper Gaussian-sigmas
GENRANGE_RV: 13 45 # gen-range for RV
# method 5: apply intrinsic scatter matrix (SALT2 only)
COVMAT_SCATTER_SQRTIO][0]: 0.10 ! mB . sqrt(COV) = uncerta inty
COVMAT_SCATTER_SQRT[1][1]: 022 'x1 . sqrt(COV) = uncerta inty
COVMAT_SCATTER_SQRTI[2][2]: 0.05 ! color : sqgrt(COV) = unce rtainty
COVMAT_SCATTER_REDUCEDI0][2]: 0.50 ! rho(mB,c) = COV/[si g(mB)*sig(c)]
# method 6: function of wavelength (SALT2 only); see text for details
GENMAG_SMEAR_USRFUN: <SIGCOH> <A5500> <LAMSEP> <LAMPHASKTAU LAM> <TAU DAY>
0. 0.

Note that methods 1&2 can be used together, as well as meti&g8isHowever, methods 2&3 cannot be
used together. Methods 5-6 (scatter matrix) cannot be awdhwvith any other method.
For rest-frame models, the argumentGENMAG_SMEAR_FILTEShould be a list of rest-frame filters;
for observer-frame models, the argument is a list of obsdraee filters.
GENMAG_SMEAR_MODELNAM&ws the most flexibility because this option allows for abitrarily
complex function to describe the smearing as a function eeleagth. These functions are in a separately
compiled module $SNANA_DIR/src/sntools_genSmear.c ) so that updates are relatively easy and so
that these functions can in principle be used in SdANAapplications. The top aintools_genSmear.c
gives a list of model-name options. The models include a “PRE/ option so that anyone can quickly
implement a model of intrinsic smearing by adding code tdiaak functionsnit_genSmear_private
andget_genSmear_private . The “NONE” option can be used as a command-line overridemno off
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this option. GENMAG_SMEARPAR_OVERRH@Bws overriding default smear-model parameters; a list o
allowed keys can be seen by grepping the source code,

grep GENMAG_SMEARPAR_OVERRIDE $SNANA_DIR/src/sntools_ genSmear.c | grep KEY

While these smearing models are functions of rest-frame Magéh, there are two implementation
modes for the SNla models. The mode is controlledlbdyG_GENSMEARat is internally initialized in the
simulation. The first mode is to properly include the wavgterdependence, and this mode is currently
set only for thesaLT-11 model. The second mode is an approximation in which the sngeaalue at
Aobs/(1+2) is applied to the magnitude of the entire passband, whgygis the central wavelength of
the passband. This mode is set for rest-frame models $NegPy, MLCS2k?). If/when the wavelength-
dependent smearing is upgraded to work for rest-frame reddedG_GENSMEARIll be modified accord-
ingly.

Each element of the intrinsic scatter matrix (method 5) aaeriiered as a covariance, as an uncertainty,
or as areduced covariance. Itis recommended to enter andess for the diagonal elements, and to enter
reduced covariances-Q to +1) for the off-diagonal terms. This model-smearing optiarrently works
only for SALTZ2, but can easily be extended to other modelseasiad.

The function for method 6 is as followSIGCOHis a coherent scatter term that is added independent
of the other parameters. The wavelength-dependent panstisiéifined ah-nodes separated hAMSEPA
with an initial phase oEAMPHASE. The 1o scatter magnitudeonag) at eachh-node Qp) is

omag = A5500 X eXp[— (An — 5500) /T)\] X exq-rresy-[day] (11)

wheret), = TAU_LAMandtgay = TAU_DAY The last two zeros (7th and 8th params) are reserved faefutu
upgrades. After a Gaussian random scatter at each nodesexkla continuous function afis made by
connecting the nodes with cosine functions that ensurdhilealerivative is zero at each node.

4.14.2 Galaxy Lensing

The effect of lensing is simulated using a pre-computed niégnesing probability as a function of redshift
andAp = —2.5log(magnificatior). Maps are stored inSNDATA_ROQModels/lensing , and the lensing
effect is implemented with the following sim-input keys:

LENSING_PROBMAP_FILE: LENSING_PROBMAP_LogNormal+MICIDAT
LENSING_DMUSCALE: 2.1 # default is 1.0

A MICE simulation [10] is used for < 1.4, and a log-normal approximation [11] is usedZof 1.4.° The
magnification grid extends to about&y(~ —1.5), and thus does not include strong lensing, nor multiple
lenses. The distance-modulyg Ecatter is about.04 x z, about a factor of 2 smaller than the largest
scatter values found in the literature. Input KENSING_DMUSCALES used to increase or decrease the
scatter.

The randomly chose8IM_LENSDMUs stored in the simulated data files, and also stored in thgubu
tables created by the analysis programs. Users should egamnd validate the distribution 8fiM_LENSDMU
vs. redshift.

SWe thanks Jacobo Asorey for creating this lensing library.
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4.15 Search Efficiency

The simulation includes options to model the search effayiesf the survey. The search efficiency is
broken into three parts: (i) image subtraction pipelinearabterized by efficiency vs. S/N or mag, (ii)
spectroscopic efficiency that describes visual scannidgspactroscopic targeting and selection, and (iii)
for spectroscopically-unconfirmed SNe, ti#¢lOST efficiency for obtaining an accurate host-galaxy red-
shift. Some explicit examples of sim-input options will begem at the end of this section. To ensure that
your settings are correct, it&ssentiato always check that the simulated redshift distributionahes that
of the data, and to check separately for the spectroscopmahfirmed and unconfirmed sub-samples.
Default efficiency files are stored in the direct@$NDATA _ROOT/models/searcheff , and the file-
name includes the name of the survey. However, you can gacéfficiency file in your private directory,
or ignore the efficiency file by specifying a file-nameNad_L or NONE

4.15.1 Software-Pipeline Efficiency

The image subtraction pipeline efficieney,ntr, Is based on software algorithms and therefore in principle
this part of the efficiency can be rigorously determined. $imeplestegypt, requirement is a minimum
number of observations with the sim-input keywoMINOBS SEARCH: <MINOBS>(default is 2). The
simulation also parametrizeg,pir as a function of signal-to-noise (SNR) or magnitude in eatérfilhe
motivation is that fake SNe overlaid onto images during thwey can be used to measure the efficiency
curves. Examples of each type of efficiency curve (vs. SNRvan®1AG) are in

$SNDATA_ROOT/models/searchefff SEARCHEFF_PIPELINE_SD SS.DAT (vs SNR)
$SNDATA_ROOT/models/searchefff SEARCHEFF_PIPELINE_HS T.DAT  (vs. MAG)

and one can add more files corresponding to different surveype SEARCHEFF_PIPELINEfile is found,
thenegypir= 1. Warning: do NOT define both the SNR-based and MAG-basedesftig for a survey. For
ground-based surveys we recommend using the SNR-baseémffidio properly account for variations
in observing conditions. The sim-input keyword

SEARCHEFF_PIPELINE_EFF_FILE: MY_PIPELINE.DAT
or
SEARCHEFF_PIPELINE_FILE: MY_PIPELINE.DAT
or
SEARCHEFF_PIPELINE_EFF_FILE: NONE  # disable feature

ovverrides the default file or disables this feature. Cutyghere is no time-dependence in these efficiency
functions, but an MJD-dependence can be added. The siouktvays checks first if a file exists in your
private directory: if not there then the public directoryoab is checked.

The aboveSEARCHEFRNnformation gives the probability of a single-epoch detactn a particular
filter, but does not specify if the supernova would have bescodered. Theliscoveryor trigger logic is
defined for each survey in the file:

more $SNDATA_ROOT/models/searcheffSEARCHEFF_PIPELIN  E_LOGIC.DAT

SDSS: 3 gr+ri+gi  # require 3 epochs, each with detection in tw 0 bands.

DES 2 g+r+itz  # require 2 epochs, any band

HST. 16 # require 1 epoch with detection in filter 6" = F850LP _ACS
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where the first number is the minimum number of epochs reduaed the string that follows defines the
logic for a detection. In the above examples, the SDSS desgduegic requires three epochs, where each
epoch has a detection in at least two of the tlgedilters. The DES logic requires two single detections
in any band. The HST discovery logic requires a single deteat filter '6’. As described above, a single
detection is defined by the efficiency curve SEARCHEFF_PIPELINE_[SURVEY].DAT. The final caveat is
the epoch time-window used to count a detection. The siratikey

NEWMJD DIF: 0.4 # days

specifies combining all observations within 0.4 days (bee night) into a single detection. For the DES
logic, observations of all fougriz bands in one night would count as one epoch and fail the trigge
additional observation on a different night is required &s$the trigger. INEWMJD_DIRs reduced to
0.001 (1.4 minutes), then observations with any two of the dES filters in one night would pass the
trigger.

The pipeline efficiency can be applied in the simulationherresults can be stored in the data files for
future analysis: the user control flagPLY_SEARCHEFF_OPIB discussed below after the spectroscopic
efficiency is discussed.

4.15.2 Spectroscopic-Confirmation Efficiency

The human/spectroscopic efficien@sded cannot be rigorously computed since it involves human de-
cision making during the survey. TH8NANAsimulation parametrizesspecas an arbitrary function of
redshift, peak-mags, peak colors, and closest time to @@ak5.4 suggests how to determine this func-
tion from the data and simulations. Rather than using an Gealyorm for espes the simulated efficiency

is defined on a multi-dimensional grid of redshift, peak-magles and peak-colors. An example is shown
here,

$SNDATA_ROOT/models/searchefff SEARCHEFF_SPEC_SDSS.D AT

illustrating both the format and the default location. Iistiile does not exist for a particular survey
(i.e, “SDSS” replaced by your survey in the filename) tleggec= 1. For each simulated SMgpecis
determined from multi-dimensional (linear) interpolatidf more than one grid is given the logical OR
among the efficiencies is used; this feature may be usefidseswhere different telescopes take spectra
for SNe in different magnitude ranges. It is important toenthiatespec= 0 outside the redshift/magnitude
range given by the grid. This feature allows using diffeteigscopes to cover different magnitude ranges,
but be careful that very bright SNe can hagec= 0 if the magnitude range is not wide enough at the
bright end. To avoid mistakenly losing very bright SNe, weammend adding an artificial grid with
100% efficiency for low redshifts; this is the first grid-mamphRig. 3.

Fig. 3 below illustrates a spectroscopic-efficiency grithwihree tables. The first table ensures 100%
efficiency for redshiftz < 0.1. The second table describes the efficiencyrfband magnitudes below
22, and the last table defines the efficiencyiftaand magnitudes above 22. The second map depends
on the absolute peakband magnitude and thge—r color at peak. The 3rd map depends onitiand
magnitude and redshift, and applies only for the field nantdeEPFIELD’: the 'FIELD:’ option allows
for field-dependent maps. There essentially is no limit ®mdbmplexity: for example, one could define
“NVAR: 77 and “VARNAMES: g r i g-r r-i REDSHIFT SPECEFF " assuming that such a function could
be determined. A list of valiYARNAMES shown in Fig. 4.

In principle there is just one function of redshift and pea&gnitudes to describe the spectroscopic
efficiency. In practice, however, this efficiency can dependhe particular SN model for two reasons.
First, there is an overall magnitude offset between difie@N models. Second, asymmetric (dim-side)
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tails in the stretch and color distributions may not be priypmodeled. To correct for the first case there
is a sim-input parameteMAGSHIFT_SPECEFF: <shift> " to shift the peak magnitude used to determine
gspec= 0 from the grid-map. The second problem can be fixed only bygudistributions with appropriate
tails.

For each simulated SN, the search algorithm is evaluatearagy for the image-subtraction and
spectroscopic efficiencies. Random numbers are compareasagjze efficiencies to determine which
epochs/SNe are selected. The results of these two seannfittadgs are stored in a bit-mask in each data
file, defined as follows:

SIM_SEARCHEFF_MASK += 1 # detected by image-subtraction
SIM_SEARCHEFF_MASK += 2  # spectroscopically confirmed
SIM_SEARCHEFF_MASK += 4  # unconfirmed with host redshift (n ext section)

And here are some command examples,

SIM_SEARCHEFF_MASK = 1 # detected by image-subtr; spec-unc onfirmed
SIM_SEARCHEFF_MASK = 2  # failed image-subtr, but spec-conf irmed
SIM_SEARCHEFF_MASK = 3  # detected by image-subtr & spec conf irmed
SIM_SEARCHEFF_MASK =5 # detected by image-subtr, unconfir med with zHOST

Note thatSIM_SEARCHEFF_MASK 2 corresponds to an unphysical case since it is unlikely tagpec-
trum of a SN that was not identified by the image-subtractipelme. Although the search efficiencies
are always evaluated, the user has the option to apply tliésereies in the simulation, or to write out
all simulated SNe and use tl%M_SEARCHEFF_MASKor further investigation. The following sim-input
keys control trigger selection:

APPLY_SEARCHEFF OPT: 0 # keep all SNe (default)
APPLY_SEARCHEFF OPT: 1 # keep SN if software trigger passes
APPLY SEARCHEFF OPT: 3 # keep SN if software and spec trigge rs pass

When “APPLY _SEARCHEFF OPT: 'Bis set, thenSIM_SEARCHEFF_MASK=Br all SNe because those that
fail either of the search criteria are rejected. SettiA§PLY_SEARCHEFF_OPT: ’1results in SNe with
SIM_SEARCHEFF_MASK=and 3; i.e., SNe with and without spectroscopic confirmation

Finally, SIM_SEARCHEFF_MASEan be specified asssMGEN_DUMPariable (84.30.3) and it appears in
the analysis tables (812.1).

4.15.3 Unconfirmed Efficiency for Host-Galaxy Redshift

For the unconfirmed SNe, i.e., those Wil SEARCHEFF_MASK=1he default redshift is assumed to have
the same precision as for the confirmed SNe, presumably fioostagalaxy spectroscopic redshift. How-

ever, a redshift-dependent fraction of unconfirmed spectpic (host-galaxy) redshifts can be specified
with

SEARCHEFF_zHOST_FILE: <fileName>
or
SEARCHEFF_zHOST_FILE: NONE # Eff(zHOST) = 100%
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where the file contains an efficiency map specified by ke{&STEFF: <redshift> <eff> ” In analogy
with the spectroscopic efficiency, the default survey-aeleat file is

$SNDATA_ROOT/models/searchefff SEARCHEFF_zHOST_SDSS. DAT

and similary with ‘SDSS’ replaced by an arbitray survey namieis feature can be used even if there is
no host-galaxy simulation (84.19).

For unconfirmed SNe that have no redshift information, tlishét and its error are set t09; this
value flags the photo-z fitting option $nlic_fit.exe to ignore redshift-prior informatiorOPT_PHOTOZ=2
(85.11). When an accurate host-galaxy redshift is used -theiglset inSIM_SEARCHEFF_MASKT here is a
valid (i.e, positive) redshift wheBIM_SEARCHEFF MASKas either the 2-bit or 4-bit se8IM_SEARCHEFF_MASK=1
means that the SN is detected by the pipeline (84.15.1) huthikre is no valid redshifREDSHIFT_FINAL
= -9). Finally, recall from 84.4 that the unconfirmed SNTYPE ie thata header is 100 plus the spec-
confirmed SNTYPE.

Specifying “NONE” for the zHOST filename results in a 100% z&iDefficiency. To specify zero
efficiency requires a zHOST file explcitly setting the effiiees to zero: an example is here,

$SNDATA_ROOT/models/searchefff SEARCHEFF_zHOST_ZERO. DAT

Below are a few examples of sim-input settings. First, to $ateua spectroscopically confirmed
sample using private search-efficiency files,

APPLY_SEARCHEFF_OPT: 3 # apply all search efficiencies
SEARCHEFF_PIPELINE_EFF FILE: TESTEFF_PIPELINE.DAT # pr ivate file
SEARCHEFF_SPEC _FILE: TESTEFF_SPEC.DAT # private file

To simulate a mix of confirmed and unconfirmed SN Ila, and toutale espec USINg peak-magnitudes
shifted by 0.1 mag,

APPLY_SEARCHEFF_OPT: 1 # apply only the software trigger
MAGSHIFT_SPECEFF: 0.1 # applied to SPEC-EFF calc only

Lastly we recommend putting measured efficiency files in tidip area
$SNDATA_ROOT/models/searcheff

4.15.4 Determiningespec

Since there is no rigorous method to determagg, one must essentially start with a guess at the func-
tional form and fit for parameters such as an exponentiakstopower law. The spectroscopic efficiency
must have the formaspedz, M, E), wherezis the redshiftf are the peak magnitudes aBdare efficiency-
function parameters to be determined. Next generate a samgdated sample that includes the pipeline
efficiency (i.e,APPLY_SEARCHEFF_OPT: YLand the same selection requirements that are applied to the
data. The last step is to fit f& by minimizing

X2 = > [(Noaa' —Nsim' x Eogspedz, M, E))/of] (12)

|

whereEy is an overall scale such that the integrated data and siimilave the same statistiagsis an
index over bins, and is the statistical uncertainty on the data. The bins canroelgiredshift bins, or
multi-dimensional bins of redshift and the peak magnitaflé(Ve suggest starting with the simple case of
redshift bins, and trying more complex binning only of thegle case is not adequate. After determining
E from the fit, it is important to check data-simulation compans on distributions of other quantities,
namely the fitted stretch and color parameters.
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Figure 3: lllustration of spectroscopic efficiency format the SNANAsimulation.

# TABLE 1 -- ensure 100% eff at low redshift

NVAR: 2

VARNAMES: REDSHIFT SPECEFF
SPECEFF: 0.0 1.00
SPECEFF: 0.1 1.00

# TABLE 2 -- 4m telescope
NVAR: 3
VARNAMES: g-r r SPECEFF # can add comments here
SPECEFF. -05 180 1.0
SPECEFF. -05 20.0 0.6
SPECEFF: -05 220 0.3
SPECEFF: +0.5 18.0 0.2
SPECEFF: +0.5 20.0 0.08
SPECEFF: +0.5 22.0 0.02

# TABLE 3 -- 8m telescope
NVAR: 3
VARNAMES: REDSHIFT i  SPECEFF
FIELD: DEEPFIELD
SPECEFF: 0.0 220 1.0
SPECEFF: 0.0 240 0.66
SPECEFF: 0.0 26.0 0.31 # can add comments here
SPECEFF: 0.5 220 0.22
SPECEFF: 0.5 240 0.14
SPECEFF: 0.5 26.0 0.022

Figure 4: ValidVARNAME$o describespec

*gri # peak mag in any band

* PEAKMAG_[band] # idem for any [band]

*gr # peak color

* g # another peak color

* REDSHIFT

* PEAKMJD

* DTPEAK # closest T-Tpeak; can be pos or negative
* HOSTMAG_[band]  # mag of host galaxy

*

SBMAG_[band] # surface brightness mag/arcsec"2
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4.16 Selection Cuts

Although selection cuts are usually applied with the fittprggram (8 5) or some external program, the
simulation allows for some basic selection cuts. This fesisiparticularly useful, for example, to simplify
and speed up the generation of a large efficiency grid, anstimate rates. The global flag to implement
the “CUTWIN_XXXXselection criteria is

APPLY_CUTWIN_OPT: 0 # => ignore selection cuts (default)
APPLY CUTWIN_OPT: 1 # => implement selection cuts
APPLY_CUTWIN_OPT: 3 # => apply cuts to data files; NOT to SIMG EN_DUMP

For option 1 the selection cuts are applied to both the daa &hd to the entries in tiB®8MGEN_DUMP
file (84.30.3). The last option (3) is useful for keeping kaxdf absolute efficiencies, along with the
SIMGEN_DUMPALLKkey.

A list of available cut-commands are as follows:

EPCUTWIN_LAMREST: 3000 9500 # cut-window for <lamobs>/(1+ 2)
EPCUTWIN_SNRMIN: +3 1E8 # min SNR for each observation
CUTWIN_TRESTMIN: -19 -5 # at least 1 epoch before -5 d (rest-f rame)
CUTWIN_TRESTMAX: +30 +80 # at least 1 epoch past +30 d
CUTWIN_TGAPMAX: 0 20 # largest Trest gap (days)

CUTWIN_TOGAPMAX: 0 10 # largest Trest gap near peak (days)
CUTWIN_NOBSDIF: 6 999 # Number of obs passing MIDDIF cut
CUTWIN_MJDDIF: 0.4 999 # NOBSDIF++ if this much later than la st MJD
CUTWIN_NEPOCH: 7 +5 # require 7 epochs with SNR>5
CUTWIN_SNRMAX: 10 griz 1 -20 60 # SNR>10 for at least 1 of griz f ilters
CUTWIN_SNRMAX: 5 griz 3 -20 60 # SNR>5 for at least 3 of griz fil ters
CUTWIN_SNRMAX: 5 griz 3 0 60 # idem, but after max

CUTWIN_SNRMAX: 5 ri 2 -20 60 # r & i must each have SNR > 5
CUTWIN_MWEBV: 0.0 0.1 # Galactic E(B-V)

CUTWIN_PEAKMAG: 10 27 # any filter-peakmag between 10 and 27

Each cut-command can be specified in the sim-input file, arguie command-line override (812.2.1)
without the colon. AnyCUTWIN_XXXthat is not specified results in no cut. The cuts beginnindp wit
EPCUTWINapply to every epoch (observation), and only measuremerssing thes€PCUTWIN_XXXe-
guirements are used to evaluate cuts on global light curepesties. CUTWIN_NEPOCHhcludes its own
SNR requirement; thus you could s&PCUTWIN_SNRMIN: -5 1E8 so that all measurements, regardless
of SNR, are used for cuts oFRESTMIN TRESTMAXand TGAPMAXwhile still requiring 7 observations to
have SNR- 5.

Multiple CUTWIN_SNRMAbMequirements can be specified. Note that this cut requirestaic number
of passbands to have a minimum SNR value, but does not spelkith bands. For the example above,
“CUTWIN_SNRMAX: 5 griz 3 -20 60 " is satisfied if the maximum SNR is 5 for eithergri, grz, giz,
or riz. You can require SNR cuts for specific filters as illustratbdve with “"CUTWIN_SNRMAX: 5 ri 2
-20 60 ; this requires bothr andi to have a measurement with SNR.

The TGAPMAXequirement applies to observations between the IGRESTMINand uppeFRESTMAX
cuts; i.e.,—19 to+80 days in the example above. THEGAPMAXequirement applies to observations near
peak, meaning that the gap must overlap the range betweamppg@TRESTMINand lowerTRESTMAX
cuts; i.e.,—5to+30 days. In this example, a gap defined-bi2 to —6 days is included in the evaluation
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of the TGAPMAXut, but not in theF0GAPMAXut. Gaps of-6 to +2 and+20 to+35 days are included in
the evaluation of both cuts. A gap 8.0 to +85 is ignored for both cuts.

Adding “CUTMASKo the SIMGEN_DUMRariable list shows which cuts pass/fail each generatedteve
The CUTMASKit-definitions are obtained by grepping the source-code,

grep CUTBIT $SNANA_DIR/src/snIc_simh | grep define
#define CUTBIT_TRESTMAX 0 112

#define CUTBIT_TRESTMIN 1 112
#define CUTBIT_SNRMAX 2 I (4 max SNR cut
#define CUTBIT_TGAPMAX 3 /I (8 max Tgap

#define CUTBIT_TOGAPMAX 4 |l (16) idem near peak

#define CUTBIT_NOBS_SNR 5 I/ (32) NOBS with special SNR cut
#define CUTBIT_NOBS _MJDDIF 6 /[ (64) NOBS with MIJDDIF cut
#define CUTBIT_MWEBV 7 Il (128) galactic extinction

#define CUTBIT_REDSHIFT 8 Il (256) redshift

#define CUTBIT_PEAKMAG 9 /I (512) peak mag

The generation and cut-selection statistics are printéldea¢nd of the sinREADMHile (8§ 4.2). Here
is an example when selection cuts are applied, while thekedficiency is not:

Generation Statistics:
Generated 250 simulated light curves.
Wrote 100 simulated light curves to SNDATA files.
Rejection Statistics:
1 rejected by GEN-RANGE cuts.
0 rejected by SEARCH-TRIGGER
149 rejected by CUTWIN-SELECTION
SEARCH+CUTS Efficiency: 0.402 +- 0.031

An efficiency grid can be quickly computed by looping over Wagiables of interest (redshift, SN bright-
ness, etc ) and usirggep “SEARCH+CUTS” to extract the efficiencies.

The number of generated events is specified by the keywtB&N _LC: 100", which instructs the sim-
ulation to generate 100 lightcurves that pass the SEARCH-TEIRE& CUTWIN-SELECTION (84.24).
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4.17 Varying the Exposure Time/Aperture/Efficiency

For testing future (i.e, non-existent) surveys, the expofimes can be varied relative to that of the SIM-
LIB, and avoids the need to create a new SIMLIB for each sequehexposure times. The sim-input
syntax is

EXPOSURE_TIME: 2.0 # global increase for all filters
EXPOSURE_TIME FILTER: g 3.0 # x3.0 more exposure in g-band
EXPOSURE_TIME_FILTER: r 4.6 # x4.6 more exposure in r-band
EXPOSURE_TIME_FILTER izY 8.0 # x8 more exposure in izY bands

Since the globaEXPOSURE_TIMEmultiples the filter-dependent exposure times, the net xmetime
increase for the above example is 6 and 9.2fandr, respectively, and 16 for theY filters. The default
exposure-time increase is one.

This option is equivalent running each exposure longer leysipecified amount, or increasing the
aperture or efficiency. Technically, the simulation doesftillowing for each filter:

ZPT(SIMLIB) -> ZPT + 2.5*LOG10(EXPOSURE_TIME)
SKYSIG -> SKYSIG * sqrt(EXPOSURE_TIME)
CCDNOISE -> CCDNOISE * sqrt(EXPOSURE_TIME)

The changes in théPT and SKYSIG are unambiguous for a givedeXPOSURE_TIMEbut the CCDNOISE
should not change if thEXPOSURE_TIMHs assumed to increase the efficiency without increasing the
number of times that the CCDs are read out. There is an opti@hk-meacontrol which parameters to
modify,

EXPOSURE_TIME_MSKOPT: 7 # bits 1,23 => ZPT, SKYSIG, CCDNOI ST

The default is to modify all three SIMLIB parameters. To nfgdZPT and SKYSIG while leaving the
CCDNOISHixed, set EXPOSURE_TIME_MSKOPT: "3
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4.18 Simulating Galactic Extinction

The following sim-input parameters control MilkyWay (MW) (@atic extinction:

RV_MWCOLORLAW: 3.1 # default

OPT_MWCOLORLAW: 94 # default: CCM89+0ODonnel94

OPT_MWEBYV: 1 # default: MWEBV key in SIMLIB file
GENSIGMA_MWEBV_RATIO: 0.16  # default: smear by sig(MWEBV) = .16*MWEBV
# for systematic tests:

GENSIGMA_MWEBV: 0.0 # smear by fixed sig(MWEBV)
GENSHIFT_MWEBV: 0.0 # fixed shift relative to dust map
GENRANGE_MWEBV: xxx yyy # genrate flat distrib between xxx a nd yyy

The first four keys control th&, value, color law, source of MWEB¥ E(B—V ), and the fractional uncer-
tainty onE(B—V). The remaining keys are intended for additional systentesits. InMWgaldust.c , the
function ‘GALextinct ' applies the selected color law (based@®lT MWCOLORLAW compute the extinc-
tion at arbitrary wavelengths, anthodify MWEBV_SFD determinesk (B — V) according todOPT_MWEBV
To turn off Galactic extinction, set eith&PT_MWCOLORLAWOPT _MWEB zero. Analogous control keys
exist in the fitting programs (85.5), and thus systematitstesn be performed using both simulations and
fitting.

Since options may change over time, a robust way to see thentwptions is to grep the definition
keys,

grep  OPT_MWCOLORLAW  $SNANA_DIR/src/MWgaldust.h

#define OPT_MWCOLORLAW_OFF 0 /I No Extinction applied.

#define OPT_MWCOLORLAW_CCM89 89 /I Clayton,Cardelli,Mat heson, 1989
#define OPT_MWCOLORLAW_ODON94 94 /[ O'Donnel 1994 update

#define OPT_MWCOLORLAW_FITZ99 99 /I Fitzpatrick 1999

grep OPT_MWEBV $SNANA_DIR/src/MWgaldust.h

#define OPT_MWEBV_OFF 0 /I no extinction
#define OPT_MWEBV_FILE 1 /I FILE value (simlib or data heade r
#define OPT_MWEBV_SFD98 2 Il use SFD98 value

#define OPT_MWEBV_Sch1l PS2013 3 // PS1-2013 implementat jon of Schlafly 2011

The default keys are indicated above, and these defaultsiaedly implemented by running the simu-
lation without specifying any of the MWEBYV keys in the sim-irigile. With the defaullOPT_MWEBV51
the value ofE(B —V) is taken from the simlib MWEBV: xxxX’ key. If this key is missing, or the entry
value is zero, theMWEB\s calculated internally using the dust maps from [8], whiglequivalent to
OPT_MWEBV=20PT_MWEBV>are intended for SFD98 recalibrations such as in Schlafiyl 2Gzbr each
simulated SN, the nominal map-value®fB — V) and its uncertainty are written to the header, and this
value is used in the fitting programs (85.6ENSIGMA_MWEBV_RATtDNtrols theE (B—V) scatter relative

to the nominal map value, and the smeared values are usettirée true magnitudes in the simulation.
If the smearing for a given SN results in negative extingttbie extinction is set to zero.
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4.18.1 Some Details on Galactic Extinction Computations

The implementation of Galactic extinction is quite diffetdéor observer-frame and rest-frame models,
although the sim-input keys work the same for both. The disicun here is relevant for both the simulation
and fitting programs.

For observer-frame models (e.g., SALT2, S11DM15) the ekitin is computed exactly for each filter-
wavelength bin in the flux integrals. For rest-frame modbik require K-corrections (e.g., mlcs2k2,
snoopy) the Galactic extinctions are stored in the kcalidéé; the resulting lookup improves CPU speed.
In the kcor/calib file, the extinction is computed and stoi@dE (B —V) = 0 andE(B—V) = 0.1 mag,
and interpolation is used to compute the extinction forteaby E(B — V). The treatment oRV and
OPT_MWCOLORLASMmMore subtle. These two keys in the sim-input file are algwl us the kcor-input file
to define the Galactic extinction values.R¥ and/orOPT_MWCOLORLAE varied in the sim-input file or
in the fit-input namelist (85.5), i.e., are different thanawvhvas used to generate the kcor/calib file, an
extinction correction is computed at the central wavelengthe observer-frame filtérThe correction is
the extinction difference between using the sim-input @einfout) parameters and those used to generate
the kcor/calib file. With this strategy, a new kcor/calib fd@otrequired to use a differeRvalue or color
law. However, for large variations it would be prudent to mak explicit crosscheck by re-generating
another kcor/calib file.

WARNING: EXTINC_MILKYWAYis obsolete and will cause the simulation to abort.

6See functiorGET_MWXT#h snana.car.
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4.19 Simulating the Host Galaxy
Starting withSNANAv9_30G there is a host-galaxy package designed to simhlat®liowing effects:

e select host galaxy based on arbitrary user-function of pagierties; se&/GTMAP
e Generate SN propertes (e.g., stretch & color) correlatéll most properties; SBARNAMES list .

e two methods to shift SN magnitudes (coherent for all epodasveavelengths) based on host prop-
erties; addSNMAGSHIFTto VARNAMES$st or useWGTMAP

¢ host-galaxy photo-z to use as photo-z fitting prior (8 5.igludeZPHOT& ZPHOT_ERRN VARNAMES
list.

e selectrandom SN location (near host galaxy) weighted biasetbrightness; see Sersic params and
setHOSTLIB_MSKOPT += 8

e host-galaxy contribution to [SN] Poisson noise at each bpeetHOSTLIB_MSKOPT += 2

The host-galaxy information is stored in a library, hereaflenoted #OSTLIB". An exampleHOSTLIB
is shown in Fig. 5. This self-documented file gives the nunolbgariables describing each hosMAR and
a list of descriptive VARNAMES There are two mandatory variableSALID andZTRUE the simulation will
abort if either variable is missing. The inted®LID must be the first element, bzitRUEcan be anywhere
on theVARNAMESist. The library need not be sorted BfRUEsince the simulation internally sorts the
library by redshift.

In principle aHOSTLIB needs to contain onl@ALID andZTRUE but such a library would not be useful
to simulate interesting effects. The remainMWgRNAMES$n Fig. 5 are optional, and control what kinds
of effects can be simulated. TZ®HOTand ZPHOTERReys give the externally-computed photometric
redshift, and “[filt] _obs” are the observer-frame galaxygmiéudes needed to compute the noise. The
coordinate variable names cani®&, RA_GAL or RA_HOST and similarly forDEG one of the latter two
is recommended to avoid potential conflict with the RA,DEChaf EN in one of the output tables.

