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The accelerating
Universe!
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In GR, to add new ‘repulsive matter’, To modify General
which contributes 70% total energy Relativity

Dark Energy Modified Gravity
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Galaxy surveys can break the dark degeneracy!
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Large z-surveys:a key probe of the Universe

Dark Energy
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Exploring the Misible Force - 3 "-‘ B

Dark Energy Modified Gravity
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Large z-surveys:a key probe of the Universe
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/ SDSS-IlI \
Baryon Oscillation
Spectroscopic Survey
(BOSS) (z<0.6)
1.6M LRGs
\The largest in last decade/
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SDSS-IV
extended BOSS (eBOSS)
1M LRGs, ELGs and QSOs

(0.6<z<3.5)
The largest in the past 5 years
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>30M LRGs, ELGs and QSOs

h=

DESI & PFS 2

(0<z<3.5)
Largest ongoing surveys
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CSST, 2m in space MUST, 6.5m ESST, 10+m




MUST, 6.5m ESST, 10+m

Medium-Resalution Spectrographs High-Resolution Spectrograph

MegaMapper, 6.5m WST, 10+m

4AMOST, 4m




280 m at L.2!!
arXiv: 2010.06064




Cosmic acceleration

Exploring the Invisible Force

Dark Energy
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SDSS-IV Catches the Rise
of Dark Energy

Time Since the Big Bang
(Billions of Years)

"eB6SS-'(2014-2020) . . “25m SPSS teIescop¢ @ New Mexico -
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eBOSS result released on July 20, 2020 1n 20+ papers

‘a ‘ S D s S Data  Surveys Instruments  Collaboration  Science

Search www

No need to Mind the Gap: Astrophysicists fill in
11 billion years of our universe’s expansion

history

@ July 19, 2020
The Sloan Digital Sky Survey (SDSS) released today a comprehensive analysis of the largest
three-dimensional map of the Universe ever created, filling in the most significant gaps in our

possible exploration of its history.

sdss.org
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eBOSS tracers
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maot, FEM SRR 5k
* . . ELG (k-space): De Mattia et.al, 2007.09008
« ELG-space): Tamone et al, 2007.09009

* ELG X LRG (k-space): G-B. Zhao et al, 2007.09011

* ELG X LRG (s-space): Y. Wang et al, 2007.09010

* QSO (k-space): Neveux et al, 2007.08999

* QSO (s-space): Hou et al, 2007.08998

« LyA BAO (s-space): du Mas des Bourboux et al, 2007.08995
*  Cosmological implications: Alam et al, 2007.08991

*° - Mocks, Catalog papers
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plot by J. Hou and A. Ross
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B Fourier space (this work)
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Radial overlap
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Why cross-correlation is cool?

* It can remove the cosmic variance, thus reduce the statistical
uncertainty!

l1-tracer: dn =+ fu®)d+e =7 (37 + 425+

C=2(82,) 2_0td
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Why cross-correlation is cool?

* It can remove the cosmic variance, thus reduce the statistical
uncertainty!

l1-tracer: dn =+ fu®)d+e =7 (37 + 425+

C = 2(62,) % _ (148

32 (32
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* It can reduce the systematics, as the photometry used for
observing different tracers are usually uncorrelated!

McDonald & Seljak 2008; Seljak 2009
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DR16 LRGXELG NGC, 0.6<z<1.0 DR16 LRGXELG SGC, 0.6<z<1.0

GBZ+, 2020
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A first detection of BAO from galaxy-ellipticity correlations

Extrinsic G Extrinsic G

/ ~\
\/

Intrinsic 1

d’Assignies D. et al. 2021
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Xu, Jing, GBZ et al, Nature Astronomy (2023)




A study of dynamical dark gravity using DESI
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A study of dynamical dark gravity using DESI

w(a) = wytw,(1-a)
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Two ways to study dynamics of dark energy

® Indirect: get features of w(z) directly from distance measurements
v : cheap; no data combination needed

X : no w(z) derived



Two ways to study dynamics of dark energy

® Indirect: get features of w(z) directly from distance measurements
v : cheap; no data combination needed

X : no w(z) derived

® Direct: reconstruct w(z) from observations

v : show w(z) with details

X : expensive; usually requires datasets to be combined



Probing dynamical DE from distance measurements

(Gu et al, 2404.06303; Wang et al, 2404.06310)

DA(Z) — 1—|—Od.’L'—|-1Of-T»' +1OZZU —|—iO{ 3;4 (Zhu et al, 2015)
Daga(z) T o™ Tg 24 ’

—1++(2+)+3+1 24 (Zas 4 2 54 2
= a1 a1 Q9 | T 20&2 20&3 xZ 3053 6054 I 2405433

14+ x = Da £d(2)/Da fid(2«)

|



S(a) = A H*(a)a® = B X(a)a® +C

A=rg, B=AH;(1-Qn), C = AH;Qu  X(a) = ppe(a)/ppr(l)




S(a) = A H*(a)a® = B X(a)a® 4+ C

A=r3 B=AH3(1-Qu), C = AH3Om X(a) =

3[S(a) = 5(1)

So(a) = a® =a° 4

5'(1)
1 S’(CL) _ PDE(CL) A}




2o DESI DRI1 DESI DR2 PantheonPlus Union3
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Gu, Wang, Wang, GBZ, et al [DESI collaboration], 2504.06118, to appear in Nature Astronomy



Reconstructing the evolution history of dark energy

Crittenden, Pogosian, GBZ (CPZ, JCAP 2009)
Crittenden, GBZ, Pogosian, Samushia, Zhang (JCAP 2012)

§uw(la = d'|) = ([w(a) — w'(a)][w(d’) — w(d)])

Wy = A/ da w(a

1 a; +A aj+A
Cij = (dw;0w;) = E/ da/ da'&y(la —d'|)

J

Xorior = 9 1npprior — (W _ Wﬁd)Tc—l(W - Wﬁd)



Theory-motivated correlated prior on w(z) (Raveri et al, 1703.05297)
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1) Results for the quintessence class of models
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' DR2 + Pantheon?lus
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Gu, Wang, Wang, GBZ, et al [DESI collaboration], 2504.06118, to appear in Nature Astronomy



Bayesian Evidence

Nete
200 1 2 3 4 0 1 2345 6 0 12345 6 0 12345 6
—&— A InL
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—4— AV
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OM——
_10_ -
Nete
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DR2 DR2 + PantheonPlus DR2 + DESY5




Summary and next steps

DESI BAO data show interesting signs of new physics, awaiting
confirmation of Y5 and later observations;

As statistical errors get reduced, more work 1s needed to mitigate the
systematics;

New statistics (MFs, wavelets, etc) and new 1deas (tests of parity, etc)

are needed to probe new physics from future galaxy surveys.



