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Large-scale Structure Maps

13.8 « Lookback time [Gyrs]

Lyma”'a'Pha quasar

Before DESI: 10.0 % .

Quasar

~3 million redshifts
Collected over ~20 years

redshift




Science drivers of LSS

Why does the expansion of the Universe accelerate?

What is the nature of gravity on the cosmological scale? What is dark
Matter?

What was cosmic inflation like?

More recently, what is the source of the tensions in s8 and HO?

And many more




Outlines

Why does the Universe accelerate? -> DESI will use the BAO feature.

What is the nature of gravity on the cosmological scale? What is dark Matter?

What was cosmic inflation like? -> Can use the very large scale, but after beating
systematics

More recently, what is the source of the tensions in s8 and H0?

And many more







BAO as a Geometric Dark Energy probe

Standard ruler
In Large scale structure

Standard candle : BGT_YOQ Acoustic
Type la SN Oscillations




Baryon Acoustic Oscillations (BAO)

Universe at 300,000 years old (CMB)

Galaxy surveys (e.g., SDSS, 2dF, WiggleZ, 6dF)




Premise: There is a feature with a known physical
scale

1

* Angular diameter distance’

cAz
H

“ Hubble parameter”

_}l"

—egpy EXpansion rate with tfime
= Dark Energy density with time




Universe at 300 000 years

old (CMB) -

Sound horizon scale

The shape of the initial
power spectrum as well as
the size of the BAO is
precisely determined by
analyzing CMB

~150Mpc -> 153.19 Mpc




A bumpin
Correlationsfunction
In configuration space

Separatignp |

Size of BA® ~ 200 fimes
the distance.to
Andromeda

———
BAO: Wiggles in
power spectirum
In. Fourier space

Wave-vector

log,, K




- _density 4 s 001 y—]| BAO PEAK
broadens with time

Displacement of mass elements
During structure formation
(e.g., Eisenstein, HS, White ApJ. 2007)




NAAAAAAAAAAAAAA/

Observed (nonlinear) density fields
Apply the linear continuity equation backward




NAAAAAAAAAAAAAA

Observed (nonlinear) density fields

Apply the linear continuity equation backward
Move mass/galaxies BACK!

Over-




Good news!
The density field (or BAO) reconstruction

Redshift space

100
r (h-! Mpc)

Most robust cosmological standard ruler!




Baryon Acoustic Oscillation Signal

13.8 « Lookback time [Gyrs]

SDSS




BAO from SDSS

SDSS BAO Distance Ladder Testing for any

confirmation bias?
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https://arxiv.org/abs/2106.15656

What we care

We need a bigger and bigger volume to have more independent samples of
BAO.

Want to limit shot noise as we want to trace the matter distribution

Therefore we need a bigger survey with high enough humber density.




SDSS BAO Distance Ladder DESI |S here'

With DESI only
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0.15 ' ) DESI: Aggregate BAO precision
Credit Ashley J. Aoss and SDSS expected ~ 02 OA)

SDSS: Aggregate BAO precision
~0.7 %




DESI: Dark Energy Forecast

B Planck+Pantheon
B Planck+SDSS
ol

DESI Forecast

| | — bigossBao ||
- P+DESI 14k BAO
—— P+DESI 14k BB k <0.1hMpc ! |
» P+DESI 14k BB k <0.2hMpc !
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Large-scale Structure Maps

13.8 « Lookback time [Gyrs]

Lyman-¢ quasar
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DESI will collect s \ 'R
~35 million redshifts . 73

First blinded BAO analysis




Dec. [deg]

Stats for the 20220425 night:
Moon illumination: 0.21 -75°
17 DARK tiles completed

Main/DAR7KS; 2286/9929 (=23%) completed tiles up to 20220425

May 2022: Y1
These are being all blinded
at the catalog level.

FracCov Area
> 0.00 9345 0.63
>0.25 5056 0.34

600 Credit: Anand Raichoor
>1.00

R.A. [deg]

DESI will perform the first
blinded BAO analysis at the

Dec. [deg]

catalog level
to minimize a confirmation bias.