The galaxy shape is described by an arbitrary sum of Sersidgs. The galaxy size is defined by
VARNAMES

a0_Sersic - a9 _Sersic
b0 _Sersic - b9 Sersic ;

these are major- and minor-axis half-light sizes (arcsdspfor up to 10 Sersic components. There are
two options for defining the the Sersic inde& Sersic - n9_Sersic . First, the Sersic index can be
included as one of théARNAME&s done witm0_Sersic in Fig. 5. This option allows a different Sersic
index for each host galaxy. The second option is to define a Bexsic index after theARNAMESist

as done witm0_Sersic  in Fig. 5; this same value is used for each host galaxy. Comynesed Sersic
indices aren = 0.5, 1,4 for Gaussian, exponential and deVaucouleurs, respéctive

Finally, “a_rot ”is the rotation angle (in degrees) of the major axis w.hé +RA coordinate. If North
is up and East is to the righd, rot is measured clockwise, from the East toward the South.

The next set of keys in Fig. 5 describe the optional weight.nafhis example, galaxies are weighted
by the absolute r-band magnitude, and the SN brightnessasadjusted according to the absolute galaxy
mag. The weight map can be a function of mM&ARNAMES no weight map is given the simulation will
assign a weight of unity to each host galaxy. After the otiaveight map, th&lVARparameters for each
galaxy must follow a GAL:” key.
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Figure 5: ExampleiosTLIB for the SNANAsimulation.

NVAR: 15

VARNAMES: GALID RA GAL DEC GAL ZTRUE ZERR
u_obs g obs r obs iobs z obs
n0_Sersic a0 _Sersic b0 _Sersic a rot ZPHOTFLAG

n0_Sersic: 0.5 # optional: fix sersic index for each host
# Note that nO_Sersic can be defined only once;
# either among the VARNAMES or here.

NVAR_WGTMAP: 1
VARNAMES_WGTMAP: r_obs

# r_obs WGT SNMAGSHIFT
WGT: -25.0 1.2 -0.05

WGT: -230 10 -0.05

WGT: -21.0 0.8 -0.05

WGT: -19.0 0.6 +0.05

WGT: -17.0 04 +0.05

WGT: -15.0 0.2 +0.05

GAL: 2940448741 52.67432 -27.17716  0.3964 0.0828 99
22.06580 20.99990 20.65600 20.33090 0.50 0.99290
0.73811 154.40625 1

GAL: 2940535300 52.67437  -28.42170  0.7860 0.0580 99
25.78030 23.14940 22.06930  21.49040 0.50  1.14660
0.51003 77.85583 1

GAL: 2940501790 52.67440 -28.66495  0.9763 0.1354 99
24.52830 24.60230 24.07380  23.64560 0.50  0.70306
0.39297 58.51988 1

etc ...
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The host-galaxy selection starts by finding a “nZasubset of host galaxies withitt0.01 of the SN
redshift. A random host among this nessubset is picked based on the weight mapi@sTLIB should
have adequate statistics to densely cover the redshiferang parameter space used by the weight map.

The followingHOSTLIB options can be set in the sim-input file (or via command-linerode):

HOSTLIB_FILE: DES.HOSTLIB # required

# optional
HOSTLIB_WGTMAP_FILE:  xxxx # default=none
HOSTLIB_ZPHOTEFF_FILE: xxxx # default=none
HOSTLIB_MAXREAD: 10000 # default=billion
HOSTLIB_MXINTFLUX_SNPOS: .999 # default=.99
HOSTLIB_MSKOPT: 8 # default=0
HOSTLIB_SBRADIUS: XXX # default=1.2 arcsec

HOSTLIB_GENRANGE_RA: XXX Yy # default= -999 to +999
HOSTLIB_GENRANGE _DECL: xxx yyy # default= -999 to +999)
HOSTLIB_STOREPAR: varlyvar2var3 # default = "
HOSTLIB_MINDAYSEP_SAMEGAL: xxx # default=9999999
HOSTLIB_DZTOL: a0 al a2 # default=0.002 0.040 O
HOSTLIB_GALID_PRIORITY: xxx yyy # default= 0 0
HOSTLIB_GENZPHOT_FUDGEPAR: a0 al a2 bprob bl # default = all -9
# debug options

HOSTLIB_GALID_FORCE: i # forced GALID
HOSTLIB_FIXRAN_RADIUS: ### # fix radial random number (O- 1)
HOSTLIB_FIXRAN_PHI: #.## # fix phi random number (0-1)

Only theHOSTLIB_FILE key is required, while the other keys are optional. Idedllgarveys would use
the same&lOSTLIB_FILE , but in practice each survey will have its ownsTLIB with a specific focus. Also
note that there is no standard method for creatingaTLIB. The optionaWGTMAP_FILEBverrides the de-
fault weight map embedded in theosTLIB file. HOSTLIB_ZPHOTEFF_FILE specifies a 2-column file with
true redshift and efficiency of finding a host photo-z. FoyargeHOSTLIB files, theMAXREAxey may
be useful to reduce the initialization time or limit memosage. The next optioMXINTFLUX_SNPOFBsets
the fraction of total galaxy flux used to generate the SN pmsithis option truncates extreme galaxy-SN
separationsHOSTLIB_STOREPARs a comma-separated list of parameters (case-insenditivéo blank
spaces before or after each comma) to store in the data fiese SSTOREPARparamaters are automati-
cally propagated into the SNTABLESs (ntuple or tree) and d#ods file. HOSTLIB_MINDAYSEP_ SAMEGAL
specifies the minimurREAKMJDseparation (in days) for re-using a galaxy. This option camseful, for
example, in multi-year surveys with long seasonal gapsjamdry low-z simulations that have a limited
number of galaxies.

A redshift tolerancedzo = maxzsy — ZeaL|, sets a limit on the max difference between the SN
redshift and the redshift of the host galaxy picked from H@STLIB. This is needed because for each
generated SN redshift there is not a host with the exact sagghift. Requiring stricter z-tolerance
(and allowing only 1 SN per host) generally requires a laHf@8TLIB to avoid running out of hosts and
aborting. The input keyHOSTLIB_DZTOL definesdz, as a 2nd order polynomial function of redshift:
ag+ a1z + az?, whereag 1, are three parameters following ttOSTLIB_DZTOLkey. The default is
ap12 = 0.0020.040,0 so thatdze = 0.002 atz= 0 and increases t0zo = 0.042 atz= 1. To require
a fixed 0.01zdif tolerance at all redshifts seHOSTLIB_DZTOL: 0.01 0 0 .” To monitor zsy — ZgaL,
includeGALZDIF in the SIMGEN_DUMHst (84.30.3).
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HOSTLIB_GALID_PRIORITY allows giving priority to a subset specified by a GALID ran§er exam-
ple, if there only a few real host galaxies wi\LID > 0, and the majority are fake galaxies on random
sky with GALID < 0, then setting HOSTLIB_GALID_PRIORITY: 0 99999999 ” will preferentially select
the real galaxies before picking the fake galaxies.

HOSTLIB_GENZPHOT_FUDGEPAR an analytic description of the host photo-z and its errdhis
FUDGEPARmMplemenation does not requiHOTandZPHOTERReys in theHOSTLIB; if these keys ex-
ist, their values are overwritten by tlk&DGEPARlescription. The calculated photo-z error is described
by two Gaussian profiles. The first Gaussian has a width destihy the first FUDGEPARarameters:
o1=ap+ai(l+2 +a2(1+z)2. The second Gaussian is described by the remaining two paeesn prob-
ability of second Gaussiamgrob ) andoz = bi(1+z). The second Gaussian is intended to be broader
than the first, and accounts for outliers and wrong-host Inegtc

TheHOSTLIB_MSKOPDptions can be viewed with the grep-command
grep MSKOPT $SNANA_DIR/src/sntools_host.h

e MSKOPH= 2 : compute the host-galaxy Poisson noise within an apediradius &psr(added to
total error per epoch), and also compute the local surfagatmess. This option requires defining
HOSTLIB header keys “f_obs” for each filter (SEARNAME® Fig. 5), where 'f’ is the one-character
filter representation. These observer-frar@STLIB mags should be corrected for MW Galactic
extinction and correspond to the entire galaxy flux.

e MSKOPT+= 4 : apply SN mag shift from WGTMAP. Does not control SNMAG&HIin VAR-
NAMES list.

e MSKOPT+= 8 : replace originally selected SN coordinates (i.e.dcanly selected in field or from
SIMLIB ) by SN coordinates near the host galaxy (i.e., randomlycgsddrom the surface brightness
profile). This option is useful to generate SNe for image $atons.

e MSKOPH= 16 : adjust the SN redshiff,and mags t&@TRUE(useful for image simulations).
e MSKOPH= 32 : allow only one SN per host galaxy (results in abortdfdiry is too small)

e MSKOPF= 64 : use SN properties in hostlib to override default gatien: examples are color (e..g,
c or AV), shape (e.g., X1 or Delta), RV, beta, alpha, and SNNAMB-T. Case-insensitive so that x1
or X1 will work. All available SN parameters are used; sintigla aborts if no SN parameters are
found.

e MSKOPH= 256 : increase verbosity to screen.

e MSKOPH= 1024 : detailed screen dump for each selected host.

Options can be combined, suchH#@STLIB_MSKOPF10 will transfer the SN redshift and coordinates to
that of the galaxy, and compute the galaxy noise.

"see 'HOSTGAL_SB_FLUXCAlkey in data header: units arUXCALper arcset.
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Notes on CPU Resources:

The CPU generation time per host galaxy is dominated by treergalculation that includes a convolution
of the galaxy flux within a separate PSF-aperture for eaclclep®he generation time is about 3 msec
per host for a single Sersic profile, and 5 msec for a sum of &Sprofiles. The main tool to minimize
the generation time is to pre-compute integral tables fdin2ensional Gaussians, and for Sersic profiles.
Defining a reduced radius = R/Ry > in terms of the half-light radiu®, ,, the dimensionless Sersic
integrals

Sn(p) = 2T[/0p exp[—Bn(xl/“ —1)] xdx (13)

are tabulated and stored on a uniform grid as a functiorynf(a = 0.3—5) and as a function of log(p)
(p = 1074 to 100). TheB, coefficients are chosen such tiat1)/Sy(w) = 1/2. The galaxy flux ) at
local galaxy coordinategy, andyg, is the sum over Sersic components,

B exp[—Bn(p"/" - 1)]
= an anbnSn (o)

n

(14)

wherew, is the Sersic weight such that,w, = 1, a, and by are the major and minor half-light axes,
respectively, ang? = (Xgai/an)? + (Ygal/bn)? is the reduced radius.

Ensuring Host PhotoZ in Fitting Program:

To ensure that the light-curve fitter cannot cheat when dphragoZ fits on simulated SNe, there is an op-
tion to replace the outp®EDSHIFT_FINAL with the host-galaxy (photoZ) redshift so that the specimpg
redshift is not available in the data file; this option is iked by settindgsSENSIGMA_REDSHIF® 1. If there

is no host-galaxy photo-GENSIGMA_REDSHIFY 1 results in undefineREDSHIFT_FINAL= —9+ —9.
HOSTLIB Variables for SIMGEN_DUMHile:

The SIMGEN_DUMBption is described in 84.30.3. Here is an example showiegdsTLIB variables:

SIMGEN_DUMP: 7 CID Z GALZTRUE GALZPHOT GALSNDM GALWGT r_obs

The GAL* quantities can always be added, along with the subset cdblas used to define the weight
map.

HOSTGAL vs. SIM_HOSTLIB variables in Data Files:

There are two sets of HOST-related parameters in the ouffha. first setHOSTGAL_XXXcorresponds
to observables which can appear in real data files. Theseaitles includedBJID, ZPHOT ZPHOT_ERR
andLOGMASSAdditional obervables may be added later. The secon@B&tHOSTLIB_XXX corresponds
to the user-selected parameters from the sim-inputH@$TLIB_STOREPARIf this user-list includes an
observable such aPHOT thenHOSTGAL _ZPHO&nd SIM_HOSTLIB_ZPHOTwill both appear in the data
files and in the analysis output (SNTABLESs and ascii fitres.file)

HOSTLIB_ZPHOTEFF_FILE vs. SEARCHEFF_zHOST_FILE:

The former determines the probability (vs. redshift) fordfimg a host galaxy phota- and it has no
impact on settinggIM_SEARCHEFF_MASKThis option also requrezPHOTin the HOSTLIB file. The latter
determines the probability (vs. redshift) for finding@ectroscopigalaxy redshift, and it sets the 4-bit of
SIM_SEARCHEFF_MASKT his option does not depend on tHOSTLIB.

Visual Testing with HOSTLIB_FIXRAN :

To verify the “a_rot ” convention, it is useful to fix the radius and angle to knovalues and visually
inspect the location on a real image with the HOSTLIB galsx#erelative galaxy position can be selected
with
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e HOSTLIB_FIXRAN_PHI is a random number (& r < 1) that fixes the azimuthal angle to< 360:
r =0, 0.5, 1 correspond to the major axis°(@80°,360°); r = 0.25 and 0.75 correspond to the
minor axis (90, 270).

e HOSTLIB_FIXRAN_RADIUSis a random number (& r < 1) where the reduced radius contains a
fraction ‘r’ of the total flux.

Anomalous Flux-Scatter on Bright Galaxies :

The simulation supports a model of anomalous flux-scattata@ to subtractions near bright galaxies.
The true flux uncertainty is increased as a function of serfagghtness, while the nominal uncertainty is
reported in the data file. The sim-input key word is

HOSTNOISE_FILE: <fileName>

and the file syntax is

NOISEMODEL_NAME: SB_ERRSCALE

# SBMAG = mag/arcsec™2 in template at SN location
# = 27.5 - 2.5*log10(FLUXCAL_SB)

# ERRSCALE: fluxerr -> fluxerr x ERRSCALE

LIBID: 1

BAND: ¢ FIELD: E1+E2+S1+S2+C1+C2+X1+X2

# SBMAG ERRSCALE

HOSTNOISE: 20.50 4.60
HOSTNOISE: 21.50 2.70
HOSTNOISE: 2250 1.78
HOSTNOISE: 2350 1.40
HOSTNOISE: 2450 1.09
HOSTNOISE: 25.50 1.02
HOSTNOISE: 26.50 0.99
HOSTNOISE: 27.50 1.00
HOSTNOISE: 28.50 0.99

and repeat for each band and group of fields.

In the analysis, the data-file errors can be increased watlsaime model using

&SNLCINP
FUDGE_HOSTNOISE_FILE = '<fileName>’
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4.20 Simulating Mis-Matched Host Galaxy

For surveys that do not have SN spectroscopic confirmatidiretead rely on a host galaxy spectroscopic
redshift, there is the issue of matching each SN candidatieetaorrect host galaxy. This effect can be
simulated by specifying a¥RONGHOSImodel with sim-input key

WRONGHOST FILE: <file>
and theWRONGHOSmodel is defined in the file with

#

# PROB_WRONGHOST_POLY: 0.65008E-01 0.15007E-01 -0.66009 E-01 0.54423E-01
#

# ZTRUE ZMATCH
0921 1.019
0.875 1.455
0.517 0.499
0.174 0.1674
0.995 0.7651
0.325 0.861

etc ...

The keyPROB_WRONGHOST_PQipecifies a 3rd order polynomial function of redshift to canepthe
wrong-host probability. For incorrectly matched host gada, the remainder of the file gives a list of the
true SN redshift{TRUB and the redshift of the incorrectly matched galazMATCH. WRONGHOStries
are rejected if eitheZTRUEor ZMATCHSs outside theHOSTLIB redshift range.

For a given SN redshifizgy), the WRONGHOSibrary is searched for nearldTRUEvalues within 0.01
of zsn; a randonZTRUEis selected among these nearby values. The host redshiitiguted as

Znost= ZsN+ (ZMATCH — ZTRUE).

Note that theV\RONGHOSModel is created outside of ttl&NANAenvironment. Ideally, this model is
based on matching simulated SN locations to galaxies inaagagenerated from the survey.
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4.21 Simulating the SN Rate: Volumetric and per Season

To simulate a constant volumetric rate at all redshiftduide the following in your sim-input file,
DNDZ: HUBBLE

and to simulate a redshift-dependent rate that depends owex pf 1+ z,
DNDZ: POWERLAW 2.6E-5 15 # SN rate ~ 2.6E-5*(1+z)"1.5

Note that setting the secoDWERLAWgument to zero is equivalent to tH&BBLEoption of a constant
rate. Finally, to simulate redshift-dependent power laws,

# RO Beta Zmin Zmax
DNDZ: POWERLAW2 22E-5 215 0.0 1.0 # rate = RO(1+z)"Beta
DNDZ: POWERLAW2 9.76E-5 0.0 1.0 2.0 # constant rate for z>1

where the last two entries give the min/max redshift rangs. aAconvenience, the outpREADMHile
includes a dump of the SN volumetric rate in redshift bins.af@rep ‘MODEL-RATE).
Highly distorted redshift distribution for special testaxde obtained with

DNDZ: FLAT # dN/dz = constant
or

DNDZ: ZPOLY <a0> <al> <a2> <a3> # dN/dz = 3rd order polynom
or

DNDZ: CC_S15 # CC-Rate(z) from Strolger 2015

DNE?é: MD14 # Rate(z) from Madau & Dickenson 2014
DNDOZr_ZEXP_REWGT: -2.0 # dN/dz *= 1/z272

DNDOZr_ZPOLY_REWGT: 1.0 -0.2 0.003 -4E-6  # dN/dz *= [3rd prder polynom]

The “FLAT” command results in a flat redshift distribution, and ZROLY option specifies the redshift
distribution with a 3rd-order polynomial function of redf$h The next two examples re-weight the dis-
tribution defined by th®NDZkey above. The example wittbNDZ_ZEXP_REWGT: -2re-weights byz 2.
The last option allows the user to multiply theNDZ redshift distribution by an arbitrary 3rd-order poly-
nomial function of the redshift.

As a convenience, the absolute number of SN per season wibhinsurvey Nseasop IS Written into
the outpulREADMEile as follows:

Number of SN per season = 12345

This value does not depend ®GEN_LCor NGENTOT L& and it is not used in the simulation. This
calculated value depends on the MJD rargeNRANGE_PEAKMJDedshift rangeGENRANGE_REDSHIfT
DNDZoption above, and coordinate rang€&EKNRANGE_RAnd GENRANGE_DEQLThe sky area specified
by the RA and DECL ranges can be overwritten by explicitly defir solid angle in your sim-input file
using

8NGEN_Lds the number of SNe generated after trigger cutsNGENTOT_LGs the total number generated regardless of the
trigger and cuts (84.24).
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SOLID_ANGLE: 0.0204 # solid angle (steridian) for SN/seaso n estimate

The SOLID_ANGLE option is useful when the survey consists of several disieoted patches of sky,
thereby requiring the RA and DECL ranges to represent a soliteahat is much larger than that of
the survey.Nseasoncan be used generate an arbitrary number of SN seasons. d&uoplex to simulate 3

seasons set the following:

NGENTOT_LC: 37035 # 3*12345 = 3 seasons
or
NGEN_SEASON: 3.0

To scale the rates,

DNDZ_SCALE: xx yy # scales for la and NONIla
or
DNDZ_SCALE_NONI1A: yy # scale NON1A rata (scalela=1.0)

This option is also useful faim_SNmix : e.g., to add a large la-biasCor sampl@ENOPT: DNDZ_SCALE
10 1.0E-8 " scales the la sample by a factor of 10 while turning off theNNIA..

4.22 Simulating aSPECTROGRAPH

As described in 83.2, BPECTROGRARHstrument can be defined in a text file and then ingested iktoa
file. While the photometric (broadband) fluxes and SNR are ecdetpbfrom observational information
(ZP,PSF,SKY), spectral SNR-Vsare stored in the kcor file and read by the simulation. Thusrsus
must estimate spectral SNR properties with an externautztor. There are two methods for simulating
spectra. First, th€PECTROGRAPtaN be included in th8IMLIB file as described in 84.5.2. This method
results in spectra at fixed MJD values regardless of the sikpialate. Since spectroscopic programs tend
to target SNe based on the time of peak brightng3sthere is a second method to simulate spectra within
arbitrary time windows with respect tg (84.22.1).

Here are few warnings:

e works for the following models: SALT2, NON1ASED, FIXMAG
(WARNING: does not work for SIMSED)

o if true flux is negative, it is suppressed in the output. Sodrevef spectroscopic wavelength holes,
particularly at early epochs and the UV.

o there are n&GNANAprograms which read the simulated spectra.

e Units: dF/d\ , erg/s/cr/A.

For TEXT formatted data filesHORMAT_MASK: ¥ the spectra are appended to the ascii file for each
SN; search for SPECTRUM keys. For FITS formatRORMAT_MASK: 3%, a separatéSPEC.FITS file is
created with three tables as follows:

TableName [Ncol| column names

SPECTRO_LAMINDEX | 3 | LAMINDEX LAMMIN LAMMAX
SPECTRO_HEADER | 6 | SNID MJD Texpose NBIN_LAM PTRSPEC_MIN TRSPEC_MAX
SPECTRO_FLUX | 4 | LAMINDEX FLAM FLAMERR 100*SIM_MAG
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The first table is a map defining an integemndex, “LAMINDEX” for eachA bin. ThisINT*2 index is used
in the last table to identify bins. The seconHEADERable provides a one-row summary for each spec-
trum: SNID, MJD-date, exposure time, numbenidins (see comment above about suppressing negative
fluxes), and pointers to extract the spectrum from the 3rgtathe thirdFLUXtable contains information
for every spectral bin for every SNIAMINDEXto indentify theA bin, dF/dA and its uncertainty, and the
generated (true) mag. To save disk space, the true mag iplimdlby 100 and stored as a short integer.
After each spectrum in thEBPECTRO_FLUXable, the next row is an end-of-spectrum marker containing
“777 -777 -777 0 7; this marker should be checked to ensure correct parsing.

The first two tables are small, and should read quickly ane:dtm memory for quick access. The 3rd
table can be very large (few GB), so beware of memory storagevdid memory issues, each spectrum
can be read quickly from 3rd table using pointers in the 2bteta

4.22.1 Spectral Time-Windows Relative to Peak Brightness

In the sim-input file, spectroscopic exposure times can bigiasd withTAKE_SPECTRUMeys as follows:

TAKE_SPECTRUM: TREST(-12:-10) TEXPOSE_ZPOLY(2000,500, 0)
TAKE_SPECTRUM: TREST(0:2) TEXPOSE_ZPOLY/(1000,400,0)
TAKE_SPECTRUM: TREST(10:12) TEXPOSE_zPOLY(1500,500,0)
TAKE_SPECTRUM: TOBS(-7:7) TEXPOSE_ZPOLY(600,200,0)

Each TREST argument defines a 2-day rest-frame window from which to eamyg select a spectro-
scopic MJD. TheTOBS argument defines a 2-week observer-frame window from whichahdomly
select a spectroscopic MJD. TREXPOSE ZPOL¥ey defines the exposure time (seconds) as a 2nd or-
der polynomial function of redshift. THERESTexposure times are 2060500z sec (pre-peak), 1000
40z sec (near-peak), 1500500z sec (post-peak). The values in parentheses can be floaegemte.g.,
TREST(-2.5:2.5) . Beware that no blank spaces are allowed inside the (). Tl @parates a range,
while commas separate a list; if you use the wrong punctoatiee simulation will abort.

The template exposure time is defined in8dLIB file with the keyTEMPLATE_TEXPOSE_SPECTROGRAPH

Rather than pre-defining exposure times, the exposure timbeaomputed from a requested SNR value:

# 1) rest-frame epoch, rest-frame SNR def

TAKE_SPECTRUM: TREST(-12:-10) SNR_ZPOLY(20,-5,0) SNR_L AMREST(5000:6000)
TAKE_SPECTRUM: TREST(0:2) SNR_ZPOLY(20,0,0)  SNR_LAMREST(5000:6000)
TAKE_SPECTRUM: TREST(10:12) SNR_ZPOLY(20,-2,0) SNR_LAM REST(5000:6000)

# 2) obs-frame window, rest-frame SNR def
TAKE_SPECTRUM: TOBS(-7:7) SNR_ZPOLY(20,0,0)  SNR_LAMRES T(5000:6000)

# 3) rest-frame epoch, obs-frame SNR def
TAKE_SPECTRUM: TREST(-3:3) SNR_ZPOLY(20,0,0) SNR_LAMOB S(8000:10000)
TAKE_SPECTRUM: TREST(-3:3) SNR_ZPOLY(20,0,0) SNR_LAMOB S(13000:15000)

TAKE_SPECTRUM: TEMPLATE_TEXPOSE_SCALE(1.2)

The TRESTand TOBSarguments are the same as in the previous exan§N& ZPOLYspecifies the re-
guested SNR as a 2nd-order polynomial function of redslnifihe first pre-peak example, SNR20— 5z,
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allowing the SNR to degrade with increasing redshift in ortdereduce exposure time. The third argu-
ment,SNR_LAMRESTspecifies the rest-frame wavelength range for which SNRfimed: for each event,
the observer wavelength range is 5009 z) A to 60001+ z) A. The third block of arguments shows that
SNR can be defined for observer-frameanges usingNR_LAMOBS

When SNR_ZPOLYkeys are defined, the SNR afigiposeinformation is automatically added to the
SIMGEN_DUMFHile (84.30.3). This allows checkinBxposeVs. redshift, or vs any other quantity allowed in
the one-row-per-SN summary.

There are two methods to define the template exposure timg.i§to defined a fixed exposure time
in the SIMLIB file with the keyTEMPLATE_TEXPOSE_SPECTROGRAPHe second option is defined in the
example above with

TAKE_SPECTRUM: TEMPLATE_TEXPOSE_SCALE(1.2)

which sets the template exposure time to be 20% longer tlznged at the epoch nearest peak brightness.
The template exposure time and noise are computed for eacddBly with the search exposure times.
While the search exposure time varies with each epoch toectipg specified SNR, the template exposure
time is the same for all epochs. This key overridesTBRIPLATE_TEXPOSE_SPECTROGRA&Y in the
SIMLIB file.

WARNING: can use either th€AKE_SPECTRUMeys in sim-input file, or th6€PECTROGRAPkEysS in
theSIMLIB file; using both results in an abort.

4.22.2 SPECTROGRAPEptions
The SPECTROGRAPH_OPTMASY in the sim-input file can be used as follows:

SPECTROGRAPH_OPTMASK:
SPECTROGRAPH_OPTMASK:
SPECTROGRAPH_OPTMASK:
SPECTROGRAPH_OPTMASK:
SPECTROGRAPH_OPTMASK: 1
SPECTROGRAPH_OPTMASK:

# turn off lambda smearing

# double LAMSIGMA smearing

# flux only in center lambda bin (de lta function)
# SNR -> SNR x 100

# TREF -> TREF x 100 (template expose time)

# flux only in center bin & LAMSIGMA *=2

[o2 B2 RNe o BN \G I ]

SPECTROGRAPH_SCALE _TEXPOSE: 2.4 # scale exposure times by 2.4

Multiple options can be combined by adding values as ilaistt by the last option above with
SPECTROGRAPH_OPTMASK=Ehe default isSSPECTROGRAPH_OPTMASK=(hd the options above are in-
tended for testing and debugging.

The last option CALE_TEXPOSEIs a continuously tunable knob to scale the exposure tirfaas (
search and template).
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4.22.3 Simulating a Single High-S/N Spectrum

A single high-S/N spectrum (rest-frame) can be simulateattatrary redshift using theRON1ASEDnodel
(89.5), and defining sim-input keyATH_NON1ASERo use a private NON1ASED directory. Instead of
defining an SED time series covering a few-month range of epatie NON1ASED file can contain a
single spectrum at one epoch. The DAY column can have ang\sahce internally the simulation will
shift the SED times such that DAY=0 at max flux. Hence by dadinjta single epoch will have DAY=0.
Recall that uniform wavelength binning is required.

To generate one spectrum, the sim-input EBENRANGE_PEAKM3hould be defined asd&function
landing exactly on an§PECTROGRAPMJD in theSIMLIB file. See 84.5.2 for how th@PECTROGRAPKH
defined in theSIMLIB . It is also recommended to sS€6ENRANGE_TREST: -1 1 to remove photometry
output from epochs with an undefined model. The simulatedtsp® and photometry is artificially
defined to appear at “peak,” but they really correspond tcefiwh from which the input spectrum was
extracted. As a sanity check, the simulated mag should be@awad with that from the input light curve.

Several spectra can be included in the NON1ASED model. Famele, if there are 8 SEDs, then
setting ‘NGENTOT_LC: 8 will generate each spectrum once. If several spectra coom the same SN,
each spectrum should be defined as a separate SED file.
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4.23 Rise-Time Variations

The rise-time for any model can be adjusted using the foligvgim-input parameters:

GENPEAK_RISETIME_SHIFT: 2.3 # shift at -18 days
GENSIGMA_RISETIME_SHIFT: 0.6 0.6
GENRANGE_RISETIME_SHIFT: -4. 4.

In the above example, the rest-frame rise-time at each eigdcicreased by .3 x Tresi/18 days with a
Gaussian sigma of 0.6 days, and shifts paétdays are excluded. The rise-time adjustments can be used,
for example, to generate a double-stretch model by sinmgjdtvo separate samples, each with a different
rise-time shift.

4.24 NGENkeys

There are threeNGEN keys to control the number of generated events:

NGEN_LC: 1000 ! default is zero
or
NGENTOT_LC: 1000 ! default is zero

NGEN_SCALE: 3 I default is 1

The first key,NGEN_LC specifies the number of SN generated and written out aftgyeir and selection
cuts. Thus if the simulated efficiency is 10% a¥@EN_LC = 1000as shown in the example above, the
simulation will generate 10,000 SNe in order to get 1000 SNt&vr out. In short, SNe are generated until
1000 are written out, regardless of the efficiency. The sipui keyEFFERR_STOPGEpNrevents an infinite
loop if the efficiency is near zero (84.16).

The second keWWGENTOT _LCspecifies the total number of SNe to generate regardlels efficiency.
Thus in the example above WIthGENTOT _LC = 1000and a 10% efficiency, only about 100 SNe are
written out. If the efficiency is very low, it is possible thagro events are written out. This option is
useful to generate statistics corresponding to a parti@Nerate and survey length (84.21). Only of of the
NGEN_LGor NGENTOT_L®&eys can be set; if both are set the simulation will abort.

Finally, NGEN_SCALEan be used to scale whicheW&ENkey is set. This feature is useful, for exam-
ple, to change the statistics on several independent sietldamples while preserving the relative ratios
between samples.

4.25 “Perfect” Simulations

To make detailed numerical crosschecks, there is a “pérfgtion to simulate light curves with 10*
nominal photostatistics, no galactic extinction (Milky Wand host), and no intrinsic mag-smearing.
The light curve fitter should determine the shape and colmampaters with very high precision, and the
cosmology fitter should determine cosmological paramékertsagree well with the input. This option is
invoked with

GENPERFECT: 1
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and it automatically overrides the relevant parameterdqiabytou need not change your sim-input file.
The top of the siTREADMHile summarizes the modified quantities. You can also unsetate of the
“PERFECT” options by specifying a bit-mask as tBENPERFEC&rgument. To see the bit-mask options,

snic_sim.exe mysim.input GENPERFECT -1

will list the current bit-mask options and then quit withaeénerating any SNe. You can then run, for
example,

snlc_sim.exe mysim.input GENPERFECT 6 # = 2+4 (bits 1 & 2)

which selects thex 10* exposure-time option (bit 1) and turns off intrinsic magesming (bit 2), but leaves
Galactic and host-galaxy extinction as defined in your siput file.

4.26 Generating Redshift and Peculiar Velocityz,e and Zemp

Prior to SNANAversionv10 32, the simulation did not distinguish between the helioderand CMB
redshifts (i.e.znel = Zcmn) and there was no mechanism to simulate peculiar velodijgg) other than
specifying a redshift uncertainty wiBENSIGMA_REDSHIFTIf vpecvariations are not simulated, a different
assumption abowhecScatter is needed in the analysis for data and simulatiscéiveat can lead to subtle
mistakes if one accidentally uses the samg scatter for both data and simulation.

Starting withv10 32, z,¢ is computed fronkg:mp using the generated sky coordinates, and there is a
new simulation-input key,

GENSIGMA_VPEC: 150 # km/sec (note that default is zero!)

to specify a Gaussian-randorgec scatte® This value should correspond to the scatter after mavag
corrections on the data as described in 85.29. Thus, thgsaasaf data and MC is intended to be the same
exept for thevpec Ccorrection that is applied to data, but not to the MC.

