Thawing Gravity
and
The Cosmological Tensions

GY, M.Martinelli, B.Hu, A. Silvestri, arXiv:2407.15832
GY, arXiv:2411.11743

Instituut-
Lorentz

Discover the world at Leiden University 2025/05/07@Benasque



Cosmological tensions

Riess, A.G., Nat Rev Phys 2, 10—12 (2020)

BAO v.s. CMB tension from DESI?
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Phantom Crossing in DESI BAO

CMB
BAO

* Dynamical DE

CMB+BAO+PanthonPlus

* DE phantom crossing CMB+BAO+DESY5

\
—> Rule out quintessence DE due
to theoretical instability

(GY, SJL, 2505.02207)
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Hint of Modified Gravity in DESI DR1
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Non-minimal Coupling

Minimal Coupling

Physical interpretation of MG
wow,CDM
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J.M. Pan, GY, arXiv:2503.19898

More hint of Modified Gravity in DESI DR2
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Thawing Gravity (TG)

M2
S= [ ds'v=g| "2 HOR+ X ~V(®)| + Sulon]
* General local structure of non-minimal coupling :
for=1-¢(2),
M )

vV
-

 GR can be alocal attractor [T.Damour, K.Nordtvedt, PRL 1993]

« & =1/6 conformally coupled

« Typical DE potential:

Vr(®) [HE]

V() = Voe *¢/M

« Support accelerated expansion

* No strong constraint on shape from observations

« Thawing quintessence potential might fit better [W.Wolf, P.G.Ferreira, C.Garcia-Garcia, arXiv:2409.17019]
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TG Iimited to the late Universe

CMB+DESI DR1+SNIa (PantheonPlus)
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Parameters

ACDM

wow, CDM

Quintessence

Thawing Gravity

100wy
100w,
H, [km/s/Mpc]
Ns
In10'°A,

T

2.226(2.227) + 0.013
11.857(11.830) + 0.081
67.74(67.85) + 0.36
0.9662(0.9668) + 0.0036
3.042(3.044) +0.014
0.0558(0.573) = 0.0069

2.222(2.221) + 0.013
11.924(11.913) + 0.091
67.93(68.06) = 0.73
0.9648(0.9648) =+ 0.0037
3.035(3.030) + 0.014
0.0519(0.0491) + 0.0071

22.30(22.34) + 0.013
11.809(11.862) %+ 0.012
66.94(66.95)+9:38
0.9677(0.9673) = 0.0037
3.046(3.045) + 0.014
0.0582(0.0506) =+ 0.0073

2.230(2.222) + 0.012
11.810(11.759) + 0.077
66.81(66.89)19-54
0.9674(0.9672) + 0.0035
3.044(3.058) + 0.013
0.0571(0.0569) =+ 0.068
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TG lIimited to the late Universe

CMB+DESI DR1+SNIa (PantheonPlus)

