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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 DE?

GY, SJL, arXiv:2505.02207

CMB
* Dynamical DE , BAO
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Hint of Modified Gravity S
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NMC Example: Thawing Gravity (TG)

s= [ aatv=s [ 10R+ X V()] + Snloud

* General local structure of non-minimal coupling :
2 1
Verr =5 ERP? + Vo 4¢/Mp
f(¢>=1—€(Mi>, gzo0 2T

p

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

Vr(9) [HE]

« & =1/6 conformally coupled

« Typical DE potential:
V(g) = Voe /M

« Support accelerated expansion

* No strong constraint on shape from observations

« Alternative potential might fit better [W. Wolf, et al., arXiv:2409.17019, 2504.07679]
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TG limited to the late Univers

0.9662(0.9668) + 0.0036

0.9648(0.9648) £ 0.0037 |

0.9677(0.9673) = 0.0037

2
—0.85 M
=P [1-¢(¢p/Mp)%| R+ X — Ve M/M»
CMB+DESI DR1+Pantheon+ 5 [1—&(6/Mp)°) R+ 0 )
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
. IS 0775 S— _11.924(11.913) £0.001 1 11,800(11,862) 220,012 | 11.810(11.759) 220,077
S r Hy [km/s/Mpc]| 67.74(67.85) & 0.36 67.93(68.06) + 0.73 66.94(66.95) 7058 66.81(66.89) 15531

0.9674(0.9672) &= 0.0035

Vr(¢) [HE]

2.0

In 10104, 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
¢ N.A. N.A. N.A. < 0.74(0.61)
A N.A. N.A. N.A. 1.19(1.41) 1932
Vo/3H; N.A. N.A. N.A. 0.723(0.723) 75093
With DESI DR2  (pgs, 2503.14738)
Model /Dataset Qm Hy [km s~ Mpc™'] | 10°Qxk w or wo Wa
DESI+CMB+Pantheon+ 0.3114 + 0.005 67.51 + 0.59 —  —0.83840.055 —0.6279%2
DESI+CMB+Union3 0.3275 + 0.008 65.91 + 0.84 —  —0.667+0.088 —1.0979:3}
DESI+CMB+DESY5 0.3191 =+ 0.005 66.74 + 0.56 —  —0.752+£0.057 —0.861033
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TG limited to the late Universe2
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05 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
R 1 000 _11.924(11.013) £0.001 || 11.800(11,862) £0.012 |_11.810(11,759) £ 0.077
r Hy [km/s/Mpc]| 67.74(67.85) & 0.36 67.93(68.06) £ 0.73 66.94(66.95) 7058 66.81(66.89) 1057
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In10™ A, 3.042(3.044) £0.014 | 3.035(3.030) +0.014 || 3.046(3.045) 4 0.014 | 3.044(3.058) + 0.013
—1.051 T 0.0558(0.573) 4 0.0069 0.0519(0.0491) = 0.0071/0.0582(0.0506) =+ 0.0073| 0.0571(0.0569) & 0.068
N.A. < 0.74(0.61)
~1.10 : : : . N.A. 1.19(1.41) 1932
00 05 L0 1 « Gravity has no preferred scale NA 0.723(0.723) +0.00s
e Non-minimal coupling is universal
[r—
T Model /Dataset Qm I Hy [km s~ Mpc™'] | 10°Qxk w or wo Wa
S  DESI+CMB+Pantheon+ 0.3114 + 0.005 67.51 + 0.59 —  —0.83840.055 —0.6279%2
o .
> DESI+CMB+Union3 0.3275 + 0.008 65.91 + 0.84 —  —0.66740.088 —1.097531
DESI+CMB+DESY5 0.3191 =+ 0.005 66.74 + 0.56 —  —0.752+£0.057 —0.861033
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Full TG: 2 thawing point -2 -, r+x - vieons,