By default, z,¢| is computed frone.mp and GENSIGMA_VPEE 0. To generat&ne| = Zemp @s in ear-
lier SNANAversions, setVEL_CMBAPEX: 0.0” in the sim-input file, or use the command-line override
“VEL_CMBAPEX 0 A separate redshift measurement error is defined by thelatron-input keyGENSIGMA_REDSH

The simulated/true.y-redshift range is defined BBENRANGE_REDSHIEThe truez,g is transformed
from z.mp using the sky coordinates and a peculiar veloo'vgédjlo that is randomly drawn from a Gaus-
sian with oypec =GENSIGMA_VPECThe measured,g is obtained by adding measurement noise drawn
from a Gaussian witlo, =GENSIGMA_REDSHIFTFinally, the measured.m is computed from the mea-
suredz,e| using the sky coordinates. The true quanties, without nreagent noise, are stored in the
data files asSIM_REDSHIFT_CMBandSIM_REDSHIFT_HELIO. Note thatSIM_REDSHIFT_HELIO includes
the peculiar velocity, and therefore tB8_REDSHIFT_XXXquantities will not transform under the usual
cmb—heliocentric transformations unlegsc= 0.

It is important to pay attention to redshift ranges in didfier parts of the analysis. While the sim-
ulation generates a.mp range, the analysis programsngna.exe and snic_fit.exe ) select a red-
shift range based om, becausez,e is used for lightcurve fitting (see &SNLCINP namelist paraenet
CUTWIN_REDSHIFY. Finally, the cosmology fitting program is likely to appluts on the observer .

To be on the safe side, one should generate a slightly lasggredshift range compared to the anticipated
analysis cuts. The extended generation range should acblnvggcvariationél and measurement noise.

9SNANAusers would be grateful if somebody would provide code tomaeV,ec based on RA, DEC, artdmp.
10see functiorzhelio_zcmb_translator in sntools.c
HBeware that the maximumpecredshift variation i1+ z)371/c and not just 374c.
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4.27 Redshift-Dependent Parameters

Although the default simulation parameters are independeredshift, you can specify an arbitrary
dependence for SN-related parameters such as dust paraRgi® Ty, SALT-1I parameterst & 3, and
the population parameters for shape, color, etc ...

The z-dependence is specified as an additive shift. If the funagssimple, you can specify a poly-
nomial function up to 3rd order. For more complex functiows xan specify the function explicitly in
redshift bins. Your function must give a shift of zerozat 0 so that the sim-input parameters are clearly
defined az = 0. Examples for specifying both types of parameter-shiftfions are given in this file,

$SNDATA_ROOT/sample_input_files/SALT2/SIM_ZVARIATIO N.PAR
To get a complete list of parameters that can haxelependence, type the command
> snlc_sim.exe mysim.input ZVARIATION_FILE 0

Next, copy theSIM_ZVARIATION.PAR above to your working area, and modify as desired. Then agld th
following keyword to your sim-input file,

ZVARIATION_FILE: SIM_ZVARIATION.PAR

or use the command-line override (812.2.1). You can alsagh#he name of theZVARIATION” file.

The polynomial option can also be specified in the sim-ingat(fivithout a separate file) to define
redshift-dependent parameters with

ZVARIATION_POLY: GENPEAK_VARNAM1 a0 al a2 a3
ZVARIATION_POLY: GENPEAK_VARNAM2 a0 al a2 a3
ZVARIATION_POLY: GENSIGMA[0] VARNAM3 a0 al a2 a3 # loside  sigma
ZVARIATION_POLY: GENSIGMA[1] VARNAM3 a0 al a2 a3 # hiside  sigma
ZVARIATION_POLY: GENSKEW[0] VARNAM3 a0 al a2 a3
ZVARIATION_POLY: GENSKEW[1] VARNAM3 a0 al a2 a3

etc ...

Note that either th&VARIATION_POLY key or theZVARIATION_FILE key is allowed; specifying both
results in an abort. Since populations are defined by@&WSIGMA/alues and tw&ENSKEWalues, the
redshift dependence is specified separately using the indgas shown above.

4.28 Generating Efficiency Maps

An efficiency map as a function of SN parameters may be neesledra of a fitting prior, or as part of
an MC-based correction such as correcting the SN rate forelleetson efficiency. The simulation can be
used to generate an arbitrary efficiency map using the comman

SIMEFF_MAPGEN.pl <SIMEFF input file>
and examples of th8IMEFF input file are in

$SNDATA_ROOT/sample_input_files/simeff_mapgen/
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“sntools.c 7 contains functions read the generated efficiency miaip IMEFFMAP ) and to evaluate
the efficiency for an arbitrary set of SN parameteet (SIMEFF ). The efficiency is determined by multi-
dimensional interpolation. Since the generation of a rdithensional efficiency map can be CPU inten-
sive, this script distributes jobs on several nodes defiyetidNODELISTkey, and the simulation runs in
a mode where there are no output files, and hence no secoBdANAjobs are needed. Your sim-input
file (specified inside th8IMEFF input file) must apply selection cuts as described in § 4.1i8.dssumed
that the selection efficiency does not depend on the resthedfght curve fit.

The critical part of theSIMEFF input file is shown below,

# out

# sim-input key key NBIN  MIN  MAX

B o . e

GENVAR: LIN GENRANGE_MWEBV MWEBV 2 00 03

GENVAR: LIN GENRANGE_REDSHIFT Z 23 0.05 1.15

GENVAR: LOG GENRANGE_AV AV 19 -30 06 (0.001 < AV < 4)
GENVAR: LIN GENRANGE_DELTA DELTA 14 -05 21

GENVAR: INV GENRANGE_RV RV 3 025 075 (4 >RV > 133

Each GENVARkey specifies one dimension of the multi-dimensional efficiemap. Following each
GENVARey is a key defining whether that variable is stored line@rli), logarithmically-base10 (LOG),
or as the inverse (INV). For example, the efficiency is quitear as a function of /R, and hence feweRy
bins are needed to describe the efficiency as a functiofiiRf tompared to using,. TheGENRANGE_XXX
key is the simulation key used to specify that particulaapaeter. For example, a specific valueD&lL. TA
is simulated using

snlc_sim.exe <sim-input file> GENRANGE_DELTA -0.1 -0.1

All of the GENRANGE_XX¥ommands are catenated and given as input to the simulatimnoutput-key
is the name given in the output efficiency-map file. Any outiey-name is valid, but to use this map
for a fitting prior the key-names must correspond to one offtflewing: (i) any fit-parameter name in
snic_sim.exe  such as AV, DELTA, x1, c, (i) REDSHIFT or Z, (ii) MWEBV.

The last three entries are the number of bins to define theegfiy map in each dimensioNEIN),
and the min/max range for each dimension. In the above examfiy is generated for valuesZb, 050,
and Q75 corresponding tB, = 4, 2, 1.33, respectively. When the resulting efficiency map is usqzhas
of a fitting prior, fit-values outside the min/max range ar#igulito the edge for evaluating the efficiency.
For example, if the fitting program tries to evaluate y8for DELTA= 2.4, the efficiency is evaluated at
the boundanpELTA= 2.1.

Finally, one must be careful allocating appropriate resesisince the computing time can be long. In
the above example the total number of bins in this efficienap s 2x 23x 19x 14 x 3= 36708. If the
efficiency-uncertainty (se®IMGEN_EFFERFey) is set so that each simulation job takes 10 seconds, then
the total computing time needed for this map is 4.2 CPU-dayabout 10 wall-clock hours with 10 cores.

4.29 Light Curve Output Formats

Each simulated light curve is written to the directory

$SNDATA_ROOT/SIM/[GENVERSION]
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where GENVERSIONs the user-supplied version name. For the default FITS &rwo FITS files are
created: a "HEADER” file containing global information fora@aSN (SNID, redshift, RA, etc ...) and
a “PHOT” file containing all of the light curves. Pointers imetHEADER file are used to extract the
appropriate light curve from the PHOT file. These files can isaally examined with the product “fv.”
For text-output options each light curve is written to a safesfile,[GENVERSION]_SN######.DAT , where
“HHHH#A 1S a six digit identifier; the text-option is usefor testing small samples and debugging.

The output format is controlled by the sim-input keyw&@RMAT _MASKand the various options are
described below. Note th&ORMAT_MASIS a bit-mask so that multiple format options can be included
Note, however, that either TEXT or FITS format can be set&dbat not both. Here is a quick summary
of the bit-mask format options,

FORMAT_MASK: 2 # TEXT format

FORMAT_MASK: 18 # 2(TEXT) + 16(RANDOM CID)

FORMAT MASK: 26 # 2(TEXT) + 8(BLIND) + 16(RANDOM CID)
FORMAT_MASK: 32 # FITS format (default for version >= v9 82)
FORMAT_MASK: 48 # 32(FITS) + 16(RANDOM CID)
FORMAT_MASK: 288 # 32(FITS) + 256(write filterTrans files)

and the sub-sections below give more details.

4.29.1 Verbose Light Curve Output

LEGACY option “FORMAT_MASK: 1 ” results in a verbose text-output that includes extra noietz:
such as the PSF, sky-noise, K-correction values, etc ...

4.29.2 TEXT Light Curve Output (Default)

“FORMAT_MASK: 2 ” This option results in a simplified one-line-per-obseratoutput for the light
curves. Header information includes RA, DECL, redshift, et his output is recommended for analysis
with non-SNANAprograms that need to parse data files generated by the SNANAasion. Below is a
sample of the output.

# TEXT LIGHT CURVE OUTPUT:

#

NVAR: 9

VARLIST: MJD FLT FIELD FLUXCAL FLUXCALERR SNR MAG MAGERR _®ING
OBS: 49562.316 Y 1694 -1.333e+03 5.891e+02 -2.26 128.000 0. 000 27.313
OBS: 49572430 z 1694  6.500e+01 1.708e+02 0.38  26.628 101.3 72 25.385
OBS: 49590.422 Y 1694  1.492e+02 1.635e+02 091 24236 103.7 64 24.064
OBS: 49591.387 i 1694  3.733e+03 4.644e+02 8.04  23.970 0.144 24.198
OBS: 49591.414 7z 1694  1.644e+03 3.271e+02 5.03  23.850 0.241 24.200

It is recommended to use the fluxes instead of mags becaussatigeare not defined for negative fluxes,
and are ill-defined for very small fluxes. TH4ELD is given for each measurement to properly label
overlapping fieldsSNRis the signal-to-noise rati¢-(UXCAL/FLUXCALERRandSIM_MAG s the exact mag-
nitude (without noise fluctuations) computed from the SN etod
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4.29.3 Model-Mag Light Curve Output

“FORMAT_MASK: 4 ” Dump out the model mag info. Set value to 6 to dump both theniminal
output and the model-mag output. A sample output is as faliow

# MODEL MAG OUTPUT:

NVAR: 7

VARLIST: TOBS FLT MAGOBS MAGERR MAGREST KCOR(SYM,VAL)
OBS: -1.328 u 21547 0.055 -19.810 K Uu 1.379

OBS: -1.328 ¢ 20.228 0.035 -19.396 K _Bg -0.205

OBS: -1.328 1 20.182  0.037 -19.421 K_Vr -0.157

etc ...

4.29.4 Suppres$SIM_XXXInfo

“FORMAT_MASK: 8 " SuppressSIM_XXX header info. This option is useful for things like blindtiaeg
photometric classifiers.

4.29.5 Random CID

“FORMAT_MASK: 16 " Generate random (integer) CID from 1-999,000 instead otigfault sequential
generation. The purpose of this option is that mixing deéferSN samples (la,ll,Ibc) cannot be sorted by
CID. Any random subset of the combined SN sample will contamlar fractions of each SN type.

Note that the keywor@IDOFF plays the role of selecting a unique set of random CIDs so tirabined
SN samples will not have overlapping CIDs. For example, ssppou generate 1000 type la SNe with
CIDOFF: 0. The CIDs will be the first 1000 randomly selected (and noreatipg) integers between 1
and 999,000. Now suppose you generate 1000 type Il with CIDQB60. The simulation will generate
2000 CIDs, but only use the last 1000 on the list (i.e., skipfitts¢ 1000). When the type la and type I
SNe are combined (seen_SNmix.pl ), the CIDs will not overlap and the SN types (la and II) will be
perfectly mixed with no correlation between type and CIDslup to the user to pick the corrg&iDOFF
value for each SN type, althougim_SNmix.pl  will automatically assign the appropriai#DOFF values.
After combining the SN samples, a useful unitarity checloida‘ls *.DAT | wc' and verify that the
total number of files matches the expected sum from the stianlpbs.

4.29.6 FITS Format

“FORMAT_MASK: 32 " (default) uses the more compact binary-FITS format tharaxessed using the
cfitsio  library. The advantage of this format is that there are vevy files to manage, reading is much
faster compared to the TEXT options, the compact binary &lesportable to any computing platform,
and there are public fits-viewing utilities such as “fv.”

Two fits files are created by the simulation. Firstis a HEADwilgh a one-row summary for each SN.
The summary info includes the SNID, sky coordinates, Galaettinction, and many other quantities.
The HEAD file also contains the name of the second “PHOT” fileclitontains the photometric light
curves. All of the light curves are written sequentiallyoimne PHOT-table, and pointers from the HEAD
file (seePTROBS_MINandPTROBS_MANare used to select the appropriate rows from the PHOT t&ble.
a given SN-data version, tfERSION].LIST file contains a list of HEAD fits-files. Usually there is only
one such fits-file, but several can be combined into one versiach as combining files from different
seasons.
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Finally, the binary-FITS format can be used for data as wefba simulations. HoweveENANAdoes
not have tools to translate TEXT format into FITS format; lIsti@ols may become available in a future
update.
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4.30 Simulation Dump Options
4.30.1 SIMLIB_DUMP Utility

To quickly check &IMLIB , a screen-dump summary is obtain

ed with the command:

> snlc_sim.exe mysim.input SIMLIB_DUMP 1

kkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkk

SIMLIB_DUMP

LIBID MJD-range NEPOCH(all,gri) GAPMAX(frac) <GAP>

001 53616-53705 12642 42 42 11.0(0.12) 2.2
002 5362253700 51,17 17 17 19.00.24) 4.9
003 53622-53705 69,23 23 23 10.1(0.12) 3.8
004 5362253705 54,18 18 18  15.0(0.18) 4.9
050 53622-53705 57,19 19 19  15.0(0.18) 4.6

Done reading 496 SIMLIB entries.

LIBRARY AVERAGES PER FILTER:
<PSF>

<ZPT-pe> FWHM <SKYSIG> <SKYMAG> Cadence
FLT (mag) (asec) (ADU/pix) (asec-2) <mb5sig> <Nep> FoM
u 3086 0.866 9.0 2265 1999 286 0.036
g 3431 0.828 117.8  20.75 19.99 29.71  0.123
r 3504 0.820 1735  20.50 19.99 29.71  0.130
i 3481 0.829 216.2 19.74 1999 3143 0.128
z 3418 0.823 205.7  19.20 19.99 3214 0135
Y 3293 0.822 1979  17.99 19.99 30.14 0.127
LIBRARY MIN-MAX RANGES:
RA: -59.994 to 58.766 deg
DECL: -1.253 to 1.257 deg
MJID:  53616.2 to  53705.4
CUT-WARNING: 46 SIMLIBS will fail user-cut on 'RA’

GAPMAXand<GAP>are the maximum and average gaps (days) between epochsSithe . The “frac ”
after GAPMAXs the fraction of the MJD-range consumed by the largest ghpe LIBRARY MIN-MAX
RANGEShow you the ranges needed to includeS8MLIB entries. TheCUT-WARNING shows how many
SIMLIB entries are excluded by the selection ranges in your simtifiip. CUT-WARNINGsare checked for
RA, DECL and PEAKMJD.

In addition to the screen-dump, a one-line summary for €0 is written toDUMP_LIBID-[simlib]
where[simlib] is the name of th&IMLIB file that you specify. This file is self-documented like the
“fitres” files, and can be converted into an ntuple using tombine_fitres.exe " program (812.1.1).
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A one-line dump per MJD, which includes ZP in photoelectrsiy noise converted into mag/arcéec
and o limiting mag calculation, can be obtained by setting the Binaf the SIMLIB_DUMP mask,

snlc_sim.exe mysim.input SIMLIB_DUMP 2

and the corresponding output fileDY¥MP_MJID-[simlib] . To obtain both the LIBID and MJD dump-files,
set theSIMLIB_DUMP argument to 3.

4.30.2 Cadence Figure of Merit Utility

A figure of merit for the cadence can be determined in two wdyisst, you can extract the function
“SNcadenceFoM” from sntools.c  and pass the arguments from your own wrapper function. Téenske
method is to simply analyze ai$yMLIB using theSIMLIB_DUMP option (§ 4.30.1). The FoM is appended
to each entry in the outp(dimlib]. DUMP  file. The FoM for each simlib entry is a function of the MJD
and the & limiting magnitude for each observation.

4.30.3 SIMGEN_DUMFFile

To quickly analyze generated distributions, there is amopb dump generated quantities to a column-
formatted text file. For example, to check the generatechi#dsdSALT-11 parameters, add the following
to your sim-input file:

# dump same SN that are written to data files
SIMGEN _DUMP: 5 CID Z $S2x0 S2x1 S2c
or
# dump all SN, even those rejected by trigger and cuts
SIMGEN_DUMPALL: 5 CID Z S2x0 S2x1 S2c
or
snic_sim.exe mysim.input SIMGEN_DUMP 5 CID Z S2x0 S2x1 S2c

which produces an auxiliary filyERSION].DUMP in the same directory as the SNDATA files. The self-
documented dump-file looks like:

NVAR: 4

VARNAMES: Z S2x0 S2x1 S2c

SN: 50001 1.3820e-01 3.8970e-04 1.0906e+00 -1.5431e-01
SN: 50002 3.1260e-01 1.0278e-04 1.8671e-01 -3.9044e-01
SN: 50003 2.4248e-01 1.9417e-04 8.8190e-01 -3.8711e-01
SN: 50004 2.5666e-01 8.3385e-05 -6.7122e-01 -1.5304e-01

A full list of allowed SIMGEN_DUMRariables can be printed to the screen by specifying zeliablas as
follows:

snlc_sim.exe mysim.input SIMGEN_DUMP 0

After printing the variables, the program quits.
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4.30.4 Model Dump

Model magnitudes can be dumped with the sim-input key

GENRANGE_DMPTREST: -20 60 # dump model for this Trest range, 1 day bins

This option will dump model magnitudes for a grid of
1. 1-dayTestbins
2. each observer-frame band

3. hard-wired range of shape-parameter values for thetedlerodel
(e.g.,xg for SALT2, dmys for SNOOPY, etc ..).

4. color parameterc(or Ay) is set to zero.

and the first generated redshift is used for the dump.GENMRANGE_DMPTREStion results in an output
text file and then the simulation stops. The name of the odtieus DUMP_GENMAG_[MODELNAME].TEXT
and it contains the generated observer-frame model maggod ®f {Trest,band,shapePar}.

Instead of generating model mags on a grid, a model mag caer@aed for fixed values of
{Filter,Trest,ShapePar,Redshift} with the following simput keys,

GENFILTERS: V # pick filter

GENRANGE_DMPTREST: 4.3 43 # pick Trest (this key flags the d umpFile)
GENRANGE_SALT2x1: 0.36 0.36  # pick SALT2x1

GENRANGE_REDSHIFT: 0.13 0.13  # pick redshift

The SALT2x1 parameter can be replaced with the appropriatdetrdependent parameter. To dump
rest-frame mags, set the redshift to 2.335E-9 (10 pc).

4.31 Including a Second Sim-Input File

A sim-input file can be split into two files using the keyword
INPUT_FILE_INCLUDE: my2nd.input

which instructs the simulation to read and parsg2nd.input " in exactly the same way as the original
sim-input file. To see why this might be useful, consideNB&I1ASEDnodel that has manyNON1ASED?
keywords. ThéN\ON1ASExeys can be stripped out into a separate file SUNOMIASED keys.input , and
then included in many sim-input files. Thus a dozen sim-iffipeg can each includeéON1ASED keys.input .
To modify or add &NON1ASExey for all of the sim-input files, only one file needs to be niiedi.
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4.32 Multi-dimensional GRID Option

Instead of generating random distributions in the varsbiescribing each SN (redshift, shape parameter,
color, etc ..), the simulation can generate SNe on a welhddfgrid for each parameter using the following
sim-input options,

GENSOURCE: GRID # replaces RANDOM option

NGRID_LOGZ: 20 # logl0(redshift)

NGRID SHAPEPAR: 10 # x1, Delta, stretch,dmi5 ...

NGRID_COLORPAR: 2 # AV or SALT2 color

NGRID_COLORLAW: 1 # RV or BETA

NGRID_TREST: 56 # rest-frame epoch

GRID_FORMAT: FITS # TEXT or FITS

GENRANGE_REDSHIFT: 0.01 1.2 # redshift range

GENRANGE_TREST: -20.0 90.0 # test epoch relative to peak (da ys)
GENFILTERS: griz

e Use one of the following models below --------- -

# for mics2k2

GENRANGE_DELTA: -0.4 1.8 # delta-range (mics only)

GENRANGE_RV: 22 22 # range of CCM89-RV

GENRANGE_AV: 0.0 200 # AV range

# for SALT2

GENRANGE_SALT2x1: -3.0 3.0

GENRANGE_SALT2c: -0.3 05

GENRANGE_SALT2BETA: 32 32

# for SIMSED model

SIMSED_SHAPEPAR: DM15 # replace SIMSED_PARAM key to identi fy SHAPEPAR
GENRANGE_DM15: 0.6  1.59

SIMSED_COLORPAR: AV # replace SIMSED_PARAM key to identify COLORPAR
GENRANGE_AV: -10 28

SIMSED_COLORLAW: RV # replace SIMSED_PARAM key to identfy =~ COLORLAW
GENRANGE_RV: 22 22

and explicit examples of complete sim-input files are in
$SNDATA_ROOT/sample_input_files/GRID

Also see thesim_SNgrid.pl  utility in 88.1.1. This GRID option allows external (n@NANA fitting
programs to use theNANAmodels. The original motivation is for the photometric SNordgram (88.1).
EachNGRID_XXXvalue divides the correspondi®ENRANGE_XXbange into the specified number of bins
for the grid. The GRID_FORMAT: TEXT option produces a human-readable file intended only fanalis
inspection. TheGRID_FORMAT: FITS’ option produces a platform-independent file to be read lhgresl
programs. To save memory for programs reading the FITSgatlle magnitudes and errors have been
multiplied by 1000 and stored as 16-bit (2-byte) integersagkitudes dimmer than 32 are written as
32000, and undefined model magnitudes are storeeP880 (i.e, mag: —9).
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The GRID file is written in the same directory as the auxilialgdi
$SNDATA ROOT/SIM/MY_VERSION/MY_VERSION.GRID

where ‘GENVERSION: MY_VERSIONis specified in the sim-input file. Note that only the GRID fike i
written; no light curve files are written out.

The FITS tables can be visually examined using a utility sashfdump” or “fv..” SNANAhas a
“fits_read_SNGRID " utility to read in the generated GRID; to use this utility tfedlowing code-lines
must be included,

#define SNGRIDREAD // use only the read utilities in sngridt ools.c
#ifdef SNGRIDREAD

#include "fitsio.h"

#include "sngridtools.h"

#include "sngridtools.c" // fits_read SNGRID is in here

#endif

The read-back utility fills the following global arraysisttures irsngridtools.h ,

GRIDGEN_INFO
GRIDGEN_SURVEY GRIDGEN_MODEL GRIDGEN_FILTERS
PTR_GRIDGEN_LC 12GRIDGEN_LCMAG [2GRIDGEN_LCERR

Also note thagenmag_snoopy.c illustrated how to read and access the GRID.

Here is a brief description of the FITS tables and how to lopkthe correct magnitude and error
from a set of SN parameters. Technically only the first (SNRARO) and last (I2LCMAG) tables are
needed; the intermediate tables provide additional inftion that you would otherwise have to compute
on your own. The SNPAR-INFO colummdBIN, VALMIN and VALMAXare simply copied from the sim-
input parameters. ThRINSIZE is calculated from the previous parameters, andlitBOFF are used to
determine the absolute light curve index (ILC) as a functibtine SN parameters as follows:

4
ILC =1+ ZILCOFF. x (INDX; — 1) (15)
i=

The parameter index= 1,4 runs over (1) redshift, (2) colo”( or c¢), (3) color law Ky or ) and (4)
shape parameter. Each integer inds&X; runs from 1 toNGRID for parametei. Do NOT extend
the summation to include the filter and epoch indices. Whigeghysical grid-values corresponding to
eachINDX; can be computed from the SNPAR-INFO table, these grid valaes been store in the
intermediate tables that hav&RID suffix (and include FILTER-GRID and TREST-GRID).

Note that thdLCOFF ; are fixed, while théNDX; depend on the set of SN parameters. For example,
consider a redshift range of 0.01 to 1 and 200 bins; in logzespa have-2 < l0g;4(z) < 0 and a logz
binsize of 0.01. For= 0.1, log;((z) = —1 and the GRID-index itNDX 1 = 100.

Now we have an ILC index corresponding to a Supernova destiily the four parameters above.
Each SN light curve is written out in all of theENFILTERS and all of the SNe are strung together in
the I2LCMAG table. This table contains one column of model nitagies and another column of model
errors, each multiplied by 1000 to maintain millimag premisin 2-byte integer storage. The starting
location in the I2LCMAG table is given in a separate 'pointable’ by PTR_I2LCMAG(ILC) . Note that
you could compute this pointer as
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PTR_I2LCMAGI[ILC] = 1 + ((NGRID_FILT * NGRID_TREST) + NWDPAD ) * (ILC-1);

whereNGRID_FILT is the number of GENFILTERS and NWDPAE 4 is the number of pad-words. Starting
at the specified pointer location for ILC, the first word is aaatd (—1111) and the second word is the
first 8 bits of ILC; read-programs should verify these wordavoid getting lost. The neXNGRID_TREST
words are the magnitudes (L000) for the first filter (g), the neXGRID_TRESTwords are the magnitudes
for the second filter (r), etc.. Finally, after reading alltbé light curve magnitudes there are two end-of-
lightcurve pad-words with values 6f9999.

The I2LCMAG storage for a single SN light curve is illustrateslow:

padl -1111  <== start 12LCMAG address is PTR_I2LCMAG(ILC)
pad2 first 8 bits of ILC

I2LCMAG(g,epl) = mag * 1000

I2LCMAG(g,ep2)

I2LCMAG(g,ep3)

I2LCMAG(g,NGRID_TREST)
I2LCMAG(r,epl)

I2LCMAG(r,NGRID_TREST)
I2LCMAG(z,NGRID_TREST)

pad3 = -9999
pad4 = -9999

While pointers are provided to compute ILC and to determimestiarting I2LCMAG address from ILC,
you are on your own to find the sub-index corresponding to ttex &nd epoch.

For theNON1ASEGSRID, there is no physically meaningful shape parametes;garameter is therefore
used to store a sparse index that runs from 1 to the numb¢@IASERemplates that are specified with
the “NON1ASED! keyword in the sim-input file. The FITS file includes an aduiital NONIA-INFO table
that gives the SNANA index, a character-string type (elglpl Ibc), and a character-string name of the
underlying SN used to create the template (e.g., 'SDSS®027

4.33 Marking Sub-Samples

Sometimes it is useful to generate many statistically iet€lent samples. Rather than generating separate
versions, there is less bookkeeping to generate one langgles@nd mark subsamples with sim-input

NSUBSAMPLE_MARK: 20

which will mark 20 sub-samples with an integer index. Thidar is automatically included in the output
tables for all tables formats.
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4.34 Applying Systematic Errors (RANSYSTPAR)

While systematic variations are typically done in the analgsage, it may be useful to simulate a large
number of data-sized samples, each with a different randdrofsystematic errors applied. In principle
one can define each set of variations in a brute-force maemgs:picking random zero points offsets for
each simulated version, and specifyif@ENOPT: GENMAG_OFF_ZP <list>” for eachGENVERSIONsee
812.3.1).

Instead of the brute-force apporach, it is simpler to useRARESYSTPAR_XXX¥nhput parameters so
that the user need only chanBANSEEDand the simulation picks random errors. Here are examples of
available options for the sim-input file:

GENFILTERS: griz

RANSYSTPAR_FUDGESCALE_FLUXERR: 1.02 # scale true & measur ed flux-errors
RANSYSTPAR_FUDGESCALE_FLUXERR2: 1.04 # scale measured fl ux-errors
RANSYSTPAR_FUDGESCALE_MWEBV: 1.05 # scale MWEBV
RANSYSTPAR_FUDGESHIFT_MWRV: 0.2 # shift RV

# filter-dependent variants:
RANSYSTPAR_FILTER_LAMSHIFT: 8 10 7 6 # filter shifts, Angst romgs
RANSYSTPAR_GENMAG_OFF_ZP: 0.014 0.013 0.022 0.012 # rando m ZP off

FUDGESCALE_XXXarameters near 1 are interpreted as fillows. A Gaussianasignefined a® =
FUDGESCALE_XX — 1.0, and then a random Gaussian numbeis picked. TheFUDGESCALRised in the
simulation is 1.

RANSYSTPAR_FUDGESCALE_FLUXE®Bplies a scale to the true and measured flux-uncertaiaties t
either over- or under-estimate the uncertainties. The §ang is obtained by subtracting one
(0 =1.02— 1.0 =0.02) and the random Gaussian number is added back to one.

RANSYSTPAR_FUDGESCALE_FLUXERARiplies a scale to the measured flux-uncertainties, but NOT
to the true uncertainty used to smear the fluxes. The randate scobtained in the same way as
RANSYSTPAR_FUDGESCALE_FLUXERBOVe.

RANSYSTPAR_FUDGESCALE_MWBPJlies a scale to Galactic extinction.
RANSYSTPAR_FUDGESHIFT_MW&dplies a random shift to Galactice RV.

RANSYSTPAR_GENMAG_OFF_p@Brameters are Gaussian sigmas, not ZP sHift¥he simulation
uses these sigmas to select a random set of ZP offsets. ChaRWSEEDresults in a different
random set of ZP offsets, and there is no need for the usecka@ndom offsets.

RANSYSTPAR_FILTER_LAMSHIFBpplies a random shift to each filter.

12GENMAG_OFF_ZRey can be used to explicitly define ZP shifts.
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5 The SNANAFitter: snlc_fit.exe
5.1 Getting Started Quickly

Here you will perform lightcurve fits, hopefully in under amie. To get started,

> cp $SNDATA_ROOT/sample_input_files/mlcs2k2/snfit_SD SS.nml .
or

> cp $SNDATA_ROOT/sample_input_files/SALT2/snfit_SDSS nml-.

(Edit .nml file and put in correct VERSION_PHOTOMETRY = ’xxx )

> snic_fit.exe snfit SDSS.nml >! snfit SDSS.log &

When the unix commandp$” shows that the job has finished, congratulations ! You havgdur
lightcurves with CERNLIB’sviNuIT program®® To create a pdf file showing the light curve fits (§85.9),

mkfitplots.pl --h  snfit_SDSS.hbook

createsnfit SDSS_fits.pdf . If you are shaking your head wondering what the heck youdigsthat’s
a good sign.

5.2 Discussion of Lightcurve Fits

Before reading this section, make sure you have successfuilthe commands described in 85.1. Let’s
start the discussion by checking the end of the log-file,

> tail snfit_SDSS.log

The very last line should beENDING PROGRAM GRACEFULLYL you do not see this, check that your
namelist variabl&/ERSION_PHOTOMETRY really pointing to an existing version irSRDATA_ROOT/SIM
If you still have trouble, contact an expert for help.

Inside the input filesnfit_SDSS.nml , the namelist variable

FITRES_DMPFILE = ’snfit_SDSS.fitres’

results in a dump of the fit parameters for each SN in a selfHthented “fitres” file. Go ahead andhbtre
snfit_SDSS. fitres " to see the results. The header keywok¥$\RandVARNAMESpecify the columns.
The SNANAIbrary includes a utility calle@RDFITRESto read these files. You candt ” multiple fitres files
together and add comments, and still read them with the sanseng code.

To figure out what you did, you need to check the namelist aptia snfit SDSS.nml . There are
two separate namelists:

e &SNLCINP: defines selection of SNe and epochs by specifying criteridhf® number of epochs,
earliest & latest times relative to peak, maximum signatadise, etc ... All namelist options are
defined and commented insi8BANA_DIR/src/snana.car

e &FITINP: defines fitting options such as priors, marginalization, eamje ofT,est in the second
fit-iteration. All namelist options are defined and commdnteide
SNANA _DIR/src/snlc_fit.car

Bhttp://wwwasdoc.web.cern.ch/wwwasdoc/minuit/minmniatim|
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In the sample namelist file, a prior &% is used by settin@RIOR_AVEXP = 0.40, which translates
into a prior of the form exp-Ay /0.4). There is no marginalization so that your first fits run mudida
To marginalize, set the number of integration bins per \eidNGRID_PDF = 11 Since the marginaliza-
tion is over four fit variablestg, Ay, A, 1), the CPU-time goes as the fourth poweN&RID_PDF previous
studies indicate that 11 bins per fit-variable is a good camige between accuracy and CPU time.