0.5 1.0

3

1.5

Parameters ACDM wow, CDM Quintessence Thawing Gravity
100w 2.226(2.227) £0.013 | 2.222(2.221) +0.013 || 22.30(22.34) £0.013 | 2.230(2.222) & 0.012
I 1[(779S— _11.924(11.913) £.0.001 | 11.800(11,862) £.0.012 | 11.810(11.759) 220,077
r H, [km/s/Mpc]| 67.74(67.85) & 0.36 67.93(68.06) & 0.73 66.94(66.95)+9:38 66.81(66.89)19-54
T 0.9662(0.9668)  0.0036 | 0.9648(0.9648) £ 0.0037][0.9677(0.9673) + 0.0037|0.9674(0.9672) + 0.0035
In10'°A, 3.042(3.044) £0.014 | 3.035(3.030) +0.014 || 3.046(3.045) £0.014 | 3.044(3.058) % 0.013
T 0.0558(0.573) & 0.0069 |0.0519(0.0491) + 0.0071/0.0582(0.0506) + 0.0073 | 0.0571(0.0569) = 0.068
wo N.A. —0.83(—0.83) £ 0.06 | —0.968(—0.970)*%-9L |  —0.92(—0.89)*993
Wa N.A. —0.71(—0.73)19-22 0.006(—0.006)*9-932 —0.19(—0.27)+913
¢ N.A. N.A. N.A. < 0.74(0.61)
A N.A. N.A. N.A. 1.19(1.41)*5-32
Vo/3H} N.A. N.A. N.A. 0.723(0.723) 15998
- /\ :
Model /Dataset Qm Hj [km st Mpc—l] 1030k w Or Wo Waq
y - DESI+CMB+Pantheon-+ 0.3114 + 0.005 67.51 + 0.59 —  —0.838+0.055 —0.627922
““““““ | DESI4+CMB+Union3 0.3275 £ 0.008 65.91 + 0.84 —  —0.667+£0.088 —1.097937
" DESI+CMB-+DESY5 0.3191+0.005¢  66.74 & 0.56 —  —0.752+0.057 —0.867033

DESI, 2503.14738
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TG lIimited to the late Universe

CMB+DESI DR1+SNIa (PantheonPlus)

I-HO [km/s/Mpc]
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Ns

0.9662(0.9668) £ 0.0036
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Parameters ACDM wow, CDM Quintessence Thawing Gravity
100ws 2.226(2.227) £ 0.013 2.222(2.221) +0.013 22.30(22.34) £0.013 2.230(2.222) + 0.012
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In 104, 3.042(3.044) £ 0.014 | 3.035(3.030) £ 0.014 | 3.046(3.045) +£0.014 | 3.044(3.058) & 0.013
T 0.0558(0.573) 4 0.0069 10.0519(0.0491) + 0.0071 (0.0’ ‘32(0.0506) 4+ 0.0073 0.0571(0.0569) + 0.068
968(—0.970)*0:038 |  —0.92(—0.89)0 02
. —0. +0.033 —0.19(—0.2 +0.13
Gravity has no preferred scale =  [%(=00%)coi | -0.19(-027)_q1
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Can be relevant at all times NA. 1.19(1.41) 322
N.A. 0.723(0.723) 70003
Ig 1
1 A~ |
Model/Dataset Qm Hy [km s~ Mpc™'] | 10°Qx w or wo Wa
y ;: DESI4+CMB+Pantheon+ 0.3114 + 0.005 67.51 + 0.59 —  —0.838+0.055 —0.6279:22
| DESI+CMB+Union3 0.3275 + 0.008 65.91 + 0.84 —  —0.667+0.088 —1.097031
" DESI+CMB+DESY5 0.3191 =+ 0.005 66.74 + 0.56 —  —0.752+0.057 —0.861%23

DESI, 2503.14738
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M, 2 —A¢/M
7[1—€(¢/Mp) ] R+ X — Voe 7

Full TG: 2 thawing L

Gravity has no preferred scale = Y —
Thawing whenever evolution of R
Changes ;‘I _1 —— GR attractor (§ = 0.5)
z_ Scaling (£ =0.005)
t ° _2_
* 1Stthawing: z = z,, N
+ Transition: R « H2 > R ~ 0(H?) S \
—
* ¢ = ¢; frozen 2 ¢ rolling (EDE like) LIDZ 2%- \
« omdthawing: z = zy, s o L e
« Transition: deceleration—> acceleration 01 Zacc 10 10° Zeg 10°

