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Megalillam : 1 deg?

1500 hours an CEHT

1500 hours an 8-m telescopes
~ 500 SNela with spec-id
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SYSTEMATICS

-1.0

BAD L WMAPT 4 o SNLS3 ElﬂEll}f’SiS

(Guy et al, "10, Conley et al,
"11, Sullivan et al, "11)

h 4
_ v | * Systematic uncertainties
15 LS
T i % ] ~ half of the error budget
i : 5NLER ™ — - : : i
_ . _ mostly phaotometric calibration
0.0 0.1 0.2 0.3 0.4 0.5

Q,
w =-1.06 + 0.05 (stat) + 0.06 (sys)

Priority : controlling the systematics
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Uniformity of imager response (filters, ghosts ...)



INSTRUMENT RESPONSE

1 * Flat fields

— Affected by plate scale
variations (well measured)

— contaminated by ghosts

(reflections in the WFC)..
* Filter uniformity ?

- e.g. MegaCam filters vary by ~
5-nm from center to corner.

(Regnault et al, '09)
(Betoule et al, "13)
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MAPPING THE INSTRUMENT RESPONSE

g * Dithered observations of
i | dense stellar fields
11
_ — Logarithmically Increasing
s SEEEe ‘ steps (1.5 — 0.5 deg)
T 1":: j;;j;" T — Observed every ~ 6 months
TEEEEH(([[7] + Model
| | = AEEE
0.5 ERRIEIS1TH D12 1 “ . m(:’() — m(><0) e 6ZP(X.) s ak(x) X Cﬂl
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N/

Star mags @ center Maps
(~ 100,000 pars) (~ 100 pars)



PLATE SCALE + GHOSTS
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FILTER VARIATIONS (IN WL)
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* There are statistical correlations in flat fields

— decay rapidly with distance
— Pixel-to-pixel covariances grow quadratically with flux

—> Photon transfer curve not linear
* PSF seems to vary with flux

— Brighter stars are fatter than fainter stars
— Small impact on SN photometry

— Potentially strong impact on galaxy shape measurements.

(Antilogus et al '14)
(Guyonnet et al, in prep)
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LSST candidate sensor
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e Charge accumulated in CCD pixels perturbs the drift
electric field

— subsequent electrons won't drift the same way.
' . 4 . n

— pixel size “shrinks™ as charge accumulates.

— correlations between pixels

— stars / spots seem to "widen” as flux increases
* Goals

— Empirical model to reproduce this ?

— Alter the average PSF models to account for the effect
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EMPIRICAL MODEL

* Drift field perturbed by pixel charges

— Pixel "boundaries” move slightly

— e- drift to adjacent pixels

Oy = Z ‘51-5; ;i (goo0 + qx )

Ly

*—One can show that (flat field)

X 00
. 5%
X X N
5_@ = aj; X q;

(Antilogus et al,'14)

Guyonnet et al, in prep)

{:-__qjv(q;j: qau) — 41’f_,£1 Z (L;g

:

Qluadratic behavior in flux
(as abserved)
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TESTING THE MODEL ON THE LSST
SENSORS
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OQUTLINE

Flux metrology

Why does calibration matter so much ?

Fundamental flux standards

Building rabust metrology chains
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* Ingredients

— Flux ratios between
(observer) bands

— (relative) flux calibration
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* Ingredients

— Flux ratios between
(observer) bands

— (relative) flux calibration

- Interpolate in time and

wavelength

— Light curve model
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CALIBRATION CHAIN

* Instrument response

— Measure flux ratios in a
single image

gt



CALIBRATION CHAIN
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, ™,
SN " Field stars = SN ~ a few 0.1%
Field stars
l'K : ot .
l :
Goal < 0.3%
# > Typical repeatabilities ~2%
- 3 If careful < 1% per epoch
- Standards

. STIS repeatabiliy ~ 1%
Model uncertainties ~ 7%




FUNDAMENTAL FLUX STANDARD(S)

CALSPEC
Madels of 3+ Hot DA white dwarfs

HST STIS / NICMOS flux calibration

~ 60 secondary flux standards

(B +17 4708 + Fainter, redder solar analogs)