5.3 Methods of Fit-Parameter Estimation

There are three methods that can be used to estimate lighg iaparameters:

1. MINIMIZATION based on CERNLIB'sAINUIT programt®. &SNLCINP namelist parameter
NFIT_ITERATION specifies the number of iterations (2 or 3 recommended). Yost @ways use
this option, even if you use the options below. For very HBMR SNe the first fit-iteration can
simetimes fall into a false minimum, leading to pathologifits on successive iterations. This
problem can be alleviated wigFITINP namelist variablésUDGEALL _ITER1 MAXFRACset to few
percent); on the first fit-iteration this option adds an egim@r equal to its valuex the peak flux,
thus reducing the chance of finding a false minumum. ConsisiegirUDGEALL ITER1_MAXFRAC
for final fits, or at least as a crosscheck, along Wil _ITERATION=3 .

2. MARGINALIZATION using multi-dimensional integration BNANAunctionMARG_DRIVER&FITINP
namelist parameteMGRID_PDFcontrols the number of grid-points per fit-parameter (1lesom-
mended). You must run the minimizer firddHIT_ITERATION=2 ) to get starting values and inte-
gration ranges. After marginalizing, the following crosscks are performed: probability at the
boundaries and number of bins with zero probability; if eitls too large, the integration ranges are
adjusted and the marginalization repeats.

3. Monte Carlo Markov Chain (MCMC) : See &MCMCINPnamelist parameters. WARNING: this
option has not been used for years, so it may be broken.

5.3.1 ™mINuIT Covariances

As described in th&INUIT manual, eacivINUIT fit returns a covariance statUdNSTAT_COMwith one
of the following values:

MNSTAT_COV = 0 -> not calculated

MNSTAT_COV = 1 -> Diagonal approximation only, not accurate

MNSTAT_COV = 2 -> Full matrix, but forced positive-definite

MNSTAT_COV = 3 -> Full accurate covariance matrix (normal co nvergence)

After the last fit iteration, iMNSTAT_COV < 3 then the fit is repeated to try getting a better evaluation of
the covariances. The finBINSTAT_COValue is included in th€ITRES table.

WARNING: for SNANAversionv10 41b and earlier, thevnINUIT covariance status was not checked,
nor included in theFITRES table. This oversight sometimes led to negative diagonehriances, and
undefined (NaN) reduced covariances.

http://Iwwwasdoc.web.cern.ch/wwwasdoc/minuit/minmniatiml
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5.4 Initial Fit-Parameter Estimation

ForMINUIT to converge, initial fit-parameters must be chosen so tleanitial model light curve roughly
overlaps the data. The color and shape parameter are fixedaiesage value, and the distance modulus
(or xo for SALT-I) is adjusted so that the model matches the data.

The estimate of the epoch of peak brightneggi§ usually read from the data file from the keyword
SEARCH_PEAKMJDX this keyword is missing, theBNANAwill try to estimatetg by fitting a general function
of the form (se€SNANAfunctionSET_PEAKMJD

exp—(t —t)/Tran]
1+exp—(t—t)/Tisg ’ (16)

as suggested in the SNLS CC rate paper (Bazin et al, 2008). Tkeé fiarameters for each filter are
A, a,a,t, Tral, Trise. The time at peak is obtained by setting the derivative etquearo:ty =t + TriselN(Tian / Trise—
1). The initialt value is estimated to be the epoch with maximum flux. Each fitéit independently
and the finaty is the filter-weighted average. A filterts is dropped from the average if: (1) its max-flux
measurement has the small8gN ratio among filters and h&&/N < 10, or (2) itstp value is more than
30 days away from the average of the other fittevalues (tested only if there are 3 or more filters). The
max-flux epoch must hav®@/N > 4 to make an estimate &f.

Bit-mask options via &SNLCINP namelist varialtld®T_SETPKMJRre:

(1) = AlL+an(t— ) +aplt - D7) x

OPT_SETPKMJD +=
OPT_SETPKMJD +=
OPT_SETPKMJD +=
OPT_SETPKMJD += 8

OPT_SETPKMJD += 16
OPT_SETPKMJD += 128

fix a1l = a2 = 0 (no polynomial term)

float al & a2

do NOT abort when PKMJD cannot be found

PKMJD -> MJD at max-flux (no fit)

save fit-PKMJD params (each band) in SNA  NA table
DUMP info for each SN

A~ DN -
HoH A B B R

Users should compare the initi@l (from above) to the finaty from the light curve fit and check for
outliers; outliers can be fixed by visual inspection of thghticurve and setting th EARCH_PEAKMJD
keyword in the data file. To avoid clogging up the standardfileg the MiINUIT output for these fits is
dumped to a separate log-file specified by namelist varidNIT_PKMJD_LOGFILE the default filename
is MNFIT_PKMJD.LOG

WARNING (Jun 2010): The SN classifier challenge has uncovemedserious problems with the
initial tg estimate for SNe la using Eq. 16. First, the filter-dependait, is not accounted for. Second,
Eg. 16 can sometimes be very nonla-like (even for a perfgobd fit), leading tdg estimates off by more
than a week. Will need to add an option to use a more la-liketfan.
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5.5 Galactic Reddening

In the fitting programs, Galactic extinction is applied te tmodel; i.e., the data are NOT de-reddened.
For snlc_fit.exe , the extinction is computed at each filter-wavelength birthia flux-integrals. In
psnid.exe the Galactic extinction is approximated by the value at #@ml wavelength. The Galactic
extinction covariance is controlled with tB&ITINP namelist option

OPT_COVAR_MWXTERR = 1 ! default: full covariance matrix

The reduced\yps x Nops COvariance matrix is 1 everywhere, and each diagonal eleiméhne MWEBV
uncertainty at the central wavelength of the observer-fraassband. The covariance matrix is computed
and inverted between fit iterations. For each SN the MWEBYV vah uncertainty are read from the
header. For data, if MWEBYV or its uncertainty are zero (or doaxist), then they are internally set to the
SFD98 value and.@6 x MWEBYV, respectively. To allow for arbitrary tests in simutats, any value of
MWEBYV and its uncertainty are accepted. For fitting both dathsmulations, Galactic extinction can
be disabled by setting either of the namelist param&eiis MWCOLORAWOPT _MWEBk6 zero.

Starting at snana versiat0_29n , the Galactic reddening law and sourcedegB — V) are determined
by the&SNLCINP namelist parameters

&SNLCINP
RV_MWCOLORLAW = 3.1 ! default
OPT_MWCOLORLAW = 94 I default: CCM89+0ODonnel94 (default)
OPT_MWEBV =1 ! default: read E(B-V) from data header

MWEBV_SCALE = 1.0 ! default: scale all MWEBV values
MWEBV_SHIFT = 0.0 ! default: shift all MWEBV values
USE_MWCOR = F ! default: do NOT correct data, include in fit-m odel

A similar set of parameters controls reddening in the sitludaand additional option-values for these pa-
rameters is illustrated in 84.18. If no reddening law is dpet(OPT_MWCOLORLAe default CCM89+0ODonnel9
model is used in all programs with the exception of fitting @iations; in this case the default reddening
model is that used in the simulation. SimilarlyGPT_MWEB\$ not specified, the data-header values are
used for both data and simulation. In the fitting prograem (fit.exe andpsnid.exe ), specifying
OPT_MWCOLORLANOPT MWEB®Xxplicitly in the &SNLCINP namelist will override the simulation default.

See 84.18.1 for a description of the Galactic extinctiowakion for observer-frame models, and for
rest-frame models that require K-corrections.

Finally, &SNLCINP namelist parametdésSE_MWCOgbntrols whether the data or fit-model is corrected.
The defaultUSE_MWCOR=#foesnot correct the data, and instead MW reddening vs. wavelengt is
cluded in the fit-modelUSE_MWCOR=dorrects the data approximately, using the extinction ectémtral
wavelength of each filter band, and is then ignored in thedtthodel. We recommend using the default,
except for special cases such as building de-reddenedaésapl
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5.6 Selecting Filters

By default the snana codes read and store epochs from all défiees. The fitted filters must be specified
in the &FITINP namelist variable

FILTLIST FIT = 'ugriz
FILTLIST DMPFUN = 'gri’ ! debug dump for SN model function
FILTLIST_DMPFCN = 'gri’ ! debug dump for chi2 function

The debug-dump options should be used only in special casi=bug a fit problem, and only 1 or 2 SN
should be fit to limit the size of the stdout.

The filters inFILTLIST_FIT must be defined in the kcor/calib file and in the SURVEY filtee&irnkd
in the data files. Any undefined filter results in an ABORT. Tareate peak-mags in non-survey filters
(e.g., 'abc’), these extra filters must be defined in the kaditd file; to prevent the fitting program from
aborting, the non-survey filters must be explicitly definedthe&SNLCINP namelist variable

NONSURVEY_FILTERS = ’abc’

Finally, filters can be selected based on the mean wavelémgtle rest-frameXiest= Aopbs/ (1 + 2));

&SNLCINP
CUTWIN_RESTLAM
CUTWIN_LAMREST
CUTWIN_LAMOBS

4000, 8000.
4000, 8000. ! same as above
4000, 8000. ! cut on <LAMOBS> instead of <LAM REST>

or
&FITINP
RESTLAMBDA_FITRANGE = 4000. , 8000.

Note thatRESTLAMBDA_FITRANGEan be used only to reduce thgsi range of the SN model; i.e., you
cannot use this parameter to arbitrarily increase the wagth range. If you really want to increase the
Arestrange, then you must define your own model and modify the spoeding parameters in one of the
model-info files.

5.7 Fitting Priors

The fitting prior options irsnic_fit.exe are mainly designed to prevent catastrophic fits. Therelaoe a
options related to the host-galaxy extinction. Phofoiors are described in 85.11, and a brief description
of the othe&FITINP namelist prior options are given below.

e PRIOR_MJDSIG: sigma on Gaussian prior for MJD at peak brightness. Defa@d days.

e PRIOR_SHAPE_RANGE(2). range of flat prior for shape parameter to prevent crazyegliiyp-
ical prior-range values are{0.5,2.0} for the MLCS2k2 parameter), and {—5,+3} for SALT-II
parameterk;. Default range is £9,49}. The parameter below defines a smooth roll-off at the
edges.

¢ PRIOR_SHAPE_SIGMA: sigma of Gaussian roll-off at edge of flat prior defined abdvefault
is 0.1.
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e PRIOR_DELTA_PROFILE(4) : Used only forMLCS2k2 A, the first two elements arec and+o
for the asymmetric Gaussian prior, the 3rd element is&thalue at the Gaussian peak, and the
4th element is the minimum ’flat’ probability for aNl values withinPRIOR_SHAPE_RANGH flat A
prior is obtained by simply setting the 4th element to 1.0ttisg the 4th element te- 0.1 results
in a Gaussian prior with a flat tail for largevalues; this tail prevents the suppression of very fast
decliners (91bg-like).

e OPT_PRIOR: Default is 1— use priors. Setting to zero turns off ALL priors regardletsheir
values.

e OPT_PRIOR_AV: Used only forMLCS2k2 model, default is 1— useAy priors. Setting to zero
turns off Ay -related priors.

e PRIOR_AVEXP(2): For MLCS2k2only, defines up to two exponential slopes £gr prior.
e PRIOR_AVWGT(2): ForMLCS2k2only, defines weight for the twéy -exponential terms.

e PRIOR_AVRES: Since theAy prior has a sharp boundary &y = 0 and therefore a discontinuity
in the fitting function, thisPRIOR_AVRESoption allows a Gaussian smearing of the prior function
that results in a continuous function. Recommended valie98ad to 0.01.

5.8 Selecting an Efficiency Map for a Fitting Prior

The light curve fitting prior includes an optional simulatefficiency as a function of redshift, Galactic
extinction (MWEBYV) and model-dependent parameters thatrdesthe SN brightness. For example,
the MLCS2k2 model parameters are shagg,(extinction @y), and color law R,). The fitting prior and
efficiency map can be applied to other models too. An effigienap can be generated using Bi¢ANA
scriptSIMEFF_MAPGEN.pl (84.28), and a map is selected via &6TINP namelist:

I Select file name explicitly. Will first check YOUR current working
I directory; if not there, then fitter checks public area
I $SNDATA_ROOT/models/simeff/mysimeff.dat

SIMEFF_FILE = 'mysimeff.dat’

The efficiency map is defined on a multi-dimensional grid, amdrpolation is used to determine the
efficiency for any set of SN model parameters. Note that theges depend on the selection requirements
and are therefore analysis-specific; these maps shouleftihemot be considered as general purpose files
such as those describing K-corrections (87) or searchasffiees (84.15).

5.9 Viewing Lightcurve Fits: mkfitplots.pl
There is an after-burner script to prepare a pdf file showaupdight curve (data + fit) for each passband,
> mkfitplots.pl  --h  snlc_fit.hbook

The “snic_fit.hbook " argument above is the name of the hbook file that was speeifithdthe namelist
argumenHFILE_OUT inside the&SNLCINPnamelist. This script creates a file calkedt _fit_fits.pdf

More generally, the pdf file name has the same prefix as thekifilesmame. On each plot the black dots
are data (or simulated data) and the green curve is best-fieindhere are many plotting options; see
instructions with
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more \$SNANA_DIR/util/mkfitplots.pl

To view the light curves without doing any fits, SBNLCINP namelist variabl®©PT _LCPLOT=] run
thesnana.exe program, and then run the abawé&fitplots.pl command.

For versions prior tel0_17 you need to run a once-in-a-lifetime command
> paw_setup.cmd

For later versions there is no need to run this script, angetiseno need to maintain a privateimacs
directory.

5.10 Tracking SN versus Cuts

Typically the final number of processed SN is smaller tham tih@ number read in, and thus it is often
useful to track the losses, particularly if there seem todweféw (e.g., zero) SNe. At the end of each
snana job, the stdout includes a statistics summary for 8athType” showing the number of SN vs.
incremental cut. An example is shown here,

Number of SN passing incremental cut for
CUT NAME ITYPE= 118 119 120
CID 8 37 502
Trestmin 5 36 476
Trestmax 5 34 374
NFILT(SNRmax) 4 31 370
FIT + CUTS 4 30 369

The last row labeled 'FIT+CUTS’ is shown for tiselc_fit.exe job, and the previous rows are shown
for both thesnana.exe andsnlc_fit.exe jobs. Additional information is given by the following sran
table!® variables

CUTFLAG_SNANA =10 -> failed snana cuts
CUTFLAG_SNANA hitO  -> passed snana cuts
CUTFLAG_SNANA bhitl  -> passed fit & cuts

ERRFLAG FIT = -9 -> no fit done (i.e., CUTFLAG_SNANA=0 or sna na.exe job)
ERRFLAG FIT = 0 -> no fitting errors
ERRFLAG FIT > 0 -> see error codes with

grep 'ERRFLAG_' \$SNANA_DIR/src/snlc_fit.car | grep '&

where this table is created witfUP_SNANA=T(812.1) and the variables can be extracted into text format
using thesntable_dump.pl utility (812.1.2).CUTFLAG_SNANA 1 means that the snana cut-requirements
were satisfied, but the fit either failed or was not attemptEdTFLAG_SNANA 3 means that the SN
satisfied the snana cuts and has a valid fit whose resultscaeel $h the fitres file and the fitres ntuple.

ERRFLAG_FITis zero if the fit is valid and the fit-cuts are satisfied. A pusiflag indicates an error;
grep the source code for error definitioRRFLAG_FIT= —9 means that the fit was not attempted; this
occurs if the snana cuts faCUTFLAG_SNANA 0) or when runningnana.exe .

15The snana table id is 7100 for hbook or SNANA for root.
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5.11 PhotoZ Fits

Here we describe light curve fits that determine the SN lahifid&) from photometry, called “SN-
photoZ” fits. There are two fundamental methods to perforrot@h fits. The first method, called a
“constrained photoZ fit,” is designed to identify SNe la tdatnot have a spectroscopic redshift: uses
include SN rates and targeting host-galaxy redshifts fmoafirmed SN la. FOMLCS2k2 photoZ fits,
there are four floated parametewsty, A, andAy. For SALT-1I photoZ fits, the four floated parameters
arez, to, X1, andc. The distance modulus is constrained (calculated) asgumjparticular cosmology:
H=W(z,Qm, Qn, W) wherezis floated in the fit, an@y, Qa, w are fixed by the user. The cosmology can be
specified with &SNLCINP namelist parametéi8 REF OMAT_REFandOLAM_REFFor SALT-1I photoZ
fits, the distance modulus is converted into #ggparameter, and therefoBALT2alpha & SALT2beta
must be specified as &FITINP namelist parameters.

The second method, called a “cosmology-photoZ” fit, invelfleating five parametersgt, z, tg, A, and
Ay for MLCS2k2, andxg, z tg, X1, andc for SALT-1I. This method is designed to use large photometric
samples to measure distance moduli that can be used to reeasmological parameters. One of the dif-
ficulties with the 5-parameter fit is CPU time: the margindlaatakes a few minutes per fit, so studying
the bias on a sample of 48imulated SNe la requires about a CPU-month of resources.

In addition to the two main methods above, there are vanatibat involve using the host-galaxy
photoZ (host-photoZ) as a prior to help constrain the rdtshi distance-modulus prior can be applied
to the second method (5-parameter fit); this is essentiatiyrstrained-photoZ fit, but the photoZ errors
will include uncertainties from the cosmological paramgtédNeedless to sapeverrun a cosmology fit
on ouput where a distance-modulus prior is used !

There are fiv&FITINP namelist parameters that control photoZ fits. The defalliesare set so that
photoZ fits are turned off,

DOFIT_PHOTOZ = F
OPT_PHOTOZ =0 I 1=>hostgal photZ prior; 2=> specZ prior
INISTP_DLMAG =01 I 0=> constrain DLMAG; non-zero => float D LMAG

PRIOR_ZERRSCALE 100.0 ! scale error on host-photoZ prior
PRIOR_MUERRSCALE = 100.0 ! scale error on distance modulus p rior

SettingDOFIT_PHOTOZ=TandINISTP_DLMAG=0.0 results in a 4-parameter constrained-photoZ fit. Since
PRIOR_ZERRSCALE=100.0by default, the host-photoZ errors are multiplied by 100 tsstefore have no
impact on the fits. SettingRIOR_ZERRSCALE = 1.0results in using the host-photoZ prior described by
a Gaussian distributidfi.

To switch from a constrained-photoZ fit to a 5-parameter adsgy-photoZ fit, seiNISTP_DLMAG
to any non-zero value such as 0.1. The use (or non-use) ofastephotoZ prior is controlled by the
value of PRIOR_ZERRSCALEThe paramete®PT_PHOTOZontrols the source of the redshift prior. When
you setDOFIT_PHOTOZ=TOPT_PHOTOZs automatically set to 1 so that the host-photoZ prior idluse
you setOPT_PHOTOZ=2the spectroscopic redshift is used as a prior: this opsatesigned solely as a
sanity check on the light curve fitter, and is not meant to ases€ience. If you seDPT_PHOTOZ O,
theDOFIT_PHOTOZlag is automatically set, and vice-versa: thus you can tarthe photoZ option with
either namelist variable.

If PRIOR_MUERRSCALE 100 or larger (the default), then there is no prior apptiedhe distance
modulus 1). SettingPRIOR_MUERRSCALE = @ill apply a p-prior using a Gaussian profile of width
0 = 20, Wheregy, is calculated from the user-specified uncertainties in tgmlogical parameters.

®pepending on user interest, non-Gaussian tails may be aatied
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Note thatOMAT_REFandWO0_REFare two-dimensional arrays that specify both the value arat.eFor
example,

OMAT_REF = 0.3, 0.03
WO_REF = -1.0, 0.1

would useoy, = 0.1 andoy = 0.03 to calculate the-error for the photoZ at each fit-iteration.
To get going quickly, some useful examples of setting thealmstroptions are given below in Fig. 6.

A few other photoZ-related issues are:

e To test the photoZ methods in simulated SN la samples, thaelaiion includes an option to include
host-galaxy photoZs based on an externally-suppliedrijbf@ 4.19). To test SN-only photoZ fits
(without host), increasENSIGMA_REDSHIFEo that the initial redshift estimate is poor.

e To test the photoZ sensitivity to the initial redshift esit®, you can arbitrarily shift the redshifts
using &SNLCINP namelist parametBEDSHIFT_FINAL_SHIFT.
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Figure 6. Examples of setting photoZ options within 8#TINP namelist.

I constrained photoZ fit, ignore host-galaxy photoZ:

DOFIT_PHOTOZ =T
PRIOR_ZERRSCALE = 100.0 ! inflate error on photoZ prior
INISTP_DLMAG =00 I fix MU = MU(zphot,cosmology)

I equivalent way to do the above

OPT_PHOTOZ =1

PRIOR_ZERRSCALE = 100.0 ! inflate error on photoZ prior

INISTP_DLMAG =00 I fix MU = MU(zphot,cosmology)
I constrained photoZ fit using host-galaxy photoZ:

DOFIT_PHOTOZ =T

PRIOR_ZERRSCALE = 1.0

INISTP_DLMAG =00 I fix MU = MU(zphot,cosmology)
I constrained photoZ fit, host-galaxy photoZ errors inflat ed by 1.3

DOFIT_PHOTOZ =T

PRIOR_ZERRSCALE = 1.3

INISTP_DLMAG =00 I fix MU = MU(zphot,cosmology)
I cosmology photoZ fit, ignore host-galaxy photoZ:

DOFIT_PHOTOZ =T

PRIOR_ZERRSCALE = 100.0 ! inflate error on photoZ prior

INISTP_DLMAG = 0.1 | float DLMAG

I cosmology photoZ fit using host-galaxy photoZ:

DOFIT_PHOTOZ =T
PRIOR_ZERRSCALE = 1.0
INISTP_DLMAG = 0.1 | float DLMAG

I cosmology photoZ fit with priors on both distance & host-ga laxy photoZ:
DOFIT_PHOTOZ =T
PRIOR_ZERRSCALE = 1.0 ! use host-galaxy photoZ errors
PRIOR_MUERRSCALE = 3.0 ! use x3 mu-error calculated from dw & dOM
INISTP_DLMAG = 0.1 ! float DLMAG
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5.11.1 Redshift-Dependent Selection in PhotoZ Fits

There is a subtle fitting issue concerning the usable obséame filters for which\gps/ (1 + 2) is within

the valid A\resrrange of the light curve model, and for whi@hst = Tops/(1+ 2) are valid. In addition,
requirements on quantities such as the min & i@y are ambiguous before the photoZ fit has finished,
yet it is useful to make such cuts before fitting to preveninfitipathological light curves and to reduce
processing time. Here we discuss how to select filters andbomake cuts offesrdependent quantities.

For regular cosmology fits using spectroscopic redshiftgstaof usable filters & thelescrange is
made before the fit starts. For a photoZ fit, however, it is tedrcwhich filters & epochs are valid until
the fit has finished. For example, considgraphotoZ fit usingsALT-11: whenZpnot < 0.072,i-band maps
to rest-frame wavelengths greater than the 7000 A cutasfaior-11. Includingi-band in the fit results in
using an unphysical region of the model, while droppizand measurements results in a discontinuous
drop in thex?. In the latter case, the minimizer is trapped in this lpfwvell, and quite often the minimum
occurs at the drop-out boundafynet = 0.072. Another example is in DES & LSST, whegédand maps
below 3000 A at redshifts above about 0.5.

To make initialT,esrdependent cuts before the photoZ fit has started, the cate@sened by a factor
of “1 4+ Zmay', WhereZyax = PHOTOZ_BOUND(2) is the maximum allowed redshift (specified ifF&INP ).
The Tesrcuts are therefore loosened to be valid for any redshittérainge specified IBHOTOZ_BOUND
For example, considétHOTOZ_BOUND = 0,And and a requirement that the niastis before—4 days;
the initial cut would be a requirement of an epoch befedays using whatevé®EDSHIFT_FINAL is in
the data file, and the 4 day requirement is applied after the photoZ fit has finisisaehilarly, a maxTyest
requirement of 30-60 days is loosened to 15-120 days bdferphotoZ fit. If a filter is dropped after the
first fit-iteration (see below), the loo3e.srcuts are re-applied before fitting again.

To select observer-frame filters, the basic strategy is ttopa the first-iteration photoZ fit with all
filters except for those in the UV with < 4000 A. A reasonable analytical extrapolation of the model
beyond the defined wavelength range is required. This pgdsidised photoZ is then used to determine
which filters to exclude (or add in case of UV filter) in the ne@tation. Technically, when one more more
filters is excluded, the first-iteration is repeated so tvat¢complete fit-iterations are performed with the
correct filters. The basic assumption in this strategy isitlitbes not matter if there is an unknown bias in
choosing the redshift to drop a filter ... as long as the fithwitwithout the filter in question, is unbiased.
As an example, consider photoZ fits wghz filters. Forz > 0.49,g-band should be excluded. As a safety
margin, one might excludg-band when the 1st-iteration photoZ value is above 0.43,4t,®r 0.45 ...
the cut does not matter as long as we are confident that gdvand is used, it is within the valid range of
the model.

The redshift safety margin is controlled by namelist partamnse

PHOTOZ_ITER1_LAMRANGE = 4000, 25000 ! 1st-iter obs-frame | ambda range
PHOTOZ_BOUND = 1.0E06, 1.4 ! hard MINUIT bound
PHOTODZ_REJECT = 005 ! dz cut

PHOTODZ1Z_REJECT = -99. ! dz/(1+z) cut; default is no cut

The defaultPHOTOZ_ITER1_LAMRANGEut is set to exclude any UV filter on the first iteration sinices t
filter is used only at the lowest redshifts. Note that the edetl UV filter can be added back after the
first fit-iteration if the photoZ value is low enougPHOTOZ_BOUNI3 a hardmINUIT bound to prevent
crazy excursions during the minimization, and is also uedddsen thdl,esrrelated cuts before the fit has
started.

The next two cut-parameters define the redshift safety maagid can be defined as a cutarand/or
dz/(1+ z). TheSNANAdefault is to use only the cut aife, so we use this for discussion, noting that the
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other cut works in a similar manner. In principle it would kettler to cut on the number of fitter}, but on
the first iteration theaINUIT errors are sometimes pathological; it is therefore safardake a fixed cut.

The dzcut is illustrated here using-band and theMLCS2k2 model for which the valid wavelength
range is 3200-9500 A. Since the mean filter wavelengthyis- 4790 A, the valid rest-frame redshifts
are given byZmin = Ag/9500— 1 = —0.50 andZmax = Ag/3200— 1 = +0.50. Theg-band is excluded
if the 1st-iteration photoZ satisfi&gnot > Zmax— PHOTODZ_REJECT; in this example Zpnot > 0.45. For
Y-band py = 10095 A), Znin = 0.062 and this filter is excluded Hphot < Zmin + PHOTODZ_REJECT, or
Zphot< 0.11. Note thaPHOTODZ_REJECIE defined to be positive when adding a safety margin, regasd|
of whether a blue or red band is being tested. SeRMQTODZ_REJECiH a large negative value (i.e,99)
disables the cut. Finally, tfHOTODZ_REJECGgut is applied to all observer-frame filters, and often more
than one filter (i.euqr) is rejected.

A quick list of dropped filters can be viewed from the log-filéwthe following 'grep’ command:

grep "DROPPED" myjob.log
WARNING for SN 40002 : DROPPED obs-filter=g
WARNING for SN 40002 : DROPPED obs-filter=r

and similarly grepping for ADDED will find any (UV) filters that were added.
To study filter dropouts in more detail, five variables ardude in the fitres-ntuple (ntid 7788):

e NEARDROPndex of filter that is closest to being dropped. Positivegative) value indicates that
this filter was included (excluded) after the first fit-iteéoat

e DZMINL: redshift safety margin for filteNREARDRORfter 1st iteration. Positive value always indi-
cates that it is within the valid region of the model; negatralue indicates invalid region.

e DZMIN2: same as above, but after 2nd fit-iteration.

e DZ1ZMIN1 & DZ1ZMIN2 same as above, but fdz/(1+ z).

TRAINING & TUNING CUTS:

SNe with spectroscopic redshiftgsfeg should be use to train the filter-selection cuts. For eatér fil
labeled by index FILT " plot ZspecwhenNEARDROP = IFILT and check that there are no (or very few)
entries in the undefined redshift-region of the model. Algd fspecWwhenNEARDROP = -IFILT, and you

will see entries in the undefined region, but this is OK sirtee filter was droppedZspecvalues in the
defined region indicates that this dropped filter could hasenbsafely used, but was rejected based on
its photoZ value from the first fit-iteration. Users will hakeedecide the trade off between including a
particular filter more often in the defined region versus gigimat filter more often in the undefined region.

5.11.2 |Initial Parameter Estimate

To estimate initial parameters near the global-minimyfina multi-dimensional grid-search is made over
redshift (0.025 bin-width), color (0.2 bin-width) and 3 bim the shape parametes (dm15, stretch ...).
The minimization over the distance parameter is done analit as follows. For each grid point (photoZ,
color, shape) the model fluxes are first evaluated using #tartie (SALT 2¢ or distance modulug) cal-
culated from a reference set of cosmological parametermiifimnize thex? w.r.t. the distance parameter,
a distance-scale is determined as

dscale= XO/X_O or 1040 = Z(F(;ataFrinodel/o-iz)/ z(Friwodel/o-i)z 17)
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wherego; is the quadrature sum of data and model errors &rislthe epoch index/ The resultingkg or
u value is used to re-evaluate tgé at this grid-point. This approximation assumes that the ehedror
does not depend athycqe Also, prior to snana versior® 93 the grid-search was over photoZ and color
only.

Cheater optionOPT_PHOTOZ = 1&ets initial photoZ to spectroscopic redshift and skipsréushift
grid-search. This option is for debugging only.

5.11.3 Smooth Model Error Transition Across Filter Boundaries

For rest-frame models suchMECS2k2, the model error changes abruptly when a photoZ variatisalte

in an observer-frame filter mapping into a different reaiie filter. This abrupt change in the model error
causes a small kink in the?, and can cause fitting pathologies. This pathology is toeBjesmoothly
transitioning the model error betweer200 A of the transition wavelengti\Y. The 200 A range can
be modified with the namelist paramet&fMREST_MODEL_SMOOTFhe transition weight-function is an
arc-tangent that is scaled to equal Q\at 200 and 1 ak + 200. (see functioRESTFILT WGTfor more
info).

5.11.4 Don'’t Fool Yourself when PhotoZ-Fitting Simulations

When studying photoZ fits with simulations, avoid fooling yself with simulations outside the valid
wavelength range. If you use the default light curve modeha simulation, measurements outside the
valid wavelength range are excluded, and therefore the hiie the same “initialization” advantage in
picking filters as using a spectroscopic redshift. For mgsgpihotoZ fits, a “wavelength-extended” model
should be used as explained in 85.15. Even with a wavelemgdnded model, you can fool yourself
because the same model is used in both the simulation and fit;thence even if the extrapolated model
(i.e, below 3200 and above 9500 A fdt.CS2k2) is wrong in reality, it is by definition correct when fitting
the simulation. This forced correctness of the extrapdlatedel means that the 1st fit-iteration using all
of the filters is guaranteed to give good results. A bettdnsds fit with a light curve model that deviates
from the simulated model in the extrapolated regions. Thdittgeration should then produce biased
photoZ estimates, and ideally the filter-exclusion cut witlrk well enough so that there is no bias after
the 2nd fit-iteration.

5.12 Including the logE) Term in the X2

The default fits minimize the usual functio(ﬁ = 5iAF /cri2 whereAF is the data-model flux-difference
for observationi, ando? is the quadrature-sum of the measurement plus model ertbtsie model
error depends on one or more fit parameters, there is a namgiisn OOCHI2_SIGMA = T/F) to add in
the extra term, 2lfo;). To avoid adding or subtracting large values to iethe actual term added is
A)((zji = 2In(ai/0l®Y) whereol®stis the uncertainty from the previous fit-iteration. Typlsza};)(gi adds~ 1
to the totalx?, but sometimez&x%i can be very large (positive or negative) if a fitted uncetyaimdergoes
a significant change between fit iterations. Fits with a Iaﬁgé value can be rejected using tREITINP
namelist variabl&I TWIN_CHI2SIGMA. Values ofA)((zji can be visually examined with

grep MINUIT fitlog | grep SIGMA | more

DOCHI2_SIGMA=Fby default for fits with a fixed redshift. Currently (snana v0) 3he only model
affected by settindOCHI2_SIGMA=Tis SALT-1I because the model-error depends on the stretch/shape

17SeeEP_FFSUM_XXXariables irsnlc_fit.car
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parameter. For the default fits WilOCHI2_SIGMA=F, the stretch parameter in the error term is fixed to the
value from the previous iteration; it is therefore recomdehto seNFIT_ITERATION=3 for SALT-II fits.

