From Pixels to Parameters

Part 1: Galaxy Surveys

*  Galaxies beyond the point-particle picture

Part 2: From Pixels to Power Spectra

. Systematics, estimators & covariances

Part 3: From Power Spectra to Parameters

. Inference & error bars you can trust

Part 4: Weak Lensing

*  Galaxies beyond the spin-2 field picture



Fraction of sky

Catalog Systematics: Foregrounds

Target selection from imaging data (color+magnitude cuts)

— selection probability of spectroscopic sample modulated by systematics of the
imaging survey(s)

Nobs(ﬁ) = (1 + fSys(ﬁ))Ntrue(ﬁ)'
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Catalog Systematics: Foregrounds

Target selection from imaging data (color+magnitude cuts)

— selection probability of spectroscopic sample modulated by systematics of the
imaging survey(s)

Nobs( ) (1 + fSys(A))Ntrue(ﬁ)'
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potential foreground systematics affecting DESI target selecting (Kitanidis+2020)



Catalog Systematics: Foregrounds
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Catalog Systematics: Foregrounds
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Catalog Systematics: Foregrounds

Rezaie+2020,2021 validated FCNN
for non-linear weights of imaging sys
on eBOSS ELGs/quasars.

Example: mean density as a function
of stellar density against expected
variance from EZmocks without
systematics.

Notable effect of lin/NN and choice
of stellar density template on low-k
power spectrum monopole.
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Catalog Systematics: Foregrounds
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Catalog Systematics: Fiber Collisions

focal plane

patrol radius
of 1 fiber

tiles are overlapping:
7 passes for full survey (Y5)
~1 pass for most of Y1

1 fiber = 1 spectrum
5000 fibers

Credit: Mathilde Pinon



Catalog Systematics: Fiber Collisions

2 systems of coordinates

observed galaxies (1, L) coordinates (r, 1) coordinates

missed galaxies line-of-sight line-of-sight

U =cos@

: I"'. L 6 gal. 1
’ gal. 2 : \ gal. 2 \
" ® @
observer observer

usually used
(Legendre decomposition)

Credit: Mathilde Pinon



Catalog Systematics: Fiber Collisions

observed galaxies
missed galaxies

Rate of lost pairs

missing galaxy pairs
at small transverse separation r|

0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1
0.0

"< worst case (ELG SGC):
R .
=3, \ ~80% of pairs lost at small r, for Y1
L \\‘*\\
oMy
VoM
A N
- :-..._.__.'-.\._\ \\\\ Tracer
WA 1
L R \\\\\ ELG
N\ \ —— LRG
- . \‘\;“‘ \“ — QSO
\". \\\
L N ’~.,\\\\
. IR TR N
N DN Region
L _‘-\.\\ .\ R \.\\ ....... NGC
“nh“n-‘-“—-:;:bﬁgaﬂﬂu.ﬁ'ﬂ--au- —— SGC

00 05 10 15 20 25 30 35 40
T, [Mpc/h]

Credit: Mathilde Pinon



r2Z, [(Mpc/h)?]

kP(k) [(Mpc/h)?]

30
20

10

-10
-20
-30

—40

500
400
300
200
100

—-100

—200

Catalog Systematics: Fiber Collisions
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Catalog Systematics: Fiber Collisions

DESI2025: modify 2-pt estimators by removing all galaxy pairs at small transverse
separation

—> must also be accounted for in theoretical modeling
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Note: does not generalize to beyond-2pt summary statistics
Pinon+2025



Catalog Systematics

Imaging systematics and fiber collisions are just two prominent examples for
catalog systematics — there are many more, known unknowns and unknown
unknowns!

Quantifying the significance of a systematic effect and mitigating its impact may
each amount to many person years of effort.

Increasing statistical precision of data sets puts more and more stringent
requirements on systematic mitigation algorithmes.

Note that requirements on systematics may differ for different summary
statistics, and different science cases!



Power Spectrum Estimators

Power spectrum estimation in redshift space (Yamamoto+06)

On large scales, need to pay close attention to geometry + wide angle effects...

Qf—l—]. dQ) ik-(r1—r &
Pk) = / : U d3“f d’ry F(r1) F(ra)e™ 172 Ly (k- ) — Se(k) |

Mean LOS End-point LOS Angular bisector LOS

Alternatives to FKP & related estimators:

window-less quadratic estimators (Philcox 20ff)

spherical Fourier-Bessel decomposition (Binney&Quinn 91; Leistedt+13,...)



Covariance Details

Redshift-space galaxy power spectrum

(26, +1)(262 + 1)
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