FracCov Area
> 0.00 9572
>0.25 9572

0.3 0.4 0.5 0.6 0.7 0.8 0.9/1.0
astjon of final coverage

-60°
Stats for the 20220425 night:
Moon illumination: 0.21 -75°
3 BRIGHT tiles completed

=>1.00

R.A. [deg]




The first ~ 2 months of DESI (unblinded)

Guadalupe: Main Survey N(z)

1088k BGS

3.5

K

BE;_ §;J_J_‘,
COMP ~ 0.50 —_— =

3.5

370k LRG

315k ELG

3.5

227k QSO

1.5 2.0
redshift

Completeness Weight RA[deg] | ___-COMP ~ 058
* I

033 0.bo L.a>




Guadalupe: Main Survey N(z)

1088k BGS

370k LRG

T

3.5

315k ELG

T

3.5

1.5 2.0
redshift

227k QSO

1st two months of DESI BGSs; 633204 with 0.1<z<0.5

s2 x configuration-space monopole

B.O'Q —-— a simplified BAO model (not a fit)

¢ $ data with jack-knife errors

b

scale (s; arbitrary units)

1st two months of DESI LRGs; 262269 with 0.4<z<1.1

—-— a simplified BAO model (not a fit)
® data with jack-knife errors

s2 x configuration-space monopole

scale (s; arbitrary units)

Figure credit: Ashley Ross




After a lot of work to convert the plots to
some numbers!

Constructing mocks...
Constructing mock covariance matrices...
Calibrating analytic covariance matrices...

Testing BAO constraints with mocks
DAO.2 BAO task group




The first DESI BAO detection!

DAO.2 LRG
PRELIMINARY 1.6%(~50) BAO detection

s[Mpc/h]

Jeongin Moon + DAO.2 BAO team




The first DESI BAO detection!

Jeongln Moon + DAO.2 BAO team

DAO.2 BGS
PRELIMINARY 4.0%(~2.50) BAO detection

—— BAO template

a (relative isotropic BAO scale) s[Mpc/h]

A collaboration paper being prepared to report this result. Plan to circulate in this Nov.

No cosmology will be inferred in this paper!



Are we 1n a good shape?
Yes, we think so.

Forecast based on mocks

EZmocks DAO0.2 0.4<z<1.1 EZmocks Y5 0.4<z<1.1

¥

| EII{}}I}I}I}{}{{

i

100 ' ' 160 100
s [Mpc/h]] s [Mpc/hl]

DAO.2 LRG 0.4<z<1.1 Expected Y5 LRG 0.4<z<1.1
1.6% 0.35-0.4%

Figure credit: Christophe Saulder, Alejandro Perez+DESI

27




Y1 is planned to be released 1n Summer 2023

BAO at the level of aggregate precision of ~0.4% from all tracers at z<2. Better
than all combined BAO redshift surveys so far with just the first-year DESI data.

A very stringent theoretical as well as observational systematic test is required.

Currently a rigorous mock challenge for estimating various systematic budgets
and for the BAO analysis pipeline, not just for Y1 and beyond.

The first catalog-level blinded BAO distance scales in order to reduce a
confirmation bias!
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Systematics versus the cosmic infladéen
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E.g., A non-zero detection of PNG (fy; = 1) will rule out single-
tield inflationary models (see e.g., Alvarez et al. 2014)




ny catalog of extragalactic objects the apparent density almost -
ariably varies across the sky because of the variable effects of
ration and confusion. This “coherence” of large angular

0 be expected, and, if observed, must be treated with caution

s one can make a reliable correction for it.” %

Peebles, 1973, ApJ, 185, 413

30
Credit: Rongpu Zhou, the Blanco telescope, Chile




Before maklng a 3 dimensional map, we need a 2- dlmen3|onal
- map (an image) to |dent|fy what to map’ '
DESI Legacy Imaglng (2013-2019)