For photoZ fitsDOCHI2_SIGMA=Tis automatically set because the model errors change asthez
sweeps through different rest-frame epochs and wavelsrgtieach observation. If a filter is added after
the first fit-iteration thew!?Stis undefined andx3. is set to zero for this filter. In this caseREPEAT_ITER
is set to force a repeat fit-iteration with the added filters tbgic ensures thafrs)(gyi is defined for each
filter in the last fit-iteration.

5.13 Optional Redshift Sources

Some surveys may include more than one redshift source suspegtroscopic redshifts from an exter-
nal collaborator (e.g., BOSS redshifts for SDSS targetphotometric redshifts obtained from different
methods. While theREDSHIFT_FINAL” key specifies the nominal redshift, optional redshifts asdoci-
ated typings can be used with the namelist variable

&SNLCINP
ZEXTRA_SOURCE = 'ZZ7

&END

where ‘ZZZ" is the name of the redshift source. TENANAprograms will then search each SN data file
for the optional keywords

[ZZZ] _TYPE: nnn # optional

[ZZZ] REDSHIFT_HELIO: 0.04592 +- 0.0002 (Helio) # optiona I
[ZZZ] REDSHIFT_CMB: 0.04500 +- 0.0002 (CMB) # optional

[ZZZ] END: # mandatory key

where ‘nnn” is the SN type based on using the optional redshift. Thetfirgte keys are optional, meaning
that they only need to be specified in data files where suchnvetion exists. The[ZZZ] END: " key is
required in every data file; if this key is missing, the prognaill abort. Several different sets of optional
redshifts can exist in each data file, but they must all go atethd of the header (just before the first
observation).

These optional redshifts may be used only by a list of valersispecified in a global file called

more $SNDATA_ROOT/[SURVEY]/[ZZZ] USERS.LIST
USER: <userl>

USER: <user2>

USER: <user3>

etc

This file-system is not a security system, but is only intehieprevent accidental mis-use.
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5.14 Excluding/Downweighting Filters and Epoch Ranges

Here we discuss options to exclude or down-weight data irigine curve fitter. The filter selection is
based on rest-frame wavelength so that a uniform cut cangdedpo different filter systems. To globally
exclude the rest-frame ultraviolet (UV) region, for exam@etsSNLCINP namelist variable

CUTWIN_RESTLAM = 3900. 20000.

which excludes filter(s) whose central wavelength satiigs/(1+z) < 3900 A. This option excludes
data as if it were not part of the data file; hence the corredipgrpassband is not used for spectral warping,
TrestCuts, etc ...

One problem with the above option is that there is no way toapxiate the model back to excluded
filter and check data-model fit residuals. To visually manitata-model residuals for the excluded region,
it is better to simply down-weight rather than exclude aipafar range in wavelength or epoch. A set
of FUDGE_FITERR_XXXvariables allow the user to down-weight arbitrary wavetbrand epoch ranges.
These&FITINP namelist variables are illustrated in the following exaenpl

FUDGE_FITERR_TREST = -20., 100. I rest-frame range (days)
FUDGE_FITERR_RESTLAM = 1000., .3900. ! wavelength range (A )
FUDGE_FITERR_PASSBANDS = 'UBVRI' I observer filters
FUDGE_FITERR_MAXFRAC = 100. I error -> 10*maxFlux

This example does essentially the same thing as the abowgpéxasing CUTWIN_RESTLAM = 3900.,
20000. " However, using th&UDGE_FITERR_XXXariables means that filters mapping onto the rest-frame
UV region are used in the spectral warping for K-correctjarsd these filters are also used in g
sampling requirements. In evaluating the lightcurvefitan additional uncertainty of 160the maximum
flux (FUDGE_FITERR_MAXXFRAC=100s added in quadrature to each epoch-uncertainty thaffiestithe
RESTLAMand TRESTwindows, and hence such epochs are effectively excluded fhe fit. Note that
FUDGE_FITERR_PASSBAND$pecifies the observer-frame filters for which the otheeaatapply. If you
set the observer passbandsuo then theRESTLAMaNndTRESTcriteria are applied only for observerand
not the other filters. One can therefore choose to down-welgta based on filters or based on rest-frame
wavelength ranges.

Here is another example in which epochs befefe days and aftesr-50 days are excluded for all
filters:

FUDGE_FITERR_TREST = -99,-5.0, +50., 999.
FUDGE_FITERR_RESTLAM = 1000., 20000.
FUDGE_FITERR_PASSBANDS = "UBVRI’
FUDGE_FITERR_MAXFRAC = 100

Two sets of RESTLAM windows can be defined in the same that the tW&EST window are defined
above. To downweight all measurements more easily therevarglobal options,

FUDGEALL_MAXFRAC = 0.3 # all epoch, all fit-iterations
FUDGEALL_ITER1_MAXFRAC = 0.3 # all epochs, 1st fit-iter onl y

where the ITER1” option inflates the errors only on the first fit-iteration. éde options may be useful in
cases where the data uncertainties are smaller than thd emodes, resulting in unstable fits. Inflating
the errors generally results in more stable fits. TA&ER1” option is intended to gives a reliable initial-
parameter estimate for the 2nd fit-iteration that uses themal uncertainties.
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5.15 Rest-Frame Wavelength Range

Each SN model includes a function that returns the validfrashe wavelength range gscrange) to the
fitting program. There are two different ways to changeXfaerrange, but note that you can only make
the Aresrrangemore restrictivei.e, you cannot arbitrarily loosen thigssrrange for a SN model. The two
equivalent namelist options to change Mgcrange (A) are

&SNLCINP
CUTWIN_RESTLAM = 2000 , 25000
&END

&FITINP
RESTLAMBDA_FITRANGE = 3500 , 9500
&END

The first option rejects measurements as part of the pregfiseelection, and is useful if you want to apply
this requirement without running the fit; i.e., using onlg tmana.exe program. The second option is
applied during the fitting stage.

TheAesrranges appear in your log-file as follows,

CUTWIN_RESTLAM = 2000. 25000.
SN-MODEL LAMBDA RANGE: 3200. - 9500.
USER-FIT LAMBDA RANGE: 3500. - 9500.

and again note that thmost restrictiverange is used. If you specify a wide open range such as 1000 to
30000, this simply tells the fitting program to use the ddfearige.

Finally, if you really insist on changing the defadlscrange for a particular SN mod#,you can
modify the default range by editing the file

$SNDATA_ROOT/models/[model-subdir/RESTLAMBDA_RANGE .DAT

Such changes should be used with great caution becausédmgeaffects all users. Before making such
a change, consider creating a private model-version ifiles2k2.LAM2800 ).

18All maintenance warranties are null & void if you change tleéadiltAescrange.
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5.16 Extracting Light Curve Shape from the Fit

The light curve shape, defined as the flux-to-peakFlux ratioR§) versus epoch, is determined after
each light curve fit. In principle, this ratio is unity at thpaeh of peak brightness. The residual-ntuple
variable isFPKRAT (ntuple id 7799) and the fortran variables &f FPKRATand EP_FPKRATERRSee
fortran subroutinéPKRATfor example on how to access these arrays.

While the flux values are from the data, the estimate of the pleakis based on the best-fit model.
The peakFlux estimate can be significantly off, particyléok multi-band light curves that fit one of the
colors poorly. Such peakFlux errors are evident for lightves in which the the data points in a given
filter lie well above or below the best-fit model. To get a be#gtimate of the peakFlux, one can correct
for the average data/model ratio in a particular epocheanthis correction is implemented using the
$FITINP namelist variable

TREST_PEAKRENORM = -10.0, +20. # rest-frame days

which specifies the rest-frame range for which to includecbpan the data/model correction. The de-
fault values are 0,0- no correction. A data/model weighted-average is taken thwerepochs within
TREST_PEAKRENORNhe weight {v;) at each epochi* is defined to be

Wi = [0F x (|Tres +1)] 7, (18)

whereg; is the data/model flux-ratio uncertainty based on the dateediror (i.e., ignores the model error),
and “Tres{ + 1" is an arbitrary factor (in days) used to downweight epaamliay from peak.
To see the peakFlux estimates on the light curve fit (8 5.9) flus command

mkfitplots.pl  --h <hisfile> PEAKFLUX
or
PAW > snana#fitres pkf=1

and a pink horizontal line is drawn through the peakFluxneste for each filter and SN. The user is
encouraged to varyREST_PEAKRENORI check the sensitivity of the epoch range.

5.17 Landolt — Bessell Color Transformations

As explained in the first-season SDSS—II results paper (AgpeB of arXiv:0908.4274), the nearby
SNe la magnitudes are reported in the Landolt system, but #re ndJ BV Rl filter responses for this
system. We therefore define color transformations betwkerLandolt system and synthetitBV RI
magnitudes using Bessell (1990) filter response functiore (s. B1-B2 in above reference). These
color transformations can be implemented in the fitter vath &FITINP namelist flag

OPT_LANDOLT
OPT_LANDOLT
OPT_LANDOLT

1 ! transform rest-frame Landolt model mags -> Bessell90
2 ! transform obs-frame Bessell90 mags -> Land olt
3 ! both of the above

For example, to analyze the JRKO7 sample with MLCS2k2,088t LANDOLT=3 to analyze with
SALT-Il, setOPT_LANDOLT=2 To analyze ESSENCE data with MLCS2K2PT_LANDOLT=1 In the last
case, the ESSENCEI filter response functions are well known, so there is no needé¢ Bessell90 filter
responses. Note that the 2nd bit should be used only whanBNWeRI filter response is not known. Thus,
for example, do not set the 2nd bit for CFA3 & CFA4.

All of the above use BD17 as the primary reference. To use \dtrh4 (3rd bit) to eacBOPT_LANDOLT
value. You are also responsible for using the appropriatoifection file with the matching primary
reference.
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5.18 Interpolating Fluxes and Magnitudes

There are two methods for interpolating the SN flux at a paldicobservation time (MJD). The first
method is to use the generic 'any-LC’ function from 85.4, ameldecond method is to use an SN la light
curve model. For either method prepare a two-column filelistateach SNID and MJD to interpolate. To
interpolate all SN at a particular MJD replace the SNID wité keyword 'ALL'. In the following example
of a two-column input file,

1 53616.0
2 53610.0
2 53626.0
ALL 53640.0

one epoch is interpolated for SN 1, two epochs are interpol&dr SN 2, and one epoch (53640) is
interpolated for all SNe. Specify input and output files vitik following &SNLCINP namelist variables,

SNMJD_LIST_FILE = 'KECK-SDSS.LIST’
SNMJD_OUT_FILE = 'KECK-SDSS.OUT’

Errors on the interpolated fluxes account for the errors awvdrtances among the fitted parameters. The
interpolated results are dumped into a human-readableibiitg with keywords to simplify parsing. To
interpolate the flux at peak brightness, specify MJD = 0 inSNBIJD_LIST_FILE.

The “any-LC” function is recommended in most cases since &#ehis fit separately and since a
more general class of light curve shapes can be accuratelNdié that you must rusnana.exe instead
of snic_fit.exe I The &SNLCINP namelist parameters are

OPT_SETPKMJID = 1 # fit with any-LC function
OPT_LCPLOT =1 # make plots for PAW > snana#fitres .

Filters can be ignored, for example, settiB@CUT_SNRMIN = 'g 99999 r 99999' to skip theg andr
bands.

When fitting with an SNIa model (2nd method) it is recommendefitta single passband by either
specifying one passband with tBEITINP namelist variablé-ILTLIST_FIT , or by downweighting the
other passbands using tREDGE_FITERR_XXXoptions (85.14). The latter is recommended because some
SNIla models return garbage if only one filter is included. §;ia interpolate the flux in each of tigeiz
passbands, four separate fits should be done. THiEIP namelist parameters to interpoladand by
downweighting the other bands are as follows:

FILTLIST_FIT = ‘griz’

FUDGE_FITERR_TREST = -20. 80. 0. 0.
FUDGE_FITERR_PASSBANDS = 'riz’
FUDGE_FITERR_MAXFRAC = 100.

Note that you can use command-line arguments (812.2.1)ite awwrapper that loops over the filters,

snic_fitexe myfitnml  FUDGE_FITERR_PASSBANDS riz SNMJD ~_OUT FILE g.OUT
snic_fitexe myfitnml  FUDGE_FITERR_PASSBANDS giz SNMJD ~_OUT FILE r.OUT
snic_fitexe myfitnml  FUDGE_FITERR_PASSBANDS grz SNMJD ~_OUT FILE i.0UT
snic_fitexe myfitnml  FUDGE_FITERR_PASSBANDS gri SNMJD ~_OUT FILE z.OUT
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5.19 Fitting Rest-Frame Peak-Magnitudes and Colors

There are two ways to define rest-frame peak magnitudék (1) from the best-fit model and 2) the true
mag. While the former is trivial to obtain after fitting a ligbtirve, the resulting rest-frame colors are
simply pegged to the SNIa model and may not reflect variatimora intrinsic scatter. The trus!* and
associated colors include intrinsic variations. Thisiseciocuses on obtaining the trdé* and colors by
specifying the following&FITINP options forsnlic_fit.exe ,

FILTLIST FITRESTMAG = 'UBV’
LAMEXTRAP_FITRESTMAG = 250 ! (A) allow this much rest-frame extrapolation
SHAPEFIX_FITRESTMAG = -0.2 ! => fix SHAPEPAR for PEAKMAG cal ¢

The kcor/calibration file must include these extra (UBV) fitén addition to the observer-frame filters.
EachM( g is determined by fitting only the two nearest observer-fréxaeds that bracket the rest-filter
in wavelength LAMEXTRAP_FITRESTMAGIllows wavelength slop in defining the observer-frame 8lter
and increases the redshift range for which all ofMygg,, can be determined. For example, suppose that

the bluest observer-frame filter gsband with a central wavelength af, = 4800 A, and the rest-frame
U band has\y = 3600 A. If LAMEXTRAP_FITRESTMAS 0 (default) then the minimum redshift for which
M{; can be determined &, = 4800/3600— 1 = 0.333; with LAMEXTRAP_FITRESTMAS 250 A we have
Zmin = 4800/ (3600+ 250) — 1 = 0.247. Similar logic is applied to the reddest filter.

The fitting for each SN proceeds as follows. The fil$EIT_ITERATION ” fit-iterations are used to
determine the time-of-pealtpf and stretch parametesp from a fit to all of the observer-frame bands.
One additional fit-iteration is then performed for eAdhusing only the two nearest bands, holdipgnd
S fixed from the global fit. The floated color and distance patanseprovide the flexibility to fit both
observer-frame bands. After each two-band/fitis computed as follows,

M = modelMadTx, to, So, color, distance — (29)

whereTy is the filter-transmission for filteX = U,B,V, ands is replaced bySHAPEFIX_FITRESTMAGT
this namelist parameter is set. The Galactic extincM@vEBVs set to zero for this rest-frame modelMag
calculation. y; is the calculated distance modulus using the known redahdtan assumed cosmology.
The subtraction ofi; is done so that thy have reasonable values 19), but it has no impact on the
rest-colors since the sampgis subtracted for each (UBV) filter. After all of the two-bantsfare done, a
final fit-iteration is performed using all of the filters sotkize analysis variableslfof , SNRMAXFITPROB,
etc ...) correspond to the global fit.

The rest-mags are written to the fitres-fileN®& XandERRMO_Xwhere X are the rest-filter character
names (e.g., U,B,V). For each filter in a 2-band fit, the maxin8/M is required to satisfy th&SNLCINP
namelist cut-variabl€UTWIN_SNRMAXAf both bands failCUTWIN_SNRMAX2he rest-mags are not evalu-
ated andM0_X=999.

5.20 Peak-Mag CrosschecksEITMAGDIF

To check the best-fit model magnitudes there is an option igpcibe a given observer-frame magnitude
in two independent ways : 1) fitting only the one band, and 2)djtthe other bands and extrapolating the
model. An example of thiSITMAGDIF option is as follows,

FILTER_FITMAGDIF = "U’
FILTLIST_FIT = 'ugr
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The firstNFIT_ITERATION fits are done with all of th€ILTLIST_FIT  (ugr) filters so that the time of peak
brightnesstp), stretch and color parameters are well determined and fordte fit-iterations that follow.
The next fit-iteration is done only with filtefFILTER_FITMAGDIF ” (u) in which the flux-scalexp or ) is
the only floated parameter. The final fit-iteration is donéhvaill of theFILTLIST FIT (ugr) filters, but
with u-band deweighted so that it contributes nothing tothand only the g & r bands are included in
the fit. The quantityAGDIF_uand its erros are computed as

MAGDIF_u = peakMag(u, extrapolate gr) - peakMag(u only)
= peakMag(predicted) - peakMag(measured)

TheMAGDIFvariable is in the fitres table (ntuple 7788) and also in thiegitext outout.

5.21 Selecting SNID(s), Field(s), and Telescope(s)

All namelist variables discuss here are®NLCINP.

5.21.1 Selecting/Ignoring SNID

By default all candidate IDs (CID) are processed. Here are soxample on how to select a range of
CIDs or a list of CIDs, and to ignore a list of CIDs:

CUTWIN_CID = 700, 2000 I CID integer-range to process
or
SNCID_LIST = 5944, 10550 ! integer list of SN to process
SNCCID_LIST = '5944', '10550" ! same as above, using strings
CUTWIN_CID = 00 I turn off range to process list
or
SNCID_LIST FILE = 'myCIDs.list ! file with list of CIDs to p rocess;
I separated by spaces, commas, or <CR>
or
SNCID_IGNORE = 4524, 8151, 7017 ! list of SN to ignore
SNCCID_IGNORE = '4524’, '8151', '7017" ! same as above with s trings

Internally all CIDs are strings. If the CIDs are integers theo gan us&NCID_LIST andSNCID_IGNORE
otherwise you must use the charadi#d- variables SNCCID " and put each CID in quotes. A zero or
blank acts as a terminator. For exam@®CID_LIST = 5944, 0, 1032, 10550 would process SN
5944 and ignore the rest.

CUTWIN_CIDgives the integer range. For CIDs that are integers, you cecifgpthe integer range
without worrying about the internal string conversionsr EtDs that are string§SNANAnternally assigns
integer CIDs that are sequential starting from 1. For exajngaasider the SNLS CIDs that are strings
(e.g., 04D1cc)CUTWIN_CID = 1,10 would process the first 10 SNe. However, for a survey usireget
CIDs that start at 100@GUTWIN_CID = 1,10 would discard all SNe.

Finally, note that the logical-OR is used QUTWIN_CIDandSNCID_LIST. Thus when using the LIST
option, make sure to s€QUTWIN_CID=0,0 to turn off the range-option.
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5.21.2 Selecting Fields and Overlapping Fields

By default all fields and overlapping fields are used. Using SB3N and 82S fields as an example, fields
are selected by

SNFIELD_LIST = '82S" ! select only 82S pointings (ignore 82N )
CUTWIN_NFIELD = 1, 1 I select only SN with no 82N/82S overlap

or
CUTWIN_NFIELD = 2, 2 I select only SN with 82N+82S overlap

SNFIELD_LIST determine which field-pointings to use for lightcurves;sdields must be specified in
SURVEY.DEF, otherwise the code aborts. In the first example above, d@fy@intings/epochs are used,
and overlap pointings on 82N are discarded. SNe that ov82&pand 82N are used, but only the subset
of 82S pointings are selected. SimilarBINFIELD LIST="82N' would select the epochs with an 82N
pointing.

CUTWIN_NFIELD=1,1 picks out SNe in which all observations are on the same pwntie., no over-
laps.CUTWIN_NFIELD=2,2 picks out only those SNe that overlap 82N and 82S.

Another example of selecting multiple fields is as follows:

SNFIELD_LIST = 'C1, 'C2, 'C3
SN(IJZrIELD_LIST = 'C1+C2', 'C3¥
SN(I):rIELD_LIST = 'C1+C2+C3
SN(I):rIELD_LIST ='Cl C2C?¥

where the above three commands are equivalent. Either daghéwo commands can be used as a
command-line override with an arbitrary number of fields.

Even if you don't use the selection options above, thereabie tvariables (812.1) that can be used to
apply some of these selections after the fittiNgIELD_OVPis the number of overlapping fields for each
SN, andFIELD is the name of the field(s). For SN on overlapping fields, ssc82N and 82SFIELD =
'82N+82S’ . The order of the overlapping fields in tREELD string is the same as that®WRVEY.DEF The
‘append’ option in the sntable-dump utility (812.1.2) canused to addlFIELD_OVPinto the text-fitres
file. Note that thé~-IELD string cannot be appended to the text-fitres file (sorry!).

5.21.3 Selecting Telescopes

If lightcurves are constructed from multiple telescopd@gel in SNDATA_ROOQBURVEY.DEF, all epochs/telescope
are used by default. To select a subset for analysis,

SNTEL_LIST = 'SDSS’ I list of telescopes

would analyze lightcurves using SDSS epochs, and ignoreretsons from other hypothetical instru-
ments. The code aborts if an invalid telescope is selecedpine that is not specified in tB&RVEY.DEF
file.
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5.21.4 Selecting MJD Ranges
There are thre&SNLCINP CUTWINparameters to define MJD ranges:

CUTWIN_MJD = 53600, 53700 ! use obs only in this MJD range
CUTWIN_MJD _EXCLUDE = 53622, 53628 ! excluce obs in this MJD r ange
CUTWIN_MJD_INCLUDE = 53630, 53660 ! require at least 1 MJD in this range

The first twoCUTWINparameters define epochs to select. The last@ut\WIN_MJD_INCLUDEdoes not
pick epochs, but rejects the entire light curve if there imhservation in the defined window.

5.21.5 Quickly Analyzing a few SNe from a Large Sample

This section is for the text-output option onfQRMAT_MASK = 1 or P

It is often useful to select a few SNe for fitting and analysigh as for debugging a particular problem.
From 85.21 above, the namelist varial®leCID_LIST can be used to select an arbitrary subset, but the
snana.exe andsnlc_fit.exe programs must read every SN data file up to the point where &&cin
the list has been found. The time to simply read these dasacie be relatively slow~ minute) if a large
number of data files must be screened. To read in the data fdes quickly, a temporarPEBUG_XXX
version can be created whexX&X are your initials or some other identifier. Just three fileach®d be
created:

$SNDATA_ROOT/Icmerge/DEBUG_XXX.README
$SNDATA_ROOT/Icmerge/DEBUG_XXX.IGNORE
$SNDATA_ROOT/Icmerge/DEBUG_XXX.LIST

and for simulations replacdctmerge ” with “ SIM” and create a sub-directo§IM_DEBUG_XXXwith the
appropriate files. ThESNOREandREADMEHiles can be blank. ThEST file contains the name of each data
file to analyze. You can then analyze this debug version bgifyieg $SNLCINP namelist variables

VERSION_PHOTOMETRY = 'DEBUG_XXX’
CUTWIN_CID = 1, 100000

and there is no need to specBNCID_LIST .

5.22 Mag-Shifts in Zero Points and Primary Reference Star

Thesnic_fit.exe program provides an interface to modify zero-point offsetsvell as the magnitudes
of the primary reference star. The primary magnitudes candieidually adjusted using the SNLCINP
namelist option

MAGOBS_SHIFT_PRIMARY
MAGOBS_SHIFT_PRIMARY
MAGOBS_SHIFT_PRIMARY
MAGREST_SHIFT_PRIMARY

‘B .02 V .0U

'B .01 V .01 R 0.01

'‘BVR 0.01’ # same as above
‘B .02 V .01
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which shifts the primary mags by 0.02 and 0.01 BbandV, respectively, in the example above. Note
that separate strings are used for the observer-frame atiraene to allow for the same filter-character
to be used in each reference frame. This option is equivideetgenerating the K-correction tables with
these shifts, but thIAG[OBS,REST]_SHIFT_PRIMARY option is much quicker since you can use the same
K-correction tables.

For the zero-points, there are two ways to introduce shit® first method is to specify the offsets in
a file, ZPOFF.DAT, located in thdilters ~ sub-directory. For the SDSS AB-offsets, the file location is

> more $SNDATA_ROOT/filters/SDSS/ZPOFF.DAT
u-0.037 g 0024 r 0.005 i 0018 z 0.016

If ZPOFF.DAT does not exist, the shifts are zero. This method is useddodstrdized shifts.
The second option is designed to probe the uncertainty imeh@ point offsets; an arbitrary shift can
be specified with the &NLCINP namelist string

MAGOBS_SHIFT ZP ='g .02 r .01 i .008
MAGOBS_SHIFT ZP ='g .01 r .01 i .01
MAGOBS_SHIFT _ZP = 'gri .01 # same as above

Note that the shifts iZPOFF.DAT andMAGOBS_SHIFT_ZRare added so that you make well-defined shifts
relative to the standard shifts APOFF.DAT.

Wavelength-dependent shifts can be applied with polynbpaieameters i@&SNLCINP,

MAGOBS_SHIFT_ZP_PARAMS =0, 0.02, -0.01
MAGOBS_SHIFT_PRIMARY_PARAMS = 0, 0.01, 0

which applies a ZP shift of 02\gps— 0.01\2, . and a PRIMARY mag shift of @1\qps Note thathgps

obs
is the central wavelength in MICRONS, not A, so that B&RAMScoeffients are about the size of the

mag-shift.

5.23 Fudging theFLUXCALOffsets and Uncertainties

Filter-dependent offsets and errors can be added to thieratdd fluxes and errors using the following
&SNLCINP namelist variables,

FUDGE_FLUXCAL_OFFSET = 'u -06 g 04 r 12 |-37z 22
FUDGE_FLUXCAL_ERROR ='u 24 g -12 r44 19 7z -22
FUDGE_MAG_ERROR =u .0l g.011 r.009i.01 z.018

These fudges should be used for systematic studies onlyigmemt changes should be made in the data
files. The error fudges are added/subtracted in quadraasedon the sign GFUDGE_FLUXCAL_ERROR

5.24 Updating the Filter Transmission for each SN

In 2009 the SNLS reported that their filter transmission delgeon the focal plane positidfi.While their
transmission function depends only on the radius from timecein general the SN filter transmission
can be unique for each SN. Using tBEBANAfitting program, an SN-dependent filter transmission can be
specified, although it is assumed that each transmissianifumis the same for all epochs. This feature is
invoked by specifying an 'update’ directory from tB8NLCINP namelist as follows:

PRegnault et al A&A 506 , 999 (2009).
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FILTER_UPDATE_PATH = 'MYPATH’

MYPATHan be a subdirectory unde8i$DATA_ROOT/filters , or MYPATHan be the full directory name;
both directories are checked, with the former having piyorThis directory must contain an instruction
file called FILTER.INFO ’, along with a filter transmission text-file for each SN. Rath®an giving an
explicit list of filter-transmission filenames, the INFO f#pecifies the naming conventions for the filter-
transmission directories and files:

FILTER_SUBDIR: filters-{SNID}
FILETRANS_SN: SNtrans_*.dat
FILETRANS_REF: REFtrans_*.dat

The first key specifies the sub-directory name for each seltef fransmissions, and the directory name
depends on the name of each SN. The next two keys specifyahentission filenames residing within
eachFILTER_SUBDIR. The star (*) represents the 1-letter representation foh ééer. For example, the
SNLS filenames would b&Ntrans_g.dat , SNtrans_r.dat , etc. The fillter transmission can be different
for the SN and for the primary references (REF). However, I @ame set of transmissions is specified
(either SN or REF), then these transmissions are used forthetBN and the primary reference.

WARNING: currently this filter-update feature works only fiive SALT2 model; perhaps a future
SNANAversion will work for rest-frame models that use K-correns.

5.25 Shifting the Mean Filter Transmission Wavelength

There are two methods for shifting the filter transmissioaselength.
METHOD 1: Filter A-adjustments can be made in building the kcor file with thefaihg kcor-input
key:

DUPLICATE_LAMSHIFT_GLOBAL: 10

which will create a duplicate set of filters with a 10 A shifthd un-shifted and shifted filters are stored
in the same k-cor file, and alleviates the need to create plalkicor files. When running the analysis
programs (snana,snlc_fit,psnid), theshifted band(s) can be used with &SNLCINP namelist input

FILTLIST_LAMSHIFT = 'ri’

In this example, the 10 A-shifted bands are used forandi, while all other bands use the nominal
transmission with no shift.

To visually distinguish the two sets of filters in the STDOW&ch duplicate band has a star symbol
in front: e.g., for DES-r, the duplicate band with 10 A sh#tdalled *DES-r. Note that user input never
requires adding a star symbol; this symbol is there intgralindicate that a-shifted band was selected
via FILTLIST_LAMSHIFT .

METHOD 2: Using the nominal (un-shifted) k-cor file, each band can ldp@mdenlty shifted via
&SNLCINPinput

FILTER_LAMSHIFT = 'g -34 r 56 i 12.3
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5.26 Monitoring Fit-Jobs with “grep”

If you pipe the fitter screen dump to a log file, the ungxep ” command can be used to quickly monitor
progress during the fits, as well as after the fits have comblethis is particularly useful when many
fit-jobs are run in parallel so that you can monitor prograss eatch aborts. Many screen outputs are
explicitly designed to help monitor the job status. Below smene examples of useful grep-commands
to run. A dagger () indicates those commands that work only when the fit-jobfimshed. Note that
adding | wc " to the end of a grep command will count the number of entries.

grep GRACE fit'log T
lists the unique stringNDING PROGRAM GRACEFULbYdentify and count jobs that have finished.

grep " ABORT " fit*.log T
identifies jobs that have aborted. Note the blank space éafiod afte ABORTto distinguish from
namelist variables that includORTas part of the name.

grep "after snana" fit*.log T
shows the number of SN before and af&IANAcuts.

grep "after fit" fit*.log T
shows the number of SN after fitter cuts.

grep "PROCESS TIME" fittlog T
shows total processing time.

grep "PASSES FIT" fit*.log
lists each SN that passes fit cuts.

grep "Cuts REJECT" fit*.log
lists each SN rejected by SNANA cuts.

grep "FAILED FIT" fit*.log
lists each SN rejected by fitter cuts.

grep ":DLMAG" fit*.log | grep pdf
lists the marginalized distance-modulus for each fitteldtlagrve. Works for any fit-parametekV,
DELTA, PEAKKMJD, PHOTOZInclude the colon, or you will be overwhelmed by the screempl.

grep ":x0" fit*.log | grep fitpar
lists the SALT2 amplitude for each fitted light curve.

5.27 User SN Tags
User-defined SN tags can be specified with&88LCINP namelist variable

&SNLCINP

&END

more mytags.dat

USERTAGS_FILE = 'mytags.dat’
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SN: 1032 1
SN: 2033 1
SN: 2490 1
SN: 3088 2
etc ...

and thes@&JSERTAGNdices will appear in the analysis ntuples. These tags reayskful, for example, to
label SNe confirmed by a particular telescope.
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5.28 Over-Riding Information in Data Files
5.28.1 Over-Riding Header Information

Here we describe how to over-ride header information in & diles without re-making the data files.
This feature can be useful, for example, for systematicgptimization studies The header information
includes host properties, peculiar velocities, redshdtsl Galactic extintion, all of which can be easily
modified for a particular study.

The input key for the analysis programs is

&SNLCINP
HEADER_OVERRIDE_FILE = 'myUpdates.dat

more myUpdates.dat

NVAR: 5

VARNAMES: CID VPEC VPEC ERR HOSTGAL_LOGMASS HOSTGALASS@RR
SN: 1346137 78.4 150.0 10.87 0.21

SN: 1346387 -63.0 150.0 9.44 0.33

etc ...

In this example, four header values are updated: peculiacis correction, log of host mass, and the
error for each. For SNe missing from the update file, the oalgvalues in the data file header are used.
This feature doeNOTwork on epoch-dependent quantities.

5.28.2 Over-Riding Light Curve Information

Epoch-dependent mag-corrections can be applied via amektext file in order to avoid re-making data
files with each iteration of calibration offsets. These eotions are applied only to tH&UXCAL and
not theFLUXCAL_ERRand thus there is an implicit assumption that changes aa#l §m1%). For large
changes, the data files should be re-made with the new esavela The syntax is

&SNLCINP
MAGCOR_FILE = 'magCor.dat’

more magCor.dat

NVAR: 2

VARNAMES: ROW MAGCOR

ROW: 1346137-56542.271-g  0.0123
ROW: 1346137-56542.272-r  0.0094
ROW: 1346137-56542.274-i -0.0025
etc ...