« Matter dominance 2 ¢ dominance (DE/MG)
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[ M2
Full TG: 2 scenarios L= "2 [1— €(6/My)?) R+ X — Ve 2/,
« Approximate solution N —
Pini RD, a ;ﬁl 1 —— GR attractor (§ =0.5)
o= Bini €XP {_31\/9_7485(]\] N)] MD N=he 3 >callng (5 =0.005)
ini €X A — 4Vg ’
_2_
3
 GR attractor & > = s
damped oscillation around ¢ = 0 ? \
_ 2%
: 3
* Scaling § <— % \
° © ol N A
scales with scale factor ¢ < a¥,0 <y < 3 01 Zae 10 10%2eq 105
Z
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Full TG: Bayes Evidence

wow,CDM |EDE| TG
CMB+BAO+SNIa —1.4 —0.6! +1.5 DESI BAO tension
CMB+BAO+SNIa+Hj +4.6 +9.5|+11.8 |- Hubble tension

Bayes FactorInB =1InZ,,,,4e1 — InZpcpu

Jeffreys’ scale:

 Weako InB< +1 o <210

* Moderate & InB < +2.5 & < 2.70
e Strong < InB < +5 & < 3.60
 InB=11e 50

Nested Sampling:
« Better performance with non-Gaussian posterior
* Bayes evidence and model comparison
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CMB: Planck PR4 TTTEEE, low 1 TTEE, PR4 lensing
BAO: DESI DR1

SNIa: Pantheon+

H,: SHOES calibrated Pantheon+

Baseline = CMB+DESI BAO+SNIa




Full TG: Cosmological parameters

* Pre-recombination NMC important

B N\CDM

S 1o GO + Ho=668%05=Hy=71.8409
BN EDE « Stronger gravity in CMB negates the
. TG need to increase w, j,
« Post-recombination NMC important
e | « BAO no longer fixes Q,,, thus
| compatibility does require Q,,h?
% 010 increasing with H,
= > « Address DESI BAO inconsistency
| with CMB
0sa b --- LCDM —— EDE  — TG
© { [
“ 080 ° ! “‘ ,'||
1 I ||
0.76 N \ 1
v/ \‘ \
X 0.0222  0.0230 0.12  0.13
Qe Qph? Qch?
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Full TG: Modified Gravity Prediction

0 Prior —— Base+LSS
Baseline+SHOES: Base = —— Base+Ho
> 40 detection of stronger
-1 - Rule out by | | gravity S = 1.04 + 0.01
observationsd GN
b at CMB
S 5
(@)
o
~3 -
—4 -3 -2 -1 0 1
_4 IIIIIII 1 1 IIIIIII 1 1 |Oglo£
1% 10% :
OG | ’ * Double peak in CMB+BAO+SNIa
Ce;ary —1 * Local Hubble measurement picks
N out the scaling case § < 3/16

GBBN _ 0.99t0'06

Consistent with BBN constraint - 0.05 [J.Alvey et al. 2019]
N
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Full TG: Screening?

TG as an EFT of gravity on cosmological scales, screening can happen for new
operators appearing on small scales.

« Example:

My ) I
L= [1-&(0/Mp)° ] R+ X - 12X Vo exp(—A¢/M,)
b
0.0 ] 0.100- — AG/Gy
1-¥pN
—0.5; 0.001 " 1-BpN
3 — =1 _
= 10 n=u " =1kpe
< i 0% - i
-1.5/
f 107 |
2.0
I'sol Iy Igal 1 I'sol Iy rgal 1
r [Mpc] r [Mpc]
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Summary

« Thawing Gravity:

- Restore consistency between DESI BAO and CMB
- Stably explain the potential DE phantom crossing indicated by DESI BAO

- Relevant in all epochs of Universe evolution
- Two natural “thawing points” z,, and z,.. when curvature R changes behavior

- Restore concordance with local Hubble measurement

- Possibility to screen MG effects on small scales

Discover the world at Leiden University




Thank You!
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ACDM |wow, CDM || Quintessence | Thawing Gravity
CMB |10972.6| 10970 10972.9 10970.8
DESI BAO| 15.8 12.4 18.6 13.7
SNIa 1404.8 | 1403.4 1402.8 1402.9
Total |12393.2| 12385.8 12394.3 12387.4
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