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IN2P3@ZTF-II (LPNHE, LPC, IP21, CPPM)

A GOLDEN NEARBY SUPERNOVA SAMPLE FROM
THE ZWICKY TRANSIENT FACILITY-II SURVEY (ZTF)

— Precisions test of the standard model of cosmology in the next decade —

AAPG2-2021—PRC—CE31 ZTF
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Systematic Exploration of the Dynamic Sky
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Filter transmission

Measured filter transmission without
and with CCD guantum efficiency

Sky & Telescope, June 2019
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Relative intensity

LED spectra for dome-flat

LED spectra
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ZTF instrumental & astro/photometric calibration pipeline

inputs: raw CCD-quadrant image (over-scan corrected);
calibration files and parameters

derive spatially varying PSF

v v
. ] cut out stamp of PSF at image center for QA
initialize mask and tag saturated pixels ¥
v ) :
subtract bias calibration image 4= bias calibration source fjetecn'on and PSF-fit photometry;
== output is raw instrumental fluxes
divide by high-v flat cal. image 4— high-v flat calibration QA metrics on PSF-fit catalog
v . 2
divide by low-v flat cal. image 4= low-v flat calibration filter PSF-fit catalog for photometric calibration
v 2
correct for non-linearity (=== linearity calibration photometric calibration ‘4= filtered PS1 catalog
v 2
compute background, RMS and S/N images run SExtractor to create final aperture catalog
¥ v
detect/ mask*alrcraft and satellite streaks update mask with PSF-fit and SExtractor sources
v

compute pixel uncertainty image 4— electronic gain cal. update aperture catalog with calibration info

v and PSF-relative aperture-corrections.
run SExtractor to detect sources for astrometric cal. 2
v cosmic ray (spike) detection and masking
estimate image quality (FWHM) from extractions Vv
v assign processing status flag according to
astrometric calibration 4= filtered Gaia catalog conditions in INFOBITS and write to headers
v v
mask bright src halos & ghosts 4= filtered Tycho2 catalog archive selected file products; load QA

| > metrics and metadata into database )




/TF science image (M31 field): r-Band
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Current photometric performance
Masci et al., PASP131, 2019
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ZTF PSF-fit w.r.t. PS1-catalog calibrators
Bias up to 20 mmag
RMS scatter ~1.5% for magnitude < 18



i-band fringing
Fringed | Fringe M
Sky spectrum = atmospheric g . ————
emission lines from non-
thermal atomic and molecular

transitions

CCD self-interference caused by
multiple internal light reflexion
before absorption

Fringe Bias

Cleaned Image

ZTF images due to wavelength
dependency of absorption
length in silicon

Subtraction of fringe pattern
implemented in ZTF pipeline
since January 2020

Removing Atmospheric Fringes from Zwicky Transient Facility i-Band Images using Principal Component Analysis

(® MICHAEL S. MEDFORD,"? (& PETER NUGENT,?> () DANNY GOLDSTEIN,? () FRANK J. Masc1,®> RoN BECK,* AND 10
(» MicHAEL W. COUGHLIN*



Limits of current photometry

Filter transmission mapping
» To be done with a monochromatic collimated beam projector = LPNHE

Fine sensor characterization
» Brighter-fatter effect == P. Antilogus with the help of R. Zouhhad (M1)
» CCD thickness investigation = PR

Focal plane non uniformity
» Spatial residual map = A. Drake (Caltech)
» Star-flat analysis = E. Robert (M2) with M. Rigault

PSF modelling
» Adaptation of PIFF code to ZTF -> ZIFF to investigate PSF modelling = M.
Rigault (R. Graziani)

Photometric calibration
» Airmass dependency = M. Amenouche (PhD, LPC), B. Racine & F. Feinstein
» Calibrator choice: Gaia versus PS1 = M. Cherrey (M2) with PR
» Multi-epoch fit == M. Amenouche
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in linear photometric fit

Global airmass correction can not
remove this dependency
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Melissa

Multi-epoch fit: principle

~Image

Time

* Fitting a series of images of the same field-of-view = same calibrators =
unique colour coefficient

rPSt—r = 2P + ¢ (g™ — 1P + (= 1) + B, (x — D™ -5

e Addition of the airmass x dependency for each calibrator

Photometry performances estimated
via calibrator light-curve
e (m)—mP>1-> calibration bias

* 0, = calibration precision
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Multi-epoch fit: results
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pipeline: median = 0.0359
multi-epoch: median = 0.0278
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Melissa
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Study limited to 1 field, 1 quadrant and 1 filter (r-band)

Improvement of photometric performances

Study to be generalized over the mosaic, filters and fields
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PAN STARRS

Calibrator choice: PS1 -> Gaia ?
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with m < 18 similar
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But Gaia survey
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Spatial residual map: g-band

Difference between f 1

. ' o I
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magnitudes up to 2%
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PSF modelling

PIFF [Jarvis et al. 2021] adapted and applied to ZTF

Mickael

Target.