The SNID, MJD and BAND are glued together to form a uniquengtidentifying the correction. Each
FLUXCALIs internally multipled by 10-0-4MAGCOR)
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5.29 Peculiar Velocity Corrections

By default the CMB redshifts are used for the Hubble diagrantyaiga AlthoughSNANAhas no explicit
code to make peculiar-velocitydec) corrections, such corrections can be made with exterrdgsand
used bySNANA The&SNLCINP namelist variabl&/PEC_FILE points to an optional file containing

NVAR: 3

VARNAMES: CID VPEC VPEC_ERR
SN: <CID1> <VPEC1> <VPEC_ERR1>
SN: <CID2> <VPEC2> <VPEC_ERR2>
SN: <CID3> <VPEC3> <VPEC_ERR3>
etc ...

where the units are km/sec. Additional variables can beidesd in this file as long a¢PECandVPEC_ERR
appear somewhere in ttidRNAMES8st. TheSNANAHubble-diagram redshiftzHDand its erroZHD_ERR
are computed by adding VPEGign: to the CMB redshift, and similarly adding the error in quadrat
BEWARE that if some of the CIDs are missing, then zero VPEC-esradded ! Thus, for CIDs which do
not have this correction include an entry wtREC=0andVPEC_ERRset to a larger value, typically around
300 km/sec.

The output asciiffitres file (812.1) contains a redshit \@edz’ (and zERR) corresponding to zHD.
With no vpec corrections, z is the CMB redshift. Withyec corrections then z includes this correction. The
output HBOOK/ROQOT file contains each redshift varialdetELIO, Z CMB andZ_HD, along withVPEC

Note thatVPECand its error can also be specified in the header-overridésfil28.1).

5.30 SIMCHI2_CHEAT

For simulations, thg? is automatically computed in which the fitted parameterseptaced by the exact
simulated paarameter values. The resultidg/ariable is calledSIMCHI2_CHEAT and it is stored in the
table output (ntuple for hbook, tree for root).

There is no ambaguity for fits with fixed redshifts. For photétg, however, the defined filter bands
based on the fitted photo-z may be incorrect for the true rdgdbfor example, a fitted photo-z of 0.4
would include thez-band filter for the SALT2 model, but if the true redshift id @hen trying to evaluate
thez-band model-mag would result in an abort because it is tofordtie SALT2 model in the rest-frame.
When undefined filters are detect&t\MCHI2_CHEATIs set to—NFILT_UNDEFINED and thex? calculation
is skipped to avoid the abort.
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6 Private Options

6.1 Creating Your Private Code

Here we describe how to create your private code versiorhoshana progransrana.exe ) or the light
curve fiting programgplic_fit.exe ). This feature is useful to write your own analysis packagaout
the overhead of reading data files and applying selectios, e@uid also to make small modification to
the existing analysis codes. Modifications include writmg specific information to a file, calculating
a quantity that is not available, or testing variations agoathms in the public code. This feature is
available for the fortran analysis codes, but is not avésl&dr the simulation.

There are two steps to creating your own private executable:

> cp $SNANA_DIR/src/snana_private.cra .
> snmake.pl snana_private

or
> cp $SNANA_DIR/src/snlc_fit_private.cra .
> snmake.pl snlic_fit_private

should resultin a private executable file in your directenana_private.exe orsnlc_fit_private.exe
Now run your private version,

Jsnana_private.exe myinput.nml
or
Jsnlc_fit_private.exe  myinput.nml

You can edit your private version ehflc_fit_private.cra and modifyUSRINI, USRANAandUSREND
The sampldJSRANAshows how to access fit results, and how to access informeieach epoch used
in the fit. You can also re-name the code to any other name, asichyfit.cra’, and then compile an
executable with the commandrimake.pl myfit " to produce the executable fiteyfit.exe

In addition to adding private code into théSR[INI,ANA,END] routines, you can also modify the
official public code. Copy any subroutine frdd8NANA_DIR/src/snana.car or snic_fit.car , paste it
into your privatesnic_fit_private.cra , and then make modifications. Once these changes are fully
tested, you can request that the modified routine(s) bdlediato the next public release SNANA Your
changes may be included as the default, or they may be alattabther users via input namelist flags.
Note that modifications can also be made by checking out thieee&8NANAproduct from CVS. You are
welcome to check code out of CV8&v§ co ), but please do NOT check code in without contacting the
SNANAmanager. Working witlsnic_sim_private.cra should be much easier than working with the
entireSNANAproduct.

WARNINGS:

e Do not trap yourself into an obsolete versionSMANAIf you have lots of private code that is not
integrated into the publiSNANA

¢ If you find yourself doing lots of cutting & pasting as part aiyr analysis, this is a bad sign: ask
for help!

¢ If you find that you are doing lots of tedious/redundant opens, ask for help. Often adding just a
few lines of code int&NANAcan greatly simplify your analysis procedure.
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6.2 Private Data Path: PRIVATE_DATA PATH

After creating or translating a new version of light cuniégs useful to run tests before copying these files
to the public/official are&SNDATA_ROOT/Icmerge. SNANAand fitter jobs can read data (not simulations)
from a private directory as follows:

&SNLCINP
VERSION_PHOTOMETRY = 'myVersion’
PRIVATE_DATA_PATH = 'myDir

&END

The version fyVersion ” will be read from ‘myDir ” in exactly the same way that it would have been
read from$SNDATA_ROOT/Icmerge. Users are cautioned to use this feature only for testind,rent as
long-term data storage for your analysis. For simulati®@R$yATE_DATA_PATHSs ignored.

6.3 Private Model-Path: $SNANA_MODELPATH

For a given SN model in the simulatioBENVERSIONor in the fitter EITMODEL_NAME the model param-
eters are assumed to reside in

$SNDATA_ROOT/models/SALT2/*
$SNDATA_ROOT/models/mlics2k2/*
$SNDATA ROOT/models/snoopy/*
$SNDATA ROOT/models/SIMSED/*
etc ...

While these public directories are intended for stable nmgdelprivate Setenv. SNANA_MODELPATH
directory can be defined for testing models that are not lsleittor public release. If this user-defined
environment variable exists, then the model is assumed tmder this path. For exampl8ALT2.Guy07
would be read from

$SNANA_MODELPATH/SALT2.Guy07

6.4 Private Variables in Data Files

Private variables can be included in data file headers asdréited by the following example,

PRIVATE(HOST_PROPERTY): 43.22
PRIVATE(PHOTOFLAG): 439
PRIVATE(SEARCH_TYPE): 27

These 'PRIVATE’ keys must appear in the header before thd kghve (MJD) observations. These
variables are included in the FITS-translated data file2.@85%). Using a private fitter option (86.1), the
value of any private variable can be accessed from the fumcti

REAL*8 GET _PRIVATE VALUE ! declare function
DVAL = GET_PRIVATE_VALUE(varName,0) ! do not abort on error
DVAL = GET_PRIVATE_VALUE(varName,1) ! abort on error
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wherevarName is the name of any private variable. Note thaiName can be simpl\HOST_PROPERTY®r
it can be PRIVATE(HOST_PROPERTY).

6.4.1 CUTWIN-selection on Private Variables

Arbitrary cuts on private variables can be applied. Using phivate variable example above, cuts are
defined using th&SNLCINPnamelist string

PRIVATE_CUTWIN_STRING = 'HOST_PROPERTY 20.4 100. PHOTORG 1 600’

The current max string size is 100 characters.

6.4.2 Using a Private Redshift in the Analysis

A private redshift value can be used in the analysis and tghie fitting. As an example, consider fake
SN overlaid onto an image, processed by a photometry pgedind private variabld=AKE_7' is defined
in the associated data files. This redshift can be used imihlgsis with&SNLCINP namelist string

PRIVATE_REDSHIFT_CMB = 'FAKE_Z'

The associated heliocentric redshift is computed intérnal
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7 Adding a New Survey

Starting withSNANA v6_00you can add a new survey without modifications to the softwé&emary
SEDs, primary magnitudes and filter transmissions are defirzeK-correction files, even for models like
SALT-II that do not use K-corrections (but still use primary SEDs aragjnitudes). A filter is defined
by a single character to simplify the handling of a wide grigf output variable names that append the
filter string (i.e,MAGTO_[filter] ), and to simplify output formatting. While tr&NANAfilter definition is
limited to the 1-character strings above, arbitrary filerarman be used to define the filter transmissions.
There are 62 allowed filter-characters: A-Z, a-z, and 8MANAversions prior tav9 00 allowed only the
legacy filtersugriz, UBV RI, Y JHK along with 0-9. Additional filter-characters will be alledt when we

all switch to using Chinese keyboards. Here are the stepsltbng a new survey:

1. Add your survey and telescope to the fifsNDATA_ROOT/SURVEY.DERCheck if your survey and/or
telescope is already defined before making changes.

2. Add new filters in SNDATA_ROOT/filters . The wavelength spacings for the filter transmissions
must be uniform. If the wavelength spacings are large (s¢Vemdred A) you should prepare a
finer-binned filter set using an appropriate interpolatilgoathm.

3. Generate K-correction tables uskmr.exe ,%° and see §7.1 for rules about filter names. You can
leave your private K-correction table(s) in your directaryere you run other jobs, or you can share
official K-correction tables in $NDATA _ROOT/kcor/ . For initial testing, use a very course grid so
that the tables are built quickly. Once the simulation andrfeire working, you can generate the K-
correction tables with a finer grid. The grid is controlledREDSHIFT_BINSIZE andAV_BINSIZE .
WARNING: you must generate a K-correction file even if you ptarrun an observer-frame fit-
ter such assALT-1I that does not use K-corrections; in this case Hoor.exe mykcor.input
SKIPKCOR so that the K-corrections are skipped, but the filters amchary SED are included. Fi-
nally, for rest-frame models that use K-corrections, thera limit of 10 rest-frame filters and 62
observer-frame filters. For observer-frame models suckras-i1, the limit is 62 observer-frame
filters.

4. If you want to generate simulated samples, you need tapeepsimulation library. See examples
in $SNDATA_ROOT/simlib . This is usually the most difficult part of setting up a newveyr

5. Check for an adequate rest-frame model to describe thersayaelight curve.

6. If you plan to add new data files, use an existing data vergga template. To see existing ver-
sions do td $SNDATA_ROOT/Icmerge ; Is *README ”. The light-curve fitter use§LUXCAI=
1011-04m) ' The scale-factor of 28 is arbitrary; you can change it, but then your distance miodul
will all have a common offset, although the final cosmolopmarameters are not affected by the
choice of scale-factor. Use a well-measured data pointah &ter to get the~FLUXCAL/FLUX ra-
tio, and then conve®LUX — FLUXCALfor each measurement. If you try to convert magnitudes to
FLUXCAL you will have problems for small & negative fluxes.

7. To distribute survey-depende®fiDATA_ROOfTiles among collaborators working on different com-
puter systems, see §12.2.2.

8. Modify a sim-input and fitter-input file by substitutingyiosurvey and filters. Good luck. And don’t
forget to send me a post-card about your experience.

20sample kcor-input files are irSSIDATA_ROOT/sample_input_files/kcor.
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7.1 Filter Names and Rules for K-corrections

The filter names defined in the K-correction input file can bgtleing, but only the last character (A-
Z,a-z,0-9) is propagated into the simulation and fittinggoam. Thus, the following filter-names are all
translated intog’: SDSS-g, SDSSg, SDSS2.5m-g.

Filters are identified and stored separately for rest-framgkobserver-frame. The reference frame is
implicitly defined by KCOR entries such as

KCOR: Bessel-B  SDSS-g K Bg

which definesB as a rest-frame filter anglas an observer-frame filter. If a filter is not used in a KCOR
entry (such as for the SALT-II model), then it is assumed tab@bserver-frame filter.

Each rest-frame filter must have a unique last characterganold observer-frame filter must have a
unique last character; however, the same last charactdsecased in both the rest and observer frames.
For example, consider filter sets CSP-[ugri] and SDSS-[ugFiiese two sets cannot both be defined
as observer-frame filters in the same K-correction file, g set can be used for rest-frame filters that
describe a light curve model, and the other set can be useatidasbserver-frame. The K-corrections
defined after theKCOR? keyword define which filters are used for rest/observermia

Consider the following example that uses the same filter cher&’.

MAGSYSTEM:  VEGA (define mag system for filters below)
FILTSYSTEM: COUNT

FILTER: ACS_WFC_F435W-B ACS_WFC_F435W.dat

etc

MAGSYSTEM: VEGA

FILTSYSTEM: ENERGY  (“ENERGY” => Trans -> Trans/lambda)
FILTER: Bessell-B Bessell90_B.dat 0.021

etc ...

If no K-corrections are defined, théhis defined twice as an observer-frame filter andstiie fit.exe
fitting program will abort because of the ambiguity. Howeviea K-correction is defined using Bessell-B
as a rest-frame filter, thexCS_WFC_F435W-Bs the unambiguous observer-frafdand filter.
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7.2 Combining Surveys

For SNIa-cosmology analyses, there are many low-z samptessting of different surveys, and different
filter systems within a survey. Because of duplicate filter @eae.g., UBVR appear in multiple samples),
SNANArequires fitting each low-z sample separately, which canpticate analysis pipelines. In addition,
low-z samples do not include meta-data (SKY,PSF,ZP) needsdeSIMLIB files for simulations (84.5).

To simplify analysis, and produceSMLIB file for simulations, data samples can be combined with the
following example based on hypothetical low-z samples:

combine_dataVersions.py myVersions.input

more myVersions.dat

VERSION: LOWZ SET1  LOWZ/kcor LOWZ_SETl.input # UBVRI
VERSION: LOWZ SET2  LOWZ/kcor LOWZ SET2.nput  # UBVri
VERSION: LOWZ_SET3  LOWZ/kcor LOWZ_SET3.nput  # uBVgri
SURVEY _OUT: LOWZ_COMBINED

The input file contains a list of data versions, and assatikter-input file (83) for each data version.
Note that kcor-INPUT files are specified, not the fits files. Tilters are listed in the comment field, but
not required since the filters are read from the kcor-inpesfiEach kcor-input file is checked locally, and
under$SNDATA_ROOT/kcor. The script tombine_dataVersions.py ' performs the following tasks:

e merge all kcor-input files into a combined kcor-input file.cRariginal filter is mapped alphabeti-
cally to “abcde...xyzABCDE...XYZ01..89.” For the exampldalaersions above, the filter remap-
ping is

LOWZ SETL: UBVRI -> abcde
LOWZ_SET2: UBVri  -> fghij
LOWZ_SETS3: uBvgri -> kimnop

These 3 samples include 16 unique filter bands, which are eagjopl 6 unique characters: “abcde-
fghijkilmnop.” To help preserve the original filter name, tago-generated combined kcor-input file
defines filters as follows,

FILTER: LOWZ SET1-Ua LOWZ SET1 U.dat 9.69

FILTER: LOWZ_SET1-B/b LOWZ_SET1 B.dat 9.82

FILTER: LOWZ_SET1-V/c LOWZ_SET1 V.dat 9.77

FILTER: LOWZ_SET1-R/d LOWZ_SET1 R.dat 9.44

FILTER: LOWZ_SET1-/le LOWZ_SET1 ldat 9.23

Thus we can still see the original filter name before the sl&8NANAonly needs the last character in
the filter string, which is a,b,c,d,e for the above FILTER &ey

e produce combined data set with filter names replaced asatadicn the kcor-input files. The com-
bined survey name is specified by tRBRVEY _OUkey in themyVersions.dat  file above. Input
data versions must be in TEXT format.

e createSIMLIB file from data. For samples without meta-data (SKY,PSF,Z&g¢h as low-z, some
assumptions are needed. First, the PSF is fixed 8\ WHM. Second, SKYMAG vs. wavelength
is taken from an old LSST-DEEP simulation. For space-baseceygs (HST,JWST,WFIRST), the
assumptions are modified: PSF i&(Q and SKYMAG vs. wavelength is from WFIRST simulation.
The zeropoint (ZP) for each observation is computed in daeratch the measured S/N in the data.
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To run light-curve fitting on the combined version, use theagenerated kcor file and specify all bands
in the &FITINP name-list with

FILTLIST _FIT = 'abcdefghijklmnop’
Similarly, run the simulation using the same kcor file and-giput key
GENFILTERS:  abcdefghijklmnop

The SALT2-fitted parameters to not depend on how the filtesshamed and neither does the cosmol-
ogy fitting step. The main inconvenience with the remappeutibas defining the spectroscopic selection
function for the simulation. For example, definiaghecas a function of the originaB-band is really a
function of the newly-defined, g,I- bands in the combined data file. There are a §ANAfeaturs to
overcome this inconvenience:

1. For simulations, thespecmap can be defined as a logical-or of bands,
NVAR: 2
VARNAMES: Db+g+l SPECEFF # peakMag for B band
SPECEFF. 12.10 1.0000
SPECEFF: 1230  1.0000
SPECEFF:. 12,50  1.0000
SPECEFF:. 1270  0.998
etc ...

which is equivalent to defining 3 identical maps, each witliff@icnt band.

2. for the output SNANA and FITRES tables, the filter band naoasbe re-mapped back to their
original names using the followingSNLCINP namelist input:
SNTABLE_FILTER_REMAP =
‘afk->U  bgl->B chm->V n->g  di->r ej->i

This feature has no effect on fitting, as the fit still uses @ldistinct bands. However, the output
tables are only a function of the re-mapped bands “UBVgri".uginstead of output peak-mag
table columnsmO0obs_b, mOobs_g, mOobs | , the REMAP feature results in just one column,
‘mOobs_B, to replace the original 3 bands.

3. While the combined data version has a new name (€.QWZ_COMBINE] each original survey
name is stored as@UBSURVEY_NAMEDSURVEY in the output tables is based on the sub-survey
(LOWZ_SET1, LOWZ_SET2, LOWZ_SEJ}3allowing for studies to correlate with each input sample.

In principle, this script can be used to combine all data desfe.g., low-z + SDSS + SNLS + PS1 +
DES + ...). The kcor-file and light-curve fitting would be firtdowever, the auto-generat8tMLIB file is
based on rough guesses for missing meta-data. For sunayzrtivide the meta-data, it is better to use a
properSIMLIB with random sky locations.
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8 Photometric Classification

8.1 psnid.exe

A separate program calleghshid.exe ” (Photometric SN id) performs photometric classificatising
light curve templates. This program has the s&3LCINPnamelist as thenana.exe andsnlc_fit.exe
programs so that reading light curves and applying selecgquirements is done the same way. Instead
of defining a&FITINP namelist for thesnic_fit.exe program, there is &PSNIDINP namelist with
declarations and definitions #NANA_DIR/src/psnid.car . Thepsnid.exe architecture allows for ar-
bitrary methods based on SNla and CC templates. The templa&eseated with the simulation program
(snlc_sim.exe ) as described in 84.32. The currgmshid.exe method is based on [12], and is called
“Bayesian Evidence with Supernova Templates” (BEST); othethimds can be addedpanid.exe  using
either C or fortran functions. Example namelist files are in

$SNDATA ROOT/sample_input_files/psnid

and the main namelist keys are as follows

&PSNIDINP
METHOD_NAME = 'BEST
FILTLIST_FIT = 'griz’
OPT_ZPRIOR = 0 I O=flat, 1=Zspec, 2=Zphot(HOST)
FITRES_DMPFILE = 'PSNID_DES.fitres’ ! text-output (one ro w per SN)
PRIVATE_TEMPLATES PATH = 'myDir' ! optional private path f or templates

TEMPLATES _SNla = 'GRID_DES_SALT2.FITS'
TEMPLATES _NONIla = 'GRID_DES_NONIA.FITS’
FILTLIST_ PEAKMAG_STORE = 1 I store peakmag for each mode

etc ...

The default template location i$SNDATA_ROOT/models/psnid " unlessPRIVATE_TEMPLATES_PATHs
specified. In addition to these control keys, there are mamables (seesnid.car ) to control the
detailed behavior of the classification algorithm.

The multi-CPU distribution scripssplit_and_fit.pl ; see 812.4.1) can be used in the same manner
as forsnic_fit.exe by simply specifying an additional key

JOBNAME_LCFIT: psnid.exe

at the top of the namelist file.
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8.1.1 Preparing Photometric Templates fompsnid.exe
SN templates for both la aldON1ASEre prepared with standard sim-input files. The script
$SNANA_DIR/util/sim_SNgrid.pl

is convenient for processing multiple sim-jobs and orgagizhe output. See top of script for usage
instructions.

The simulation input file (fosnlc_sim.exe
following additional keys:

) is the same as for a normal simulation job, but with the

GENSOURCE: GRID  # make sure to remove RANDOM GENSOURCE
NGRID_LOGZ: 50  # logarithmic redshift bins

NGRID_SHAPEPAR: 10 # Delta or x1 or dmi5 ...

NGRID_COLORPAR: 2 # AV or color

NGRID_COLORLAW: 1 # RV or Beta

NGRID _TREST: 56 # GENRANGE _TREST

GRID_FORMAT: FITS # TEXT or FITS

The standar6ENRANGE_XXkeys give the range for each parameter.

8.1.2 Redshift Priors for psnid.exe
There are three choices for a redshift prior in psnid usie@HENIDINP namelist parameté&PT_ZPRIOR

OPT_ZPRIOR data header
Value prior keyname

0 flat/default

1 best/spectro REDSHIFT_FINAL

2 host photo-z HOSTGAL_PHOTOZ

where the above table shows which redshift key from the dedalér is used. Note thREDSHIFT_FINAL
should correspond to the best available redshift, usuakpectroscopic redshift of either the SN or
the host. However, if only a host photo-z is available tREDSHIFT _FINAL = HOSTGAL_PHOTOZnd
OPT_ZPRIORvalues of 1 and 2 will give the same result. FR&RT_ZPRIOR=1you can select the redshift
precision with namelist variableCUTWIN_ZERR= zmin,zmax.”

The photo-z result implicitly assumes that the redshitpinformation is independent of the SN light
curve. Thus beware when settiREDSHIFT_FINAL to the SN photo-z; in this case setti®§T_ZPRIOR=1
results in a photo-z that is strongly correlated with theutr{®N] redshift, and hence the photo-z error is
likely to be underestimated.
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8.1.3 Rate Priors forpsnid.exe

By default there is a flat rate prior such that the evidencep’s@kz, Where)(i2 is the best-fit chi-squared

for thei'th template (SNla or SNCC). A rate prior can be used to comhgevidence agf x exp‘XiZ/z,
whereW is the relative rate. The rate prior options can be definede&PSNIDINP namelist as

OPT_RATEPRIOR = 1 ! default is 0 (OFF)
ZRATEPRIOR_SNIA = 2.6E-5, 2.2, 1.0 ! alpha, beta, Zmax (defa ult)
ZRATEPRIOR_NONIA = 6.8E-5, 3.6, 2.0 ! alpha, beta, Zmax (def ault)

whereZRATEPRIOR_XXXdefine the redshift-dependent rate model as
R(z) = a(1+7Z)P (20)

with Z = z for z < Zmax andZ = Zmax for z> Zmax. The Zmax option allows giving a flat rate at high
redshift where the rate-uncertainty is large. In generalmeeds to specify onl9PT_RATEPRIOR=Xince
the defaulZRATEPRIOR_XXXparameters are reasonable.

For SNlIaW = R(z). For SNCC we hav@{ = R(z) x f;, wheref; is the NONIA fraction (i.e., weight)
defined in the sim-input file used to generate the GRID. fflage internally renormalized so thgi fj = 1.
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8.2 Nearest Neighbor Method

This method follows that used in [13]. For this discussionoeasider SN classification based on nearest-
neighbor (NN) distances defined by redshajt €olor (c) and shaped], wherec andsare fitted parameters
from snlc_fit.exe . However, parameters from any light curve fitting prograrmg.(@snid.exe ) can be
used. The NN distancel) between a SN from the data (real or mock) andittieSN in the simulated
training sample is

I N Gl T ot )&

Azrznax Acmax A%‘I&X
whereAzmax, ACmax, ASmax are parameters optimized in the NN-training process desdrbelow. We
count neighbors in the training set as the number of SN djith 1; hence thé\nax parameters are the
maximum allowed deviations to be included as a neighbor.
The simulation-based training procedure can be executdd wi

(21)

$SNANA_DIR/uti/NEARNBR_pipeline.pl

and the input-file instructions are given at the top of thid peript. This script executes 5 serial stages:
1) simulate two large MC samples, REF and TRAIN, 2) fit the MC-REm@da, 3) fit and train us-
ing the MC-TRAIN sample, 4) determine optimal NN paramet&&nbx, ACmax, ASmax) t0 maximize
purityx efficiency. 5) apply training to data and simulation. While NEARNBR_pipeline.pl  script exe-
cutes all of these stages, it may be useful to run the stepsatigrat least once to better understand the
procedure. These five steps are described below in mord:detai

1. Generate TWO large simulated samples, each includingkaohNIla and SNCC. Use best esti-
mates of redshift-dependent rates to get the correct CCita e simulation serves as the training
sample, while the other serves as a mock data sample. Inglermne simulated sample could serve
both purposes, but using two independent samples avoidstatistical artifacts.

2. Run fitting program on the simulated training sample, and f2e output asdtTRES file. If using
split_and_fit on multiple simulated versions, the key “COMBINE_ALL_FLAG: i$ useful to
catenate all of the asciiffitres files.

3. Run fitting program on simulated mock data sample with tHeviang snana namelist,

&NNINP
NEARNBR_TRAINFILE_PATH = ’path’
NEARNBR_TRAINFILE_LIST = ’ascii/fitres file from previou S step’

NEARNBR_SEPMAX_VARDEF =
'z .005 .14 .005 ¢ .02 .30 .01 x1 .30 .80 .02
NEARNBR_TRUETYPE_VARNAME = 'SIM_TYPE_INDEX’
INEARNBR_SEPMAX_IGNORE = 'z x1' ! optional disable list
&END

Note thatNEARNBR_SEPMAX_VARDEpBecifies a 3-dimensional grid A%max, ACmax, ASmax- FOr ex-
ample, ACnax runs from 0.02 to 0.30 with a bin-size of 0.01. The total numbkbins in the
above example is 2¥ 28 x 25 = 18,900. Be careful not to define outrageously large grids that
cause memory problems. EithEFILE_OUT and/orROOTFILE_OUTis required to define an out-
put hbook and/or root file. ThENINP namelist turns on special NN tables needed to optimize the
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Amax parameters. Sesntools_nearnbr.clh] for more details. SEPMAX variables can be dis-
abled withNEARNBR_SEPMAX_IGNOREhis disable feature is convenient for using the batchpscri
split_and_fit to run multiple trainings with different siZéARDEHists; specify the complete list

in NEARNBR_SEPMAX_VARDBRd then use the command-line overrNIEARNBR_SEPMAX_IGNORE
to disable one or more variables. In the above example, z Anebxld be disabled leaving only 1
variable (c) for training. In addition to redshift, colorc&ashape parameters, rest-frame peak-mags
(85.19) can also be specifiedNEARNBR_SEPMAX_VARDEFg., MO B .3 0.8 0.05 .

. Use output tables from previous step to maximum the FigtuMerit defined by

N/a-tag la—tag
FoM = Efficiencyx Purity = —u& e (22)
N{ilﬁ l\ltlrelljetag +Waise\faise

where Nt'fl‘fetag is the number of correctly classified SNla, aNgse if the number of incorrectly
classified SNla. This optimization is done with the snanay@m

nearnbr_maxFoM.exe <HFILE_OUT argument from previous sta ge>
or
nearnbr_maxFoM.exe <ROOTFILE_OUT argument from previous stage>

You will get a screen dump showing the optimz&gdax values, each with 8\gse grid of 1,3,5.

A classified SNla from the mock data sample requires that anibajof nearest neighbors (with
di < 1) in the training sample are true SNla. To avoid statisfcablems with few neighbors, the
SNla-fraction must be d above 50%. For example, 3 SNla among a total of 5 neighbor&has
majority-significance 0f0.6 — 0.5)/(1/3/5) = 0.3a; this is below the & requirement and is hence
flagged as “unclassified.” Generating larger training sasmpéduces the number of unclassified
SNe.

. To apply the trainedznax, ACmax, ASmax Values on data, use the saMi&INP namelist above, but
input the trained values as follows,

NEARNBR_SEPMAX_VARDEF = 'z .10 ¢ 013 x1 0.62

The output ntuple/tree will include the following variable

NN_ITYPE I best integer type (corresponding to SIM_ITYPE | NDEX)
NN_NCELL I number or training SN in cell with d_i < 1

NN_PROB_IA ! Type la fraction in cell

NN_PROB Il ! Type Il fraction in cell

NN_PROB_IBC ! Type Ibc fraction in cell
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9 Light Curve Models

Here we discuss some of the available SN la light curve mddekhe simulation and fitter. This is only
brief a technical discussion on how to use the mode8NiANA a reference for each model is provided for
more details. While all of the models described below can led s simulations, only the semi-analytic
SNla models can be used for fitting with tkelc_fit.exe program; these fitting model$1(CS2k2
SALT-II, SNooPy) include&FITINP namelist information in addition to sim-input keys. TaavSED and
NON1ASEDnodels are for simulations only, but the simulated outputloa fit with the SNIa models, or
external (norSNANA fitting codes. For each model “MMM” there is a dedicated niatiectory,

$SNDATA ROOT/models/MMM

containing one or more versions of the model. The MMM.default points to a default version if a
generic model name (e.8ALT2, mlcs2k2 , snoopy ) is specified. Any model version can also be selected.
Examples of model selection are

GENMODEL: MMM # sim-input; use what's in MMM.default
GENMODEL: MMM.vO1 # sim-input; use this version

FITMODEL_NAME
FITMODEL_NAME

‘MMM’ I fit-input; use what's in MMM.defaul t
'MMM.v02" ! fit-input; use this version

In the sub-sections belowxxXx ” refers to a floating point number that must be specified byuiber.
In general, the population for parameter “XXX” is specifigdtbe following input keys:

GENPEAK_XXX: <PEAK> (or legacy key GENMEAN_XXX)
GENRANGE_XXX: <MIN> <MAX>

GENSIGMA_XXX: <SIGNEG> <SIGPOS>

GENSKEW_XXX: <SKEW>

TheGENRANGHalues truncate the distribution. TBENSIGMAey has two values to specify an asymmetric
(or symmetric) Gaussian distributionGENSKEWs used to define a value-dependent sigma;> 0 x
|skewx (x— Peak|, where the sign o6GENSKEWetermine which side of the peak to add the longer tail.
GENSKEWypically results in a larger tail compared with an asymmee®aussian.
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9.1 MLCS2k2

Reference: Jha, Riess, Kirshnagd 659, 122 (2007).
Simulation input keys fosnlc_sim.exe

GENPEAK_DELTA: XXX # shape parameter
GENRANGE_DELTA:  xxx XxX

GENSIGMA_DELTA:  xxx XXX

GENPEAK_RV: XXX # CCM89 dust parameter
GENRANGE_RV: XXX XXX

GENSIGMA_RV: XXX XXX

GENRANGE_AV: XXX XXX # CCM89 V-band extinction
GENTAU_AV: XXX # dN/dAV = exp(-AV/xxx)
GENSIG_AV: XXX # += Guass(AV,sigma)
GENRATIO_AVO: XXX # Gauss/exp ratio at AV=0

&FITINP namelist variables fosnic_fit.exe

I Use CCM89 + ODonnel94 update

1
4.1 ! scale cov matrix
1 | 1=>transform Bessell90 <=> Landolt with co lor transf.

I 3=> same for mics model & nearby-Landolt mags

OPT_SNXT
SCALE_COVAR
OPT_LANDOLT

OPT PRIOR_ AV =1 ! 0=> switch off AV prior

NGRID_PDF = 11 ! marginalize NGRID per variable (0 => fit min o nly)
NSIGMA_PDF = 4 ! initial guess at integration range: +- 4 sigm a
OPT_SIMEFF =1 | use simulated eff as part of prior

PRIOR_AVEXP = 0.3 ! tau of exponential AV prior

PRIOR_AVRES = 0.005 ! smooth Gauss rolloff for AV<O0.

PRIOR_MJDSIG = 10. ! Gauss prior on MJD at peak

INISTP_RV = xxx ! 0 => fix RV to INIVAL_ RV

INIVAL_RV =22 !