° \\
« Gravity has no preferred scale R
e Non-minimal coupling is universal = —— GRattractor (€= 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%- \
. d e o — E
ond thawing: z = z,., L u s
« Transition: deceleration—> acceleration 01 Zacc 10 10° Zeg 10°

« Matter dominance 2 ¢ dominance (DE/MG)
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Full TG: 2 dynamical cases - [1- ¢ r+ x - voe o,

« Approximate solution N —
Pini RD, a ;ﬁl 1 —— GR attractor (§ =0.5)
o= Pini €XD {_3 = \/9_7485(1\7 N)] MD = lrla_o o >caling (£ =0.005)
ini 4 - 7 ’
_2 .
3
 GR attractor & > — n
16 E 4%
damped oscillation around ¢ = 0 n \
_ 2%
. 3 G
* Scaling § <— = \
© ol N e
scales with scale factor ¢ < a¥,0 <y < 3 01 Zoee 10 10° Zeq 10°
Z

Discover the world at Leiden University



GY, arXiv:2411.11743

Full TG: Model Comparison

wow,CDM |EDE| TG .
CMB+BAO+SNIa —1.4 [=0.6| +0.7 DESI BAO tension

CMB+BAO+SNIa+Hy +4.6 +9.5|+11.3 Hubble tension

Bayes FactorInB =1InZ,, 401 —INZ\cpy

Jeffreys’ scale:

* Weako InB< +1 6o <210 « CMB: Planck PR4 TTTEEE, low 1 TTEE, PR4 lensing
« Moderate & InB < +2.5 & < 2.70 « BAO: DESI DR1
« Stronge InB < +5 e <3.60 » SNIa: Pantheon+
* InB=11 50 * Hy: SHOES calibrated Pantheon+
. « Baseline = CMB+DESI BAO+SNIa
Nested Sampling:

« Better performance with non-Gaussian posterior
* Bayes evidence and model comparison
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Full TG: Cosmological parameters

* Pre-recombination NMC important

B ACDM - Hy=668+05=>H,=718+0.9
2CDM . .
E EVBVEV - . Strongelj gravity in CMB negates the
. TG need to increase w, j,
, ,  Post-recombination NMC important
0135 - | ] « BAO no longer fixes Q,,, thus
N 0'130 ! ] compatibility does require Q,,h?
% o10s | | | increasing with H,
0'120 ) | » Address DESI BAO inconsistency
| | | with CMB
0.84 --=- LCDM —— EDE — TG
UO)O 1/y []
0.80 ' “ "Il
] I |I
0.76 1 1 1 1 1 1 1 I’ “ !
68 70 72 74  0.12 0.13 076 080  0.84 Y N ‘ |
Ho Qch? Sg 0.0222 0.0230 0.12  0.13
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Full TG: Modified Gravity

0
CMB+BAO+SNIa+SHOES:
> 40 indication of
—1 4 Rule out by | | stronger gravity S8 =
observationd GN
MCJ; 1.04 + 0.01 at CMB
— =)
(@)
o
—3 4
_4 rrri III 1 LI III 1 ]
1% 10%
Gearly _ 1
Gn

GBBN _ 0.99t0'06

Consistent with BBN constraint - 0.05 [J.Alvey et al. 2019]
N
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Prior — CMB+BAO+SNIa+Hg
CMB+BAO+SNIla

Iog 10&

Double peak in CMB+BAO+SNIa
Local Hubble measurement picks
out the scaling case £ < 3/16
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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]

Discover the world at Leiden University




Summary

M2
» Thawing Gravity: L= —"[1-£&(¢/Mp)°] R+ X — Voe /M,

- Consistency between DESI BAO and CMB

- Consistency between local Hubble measurement and CMB

- NMC is universal: coupled to all matter forms; relevant in all epochs of Universe
evolution

- Two natural “thawing points” z,, and z,.. when curvature R changes behavior

- Possibility to screen MG effects on small scales
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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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