The measurement of apparent
fluxes of type la SNe in the
Lemaitre compilation

Marc Betoule



The Cosmic Distance Ladder

O
104-
0
.
3 s
2, o
T 3]
o EID
& 103 4 g
3 o]
7 &
& m O
= )
= g
= g
3 o)
2.
5 10
2
g
[
®
10! 4 M
@\H;\)):
107! 10° 10!
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Combines overlapping Parallaxes, Standard Candles (Cepheids and SNe la) and Standard
Ruler ( ) to reconstruct distances in the universe.



Potential issues with supernovae

Basics: B band luminosity comparison
between nearby and distant events

Measurement issues

Linearity - Calibration - Interpolation -
Truncation

Astrophysical issues

Dust - Galactic evolution - Structures

Probe issues

Empirical models - Population evolution
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The Hubble tension: Direct
comparison of two distance scales
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Probing the Background dynamics
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The LEMAITRE Project

A compilation from only 3 collaborations:
o ZTF: 2, 2yr,
Myim ~ 18.5

e SNLS: 4deg?,
2yr
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3 overlapping surveys: large collaborative effort to deliver the most careful measurement



SNiIa light
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Linearity of the SN photometry
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Difficulties:
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resampled images differences
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Loose the ability to check flux conservation

e Subtraction of host galaxy flux

/\/\/"\/\f\N e Variation of observing conditions

Many low-z survey: photometry on



Scene modeling photometry
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e In LEMAITRE, all 3 surveys are reduced with the
same SMP code

e Demonstrated to be accurate at the 0.1%
(Astier et al, 2013)

e ForZTF: 0.02 - 0.05 mag shifts w.r.t forced
photometry (Lacroix et al, 2025)

Forward model of
image sequence
Simultaneous fit of
o Galaxy profile
o SN fluxes
Same estimator
applied to

o supernova

o Field stars
Autocancellation of
photometry biases
(except linearity)

Nicolas, Leander, and Mathieu



Linearity / sensor effects Nicolas, Mathieu Mickael

e Sensor effects affect the PSF shape in a flux-dependent way

@) Brig hter fa tter (a I I Su rveys) Skewness is a function of magnitude - problem
o ZTF: pocket effect B
2 00
E.E- . e &, que l..’o.,\‘...” o P s | %%
v 8. . Battnecad- VNSO TP ) CH
_ i —0.2 1" (ztf_20200204445197_000752_2zg_c09_0_q3) . "': ~}:":'- .

14 -13 -12 -1 1o -9 -8 -7
m

g

y [pixels]
y [pixels]

(2019-11)-zg: Aperture-PSF
CCD=6, Q=1
Ref=(2018-07)
Aperture ref=3.439, aperture exp=3.561

0.100
IE—a— 0.075 -
‘ 0.050
0.025 A

“ =
brightstars (qid=2]

¥

0.000 A

Am [mag]

—-0.025 -

els)

-0.050
~0.075 1 (Am1g5-14.0=0.0088 mag)

y [pixels]
s s
¥ [pax

-0.100 T T T T T
13 14 15 16 17 18
Gcala [Mag]

------

@
x [pixels]



Tpst —Fap  &psf — 8ap ipsf_iap Tpst —Tap  &psf — gap
[mmag] [mmag] [mmag] [mmag] [mmag] [mmag] [mmag]

Zpsf — Zap i2psf - izap ipsf - iap

[mmag]

2nd step: light-curves calibration

- The PSF is slightly chromatic

- PSF photometry is affected

- More generally it is safer to measure bright
stars with aperture photometry

- But aperture photometry is affected by
aperture contamination

Mixed approach:

- Fit PSF/aperture color terms -> Filter model

- Model the contamination of apertures

- limit the comparison to the range of color and
magnitudes where the two models hold

E Maude Le Jeune
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SNla light

o —— ZTF HSC
from SMP ar grizy
The backbone is the
SMP ) .
uniformity of the secondar
secondary ZTF HSC y y
star gri grizy star aperture photometry
catalogs catalog:
e Link all supernovae of
a survey to the same
S’;‘Eﬁ:{;‘: SNLS ITE HSC y
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Strong specific points

e All 3 survey
overlap

e Many primary
standards in the

ZTF footprint
L e Part of the

f?ﬁsﬁﬁjf' normal ZTF

i observations

e Specific
observations of
6 Calspecs with
SNLS brings
redundancy

1. COSMOS
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Precision on bright stars = 4.5 %o
Benjamin Racine, Fabrice Feinstein
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Instrument passband knowledge

e Reference stars and SNe have very
different spectra.

e Errorsininstrument passbands translate
into z-dependant errors in photometry.

e Rule of thumb: 1nm shift translates to
5mmag per mag in color

e Most historical low-z passbands are
reverse engeneered to PS1 in current
analyses

Flux Density [erg/s/cm?/A]

In Lemaitre, we made the effort to measure
2 of the integrated instruments (ZTF and
: SNLS). The last has good measurement of
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Passbands : ZTF

Traveling collimated beam projector (TCBP) :
instrument that sends monochromatic parallel
light beam with controlled flux & wavelength
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Passbands : ZTF
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Passbands : ZTF
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Passbands : SNLS

Two measurements : .

e SnDICE : In-situ measurement

. . —
with 23 NIST-calibrated LEDs MAANACSTIN
e LMA : Bench measurement 500 600 700 800 900 1000
Wavelength [nm]
(monochromatic + white lamp) at
. i Marc Betoule
several incident angles _
Band U g r 12 Z
Mo 500.000 550.000 625.000 750.000 800.000
Datasets both used to constrain a filter n 1506 1756  1.742  1.766  1.786
k., —0.002 —0.001 —0.01 —0.000  0.000
transmission model (position + angle ox 1775 1314 1448 1635  1.592
Ra 0.005 0114 0201  0.130  0.065
dependence) — uncertainties on mean Rp 0103 0091 0138 0140  0.099
o 0.006 0001 0001 0001  0.015
wavelength well below the nm level g(AN) 0170 0135 0100 0100 0107

max(AX)  0.636 0.561 0.444 0.657 0.422
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Test of the composite
model on the sky

e Observe dense stellar fields
Many star with different spectra
Predict how star of different
colors changes relative to one
another when we move the
camera.

e The prediction matches the
observation
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Conclusion

e LEMAITRE calibration has some specific strong point

o 3 overlapping surveys.

o  Well characterized passbands in all 3 cases. Actual measurements of the integrated
instrument for 2 of them.

o Many primary standards in the routine observation of ZTF

o Some redundancy thanks to SNLS

o  Work on sensor systematics affecting the photometric linearity

e We aim at releasing a collection of supernovae fluxes with state of the art
accuracy
e Groundwork for LSST

o CBP technique in particular