INISTP_AV = xxx ! 0 => fix AV = INIVAL_AV in fit; else float

INIVAL_AV = XXX

INISTP_SHAPE = xxx ! 0 => fix DELTA to INIVAL_SHAPE; else floa t
INIVAL_SHAPE = xxx

PRIOR_DELTA _PROFILE = xxx, XXX, XXX, xxx ! grep snlc_fit.ca r for details
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9.2 SALT-II

Reference: J. Guy et aA&A 466, 11 (2007).
Simulation input keys fosnlc_sim.exe

GENPEAK_SALT2x1:  xxx | peak PDF for shape parameter
GENSIGMA_SALT2x1: XXX XXX I sigma-lo and sigma-hi
GENRANGE_SALT2x1: XXX XXX I generation range
GENPROB2_SALT2x1:  xxx I optional PROB(2nd peak)/All
GENPEAK2_SALT2x1:  Xxxx I optional 2nd peak PDF
GENSIGMA2_SALT2x1: XXX XXX I optional sigmas
GENPEAK_SALTZ2c: XXX I peak PDF for color parameter

GENRANGE_SALT2c:  xxx XXX
GENSIGMA_SALT2c:  xxx  XxX

# mag = mB* + alpha*x1 - beta*color

GENPEAK_SALT2BETA: 3.2 ! color coeff
GENSIGMA_SALT2BETA: 0 0 ! default is no beta smearing
GENRANGE_SALT2BETA: 0 5 ! restrict if SIGMA is non-zero

GENPEAK_SALT2ALPHA: 0.14 I' x1 coeff
GENSIGMA_SALT2ALPHA: 0 0.0 ! default is no alpha smearing
GENRANGE_SALT2ALPHA: 0 0.3 ! restrict if SIGMA is non-zero

SALT2mu_FILE: XXX.FITRES ! use alpha,beta from this SALT2m u output

SALT2BETA cPOLY: b0 bl b2 ! 2nd order poly of c; overrides GEN PEAK_SALT2BETA

&FITINP namelist variables fasnic_fit.exe

SALT?2alpha = xxx ! used only to compute mu - muref
SALT2beta = xxx | idem
INISTP_COLOR = xxx ! 0 => fix color to INIVAL_COLOR; else floa t
INIVAL_COLOR = xxx
INISTP_SHAPE = xxx ! 0 => fix x1 to INIVAL_SHAPE; else float
INIVAL_SHAPE = xxx
PRIOR_MJDSIG = xxx I Gaussian prior on MJD at peak
PRIOR_SHAPE_RANGE = xxx, xxx ! flat prior on x1 (prevents cra zy values)
PRIOR_SHAPE_SIGMA = xxx I Gauss rolloff at edges of flat prio r
SALT2 _DICTFILE = 'xyz' ! output formatted for original hubb lefit
OPT_COVAR = 0 ! 0 => COV-diag only

'l => COV fixed during fit

I'2 => COV re-calculated for each chi2 in fit
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Note that thdNISTP_XXX andINIVAL_XXX parameters are specified only to fix these parameters in the
fit. If not specified, these parameters are floated in the fit.

9.3 SNooPy

Reference: C. Burns et al., arXiv:1010.4040.
Simulation input keys fosnlc_sim.exe

GENPEAK _DM15: XXX # shape parameter
GENRANGE_DM15:  xxx Xxxx

GENSIGMA_DM15:  xxx Xxx

GENPEAK_RV: XXX # CCM89 dust parameter
GENRANGE_RV: XXX XXX

GENSIGMA_RV: XXX XXX

GENRANGE_AV: XXX XXX # CCM89 V-band extinction
GENTAU_AV: XXX # dN/dAV = exp(-AV/xxx)
GENSIG_AV: XXX # += Guass(AV,sigma)
GENRATIO_AVO0: XXX # Gauss/exp ratio at AV=0

&FITINP namelist variables fasnic_fit.exe

OPT_PRIOR_AV =1 ! 0=> switch off AV prior

NGRID_PDF = 11 ! marginalize NGRID per variable (0 => fit min o nly)
NSIGMA_PDF = 4 | initial guess at integration range: +- 4 sigm a
OPT_SIMEFF =1 ! use simulated eff as part of prior

PRIOR_AVEXP = 0.3 ! tau of exponential AV prior

PRIOR_AVRES = 0.005 ! smooth Gauss rolloff for AV<O0.

PRIOR_MJDSIG = 10. ! Gauss prior on MJD at peak
PRIOR_SHAPE_RANGE = 0.7, 2.0 ! constrain DM15 in this range

PRIOR_SHAPE_SIGMA = 0.7, 2.0 ! Gauss roll-off sigma for DM15 prior
INISTP_RV = xxx ! 0 => fix RV to INIVAL_RV

INIVAL_RV =22 !

INISTP_AV = xxx ! 0 => fix AV = INIVAL_AV in fit; else float
INIVAL_AV = XXX

INISTP_SHAPE = xxx ! 0 => fix DELTA to INIVAL_SHAPE; else floa t
INIVAL_SHAPE = xxx

Without a tuned ATLAS library (for gsl), th8NooPy generator is very slow such that a single light curve
fits takes several minutes. To speed up the generata8Nb@Py model can be parameterized on a three-
dimensional grid (filter, epocl\M5) using the GRID option from 84.32. This grid is specified by the
GRIDFILE keyword in theSNooPY.INFO file that resides in the same directory as the model templadtis
the simulation and fitter interpolate the GRID for each setasbmeters. Also note th&NooPy returns a
relative flux normalized to one at peak; the conversion tokibs magnitude is given for each filter in the

SNooPY.INFO file.
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9.4 SIMSED

A siMSED model contains a full sequence of spectra for each epochselimedels typically result from
specialized explosion-model codes such as FLASH, Sedah@heonix. Currently theiIMSED model
is used only in the&NANAsimulation; implementation in the fitter may come later whiegse models are
more reliable. EacBIMSED version must reside in

$SNDATA_ROOT/models/SIMSED

and a few small examples are in the pulddDATA_ROQTIt contains a sequence of SEDs corresponding
to parameters that describe the explosion model. The péeesrage arbitrary physical or empirical quan-
tities such as Ni-56 mass, viewing angle, kinetic energg, extinction. The only limit to the number of
parameters (and SEDs) is the amount of memory on your compute

EachsIMSED version contains aBED.INFO file specifying the list of parameter names, and the pa-
rameter values for each SED. An example ofS&D.INFO file is as follows:

NPAR: 5

PARNAMES: MNI COSANGLE MBSED DM15SED TEXPL

SED: GCD2D_Ni0.47_Pre80_1.SED 0.47 -0.967 -18.350 0.571 - 21.628
SED: GCD2D_Ni0.47_Pre80_8.SED 0.47 -0.500 -18.413 0.574 - 20.977
etc ...

Users must prepare tiD.INFO file and the SEDS$! as there is no standa8NANAcode for this task. In
this example the first two parametekdN] andCOSANGLEare the physical parameters for generation; the
remaining thredaggageparameters (see below) depend on the first two and they atlyipassed along

to the output tables, just as a small pebble in your food isgathrough the digestive system.

To simulate asiMSED model, the distribution for each physical parameter mussgexified in the
sim-input file as follows,

SIMSED_PARAM: MNI # mass of Ni56
GENPEAK_MNI: 0.9 # mean of bifurcated Gaussian
GENRANGE_MNI: 0.47 1.26 # generation range
GENSIGMA_MNI: 0.4 0.25 # bifurcated Gaussian

SIMSED_GRIDONLY: COSANGLE # cosine of viewing angle
GENPEAK_COSANGLE: 0

GENRANGE_COSANGLE: -0.96 0.96

GENSIGMA_COSANGLE: 1.E7 1.E7 # large sigmas => flat distrib ution

SIMSED _PATH_BINARY:  <path for flux-table binary file>

Specify only those parameters that are used in the gener&ay theSIMSED PARANkeyword (MNI), the
simulation will interpolate magnitudes as a function of éxplosion-model parameter, resulting in a con-
tinuous distribution of the specified bifurcated Gausskaor.theSIMSED_GRIDONLkeyword COSANGLE
only values at the grid nodes are generated. GREDONLYoption may be useful in cases such as a flag
that specifies a random ignition point, and therefore comtirs interpolation makes no sense. Also note

21The SED format is : epoch(days) wavelength(A) flux(erdfisth).
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that for theGRIDONLYoption, the specified bi-Gaussian distribution is respatach randomly chosen
parameter is 'snapped’ to the nearest grid value. Un-speqgii@rameters are treated as “baggage” param-
eters. These parameters are ignored in the generatiormeimtéerpolated values are computed and stored
along with the other parameters.

To step through each grid-value sequentially,

SIMSED_GRIDONLY: SEQUENTIAL # sequential generation of gr id values

and there is no need to specify parameter names or theibdisbns. The first generated SN uses the first
SED on the grid, the second SN uses the second value, etc.uifiaen of generated SNe is internally set
to be the number of SEDs.

All SIMSED parameters (“baggage” and for generation) atematically included in the output ta-
ble(s) and in th&IMGEN_DUMRst (84.30.3). If you specify a SIMSED parameter in 8i8IGEN_DUMHst
the simulation will abort.

A binary flux-table (see below) is created in your currenediory by default. Since these binary
files can be quite large, there are two ways to specify a sepdrgectory. The first method is to set
the optional sim-input keIMSED_PATH_BINARYas illustrated above. The second method is to define
an environment variable,sétenv SIMSED_PATH_BINARY <myPath>.” If both methods are used, the
environment variable takes priority.

There are two internal binary files to speed up the initidiara In principle this all works behind the
scenes, but it is explained here in case there are probleims.initialization takes about 1 second per
SED, and will be rather annoying if/when there are 100's dQ®of SEDs to initialize. About half the
time is reading the SED text files, and the other half is speirtgall the flux-integrals as a function of
passband, redshift, Trest, and SED surface. The first timieatmewsIMSED version is simulated, the
initialization will be slow, but two binary files are creatéal speed up future runs. The first binary file
contains the SEDSSED.BINARY), and it is stored in the same versiofV{) directory as the SED text files,
$SNDATA_ROOT/models/SIMSED/VVV. This SED.BINARY file will be automatically used by angNANA
user who specifies thé/Vversion.

The second binary file is the filter-specific flux-integralléaland this file is stored either in your lo-
cal directory (default) or the directory specified BlMSED_PATH_BINARY The reason for storing in a
user-specified directory is that the flux integrals depenthersurvey and filters, and therefore this file is
specific to your analysis. The validity of each binary file &ified internally; if there is an inconsistency
between the two binary files and/or the requested surveyrmeas, the simulation will abort and recom-
mend removing the old binary file(s) so that new ones can bagtexle A similar abort will occur if the
user’s binary flux-integral table has a time-stamp thatiBeghan the SIMSED model or earlier than the
K-cor file used to define the primary reference and filter tnainsions.

If you are having problems with the binary files and just wanuse the text files, the use of binary
files can be switched off with

snic_sim.exe mysim.input SIMSED_USE_BINARY 0
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9.5 NONIASED

While the Type la light curve models are based on a paramejtiaten or photometric templates, the
“NON1ASEDmodels are based on smoothed light curves and spectraldaessp A spectral template cor-
responds to a particular (well-observed) SN where a cortgpspectrum is warped to match the observed
photometry. In addition to non-la SNe, this feature can l@elius simulate peculiar la, theoretical models,
AGN, or any transient object.

The observer-frameNON1ASEDmModel assumes that each rest-frame SED has been warpeddo ma
the photometry of the underlying light curve. The obselfvame magnitudes are computed directly from
the SED the same way as for SALT2, and in fact using the samwa@f tools. TheKCOR_FILE key
is needed to read in the filters and primary reference. Oglibost-galaxy extinction (fronir, and
Av) is computed abohs/(1+ 2), whereAgps is the central wavelength of each filter; this approximation
is numerically accurate to about 0.01 mag. The distribubbm, and Ay is controlled by the same
parameters as folLCS2k2in §9.1.

A list of availableNON1ASERemplates is given in

$SNDATA _ROOT/snsed/NONIA/NON1A.LIST .

As explained below, the user selebt3N1ASERemplates using the integer indices in the NON1A.LIST
file. As moreNON1ASERemplates become available, tRON1A.LIST file will be updated by the relevant
experts. Th&JON1ASEDnodel is specified with the following sim-input keys,

NGENTOT_LC: 1000

GENMODEL:  NON1ASED # or NON1A or NONIA or NONIASED
PATH_NON1ASED: <path> # optional: default is $SNDATA ROOT Isnsed/NON1A
NONIASED_KEYS: 5 INDEX WGT MAGOFF MAGSMEAR SNTYPE

NONZ1ASED: 2 02 00 1.2 2
NON1ASED: 3 02 -0.2 0.8 2
NONIASED: 4 04 -0.6 0.9 3
etc ...

Note that the legacy keyslON1A and “NON1A KEYShave the same meaning @®N1ASERNANONIASED KEY,S

respectively. Inside each generated light curve file, NO&ILIASED INDEXs specified by SIM_NON1A:
INDEX”; the correspondin§NANAvariable isSIM_NON1A and the fitres-table variable iIStM_NONIA_INDEX.”
The defaultNON1ASEDiles are located iI$SNDATA_ROOT/snsed/NON1A but an alternative user-path can
be specified with th@ATH_NON1ASERey.

TheNON1A_KEY&re used to specify additional parameters that depeiNDN1ASERype.
e INDEX is the index in theNON1A.LIST file.

e WGT are the relative rates. Since the weights are re-normal@sedm to unity, the first 1/4 of the
generated SNe will usiDEX = 2, the second 1/4 will ust\DEX = 3, and the latter 1/2 will use
INDEX = 4. The keywordNGENTOT_LGpecifies the total number to generate, which is differemhfr
NGEN_LChat specifies the number passing trigger & cuts and that ateemwout to SNDATA files.
The relativeWGTfactors make physical sense onlWNGENTOT_LGs used to specify the statistics.

e MAGOFF is a global magnitude offset applied to all passbands @eivalent to the
GENMAG_OFF_MODEeyword), and is used to adjust the average brightness bfN@81ASERype.
For SEDs that are normalized to have a peak mag of zero fieeNtgent templates) rather than to
physical units (erg/s/A/cf), MAGOFFnust be used for theONIAoption to get meaningful results.
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¢ MAGSMEAR is a Gaussiaw for global coherent magnitude fluctuations (i.e, equiviien
GENMAG_SMEARr SNla), and is used to simulate intrinsic brightnessataons. The generated
random value is stored in the data fi®#Nl_ MAGSMEAR_CQk¢y) and in the SNTABLEsS.

e SNTYPE is a spec-confirmed typing-index that appears afteStHieY PEkeyword in the SNDATA
files (see 84.4 for SNTYPE details). In the above examp@N1ASEDndices 2 & 3 are both type
Il SNe, so they both ge8NTYPE=2 NON1ASEDndex 3 is a different SN type, so it gets a different
SNTYPEvalue.

A default include file (84.31) wittNON1ASEXeys and values is provided here,
$SNDATA _ROOT/snsed/NON1A/SIMGEN_INCLUDE_NONZ1A.INPUT

and the top of the file contains comments about the source ghitt@es and weights.

SNe with the samé&\DEX are generated sequentially, and then the IREX is generatedi.e., the
NON1ASEDNdices are NOT randomly mixedThe sequential generation BMDEX is done for speed,
and avoids re-initializing templates multiple times. Itlerefore crucial to analyze thetire simulated
sample in order to have the correct mixturdN@N1ASERypes. While theNON1ASEDNndices are processed
sequentially, random SNIDs can be assigned as describeti28.8With random SNIDs, any subset of
the simulation is a truly random subset.

9.5.1 Peculiar SNla

Peculiar SNIa (e.g., 91bg, 91T, lax) are simulated the sameas NON1A, with an important caveat:
the rate-vs-redshift for peculiar la is different than foON1A (core collapse). There are three input
modifications for peculiar la:

1. In the sim-input file, theNON1ASED: keys are replaced witlPEC1ASED! (or ‘ PEC1A:’)
2. In theNON1A.LIST file, the ‘NON1A! keys are replaced witiPEC1A:" keys.

3. In the sim-input file, the rate-vs-redshift model for pleadla is defined with theDNDZ_PEC1A:!
key. The arguments following this key have the same mearsnth@ arguments following the
‘DNDZ:" key (84.21) which defines the NON1A rate model.

9.6 NONIAGRID

This is a model of pre-computed observer-frame magnitudes grid of redshift, rest-frame epoch, and
template index. Compared to thNONIASEDModel, the advantages of tiNON1AGRIDmodel are 1) the
input grid can be created by n@NANAcodes using more sophisticated models, and 2Ntig1Aindex

is randonly picked for each event, instead of the sequesgiaiction forNON1ASEDThe syntax for this
model is

GENMODEL: NONI1AGRID <GRIDFILENAME>

whereGRIDFILENAME can reside either in your current working directory, induwal full path, or reside
under

$SNDATA_ROOT/models/NON1AGRID

An input GRID file can be made from tiNON1ASEDnodel as described in 84.32; simply remove the SNla
model keys and add ti¢ON1Akeys from §89.5. Th&MAGOFRalues are included in the mag calculations,
butMAGSMEAR not. When using thEON1AGRIDmodel, theMAGSMEARalues are applied with a Gaussian
random number per event.
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9.7 FIXMAGand RANMAG

These flat-lightcurve models are not intended to reflect aop@tsysical transient, but are instead intended
for debugging or generating fake magnitudes to overlay aygies. Examples are as follows:

GENMODEL: FIXMAG 20
GENMODEL: FIXMAG 20:24
GENMODEL: RANMAG 20:24

In the first case, all observer-frame magnitudes are 20. MdeaBd 3rd cases are identical. The observer-
frame mag for each event is randomly selected between 204nith same mag is used at all epochs,
but a different random mag is chosen for each event. The rainfged-mag epochs is determined by the

sim-input keyGENRANGE_TREST
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10 sALT-11 Programs

10.1 Computing Distance Moduli from sALT-11 fits: SALT2mu

While thesnlc_fit.exe program includes theALT-1I model, the output does not include distance mod-
uli. A separate program calledALT2mu reads the text-output cdnic_fit.exe , fits for a andf3, and
computes a cosmology-independent distance modulus far&&8cAn overview of the method is given in
[14], a sample input file is in

$SNDATA_ROOT/sample_input_files/SALT2/SALT2mu.defau It

and a description of all input-file options are given at thedbthe code irfSNANA_DIR/src/SALT2mu.c

10.2 SALT-II Training Scripts
Scripts ar&&SNANA_DIR/util/SALT2train_* ; more on this later after the paper is submitted.
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11 Cosmology Fitters

There are currently two cosmology fitters available. Fsstfi.exe , which fits forw andQy assuming

a flat universe. Typing thefitexe command with no arguments lists the options. The BAO and CMB
priors are currently hard-wired, but a more flexible methogpecify priors may be added later. An
example command is as follows,

wiit.exe <fitresFile> -zmin .02 -zerr .001 -snrms .15 -bao - cmb

which specifies using SNe with> 0.02, adding a peculiar-velocity uncertainty of 300 km/s, (tfee
“zerr " arg isVvpec/C), adding an anomalous distance-uncertainty of 0.15 nmeagn{$ ” arg), and using the
BAO & CMB priors. Peculiar-velocity covariances can also Bedias explained below in 811.1.

The second progranspcosmo_mcmec.exe , is a more general cosmology fitter based on Monte Carlo
Markov chains. This fitter handles more diverse cosmologiesh as time-dependemt and non-zero
curvature. Sample inputs files are in

$SNDATA_ROOT/sample_input_files/sncosmo_mcmc/

Both of these cosmology fitters read self-documented “fitfiés$ (812.1.1) that contain a redshift, dis-
tance modulus and survey index (other parameters in the fiteeare ignored).

The above cosmology fitters do not yet work on ##e1-11 output since this light curve fitter does not
produce a distance modulus. There are currentighaNAprograms that process tseLT-11 fitres-output,
but one can use the originditbblefit  ” program (from Guy 2007) on th8NANAresults if you use this
namelist option in the light curve fitter:

SALT2_DICTFILE = 'myoutput.dictfile’

Recall thathubblefit ~ performs a simultaneous fit for the cosmological paramgtesvell as for SN
properties @, 3, M). There is currently some development on new techniquesxoacting cosmological
results from thesALT-11 light curve fits.
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11.1 Peculiar Velocity Covariances

The wfitexe  program has an option to account for peculiar velocity datiens ENANA v8 10 and
later). First prepare a file with the following syntax

COV: SN1 SN2 MUCOVAR(12)
COV: SN1 SN3 MUCOVAR(13)
COV: SN1 SN4 MUCOVAR(14)
etc ...

whereSN# are the SN names used in the analysis (i.e, that appear irtrggeffie), andMUCOVAR(ij) are
the covariances between the distance moduli, with unitsaffmOnly off-diagonal terms from this file
are used; diagonal terms are specified fromzhe and-snrms options. The syntax is

wfit.exe <fitresFile> -mucovar <mucovarFile> <other opti ons>

where ‘mucovarFile " is the name of the file specifying the off-diagonal covades. Thewfit.exe
program will first check your current directory for this filé;not therewfit will check the public area,
$SNDATA_ROQMmodels/mucovar/ . The covariances for the nearby sample have been computtgk by
authors in [15], and these are available in

$SNDATA_ROOT/models/mucovar/Hui_LOWZ_mucovar.dat

The minimization function is given by? = ;;[A\V;; 'Aj] — B?/C,?2 whered; = pfat— pmodeljs the
distance-modulus residual for thith SN,\/”-‘1 is the inverse of the covariance matrix, and the t&4yC
accounts for the analytic marginalization oudg as discussed in Appendix A of [16]. THgandC
parameters are

B = S@/o)) — Y@V (23)
I I,)
cC = S1/0? — vit, (24)
IZ | % 1]
whereg; is the diagonal-uncertainty on the distance modulus. Tpeassions left of the arrows (Egs. 23-
24) are from [16], while the expressions right of the arrolwsve thewfit implementation that accounts

for the off-diagonal covariance terms. TB&/C term is equivalent to re-minimizing with the weighted-
average distance-modulus residual subtracted from eatdnde-modulus residudy; — Ai— < A >.

22\\e leave out the constant term(@y2m).
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12 Miscellaneous Tools and Features

12.1 Analysis-Output: Files, Tables, Variables

For each analysis programan@na.exe, snlc_fit.exe, psnid.exe ) the output results are stored in
tables. The primary table-file formats aR®0OTor HBOOK which allow writing multiple structures in
parallel and include a plotting interfac@EXT-tables are also available for a subset of the variables, and
there is a separate utility (seetable_dump , 812.1.2) to extract information fromROOTor HBOOKile

and convert into text format. The available output tables ar

e SNANA (ID=7100): general variables for all SN before fitting

e FITRES (ID=7788): fit results for SN passing fit requiremei.residuals for each epoch can be
optionally included.

o SNLCPAK: used bynkfitplots.pl (85.9) to make light curve plots for data and best-fit model.

The SNANA and FITRES tables are intended to be accessed by imserontinued analysis; the table
name is assigned to a “tree” ROOT while the the integer ID is assigned to an “ ntuple’HBOOKThe
SNLCPAK table is for internal plotting scripts, and is notanded for general use. The user-selection of
format(s) and table(s) is described below.

COMPILATION FLAGS

The SNANAcodes will compile wittHBOOKf ENV $CERN_DIRis defined, and will compile witROOT
if ENV $ROOT_DIRis defined. To compile witholtBOOKor ROOT make sure that the associated ENV is
not defined. Do not modify any files to adjust compilation WHBOOKor ROOT

SELECTING TABLE FORMAT(S)
The output table format is defined by the user in&S&ILCINP namelist,

HFILE_OUT = 'myout.hbook’
ROOTFILE_OUT = 'myout.root’
TEXTFILE_PREFIX = 'myout’

Multiple output formats can be specified, including all 3lagvgn above. For thROOTandHBOOKormats,
and all tables are written to tHROOTandHBOOHile. For the TEXT format, however, each table is written
to a separate file and thus a fpeefixis specified rather than a file-name. The corresponding oditpu
names areryout.[tableName]. TEXT " where the tableNames aBNANAFITRES andLCPLOT?3

SELECTING TABLE(S)
The tables are selected RENLCINP namelist stringSNTABLE_LIST with default value
SNTABLE_LIST = 'SNANA FITRES LCPLOT

which selects all three tables by default. To protect menao/output file size for large jobs, the number
of light curve plots LCPLQOT) is limited by &SNLCINP namelist variabléXLC_PLOT=100 set to a higher
value to get more plotted light curves.

23_CPLOTcorresponds to theNLCPAKable.
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If a ROOTfile is specified via&SNLCINP namelist variableROOTFILE_OUT then all three tables are
created under th&0OOTstructure. Similarly, all three tables are created underHBOOKstructure if
HFILE_OUT is defined. For TEXT format witiEXTFILE_PREFIX, the defaut is different in that only the
ascil-FITRES table is produced for backward-compatibilifp generate text output for the other tables
requires additional specifications such as

SNTABLE_LIST
or
SNTABLE_LIST

'SNANA(text:key) FITRES(textkey) LCPLOT (text:coly

'SNANA(text:key) FITRES LCPLOT(text:col) ’
where the available text formats are

e key : key before each row, plus keyed header.

e CSV: comma-separated with header.

e col: space-separated columns with no header.

The two SNTABLE_LIST strings above are equivalent becausatkey " is the default text format for
the FITRES table. Also note that tIS\TABLE_LIST string is case-insensitive and thus the following are
equivalent,

SNTABLE_LIST
SNTABLE_LIST
SNTABLE_LIST

'snana(text:.csv) fitres(text:csv) Icplot (text:csv)’
'SNANA(text:.csv) FITRES(text:csv) LCPLOT (text:csv)
'SNANA(TEXT:CSV) FITRES(TEXT:CSV) LCPLOT (TEXT:CSV)

For the FITRES table, data-fi>-residuals can be included for each epoch using a featuretbf b
ROOTand HBOOKhat allows vector elements in tables columns. In addit@mthe data-fit chi-squared,
the following are also included: PSF, sky-noise, zero pdiest-fit model flux, etc ... Residuals can be
included with

SNTABLE_LIST = 'SNANA FITRES+RESIDUALS LCPLOT

There is no text-format option for the residuals, butditable_dump utility (812.1.2) has an “outlier” op-
tion to extract the residual information into text formaindlly, be aware that defining TRES+RESIDUALS
results in a significantly larger output file.

For the SNANA table, an optional cut-mask GUTFLAG_SNANAan be defined to select the following
subsets,

SNTABLE_LIST = 'SNANA(cutmask:0)" ! write only events fail ing cuts
SNTABLE_LIST = 'SNANA(cutmask:1)’ ! write only events pass ing shana cuts
SNTABLE_LIST = 'SNANA(cutmask:2)" ! write only events pass ing fit cuts
SNTABLE_LIST = 'SNANA(cutmask:3) ! default -> write all ev ents
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A few other miscellaneous table options are

SNTABLE_LIST
SNTABLE_LIST
SNTABLE_LIST
SNTABLE_LIST

'SNANA+EPOCHS’ # include epoch info in SNANA table
'SNANA FITRES NOSIMVAR’ # suppress SIM xxx v ariables.

'SNANA FITRES SPECTRA’ # SALT2 model spectru m for each epoch
'SNANA(PS:10) FITRES"  # pre-scale SNANA tab le by 10

The SNANA+EPOCH&Nnd SPECTRAoptions work withHBOOKandROOTformat, but not withTEXT format.
The NOSIMVARoption removes all of the simulated truth values, and isuldef blind challenges. The
SPECTRAable works for SALT2 light-curve fits only, and is filled fopechs Tes) defined by the SALT2
model: includes scalars (CID,MJD,BAND,TOBS, etc) and a mageictrum (flux vs. wavelength). The
SPECTRAable may be useful for calibration corrections that regjain SED. To save storage, each spec-
trum is stored within the wavelength range defined by thehzagt The pre-scale option (PS:10) may be
useful for very large simulated samples in which only a simafition pass cuts.

12.1.1 Combining Ascii “Fitres” Files: combine_fitres.exe

As discussed in 85.2, the fit results are written to a selfadwented “fitres” file. The simulation can also be
used to dump generated variables into a file with the samesfiy(g4.30.3). The utilitycombine_fitres.exe '
is useful to combine (merge) multiple fitres files containinfprmation about the same SNe. Note that
fitres files with different SNe can be combined by simply ughmgunix “cat” command.

As an example, consider the following fitres files generatechfdifferent light curve fitters:
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> more mics.fitres

NVAR: 2

VARNAMES: Z DLMAG

SN: 50001 0.1576 39.475
SN: 50002 0.2030 40.291

> more salt2.fitres

NVAR: 2

VARNAMES: x1 c

SN: 50001 -2.343 0.013
SN: 50002 0.893 0.235

> combine_fitres.exe mics.fitres salt2.fitres

> more combine_fitres.txt

NVAR: 5
VARNAMES: CID Z DLMAG x1 c
SN: 50001  0.157600001 39.4749985 -2.34299994 0.013000000 3

SN: 50002  0.202999994 40.2910004 0.893000007 0.234999999

Although the SN candidate id (CID) is required after ti&\:” keyword, it is optional to specifZID in
the VARNAME$st.

Fitres files with the same variable names can also be combifieel second repeated variable gets a
“ 2" appended to the variable name, the third repeatedbargets a “_3” appended, etc ... For example,
consider twaVLCS2k2fits with slightly different options,

> more mics.fitres

NVAR: 2

VARNAMES: Z DLMAG

SN: 50001 0.1576 39.475
SN: 50002 0.2030 40.291

> more mics_test.fitres

NVAR: 2

VARNAMES: Z DLMAG

SN: 50001 0.1576 39.829
SN: 50002 0.2030 40.443

> combine_fitres.exe mics.fitres mics_test.fitres

> more combine_fitres.txt

NVAR: 5

VARNAMES: CID Z DLMAG Z 2 DLMAG_2

SN: 50001 0.157600001 39.4749985 0.157600001 39.8289986
SN: 50002  0.202999994 40.2910004 0.202999994 40.4430008

120



Up to ten fitres files can be merged together. If there are Skteeisecond (3rd, 4th...) fitres file that are
not in the first fitres file, then these extra SNe will be ignorédhere are SNe in the first fitres file that
are not in the other fitres files, then values-«@88 are stored for the missing SNe. In addition to creating

a merged fitres file, a merged Table fiter(bine_fitres.hbook/root ) is also created in hbook and/or
root format depending on the compile flag(spntools_output.h . This table can be analyzed witAW
or ROOT or using thesntable_dump.pl utility (812.1.2)
The default prefix for the output files i€dmbine_fitres " This default can be changed using the
argumentoutprefix
> combine_fitres.exe mics.fitres mics_test.fitres -outp refix mics

which produces the filegnlcs.tup " and 'mics.txt

12.1.2 SNTABLEDump Utility: sntable_dump.pl

The fitres text-file output from the light curve fitter contsign small fraction of the analysis variables. The
entire set of analysis variables is stored in a more com@@&TABLE structure using HBOOK and/or
ROOT based on th&SNLCINP namelist inputs

HFILE_OUT = 'mjob.hbook’
ROOTFILE_OUT = 'mjob.root’

Additional SNTABLEformats (e.g., HDF5, Pickle) can be added within the exgstirchitecture. There are
two primarySNTABLES

snic_fit/psnid
snana fit results
HBOOK TABLE ID 7100 7788 (column-wise ntuples)
ROOT TABLE ID SNANA FITRES  (trees)

If you are fluent irPAW/HBOOKr ROOT then you can analyze these tables directly without usixifites.
However, if you prefer a different analysis platform trsstable_dump.pl  can be used to extract table
information into text format.

The script usage is explained at the to®&SNANA_DIR/util/sntable_dump.pl , and here we illus-
trate its three basic features:

1. Print list of SNTABLEvariables:
sntable_dump.pl myjob.hbook 7100
sntable_dump.pl myjob.hbook 7788

sntable_dump.pl myjob.root ~ SNANA
sntable_dump.pl myjob.root  FITRES

2. For an arbitrary set of table variables, extract SN vaintesa fitres-formatted text file:

sntable_dump.pl myjob.hbook 7100 --v RA DECL SNRMAX_ r
sntable_dump.pl myjob.hbook 7788 --v.mOobs_g mOobs_r
(and same for hbook/7100/7788 -> root/SNANA/FITRES)

121



3. Append an existing text file with variables fronsETABLE

sntable_dump.pl myjob.hbook 7100 --v RA DECL SNRMAX r --a M YJOB.FITRES
sntable_dump.pl myjob.hbook 7788 --v mOobs g mOobs r --a M YJOB.FITRES
(and same for hbook/7100/7788 -> root/SNANA/FITRES)

4. Dump epoch-list of dataFlux-fitFLux outliers:

sntable_dump.pl myjob.hbook 7788  --outlier 3 99

sntable_dump.pl myjob.root  FITRES --outlier 3 99

sntable_dump.pl myjob.root  FITRES --outlier 3 99 --v FITPR OB SNRMAX3
(print epochs to ascii file with 3 < Nsigma < 99)

5. Dump epoch-list of dataFlux-simFLux outliers (sim only)

sntable_dump.pl myjob.hbook 7788  --outlier sim 3 99

sntable_dump.pl myjob.root  FITRES --outlier sim 3 99

sntable_dump.pl myjob.root  FITRES --outlier sim 3 99 --v F ITPROB SNRMAX3
(print epochs to ascii file with 3 < Nsigma < 99)

Using the append option (#3 above witha), a new text file is created containing the original vaeabl
in MYJOB.FITRES plus the appended variables specified by-theargument. The appended variables are
extracted from th&NTABLE(2nd argument o$ntable_dump.pl ).

