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@

Sources/Object standard magnitude estimation from instrumental
magnitude — allowing coaddition of sigle epoch measurements

use of time dependent epoch transmissions (instrument 4+ atmosphere)
photometric correction depending on poorly known objects SED
to be implemented inside DM Rubin-LSST science pipelines

participation of DESC technical groups (SAWG,PCWG,PSF), namely
during commissioning phase,

@ need participation of Science groups (PhotoZ, and objects groups like
SN, and other astrophysical groups),
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@ Key formula, definitions and notations
@ Instrumental Flux
@ Observed Magnitude
@ Standard Magnitude
@ Approximation for SED shape
@ Summary of definitions on interpretable standard magnitude
@ SED shape correction
@ Bias on Magnitude for SED shape correction
@ What is FGCM in DES&LSST ?

@ LSST Rubin science pipelines

© Simulation of the photometric corrections
o Atmospheric simulation and Sgb
@ The zero's order of the photometric correction
@ The 1st and 2nd orders Integral differences

S. Dagoret—Campagnem Corrections with FGCM  LPNHE, November 29th 2022



(4

Photometric flux of a source
AAT [ d\
ADU,, = = F,(\) x SEP5(\, x, y, az, alt, e (1)
0

@ ADUy : ADU count of a source measured by photometry in band b
o F, : SED in erg/cm?/Hz/s

o Sgbs : Observation transmission in band b(atmosphere + instrument)
o A : Collection efficiency in cm?
o g : Electronic gain in e~ /ADU
o AT : Exposure time

o h: Planck constant
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Observed Magnitude of a source

mo% — 25 log fo () x S bs()\ x,y,az,alt, t)dT @)
b 10 JoT FAB x Sgbs(\, x, y, az, alt, t) %

mgbs : observed magnitude in band b

F, : SED in erg/cm?/Hz/s

FAB = 3631Jy : Flat SED with 1Jy = 10~23erg/cm?/Hz/s

Sgbs . Observation transmission in band b (atmosphere + instrument)

In the above formula gives how the physics provides m . However usually
the F, () of an object is unknown. Note m"bS is deflned |ndependent|y of
any reference to a standard magnitude.
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Rubin-LSST usually use the concept of normalized passband

normalized bandpass response function

Sghs(x, 1)d
PeE(N 1) = o2 A (3)
’ Jo~ SeE( )R

Observed flux
Febs — / (A6 (A)dA (4)
0

Natural magnitude

e Fg*
my = —25 IOglO W (5)

bs

a

The natural magnitude mp?® is similar to the observed magnitude mg
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@

The observed magnitude is estimated from the measured ADU counts rate
Cp = ADU,/AT in filter b

g = 2.5 10guo(Cs) + 25 logso (18%(8) + 2PT48 (6)|

However the two following quantities which depend on atmospheric +
detectors conditions must be estimated by calibration.

Calibration quantities:
) = [ ST 7
0
AB
ZPTAB = 2.5logy, (Ag . ) (8)
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@
t Zero point

Note sometimes one defines the zero point as the magnitude mgbs, such
ADU,/AT =1 count per sec, then

mgP(ZP) = 2.5logyo (I3 (b)) + ZPTA® 9)

@ the zero point is common to all sources whatever their color is

@ it has a time dependent and passband b dependent component :
2.5logq (IgP5(b))
e it has a detector (CCD) dependent component : ZPTAE through the

relative electronic gain g, (independent of the passband b ?, long
time-scale dependence (night) 7)
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Standard magnitude is the magnitude to be published with the standard
passband. It must be calculated from the observed magnitude.

Standard magnitude in standard passband

Fu(A) x Sgtd(n) %2
79 =—25| Jo_ 3 10
mb OglO fo FAB % Sgtd(A)% ( )

6ztd — mztd _ mgbs (11)

std SObs dA
2.5logqg (]]Ilgbs(([[;;) + 2.5logg (ﬁ Fo( ) Sstdgi))d)\ )12)
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standard magnitude

mztd _ mgat+Amobs (13)
Jo© F(A) 9P (A)dA

Amg* = 25logy, Jo~ Fu(N) ot (N)dA

(14)

