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Why? 

•  Because calibration uncertainties 
currently dominate the systematic 
error budget for SNIa cosmology. 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Filters 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U  B    V    R      I


u       g       r       i      z 

Bessell (1990): 
Used for most nearby  
SNIa (CfA) 

SDSS ugriz: 
Similar filters used for 
SNLS, PS1, HSC, DES, LSST … 

and CSP (nearby) 

wavelength 



Illustration of Calibration Challenge 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U  B    V    R      I


u       g       r       i      z 

wavelength 

Compare rest‐frame  
Flux(4400 A) at z=0.05  
using B band 

                    to 

same rest‐frame Flux  
at z=0.5, but using 
r band on different  
telescope … 
and NO overlapping 
measurements with 
nearby SN fields !!! 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Calibration: Overview 

★ 
★ 

★ 
★ 

★ 
★ ★ 

★ 

★ 

SDSS 

★ 
★ 

★ 
★ 

★  ★ SNLS 

★ 
★ 

★ 
★ 

★  ★ ESSENCE 

★ 

★  ★ 

★ 
★ 

★ 

★ 
★ 

LowZ  ✵ 

★ 

✵ 

Landolt/USNO secondary 
Primary (Vega,BD+17) 

Each SN sample is  
calibrated to Landolt 
or USNO stars within  
(or near) their survey field. 

SDSS,SNLS filters ugriz  
require large color 
transformations to  
Bessell UBVRI. 
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Current Calibration with SNe 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Comparing SNe (❁) in  
different surveys involves  
a complex calibration path. 

❁ 

❁ 

❁ 

❁ 



SN Flux‐Model with Reference 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Reference: 
(Vega or BD17) 

Filter 
transmission 



SN Flux‐Model with Reference 

8 



SN Flux‐Model with Reference 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SN Flux‐Model with Reference 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Landolt 
mags 

HST‐measured 
SEDs on Landolt 
stars 

Solve 
 δλ 



Filter Shifts,  δλU,B,V,R,I
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by J. Marriner 
(in Kessler et al, 2009) 

Uses 
ground‐based 
spectra 

Wavelength Shifts for Bessell (1990) Filters 



Comments on UBVRI Filter Shifts 

•  Discrepant filter shifts depending on choice of 
spectro‐photometric standards. 

•  Simple wavelength shift is likely too naïve 

•  Better solution is to collect new nearby SNIa 
with known filter transmissions:  

    CSP (Stritzinger et al., 2011) 

    CfA3 (Hicken et al., 2009) 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Exercise            : 
For a 10 Å shift in the V band central wavelength, 
what is the peak SN magnitude shift at z=0 ?  
at z = 0.5 ?  Use BD17 SED as the reference.  

SNIa spectral template vs. epoch:   
     http://supernova.lbl.gov/~hsiao 

BD17 HST spectrum: 
   http://www.mmnt.net/db/0/1/ftp.stsci.edu/cdbs/testcdbs/calspec 

Bessell UBVRI  Filters: 
  http://supernovae.in2p3.fr/~guy/salt/download_instruments.html 
  (then click SNLS3‐Landolt‐model‐5A.tar.gz) 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Exercise  
Suppose we measure the filter transmission 
in 50 Å steps using a nearly monochromatic 
beam with a Gaussian profile (σλ = 50 Å).  
We simply connect the measurements  
with straight lines to estimate the filter  
response. 

For U, V, I  bands, what is the error on the  
synthetic SN mag at peak (z=0) ? 

Repeat for 200 Å steps and σλ = 200 Å.    



Miscellaneous Complications 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SDSS: Doi et. al., AJ 139, 1628 (2010) 
Filter transmission  
can change with time 

u band 

SNLS: Regnault et al, A&A 506, 999 (2009) 
Filter transmission is not 
uniform over focal plane 



Miscellaneous Complications: 
Atmosphere  Transmission 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Dark Energy Survey 
Filters (approx) 



Miscellaneous Complications: 
Atmosphere  Transmission 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For SNIa at peak, z band  
mag error (Δm) vs. redshift 
from  ignoring a 50%  
increase in H2O. 

Simulation for DES  
(by RK & V.Braganca) 

Δm 

Dark Energy Survey 
Filters (approx) 

− 
− 



Inter‐calibration Between Surveys 

•  Combining SN from different surveys requires 
precise inter‐calibration without crosschecks.  

•  Inter‐calibration efforts have recently started, 
where independent telescopes observe the 
same objects within their fields                
(beyond Landolt stars) 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CSP vs. SDSS   Mosher et al, AJ 144, 17, (2012) 

•  CSP & SDSS simultaneously observed 9 live SN Ia.  Use 
measured filter transmissions to correct and compare mags. 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CSP vs. SDSS 
•  CSP & SDSS simultaneously observed 9 live SN Ia.  Use 

measured filter transmissions to correct and compare mags. 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Interpolate SDSS obs to CSP obs 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SDSS vs. SNLS (M. Betoule et al, in prep) 

•  SNLS observed SDSS fields to compare mags for 
thousands of stars (no simultaneous SNIa) 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SDSS 

Solar Analogs 

           Landolt 

               SDSS 

Solar Analogs 

           Landolt 

‐0.02  0  0.02  ‐0.02  0  0.02  ‐0.02  0  0.02 
mag difference w.r.t. SNLS 

preliminary 



Calibration: Old vs. New 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Old surveys: 
SNLS,ESSENC,SDSS 

New Surveys: 
PS1, DES, LSST … 

Filter transmission  Once every few years 
in a lab 

weekly/monthly         
in‐situ 

Filter uniformity  Whatever they got   Strict specifications 



Calibration: Old vs. New 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Old surveys: 
SNLS,ESSENC,SDSS 

New Surveys: 
PS1, DES, LSST … 

Filter transmission  Once every few years 
in a lab 

weekly/monthly         
in‐situ 

Filter uniformity  Whatever they got   Strict specifications 

Atmosphere  Photometric night by 
visual inspection or 
10um camera 

Monitor bright stars 
with multi‐band 
camera or 
spectrograph. 
GPS for water vapor.  

Spectrophotometric 
standards 

HST CalSpec, 
White Dwarf Models 

Same, but more 
White Dwarfs 



In‐Situ Measurement of  
Telescope Efficiency 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CTIO 4m 

Screen for DES 



In‐Situ Measurement of  
Telescope Efficiency 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Monochromatic light source 
illuminates screen 

Reflected light goes into 
telescope and into PIN diode. 
Eff = Nγ

tel / Nγ
PIN 

Map out efficiency vs. λ 

Several existing systems built by 
C. Stubbs and D. Depoy. 

CTIO 4m 

Screen for DES 



Holy Grail of Calibration  
(from C. Stubbs talk at FNAL Calib conf, April 2012) 

Instri 

Instrumental 
Sensitivity  

Instri 

Atmospheric 
Transmission 

Instri 

Spectrophotometric  
Standards 

Instri 

Predict observed 
photometry 



Holy Grail of Calibration  
(from C. Stubbs talk at FNAL Calib conf, April 2012) 

Instri 

Instrumental 
Sensitivity  

Instri 

Atmospheric 
Transmission 

Instri 

Spectrophotometric  
Standards 

Instri 

Predict observed 
photometry 

PanStarrs‐1 comes within 5% rms  
Tonry et al., AJ 750, 99, (2012) 
Long‐term goal is sub‐percent.  