Updated every 2-3 years

http://www.stscil.edu/hst/observatory/cdbs/calspec. html



SDSS/SNLS JOINT LiGHT

« SNLS /SDSS JLA working group

- Transverse WG to share data, code & expertise
— Started in June 2010
- Mainly focussed on systematics
* 4 papers
— Calibration : Betoule & al, 2012
— SNla model systematics : Kessler et al, 2013, Mosher et al, 2014

— Cosmology : Betoule et al, 2014



JLA : CALIBRATION
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Instrumental calibration : the SnDICE project



INSTRUMENTAL CALIBRATION

MegaCam e Stellar flux standards
SNLS |¢ ————— SDSS
MegaCam ‘.‘ "% S5DSS 2.5m ¥
+ y I ¥
LANDOLT | C  [PT patches

Laboratory standards

H5T

* Precision monitoring of
large focal planes

* 0.1% calibration accuracy

Hamamatsu 52281



SWITCHING TO A LAB STANDARD
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A NEW METROLOGY CHAIN

DETECTORS i SOURCES

POWR (NIST)
(Houston & Rice 2006)

SIRCUS/SCF (NIST)
(Brown et al. 2006, 2000)
' (Larason & Houston 2008)

Si photodiode

[ Calibrated

Calibrated source .
(in the telescope enclosure) | |

[ Imager




INSTRUMENTAL CALIBRATION




THE SNDICE ILLUMINATION SYSTEM

hotodi i |
phdioaignes front-face



&

e CALIBRATION PROJECTS
fomochramatic Saurce
Full-gyetem
Thraughput ;
Cretermination

» Harvard (Stubbs et al)

- ESSENCE
- PanSTARRS

Texas A&M (DePoy et al)
— DES (Dark Energy Survey)
NIST (Cramer et al)

— Artificial star — recalibration of Vega
ACCESS (Kaiser et al)

—  Small rocket-borne telescope (IR spectrophotometry)
LPNHE

- SnDICE {(MegaCam)
— SkyDICE (SkyMapper)
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OPTICAL SETUP

Distant point source

!

Focal |:J|n::lr'|a-'r T

Spot
(direct light) Ghosts

Ideally, one wants the calibration beam

/ Mirror to be identical to the science beam
’ — distant point source !



Ak OPTICAL SETUP
@ finite distance

Quasi-parallel beam

~ flat field
(direct light)

*» (Calibration beam z science beam |

— ~ 3% of mirror surface

Mirror |
— beam angle w.r.t. filter



Ak OPTICAL SETUP
@ finite distance

Quasi-parallel beam

~ flat field
(direct light)

Ghosts

e Calibration beam # science beam !
— ~ 3% of mirror surface

; Mirror — beam angle w.r.t. filter



OPTICAL SETUP

* One-to-one relationship between elementary beam
solid angles and elementary focal plane surface
elements.

oS
of2

Source Optics Detector



[LLUMINATION SYSTEM

Keep the desigh as simple as possible

— Direct illumination, no intermediate surfaces

— Just baffling, to shape the calibration beam

Narrow spectrum LEDs

— Compact, stable calibration beams

—}A Emission properties vary with temperature
Calibrated on a spectrophotometric test bench
— spectra (erg/nm/s) & beam maps (erg/sr/s)

Redundancies (control photodiodes + monitoring)



SNDICE WAVELENGTH COVERAGE




TobpAyYs' LED COVERAGE
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TEST BENCH STUDIES

« Spectrophotometric test bench @ LPNHE
* Dark enclosure, 0°C <T <25°C

- not exactly thermalized, but

- good temperature monitoring w/ thermistances
* Goals

— Transfer NIST calibration — light source
— Spectroscopic calibration of all LEDs

— Photometric calibration of all LEDs



SPECTROPHOTOMETRIC TEST BENCH

LED head NIST

Photodiode(s)
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PHOTOMETRIC CALIBRATION

Uniformity: ~ 1%
(Mapping precision: < 0.1%)

* Beam mapped with a calibrated photodiode

N rdS
ipp = (1) X f B(r) ——
P

Photodiode

current

Solid angle

Mean Beam Map element

ef ficiency (W / sr)



THE "COOLER-BRIGHTER EFFECT
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