I3 (b) Jo Fe) x SN
Amgs =5t = 25| 2 251 L bt
e ot 135z ) + 2518 JoTF) X SEE 2

_ Jo© FoX) x 987(2)dX
= 25logy (IZ F,(\) xqb“d()\)d’\)

S. Dagoret-Campagne m Corrections with FGCM  LPNHE, November 29th 2022



(J

Zero point definition

mit = —25log;o(CP) + AmgP + Zgbs (15)

with Co%* = ADU,/AT

Correspondence of Zero point in Rubin-DES

Zgt = 25logyq (I8(b) ) + ZPTAE (16)
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@

option A : with zero point as unit counting rate
5 (b)
]Igbs

Joo Fu(A) x SN
) (17)

mid = —25log(CP%) + 2.5logyq ( ) + m¢b5(ZPT)

+25 |Og10 <

o —2.5log;o(C2P®) : measured instrumnetal aperture photometric term

(ADU rate)

std
e 2.5log;o (HOHO,Sf’)) . SED color free correction term for atmospheric

transparency standard/observed
o m¢Ps(ZPT) : SED color free observed magnitude Zero Point
correction term at CCD level,

> Fu (M) x Spbs(A) 22 .
f°oo (2)x b( )A - SED color dependent term correction

o
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@

option B : with zero point as constants
mi = —2.5log(C2P) + 2.5 logyg (]13“’ (b)) + ZPTAB
fO )\) % Sobs( )d)\
+25lo 18

g10 (f() F,(\) Sstd(A)d)\ (18)

o —2.5log;o(CPP®) : measured instrumental aperture photometric term
(ADU rate)

e 2.5logyy (I§(b)) : Calculable constant
o ZPTAB = AE® . SED color free observed magnitude Zero Point

g
correction term at CCD level (electronic gain),

obs dx
e 2.5log;o (§° ’;"(/\)Xzstd((i‘))dx) : SED color dependent term correction
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@

option C : using normalized passband
mi? = —2.5l0g(C2P) + 2.5 logyg (110”5(/3)) + ZPTAB
fooo F, ()\) X ¢°bs()\)d)\
2.51 19

o —2.5logyo(CPP®) : measured instrumental aperture photometric term
(ADU rate)

e 2.5logyq (IP(b)) : order O correction : measured variable absorption
in the band b (compensate C2%*)

o ZPTAB = L;‘B : SED color free observed magnitude Zero Point

correction term at CCD level (electronic gain),

Jo© Fu(A)x g2 (A)dX
e 25 |°g10 (f())oo F,,(A)Xqﬁ%d(k)d)\
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@
t Approximation for SED sh

SED approximation as Taylor expansion

F,,()\) = F,,()\b) (1 + f/()\b)()\ — )\b) -+ ”()\b) ()\ — )\b)Q 4k oo )(20)

2
o 1 dR(Y) w1 AR
WA = BT =y
N = I AXSET (21)
R

o SEP(N) = SPt(\, t,x,y) x S*™M(A, t, alt, az)
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Decomposition of standard magnitude

my? = —2.5logo(Cp)
+2.5log1 (IS (b)) + ZPTAB
14+ f/()\b)]lobs( ) (2b)]I°b5(b) (22)
1+ ) (b) + 52155 (b)

+2.5logqq <
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@
t Transmission moments defin

Transmission moments definitions
L) = [T ST (23)
ORI CEPRE (RS (24)
B = [ 0-arsg (25)
o) = 0 (20
to(®) = o) @)
with i = obs or | = std
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@
t Approximation for SED sh

SED shape (£, f!") color correction

14

mi? = —2.5logq(Cp)
+2.5logo(I8P (b)) + ZPTAB

: £ (Ab)
+1.087 ( £7(Ap) Alio(b) + 2> Aloo(b)

-2 (fy’(/\b)A]ho(b))z) (28)

Moments difference definition

Alio(b) = If5°(b) — Iig'(b) (29)
Alo(b) = I55°(b) — I35 (b) (30)
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@
t Bias on Magnitude for SE

Error on Magnitude for SED-shape correction

std Sobs (<D
o~ o (318) o (00508
0

1087 (£ (8) + 0 Alan(b) - 3 (£0)ATa(b)°

I3 Fu(A) x ¢225(X)dA
2.5logqg <f((), F, () x ¢5td()\)d)\)