To see pre-explosion epochs with the outlier option, opé&nltiw-side of&FITINP namelist variable
FITWIN_TREST, such as -100, +45.

12.1.3 Extract Value from Fitres File: get_fitresValue.pl
See instructions at top 8SNANA_DIR/util/get_fitresValue.pl

12.1.4 Working with IAUC names

Data files contain a required SNID and an optional IAUC name.d8fault, only the SNID is used and
propagated to the output tables@GB. However, using the IAUC name may sometimes be more préactica
For example, SNID could be an integer that keeps changingtasatle reprocessed, while the IAUC name
remains fixed.

On the input side&SNLCINP namelist inputs that specify CID strings will work with eith®NID or
IAUC names. These namelist inputs include

SNCCID_LIST
SNCCID_LIST FILE
SNMJD_LIST FILE

SNCCID_LIST is an explicit list of SNIDs and/or IAUC names, and the lish c@ntain a mix of SNID and
IAUC names. The next twgXX_LIST_FILE inputs point to a file containing a list of SN names, and these
can also be an arbitrary mix of SNID and IAUC names.

In the output tables, the CID column can be filled with the IAU&Zne by specifying an IAUC option
in SNTABLE_LIST,
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SNTABLE_LIST
or

SNTABLE_LIST
or

SNTABLE_LIST
etc ...

'SNANA FITRES(jiauc)

'SNANA FITRES(textkey,iauc)’

'SNANA(iauc) FITRES(text:key)’

If any one table has the IAUC specification then all tables lal/e IAUC written into the CID column.

12.1.5 ovdatamc.py : Plotting Utility for Data/MC Overlays

Once you have an asdTRES file from the data and MC simulation, the utilitpVdatamc.py ” can be
used to plot a data/MC overlay for any variable, and withtaaby cuts on any variable inside the FITRES
file. If the simulation includes core collapse SNe, then thehd CC contributions to the simulation
are overlaid separately and shown with different colors. g&€b a list of arguments and options, type
ovdatamc.py with no arguments. Also read comments at toSS¥ANA_DIR/util/ovdatamc.py

12.2 General Misc. Tools
12.2.1 Command-line Overrides

The simulation and light curve fitter described in the sexgiabove are each driven by an input file that
specifies instructions and parameters. For conveniencepalt-file parameters can be specified on the
command line. For example, if you have

GENMODEL: mlcs2k2.v006
GENTAU_AV: 0.35

in your simulation-input file, you can override these opsiom the command-line without editing the input
file:

snlc_sim.exe mysim.input GENMODEL mlcs2k2.v007 GENTAU_A V 0.45

These command-line overrides are useful for quick testind,for writing wrappers that do many analysis
variations without creating a new input file for each job. Awalid or unrecognized command-line option
results in an immediate abort. The command-line optionganted to stdout, and therefore if you pipe
your job to a log-file, you can rerun the same job as long as ywe the original input file.

12.2.2 Synchronizing/Updating Survey Files: survey upda.pl

Collaborators within a survey who are working on differentnpaiter systems can keep files synchronized
using the script SNANA_DIR/util/survey_update.pl . See usage instructions at the top of the script.
The basic idea is that a survey expert uses the script intetagball” mode to create a tarball containing
filter transmission files, K-correction tables and dataieeis). This tarball is then distributed among
collaborators who use the same script in “install” mode.
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12.2.3 Bug-Catcher: theSNANA tester Script

To help verify that theSNANAcode delivers the same results with each new version, tkeaetesting
utility, SNANA tester.cmd (no arguments), that runs a pre-defined list of jobs with tiffeignt versions

of SNANA and reports discrepancies. Typically this script is rist pefore releasing a neésNANAversion,
but users may want to run this script on other platforms. Tde i to catch and fix unanticipated changes
(i.e, bugs) before releasing each ngMANAversion. The top-level instruction file is here,

$SNDATA_ROOT/SNANA_TESTS/SNANA_TESTS.LIST

which specifies a series of test-jobs, input files, and laggérsing instructions to extract results to com-
pare betweersNANAversions. TheSNANA tester.cmd  script is written for the Fermilab ups product
system; on other platforms, script modifications will be desk to setup the correct versionsSNANA
Users who use a particular featureSdfANAshould check if the current test-jobs provide adequatesprot
tion; if not, you may request additional test-jobs.

12.2.4 Data Backup/Archival: backup_SNDATA version.cmd

A data version can be archived with
backup_SNDATA version.cmd MYVERSION

which creates a tarball-backup in
$SNDATA_ROOT/Icmerge/archive/MYVERSION_[yyy]-[mm]-[ dd].tar.gz

where[yyyy]-[mm]-[dd] is the year, month and day. This script is useful to backuprdyneade data
version, archive a version used in a publication, or to seddta version to a collaborator. In general the
$SNDATA_ROOTisk is not backup up, so to have a truly protected backup yaa o either (1) backup
$SNDATA_ROO®r (2) copy the tarball-backup to another storage device.

12.2.5 K-correction Dump Utility: kcordump.exe

The K-correction tables are stored iBOOKiles, and accessing this information can be tricky even for
those familiar withPAW The utility kcordump.exe can be used to check a K-correction value for specific
filter, epoch, and primary reference. If you tykm@rdump.exe with no arguments, the program will ask
you for all needed arguments. You can also use command-ignereents, as illustrated here for SNLS
Kgu at peak az = 0.28:

> kcordump.exe KCOR_FILE Hsiao/kcor_SNLS_Bessell90_VEG Afits \\
FILT_ OBS g FILT REST U Z .28 TREST 0.

The dump utility checks your current directory anNDATA_ROQKcor for the existence of the K-
correction file (argument dfCOR_FILE). All K-correction dumps are done with no spectral warpifg.
see K-corrections with warping, generate simulated SNenthsaroll through the data files for symbols
containing KCOR and “WARP The slight disadvantage with using the simulation to ¢hiéecorrections

is that you cannot specify which K-corrections to check,ymit can only compare to whatever the simu-
lation generates.
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12.3 Misc. Simulation Tools

12.3.1 Simulate la/non-la mix:sim_SNmix.pl

See instructions at top ofSBIDATA_ROOT/util/sim_SNmix.pl . This script is used to simulate a mix of
Type la and non-la SNe, and to easily generate multiple $sislations with different sim-options. An
optional (recommended) list of computing nodes allows mafiel processing. The command syntax is

sim_SNmix.pl <name of master control file>

and a master-control file is illustrated in Fig. 7. This filgeg batch instructions, and is NOT an input file
to the simulation prograrsnic_sim.exe . The keys are as follows.

NODELIST, BATCH_INFO : defines CPU cores to distribute jobSODELIST is a simple list of
nodes, and you must be able to login without entering a pass\BATCH_INFOspecifies a submit-
command, batch-template file, and number of cores (see REQommended to define as many
cores (NCORE) as jobs (NJO®) although there is no harm in defining too many or too few cores
If NCORE < NJOB, some cores will run multiple jobs and hence take lorigeample 1: NJOB=10
and NCORE=5— each core will simulate 2 jobs. Example 2: NJOB=5 and NCORE=18ach
job is distributed to one core, and 5 other cores will do naghi

GENVERSION, GENOPT: An independent simulation job is done for e&@ENVERSIONand each
GENVERSIONan be analyzed by trspana.exe orsnic_fit.exe program. For eacBENVERSION
an optionalGENOPTkey applies command-line overrides. Note that multiBENOPTkeys can be
given, and multiple override commands can be given on ore lin

SNANA_LOGIN_SETUP: if your login script does not automatically setapana 22, this key is
needed. Everything on the line after this key is executeefgty running a setup script), so don’t
append comments on the same line.

GENOPT_GLOBAL: After the ‘ENDLIST_GENVERSION: key this is a final (optional) global over-
ride key whose argument-list is applied to all of the simolag. Beware that that theéENOPTand
GENOPT_GLOBAbptions are applied to both the SNla and NON-la simulatfénEverything fol-
lowing this key is passed to the simulation, so don’t appendroents at the end of this line.

ZRANGE: optional redshift-range override, and is the same as
‘GENOPT_GLOBAL: GENRANGE_REDSHIFT 0.1 1.2

SIMGEN_INFILE_la[NONIa]: A sim-input file is specified for the SNla and/or SNCC sample;
one or both files can be specified.

NGEN_UNIT: specifies the number of “units” (e.g., seasons) to genesateinternally computes
the statistics appopriate for the specified redshift-rapgakMJD-range, solid angle, and SN rate
(based orDNDZkey). If the NGEN_UNITkey is left out, the simulated statistics is based on the
NGEN_LCandNGENTOT_L&eys in the sim-input files.

GENPREFIX: file prefix under theGENVERSIONsub-directory. Note that the analysis points to
GENVERSIONnot GENPREFIX

24NJOB = number oGENVERSIONeys x number olRANSEELkeys.
25snana setup includes definiB@§NDATA_ROO#Nd addinggsSNANA DIR/bin to your path.
26There are som exceptions, suchGENMAG_SMEARMODEL_N#h4E is ignored in the NON-la sims and applied only to the

la sim.
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¢ FORMAT_MASK: 2-bit for ascii format and 32-bit for FITS format. The 16-kesults in random
CIDs so that any random subset contains a random mix of SNISAIGLC.

e RANSEED: With oneRANSEELkey, eachGENVERSIONs generated once; multipRANSEEkeys
generate each version multiple times, each on a different @&l The left set oRANSEEkeys in
Fig. 7 behaves in the obvious manner by generating thrastgtally independent simulations. The
generated versions are

DESY1 SNCC+SNlaSmearCOH-01
DESY1 SNCC+SNlaSmearCOH-02
DESY1 SNCC+SNlaSmearCOH-03

and similarly the otheGENVERSION have an index-suffix. If using the random-CID option (16-
bit of FORMAT_MASKthe CIDs are unique within each version, but may be randaiuplicated
among different versions. The duplic&®ANSEEkeys on the right side of Fig. 7 also generate three
independent samples, but with two main differences conap@r&éeRANSEEDIst on the left:

1. all CIDs are unique; the comm®&ANSEEDN each job is used to compute and reject all previ-
ous CIDs.

2. The three generated samples are combined to make oneesaifipis feature thus allows
distributing a large simulation job over multiple cores.

SIMLOGS

Before the simulation jobs are launched, a new directoryaated under your current working direc-

tory,
SIMLOGS_[GENPREFIX]/

or ‘SIMLOGS_DES/ for the control file in Fig. 7. All log-files are store here, caprevious a directory
with the same name is clobbered without warnfgA final one-line per job summary is written to
SIMLOGS_[GENPREFIX]/SIMJOB_SUMMARY.LOGALWAY'S check the SUMMARY log-file to make sure
that the number of simulated events is reasoble (e.g., moj aad that there are no aborted sim-jobs.

2"More generallysim_SNmix.pl overwrites all previously existing files at@ENVERSIONSvithout warning.
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Figure 7: Example of master-control file fasm_SNmix.pl

# speficy nodes to run on, or batch system
NODELIST: des05 desO6 des08 des09 des06 des10
or
#BATCH_INFO: sbhatch SBATCH.TEMPLATE 5 ! example on UofC mid way
#BATCH_INFO: qsub QSUB.TEMPLATE 5 | example with torque

SNANA LOGIN_SETUP: <whatever command(s) to setup snana>

# specify version to generate, along with special options
GENVERSION: DESY1_SNCC+SNlaSmearCOH

GENOPT: GENMAG_SMEAR_MODELNAME COH

GENOPT: SMEARFLAG_ZEROPT 0 SMEARFLAG_FLUX 0

GENVERSION: DESY1_SNCC+SNlaSmearG10
GENOPT: GENMAG_SMEAR_MODELNAME G10

GENVERSION: DESY1 SNCC+SNlaSmearC11
GENOPT: GENMAG_SMEAR_MODELNAME C11

ENDLIST_GENVERSION:

# optional global-overrides
GENOPT_GLOBAL: EXPOSURE_TIME 1000 GENRANGE_PEAKMJD ®656720
ZRANGE: 0.1 1.2

# specify sim-input files for snlc_sim.exe
SIMGEN_INFILE_la: SIMGEN_DES_SALT2.input
SIMGEN_INFILE_NONIa: SIMGEN_DES_NONIA.input
NGEN_UNIT: 2 SEASON

RATESCALE _|a: 1.0 # scale SNla rate
RATESCALE _NONIla: 1.0 # scale all SNCC rates

# define required global items to ensure uniformity among al | jobs
GENPREFIX:  DES # prefix of all data filenames
FORMAT_MASK: 48 # 16=RanCID 32=FITS-FORMAT
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Figure 8: Example of master-control file fsim_SNmix.pl : Continued

# 3 independent samples
RANSEED: 12349
RANSEED: 23287
RANSEED: 34308

OR

# one large combined sample from 3 independent jobs
RANSEED: 12345
RANSEED: 12345
RANSEED: 12345

# The above can be implemented more compactly with

RANSEED_CHANGE: 3 12349 # equivalent to 3 different RANSEED S
OR

RANSEED REPEAT: 3 12345 # equivalent to 3 identical RANSEED S
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12.3.2 Co-AddingSIMLIB Observations on Same Nightsimlib_coadd.exe

If a survey takes many exposures per filter in one night, tkaltieg SIMLIB can be quite large, and
there may be no benefit to simulating each exposure withimglatniSince one typically combines these
exposures into a single co-added exposure, there is g wdilitanslate &IMLIB so that there is just one
effective co-added exposure per filter per night,

> simlib_coadd.exe MYSURVEY.SIMLIB

which produces an outpSIMLIB calledMYSURVEY.SIMLIB.COADD. By default, observations within 0.4
days are combined into a single co-added observation, dedsitthree observations are required to keep
a sequence of observations (i.&JBID ). The CCD noise, sky-noise and zeropoint are calculated ctefl

a single co-added exposure as follows,

ZPT(COADD) = 2.5l0g;, [z 10(0~4'ZPTi)] NOISE(COADD) = | NOISE; | (25)
| |

wherei is the exposure index. The co-added PSF is simply the averigee PSF values from the
individual exposures.

There are additional options to change the requirement @minimum number of observations, to
change the time-separation for co-adding, and to deterthe®lilky Way Galactic extinction (MWEBYV)
from [8],

> simlib_coadd.exe MYSURVEY.SIMLIB MWEBV --TDIF .2 --MINO BS 5

When the “MWEBV” option is used, observation sequences with MWER¥are rejected. Read top of
$SNANA_DIRSsrc/simlib_coadd.c for additional options.

12.3.3 Creating aSIMLIB from Data

Ideally, aSIMLIB is created from a library of observations containing PSk;rekse and zero-point.
However, there may be cases where it is useful to cre&MBIB directly from a data sample. The
snana.exe program can create sucts#LIB via the&SNLCINPinput key

SIMLIB_OUT = 'mydata.simlib’

If the light curve data include meta data (PSF,SKY,ZP) faheapoch, these values are written out to the
SIMLIB . If the meta data are not available (e.g., low-z samplesj thvo assumptions are used to compute
these values. First, the PSF(FWHM) is fixed to $econd, the sky brightness (mag/&3&s wavelength
is taken from an old version of the LSST deep-drill cadencer @n arbitrary filter, the skyMag is in-
terpolated as a function of the central wavelenth of therfiE@rtran subroutin€ OMPUTE_SIMLIB_INFO
computes the SKYSIG and ZP values using the above assurapti@htheS/N from the data.

If there are no meta-data, the defalRERRis 0.01, which imposes an SNR ceiling of 100 in the
simulation. ArbitraryZPERRvalues can be input vi&SNLCINPas shown in the following example:

SIMLIB_ZPERR_LIST = 'u .02 gri .01 2z 0.01%

Any band not listed above gets the defalRERR=0.01.

The SIMLIB is updated for events passing cuts in &#&LCINP namelist, and &IMLIB row is written
for each epoch. Th8IMLIB header for each event includes the redshift and peakMJD. Wsieqg this
SIMLIB in the simulation, one can either generate random redshge&MJD values, or pick the data
values from the header using the following sim-input keys%8L):

USE_SIMLIB_PEAKMJD: 1 # use peakMJD in header (if there)
USE_SIMLIB_REDSHIFT: 1 # use redshift in header (if there)
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12.3.4 Fudging Simulated Errors and Signal-to-Noise Ratio§/N)

Errors andS/N can be fudged in the simulation as follows:

# 2. options to adjust exposure time (affects both SN flux and sky noise)
EXPOSURE_TIME: 20 # increase all exposure times by 20
EXPOSURE_TIME_FILTER: g 20  # increase g exposure by 20
FUDGESHIFT_ZPT: -3.0 # reduce ZPT by 3 mags

# 2. options to increase SKY-noise while leaving SN flux unch anged
FUDGESCALE_PSF: 2 # increase PSF
FUDGESCALE_SKYNOISE: 3 # increases SKYNOISE (note that SKY  *= 32)

# 3. force nearest-peak S/N = 25 for all bands

FUDGE_SNRMAX: 25 # adjust exposure time
FUDGE2_SNRMAX: 25 # adjust sky-noise only (don't change SN f lux)

# 4. force nearest-peak S/N in r-band; use same EXPOSURE time in other bands
FUDGE_SNRMAX: r=25 # adjust exposure time for r-band

# 5. add magErr to all epochs
FUDGE_MAGERR: 0.03 # add .03 magErr to all epochs and bands
FUDGE_MAGERR_FILTER: g .01 # add .01 magErr to g-band
FUDGE_MAGERR_FILTER: riz .02  # add .02 magErr to riz bands

There are five classes of error-fudging: (1) adjust exposoneto change both the SN flux and sky-noise,
(2) increase the sky-noise while leaving the SN flux unchen(f) force nearest-pe&@(N to be the same
fixed value in all bands, (4) force nearest-p&ikN for one band, then use computétkPOSURE_TIME
in all bands. (5) add arbitrary mag-error at each epddDGE2_SNRMAM useful for setting a nearly
fixed error at all epochs, in contrast to a fix®N, or mag-error. For both options to fix the nearest-peak
S/N ratio, the simulation processes each SN twice. The firsatitar is done with nominal conditions
and the resultingNRMA% is used to calculate thEXPOSURE_TIMHor the second iteration. For option
3), theEXPOSURE_TIMHS adjusted separately in each band to get the same 8/&d while in option

4) theEXPOSURE_TIMEs the same in each band to 8N in just one band. ThEXPOSURE_TIMBralue
for each band is written to the header in each data file;S#deEXPOSUREey. Defining SNRto be
thei'th-iteration S/N where SNR is the requesteBUDGE[2]_SNRMAXvalue, and® = SNR,/SNRy, the
zeropoint and sky-noise are modified for each passband sett@nd iteration as follows:

FUDGE SNRMAX: EXPOSURE_TIME = R?2 (26)
FUDGE_SNRMAX:  ZPT,—ZPT; =5log(R) (27)
FUDGE_SNRMAX:  Osky2/Osky1 = R (28)
FUDGE2_SNRMAX: ZPT,—ZPT; =0 (29)

FUDGE2_SNRMAX :  Osky2/Oskyl = \/ [(1/SNRx)2—1/Fsn] / [ (1/SNRy)2—1/Fsn]  (30)

whereFsy is the SN flux (photoelectrons) at the epoch with the maxina4M.

28SNRMAXs the maximuns/N ratio among all observations within a passband.
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12.4 Misc. Fitting Tools
12.4.1 Fit Multiple Samples with Multiple Fit-Options: split_and_fit.pl
See instructions at top ofSBIANA_DIR/util/split_and_fit.pl . This script allows fitting a matrix of

multiple versions and multiple fit-options. A list of noddkws for parallel processing, and the outputs
are automatically merged when the fitting jobs have finished.

12.4.2 Analyzing Residuals from Lightcurve Fits

There are two utilities to analyze residual from a lighteufiv.

mkfitplots.pl --h <hisFile> RESIDS
dump_|cfitOutliers.pl <hisFile> <Nsigma>

The first command generates plots of the normalized resigdhial/ o whereAF = Fyata— Finodes and also
plots AF /o vs. logo(SNR). Separate plots are made for each observer-frame passbaedsecond
command dumps out a text-file of outlier observations forowhthe data lie more thaNsigma o from
the best-fit model. The format of the outlier text-file is subht entries can be pasted directly into the
IGNORE file for those observations that should be ignoredearatialysis.

12.4.3 Extracting Light Curves into ASCII Formatted Files

For both thesnana.exe andsnlc_fit.exe programs, the fluxes and best-fit model can be dumped into
an ASCII text file with the &SNLCINP namelist option

LDMP_SNFLUX = T

This option creates a master fil8SURVEY.LIST” and aFLUXFILE for each filter for each SNID. The
master file contains the name of each SNID, its redshift andtat FLUXFILEs. The format of the
FLUXFILE is

Tobs FLUXCAL FLUXCAL_ERR DATAFLAG CFILT CHI2

whereTobs is the time relative to the epoch of peak brightn€&$&]XCALandFLUXCAL_ERRare the cali-
brated flux and erroDATAFLAGs described belowCFILT is a one-character filter string, aGtl2 is the
the data-mode\? from the fit (O if no fit). DATAFLAG +1 for data,—1 for data rejected by the fit, and 0
for the best fit (smooth) model.
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12.4.4 Translating SNDATA files into SALT-11 Format

The snana.exe program can converSNANAformatted data (or simulation) files inteaLT-11 format
needed to run the original (GuyOZALT-11 fitter code and theALT-11 training code. A sample namelist is
as follows:

&SNLCINP
VERSION_PHOTOMETRY = 'SDSS_HOLTZ08'
OPT_REFORMAT SALT2 = 2
REFORMAT _KEYS = '@INSTRUMENT SLOAN @MAGSYS AB’
SNFIELD_LIST = '82N' , '82S
cutwin_cid = 0, 100000
&END

Note thatOPT_REFORMAT_SALT2=B& for the neweIsALT-1I format with one file per SNsffit ~ version
2.3.0 and higher), whil®OPT_REFORMAT_SALT25E for the original format with one file per passband.

12.4.5 Translating TEXT data-files into FITS Format

For relatively large data samples, reading text files carobees/hat slow. A more efficient storage mech-
anism uses FITS format. TEXT-formatted data files can bestased into FITS format usingnana.exe
and an input file with the following,

&SNLCINP
VERSION_PHOTOMETRY = 'MYSURVEY_TEXT
VERSION_REFORMAT_FITS = '"MYSURVEY_FITS'
&END

or use NOFILE option with no input NML file:

snana.exe NOFILE \
VERSION_PHOTOMETRY MYSURVEY_TEXT \
VERSION_REFORMAT _FITS MYSURVEY_FITS

This translation should be used only for data since the sitiwud is written in FITS format by default.
In addition to translating the data into FITS format, theihapy files are also createddYSURVEY.LIST,
MYSURVEY.IGNORBMYSURVEY.READMRII of the output files are created in your current directdoyuse
the for analysis, copy them in8®SNDATA_ROOT/Icmerge .

12.4.6 Fudging Fitting Errors

For thesnlc_fit.exe fitting program there are tH&UDGE_FITTER_XXXparameters described in detail in
85.14. The other fudge-option is tREITINP namelist variable

FUDGE_MAGERR_MODEL = 0.1 # fix model mag-error in fitter

which replaces all model errors with 0.1 mag model-errovatyeepoch.
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12.4.7 1/Vmax Method: Post-Fit Calculations

The 1/Vmax method can be used to comptigy and the associated volumne for each SN. These calcu-
lation are controlled with the followin§FITINP namelist options,

T 215 1210
0 I valid options: 0,1,2,3

MAGLIM_Vmax
OPT_Vmax

MAGLIM_Vmaxdefines a list of mag-limits and observer-frame filters tdqren the 1/Vmax calculation.
Only one mag-limit per filter can be defined, but a differentgrtienit can be defined for each filter.
OPT_Vmaxis a bit mask as follows.

e BitO controls how the SN magnitude is computed: OFF is for thghltest observed epoch (using
best-fit mag) and ON is for the peak magnitude.

e Bitl controls howZmnax is computed: OFF is for the brightest observed epoch (usastHit mag)
and ON is for the peak magnitude.

e Bit7 (128) turns on verbose mode to s&gux at each iteration.

For exampleQPT_Vmax0 means that both the SN magnitude Zpdxare computed afes;corresponding
to the brightest observed epoch. To avoid picking an epctthavi upward fluctuation, the best-fit fluxes
are used to determine the brightest observed epoch ratherhle observed fluxe©PT Vmax3 means
that both the SN magnitude adg,x are computed at the best-fit epoch of peak brightness.

The following variables are automatically included in thec-text file and the SNTABLE (ntuple or
Tree): TrestWhere mag is computed, madyax, Volume.

133



12.4.8 FILTER_REPLACE

For filters that are very similar, such as multiple filters taeping a patch of sky, it is sometimes conve-
nient to replace filter names. As an example, consider theSSik8rsugrizU GRI1Z where thdJGRIZ
filters are defined for the small fraction of SN that land onramping CCD regions. To fit with the usual
“FILTLIST_FIT = 'ugriz’ " input, we can replace the upper-case filters with the foltg/&SNLCINP
namelist variable,

&SNLCINP
FILTER_REPLACE = 'UGRIZ -> ugriz’

This replacement is equivalent to modifying the data filethWi>u , G->g, etc.

WARNING(v10 28l): When there are HOGRIZ bands, we expect that fittinggrizU GRIZshould
give the same result as fittingyriz with the FILTER_REPLACEcommand above. This test works perfectly
except whenOPT_COVAR 0; hence something about using a model-error covariancexnvaith off-
diagonal elements introduces a very small (few millimagdépancy. It is not yet clear if this discrepancy
is due to a bug, or if it is expected when usibBT_COVAR

12.4.9 SNTABLE_FILTER_REMAP

This option is for a survey with many similar bands (e.g.,4pwand is used to remap the output bands.
For example, suppose we have the following baraixU-like), cdgB-like), fghi(V-like). The 'fghi
bands are aN/-like, and correspond to very small changes in telescopsitngssion, such as from a filter
replacement. The output tables by default would includerfitependent values for each baatdcde f ghi

To simplify some analyses, it may be more convenient to wotk WBYV rather than wittabcde fghi This
convenience is achieved in the output tables by remappmmgltars with the command

&SNLCINP
SNTABLE_FILTER_REMAP = 'ab->U cde->B fghi->V’

This command only affects the output tables, and has no ingueselection cuts or fitting: i.e., all 9 bands
(abcdefghjy are still used in the light curve fit.

134



12.4.10 Selecting Early Epochs

During a survey one might fit light curves with only a few epsdar things like monitoring or spectro-
scopic target selection. However, to test on existing outated data the entire light curve is there. To
test fitting with only a few early epochs, here are examplasyus&SNLCINP namelist string:

&SNLCINP
EARLYLC_STRING
or
EARLYLC_STRING
or
EARLYLC_STRING
or
EARLYLC_STRING
or
EARLYLC_STRING

'MAXOBS 4 FILTERS riz  SNRMIN 4.5’

'MAXOBS 4 FILTERS riz  PHOTPROBMIN .5

'MAXOBS 4 FILTERS riz PHOTMASK 4096’

'MAXNIGHT 2 FILTERS riz  PHOTMASK 4096’

'MAXNIGHT 2 PHOTMASK 4096 NDAYADD 20’

The MAXOBXey specifies the maximum number BARLYCobservations to keep that satisfy the logical
AND of cuts on filters, signal-to-nois&€RMIN, photometry-probabilityfHOTPROBMINand photometry-
mask PHOTMASK The first example above keeps epochs until there are 4\@ig®rs in r,i, or z that have
SNR above 4.5. In the second example, the SNR requiremeaplaced with the PHOTPRPOBMIN
requirement. Note that epochs satisfying BARLYLCrequirements may not occur until well after explo-
sion; thus all preeARLYLC(pre-explosion) epochs are kept. OrMt&XOBS=4 EARLYL@pochs are found,
no additional epochs are kept.

The MAXNIGHTkey requires the next observation to occur at least 8 hotes & hus observations
in theg,r,i,z bands within one night count as 4 observationsMaXOB%ut only 1 night forMAXNIGHT
An observation in band followed by & band observation the next night counts as 2 toviédOB%&nd
MAXNIGHT Once theMAXNIGHTrequirement is met, all observations in the last night ackuohed.

NDAYADDvill add epochs for this many days after the last observdtimm the above keys.

The default cuts are wide open, except for the defdDAYADD=0Not specifyingFILTERS will count
all filters, not specifyinPHOTPROBMIMill ignore PHOTPROEN counting early epochs, etc. Thus setting
EARLYLC_STRING="MAXOBS 4'will select the first 4 observations in the data file, regassllef what is
measured,

Finally, to avoid mistakenly using the entire light curvesome part of an analysis, the removed epochs
are not stored in any arrays so that the internal arrays &d &k if the late epochs did not exist.

12.4.11 Miscellaneou&SNLCINP Options

&SNLCINP
USESIM_SNCC = F I ignore simulated CC (fit true la only)
or
USESIM_SNIA = F I ignore simulated |A (fit true CC only)
SIM_PRESCALE = 4.0 ! fit 1/4 of sim sample, but still fit all da ta
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12.5 Misc.sIMSED Utilities
12.5.1 sIMSED Spectrum Extraction: SIMSED_extractSpec.exe

For asiIMseD model, the prograrS8IMSED _extractSpec.exe ~ can be use to extract a single spectrum for
a particularsiMmseD model version, epoch, and set of parameter values corrdsppto thePARNAMES

the SED.INFO file. The current program uses the parameter values cpED&NFO grid that are closest to
the user-specified parameters; a future version may intpfor better accuracy. See usage instructions
at top of$SNANA_DIR/src/SIMSED_extractSpec.c

12.5.2 siMsSeD Fudge Afterburner: SIMSED_fudge.exe

For a givensiMmsepmodel (89.4), an arbitrary color law can be applied to geleaaaewsIMSED version.
The program syntax is

SIMSED fudge.exe <inFile>
where an example input file is here:

$SNDATA ROOT/sample_input_files/SIMSED/colorFudge.i nput

12.5.3 siIMSED Preparation for SNANA: SIMSED_prep.exe

Translate native format of SED model irddANAformat.
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13 SNANAUpdates

The SNANAsoftware is released in incremental versions, reflectimavements, new code, and bug fixes.
Users should periodically check for updated versions. H-nodices toSNANA@FNAL.GO&re sent when
there are significant changes. Users are encouraged to sifpr the SNANAmailing list by asking any
co-author of the overview papearKiv:0908.4280 ). The SNANAmailing list can also be used to ask for
help, report bugs, suggest changes, etc ... Details of eéedise can be found by doing

tail -100 $SNANA_DIR/doc/README_UPDATES

Users should develop an automated “download & setup” stripasily maintain the most current version
of SNANA and to avoid getting trapped with an old or obsolete versidieSNDATA _ROO#farball is updated
less frequentlyREADME_UPDATESIIl indicate if and why a newSNDATA_ROOTE needed.

This manual ($NANA_DIRdoc/snana_manual.pdf ) is updated mostly in response to questions from
users. If you spot mistakes or obsolete information in thaua§ please report it immediately !

14 Reporting Problems

Please don'’t hesitate to report software problems or oteoleorrect information in the manual. If the
problem is related to an abort or crash, please include altahnlat contains the input file(s) and data file(s)
that reproduce the problem, as well as a log-file with the @nods screen-dump. Indicate whiGhNANA
version was used, and try to isolate the problem in a singkefda to avoid sending large numbers of data
files. WARNING: if you don’t provide enough information to reprodu ce the problem, we will not be
able to provide assistance.

If the problem is related to processing simulated data fpe=ase do the following. First, manually
create a special version call&M_DEBUGthat resides irSNDATA_ROOT/SIM/SIM_DEBUGCopy the rel-
evant data file(s) that cause the problem, such as unexpabtet or crazy fitted values. In the same
directory, manually create the needed auxiliary files ds\i:

touch SIM_DEBUG.README
touch SIM_DEBUG.IGNORE
Is *DAT >! SIM_DEBUG.LIST

Finally, send this directory, along with the needed inpesfitto one of the developers.
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