§

%

X% error on PSF ‘width’
corresponds to about
X% error on flux

'ho:st

this is illustrative, I'm pretty sure that's 2 stars

Model = PixelGrid (17px x 17px) &
N-d polynomial interpolation

N-d Polynom set the

Pixel (i,j) value
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PSF modelling: results (CCDO07)
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Star-flat: introduction

Goal: comparison between PSF models and
aperture photometry

ZTF images
= Observation day: 2018-02-21
= CCD4, q1

Aperture photometry algorithm
» |solated (no objects in 20” Gaia catalog)
and no saturated stars
= Radius between 1 and 15 pixels
= Background subtraction
* Flux computation (SEP module Python)

flux — (flux)

Star-flat: residual map per stars = (fux)

= Binnig of u,v (focal plan coordinates)
= |n each bin, perform median of this ratio
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Star-flat: statistics
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Estelle

Star-flat: preliminary results

gmag range: [12,18]
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much smaller compared to ZTF PSF
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Estelle

Star-flat: more on the aperture photometry

aperture flux
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* Binning fluxes w.r.t. colormag or gmag in gmag range [12;18]

 Computing ratio between 2 fluxes for 2 different radius

isolated, no saturated, colormag binned stars
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Estelle

Star-flat: preliminary conclusions

* Comments
=  Opposite behaviour: for red stars PSF less spread

= |ssue with background subtraction
= Aperture curves for faints stars: impossible

* Next?
=  Make the code run in parallel
= Star-flat on other quadrants and CCDs to have a global view of the focal
plan
=  Compare with Mickael’s PSF model



Pierre & Rahima

Brighter-fatter: presentation

* Brighter-fatter effect: PSF spreading as a function of the flux due to electrostatic
field distortions [P. Astier et al. 2019]

 Methodology: Quantification via the study of the pixels covariances

2
Cij(n) = g 0i00jo + a;jig + §[a ® a + ab);(ug)’

1 n;j
+6(2a®a®a+5a®ab),-j(,ug)3+--- +—2]
g

At first order:
| al_] > 0: Change Of p|Xe| area per unlt | Photon Transfer Curve with clocking fixed

stored charge caused at a pixel located
at i columns and j rows from the
source pixel (0,0)

" agyo < 0: deficit in variance PTC
(photon transfer curve) |

agg flux(ADU)?

VERY subtle dip

e Experimental requirement: Mean
covariance obtained from dome-flat
differences
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Pierre & Rahima

Brighter-fatter: stacking flat # by pair

CCDO7

Diode 2 (452 nm)
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* |ssue with LED (diode) 2: variation of wavelength with temperature ?
* Not 100% efficient for brighter-fatter estimation
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Pierre & Rahima

Brighter-fatter: first results (CCDO7)

Example: C;, = covariance between serial pixels k and k + 1 ~ a;y{flux)?

55555555

eak 452 nm

Diode 2,
cov_0(1,0) = 6.2e-08+/-1.36e-10

First conclusions

» ZTF brighter-fatter ~ 1/3 LSST brighter-fatter

Same effect
e ZTF full well ~ 3 LSST full well

e But ZTF brighter-fatter wavelength dependent (specific to thin CCD)
= difficult to manage 26



CCD thickness: introduction
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Goal: try to estimate the CCD T \
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CCD thickness: forward modelling

Mauna Kea sky spectrum

Transmitted intensity through a thin film T sy spectrom ‘
—— with I-filter and QE
%14+ a2r2—2arcosA¢ 2 mL
!

I = incident light intensity N
r = 0.5 = interface reflexion coefficient

41T _ )
A¢p = —ng;d cos f = dephasing 0

A
B ( 41t kSid)
A= &P A cospf
d = 25 pym = thickness
ng; = n(A) = Silcon refractive index

ksi = k(A) = Silcon extinction coefficient
f = 0 = angle of refraction




* Specific fringe pattern
for each CCD

* Bigger effect on bottom
and top CCD rows:
single-layer anti-
reflective coating, while
double-layer coating for
middle rows




CCD thickness: fringe pattern modelling

Reproduction of fringe
pattern for each CCD

Potential bias to deduce
CCD thickness:

o Dependency to sky
spectrum emission
lines

o the glue to fix the
substrate on the
package

Further study of similar
CCD with laser beam
intended...




Conclusions

Current ZTF pipeline photometry limited to about 15-20 mmag

Spatial variations up to 20 mmag
* seems to be related to CCD thickness variation implying spatial
evolution of charge diffusion and then PSF bias, as shown by
preliminary study of star-flats
* but brighter-fatter effect also at work, to be taken into account

PSF modelling with spatial variation interpolation underway: must be
tested

Room for photometry improvements
* by taking into account airmass
* With a multi-epoch fit

Final goal of IN2P3 team: provide a scene modelling to ZTF
Collaboration




Perspectives
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