—1.087 fy’ (Ap)Alyo(b) +

f”()‘b)A]I o(b) — ;(fy’()\b)A]Ilo(b))z
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@
t Bias on Magnitude for SED

Error on Magnitude for SED-shape correction

obs std
A]IiO(b) = ]IIO (b7 Zobs, 4€lobs, PWVobs) - ]IiO (b’ Zstd y A€l std s pWVstd)

b. td
= (]Iioos(ba Zobs, d€lops PWVobs) - ]1?0 (ba Zobs, A€l std s PWVstd)) +

td td
<]I,§0 (b7 Zobsy d€lstd pWVstd) - ]I,?O (b7 Zstd y A€l std s pWVstd)>

Linearity of corrections - standard atmosphere at different airmass

0
Aljp(b) = (Hio(?s(bv Zobs) — H%d(bv ZobS)) + 511?56’('5» Zstd )(Zobs — Zstd) +|'

v

e ]I%)s(ba Zops) : Measured

° ]Il%d(b, Zops) and %H,%d(b,zstd): from standard atmospheric model
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o From a reference catalog of calibration stars j wih known m3t())

e Optimize the following x? in band b (i exposure, j star-object,
Ophot(i,J), photometric error):

( std 7J) th(j)>2

. (31)
(z: phot( ’J)
@ With the measured magnitude in LSST is :
mi(i,j) = —25logyo(Ch’) + 2.5 logyo(I™ (b)) + ZPTAB(i)
1+ £1(Ap) (D)1 ’(b)
2.51 32
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®a  Rubin-LSST science pipeli

LSST Image Processing

Single Visit Processing

Single Visit images

Input data

I Firetine (algorithms)
A" output images

AP output catalogs

Image collection

Catalog collection

Image Coaddition

Coadded Images

Difference Ima.
Analysis

Image Differencing

Difference Images

DIA Objects.

Muiti-epoch Object o

‘Characterization ‘Generate and

Distribute Alerts

Forced Sources




@
M Rubin-LSST science pi

() Image Coaddition

@Single Visit Processing

{m

Single Visits

Instumental Signature Removal

Find Cosmic Rays Images (pixel dat
Estimate Background Backgrou
Deblend Sources PSF Estimate
e WY
Estimate PSF Photomekic Zeropoirt

— FIWCS
= Estimate Photometic Scale
[;-'-1-5,
FiGURe 4: Illustration of the conceptual algorithm design for Image Coaddition, Coadded |
Figure 3: llustration of the conceptual algorithm design for Single Visit Processing pipeline. age Analysis, and Multi-epoch Object Characterization pipelines.
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.% Rubin-LSST calibration

Model for Dense raster
ghosting scan of stars

Feedback from

self-calibration l

Bl

X
Sroadband flat feld PQ{ Tiumination Fp| R ::;MWI
.

Fringe Frame
(generated from narrow band flats
and aux tele sky emission profile)

Correct zeropoint spatial variation
on small scales (<<CCD)

Narrow band
flat fields

oI e e (orih, non-varabl, solated
dependent variations Tmain sequence stars) Count Extraction
(PSF and aperture photometry)

Generate color

correction terms
(for each visit, as ly color correction terms

function of position In (as appropriate for SED)

focal plane, for a library (unknown SED,
of source SEDs) variables, blended,

resolved sources)

Non calibration

Apply ZP
.
.
Auxiliary Telescope N <}
spectrosco N
7 Self-calibration N
procedure N Calibrated Photometry
.

Correct zeropoint spatial F ¢ F std
variation on larger scales (~CCD) b, b, b
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@
“ The 0t order of the

vs airmass, relative to the standard transmission

1§%(b, z) — I3(b, zsta) (33)

2.5l0g1(11825(b) — I15 (b))
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@
“ The 0t order of the

vs aeorols or PWV, relative to the standard transmission

obs std
]IO (b; Zstd) - ]IO (b7 zstd) (34)
25loguolIgE1b) - IE¥1b) 25l0guoll"(6) - I5(0)
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@
M The 15t&2" orders

1155(b) - 115(b) 155(b) - 1135 (b)
25 i
20 o
£ - &
4 15 c
X 3 X
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o j— ]
05 9 0
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w0 . s
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End of part 1
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