David Schlegel
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5 Xy, 3-arm spectrograph

1.8 arcsec? fibers A/ AX ~ 4000

Galaxy survey spectroscopy, e.g. DESI
Credit: David Kirkby




DESI Emission Line Galaxies (0.6<z<1.5)

-60°

Target selection — The Milky Way
is biased

———————
0.5

Target Selection by Daniel Eisenstein, “Alternative Emission Line Galaxies”
DESI Legacy Imaging Surveys Data Release 8




Observational systematics and local fy;

O data corrected

® data raw
Galaxy angular power spectrum f 40
before & after correction for NL = 7
observational systematics == =0

= fy =20 DESI Legacy Survey
DR9
BASS/MzLS LRG

fNL = 200

Credit: Mehdi Rezaie h

L1 11l 1 L1 1 11l L1 1 11l
101 102 10°
/




Observational Systematics and local fa

Redshift-space power spectrum of SDSS QSO

12007 Theory

—— fy= 90 .« Rezaie et al. (202 I)
1000F — fu=0 — -
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eBOSS DR16 QSO NGC (0.8<z<2.2)]
o  Standard treatment
Neural Network treatment
lo EZmocks

0.05 0.10 0.15 020 0.25
k [h/Mpc]




Regression-based Mitigation of Systematics
Observed Galaxy counts \ Label

Selection function

|

Galaxy counts
& Selection Function =

—
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“Cleaned” galaxy counts
Galactic Extincg - 8 Y

The cleaned sample can be used for cosmology,
e.g., power spectrum, cross correlation, shear, etc.




Fully Connected Neural Networks

(Rezaie, Seo, Ross, Bunescu 2020)

Input Hidden Hidden Hidden
layer layer 1 layer 2 layer 3

——@— f(x1w1 + xow2 + - - - + x, W, + bias)

Advantage:

Both linear and nonlinear effect can be modelled.

Training/validation/test sets can help overfitting (some caveats, though!)

The network learns the mapping from imaging attributes to galaxy counts.

The parameters are trained by minimizing a ‘cost’ function n(z,p)/ f(p) — n(Z




Strong correlations with imaging attributes

—-—- Linear ~——— Neural Network

---- Quadratic —}— No Correction

EBV i '
nHI - lats —-
nstar - —
depth-r - B ol
depth-g -
depth-z -

: 0050 0075 0.100 3 3 2 75 480 00 1000 1500 2000
Seemg-r - ] E(B-V) [mag] nstar [deg?]
seeing-g
seeing-z

skymag-r

skymag-g

skymag-z

exptime-r

exptime-g

exptime-z
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mjd-z -
ngal -

2
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DESI Legacy survey DR7 ELG
Rezaie, H-JS, Ross et al. 2019




[ Null Mock T—5 Cont. Mock with NN Correction

501

—®— Linear --#-- Neural Network (
-4-- Quadratic —4— No Correction

T

40

e
I

Data (neural net)y? ,=7

Data (no correction)y?,=9567.1

Data (quadratic)x?,,=1212.0

_ Data (linear)},=2066.7

NN seems to
outperform!




Final sample of Quasars from SDSS eBOSS DR16

Is this sample clean enough to allow an accurate measurement of cosmological
parameters?

el
o

[

1

eBOSS DR16 QSO NGC (0.8<z<2.2)
—§— Before treatment
-0~ Standard treatment

== fNL=20

E

o
e
=
g
Q
=
=
(=]
o

P(k)[Mpc/h]3

1072 0.02 0.05

k [h/Mpc]

o
. K Lh/Mpc]
The public SDSS-IV eBOSS
Data Release 16 Quasat Catﬂlog (Summer 2020) A non-zero detection of PNG (fy; = 1) will rule out single-
field inflationary models (see e.g., Alvarez et al. 2014)




Final sample of Quasars from SDSS eBOSS DR16

We used the same set of templates to derive the selection function (systematic weights)

