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THE CONCORDANCE MODEL AND ITS LIMITATIONS
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Shortcomings:

- Smallness of A (> 0)
- Dark Matter: Cold/Warm,

(Self) Interacting, PBH

- Hy/ Sg-tensions

- Small-scale Issues:

Core-Cusp, Satellite

Solutions:

- Systematics ?
- New Physics ?
- Both ?

“Model-independent” approach



THE SURVEY: DESI
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Figure: Dark Energy Spectroscopic Instrument (DESI)

- Large-Scale Structure survey @ Mayall (4m) Telescope
(Kitt-Peak, Arizona)

- Observe 30 Million galaxies (obtain accurate redshift estimates)
- Accurate distance estimations!

- Probe the last 11 Million years of the growth of structure and
expansion history



METHOD: GAUSSIAN PROCESS



GAUSSIAN PROCESS (GP) REGRESSION

“A collection of random (stochastic) variables, any finite number of
which follows a (multivariate) Gaussian distribution..”



GAUSSIAN PROCESS (GP) REGRESSION
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Sampling directly in the space of (continuous) functions!



PRIOR SAMPLING FROM A GP
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PRIOR SAMPLING FROM A GP
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METHOD: ANALYSIS



GOAL: RECONSTRUCT DE WITH MINIMAL ASSUMPTIONS

- (Flat) FLRW metric + Matter Dominated (EdS) Universe at high-z.
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GOAL: RECONSTRUCT DE WITH MINIMAL ASSUMPTIONS

- (Flat) FLRW metric + Matter Dominated (EdS) Universe at high-z.
- The Data:

- Baryon Acoustic Oscillations (BAO) - DESI (14K deg?) survey :

- Transversal: du(z)/rs(zq) rs . “sound horizon”
- Radial: H(2)rs(zq)

- Redshift-Space Distortions (RSD) - DESI (14K deg?) survey :

Jos(9) = 9 8(2) 5,27+ v = 081,
— P(lC, t) -p — o
o=t y=%

- Jointly reconstruct Growth and Expansion histories

6+ 2Hé = An Gogr(2) p &




OUR APPROACH: FORWARD MODELING

Model fir = 222 ~ GP(u = 1, K(oy, £7))
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Figure: Schematic representation of our reconstruction method
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— Sample 0 = {Q,,, 03, 0y, {5} using MCMC methods!
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RESULTS: GR



RECONSTRUCTING fi.(2)

h2(z) - Qm,O(1 + Z)d + (1 - m O) fl)l
fDE ~ gP(/,L - 13 K(Ufa gf))

SN+BAO+RSD (Roman-+DESI) M | n | m al ASSU m pt| ons:

29 === truth

- for = DE+any additional
(exotic) component!

ud - (Flat) FLRW + EdS

-1 (+ GR)

— With given h(z), can solve
r for the growth-rate fog :

! h/ 3 —
f +<f+2+h>f—29m—0

Figure: Samples of fpr and their likelihood to

DESI+Roman-like (mock) data ,
f 0 /5 r= dln a




RECONSTRUCTING FIDUCIAL COSMOLOGIES
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Figure: Reconstruction of 3 different fiducial DE models (at 95% CL) using
SN+BAO+RSD forecasted (Stage-1V) data



BEYOND GENERAL RELATIVITY



RECONSTRUCTING (2)

k? :
a

We model Geg(2) as a GP centered around Newton’'s constant G,
such that u(z) = Gett/ G
GP(f=1,k(cp, (), forz< z
p(z; 0, 8p, 2c) =
1, for z> z..

with z/(z.) = 0, so that we (smoothly) recover GR at large-z.

op=10,0;=10
0p =050, =05
0p=10,0;=05




RECONSTRUCTING (2)
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Figure: Reconstructions of y1 = G/ G
from RSD mocks, assuming h(z) as
determined by the SN+BAO chains.

Can represent a large class of models!



RECONSTRUCTING (2)
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at two redshifts 2 =0, 1.4, assuming

h(z) as determined by the SN+BAO
chains.



RECONSTRUCTING (2)
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CONCLUSION



CONCLUSIONS

- “Model-independent” approach to jointly reconstruct both
Growth & Expansion Histories with minimal assumptions
- (Flat) FLRW + EdS
- Accurately reconstruct the Dark Energy evolution fpg(2) & Gegr(2)
- Unbiased estimation of cosmological parameters: Q,,, og

- Assuming A+GR can severely bias our interpretation of the
results
- DESI+Roman-like can potentially detect deviations from A+GR
- Euclid, Rubin (LSST), CMB-S4, + many more...



QUESTIONS?
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DESI is currently gathering data !
(already has more than all previous galaxy surveys combined)

— Stay tuned!

calderongkasi.re.kr

Thank you for your attention


calderon@kasi.re.kr

BACKUP




(Qmo, 0s,0) FREE - NO ASSUMPTIONS
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Figure: Reconstruction of background + perturbed quantities (at 68% CL)
from various Stage-IV surveys. Marginalized over Q,, and os.
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(Qmo, 0s,0) FREE - NO ASSUMPTIONS
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Figure: Reconstruction of background + perturbed quantities (at 68% CL)
from various Stage-1V surveys. Marginalized over Q,, and os.

Introduce foo = ppr(z=99)/ppE,0 as free parameter.
— Accounts for (non-negligible) contribution from DE at high-z &
removes bias in (Q,, os)
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REMOVING THE BIAS
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Figure: Posterior distributions for the cosmological parameters
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BEST-FIT ACDM VS. FIDUCIAL

Most analyses ACDM! (QACDMDE — 31 vs. Qfid = .28)
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INCORRECTLY ASSUMING A
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Figure: Reconstructions of y1 = G/ G
from RSD mocks, assuming ACDM'’s
best-fit h(z).

i — g bestfit
Assuming H(z) = HY&H

n 3
g _ = — 2
i+ (f+2+ h)f QQm,/m.
— Sample 0 = {os; 0y, U7, 2. }!

Incorrectly assuming DE is constant (A)
leads to:

- Degraded reconstruction of u(z) for
the bump (in Red)

- Blased estimation of og g ~ 0.78
(o8¢ = 0.81) for the dip (in Blue)
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