Neutral Network systematic treatment Linear systematic treatment
eBOSS DR16 QSO NGC (0.8 <z<2.2)

optimal optimal
—— Before treatment — oeights weights

'Q' Standard treatment w/o optimal w/o optimal

weights weights
7~ Neural Network treatment & €

=
o
o

p=1.6

—150 —100 —=50 0 50

S
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o
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S~
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Q
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=
-
X
<
o
o

optimal optimal
weights weights
w/o optimal w/o optimal
weights weights

1072 0.02 0.05 0.10 0.15 0.20 . p=1.0

k [h/Mpc]

—150 —100 —50

Rezaie, R H-JS 1. 2021
czaie, Ross, H-JS et al. 20 Mueller, Rezaie et al. 2022




Currently, LRG from DESI Legacy
Survey DR9

180°

Linear (E[B-V], Depth-z)

180°

Linear (E[B-V], Depth-z, PSFsize-r)

Linear (All Maps)

Nonlinear (E[B-V], Depth-z, PSFsize-r)

400Predicted density [deg‘z]1200

Rezaie, Ross,
H-JS et al.

prep




Preliminary:

Footprint Method

Best fit

68% CL

95% CL

DESI No Weight

DESI Linear (all maps)

DESI Linear (Conservative I)
DESI Linear (Conservative II)
DESI Nonlinear (Conservative II)
DESI (imaging cut) Nonlinear (Conservative II)

147.13
46.87
64.46
47.62
37-15
3791

127.58 < fnL < 172.76
33.97 < fnL < 63.98
49.67 < fnL < 83.63
34.21 < fnL < 64.81
24.58 < fnL < 52.77
24.77 < fnL < 54.84

108.56 < fnr < 197.07
21.21 < fnL < 81.00
35.64 < fnL < 102.59
21.27 < fnL < 82.06
12.32 < fNL < 68.55
11.71 < fivp, < 11.25




Chi2 residuals indicate the correction i1s already
reasonable

1 1 1
Ciean Mcl>cks- Clean Mocks
1 fNL=0 ] fNL=0

DR9 (Before) x> = 679.8
DR9 (Conservative |) 2 = 178.8
il ~ DR9 (Conservative ) x> = 130.0 =

DRO (Before) x2 = 20014.8 i 1 DRI (All Maps) x? = 90.0

DR9 (Conservative 1) x2 = 375.1 _| : :| DR9 (Nonlinear cons. Il) 2 = 74.3
Ili DR9 (Conservative Il) x? = 195.9
““|  DR9 (All Maps) x2 = 129.2

DR9 (Nonlinear cons. Il) x? = 79.3 _|

| o == 1 I T L I | ; e b | | |
100 200 300 400 500 75 100 125 150 175 200
Cross Spectrum x? Mean Density x?

This motivates against introducing more flexibility in the mitigation: otherwise, a confirmation bias
will be introduced.




Challenges: map-based limitations

Are maps complete? Regression cannot mitigate unknown systematics
Are maps contaminated? E(B-V) CIB is correlated with real LSS

Regression also removes some true clustering modes. The real LSS and the
systematic maps will have some chance correlation. Common LSS is in

training/validation/test sets. A larger degree of freedom will make such
overcorrection worse.

Mock tests needed for estimating the expected bias due to chance correlation
for each scheme.




Forward model approach (Image simulations)

Complementary to backward model such as regression

Inject galaxies into real images and make target selection

DES ‘Balrog’ (Suchyta et al. 2016). DESI ‘obiwan’ (Kong et al. 2020).
Some dependences are well simulated (depth dependence).

Not quite efficient.

A hybrid between regression (eg NN) and the forward modeling is being pursued
to compromise the efficiency of Obiwan and decrease the number of relevant
input maps to NN (Alberto Rosado Marin at Ohio University).




Conclusion

e DESIis cool. The data is looking reasonable.
e DAO0.2 BAO result will be published very soon.

e Stay tuned for DESI Y1 cosmology results next summer




