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* Wright et al. (2020)

- Hildebrandt et al. (2020)
- Kohlinger et al. (2017)
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y tension!

2302.01331 (PRL) growth index tension D(a(?)) = 6(1)/6(1y) : f(a) = dInD/d Ina = Q, (a)’
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D% L 20 0.2-2 — fog+PL18, flat-ACDM+GR (v = 0.55)
. : 1 — fos+PL18, flat-ACDM-+free
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DESI-BAO+Planck-CMB+SNe

2404.03002 DESI DR1 Y1 BAO 2503.14738 DESI DR2 Y3 BAO

Cies. BN DESIHCMB+Pantheons
| DESI+CMB+Union3
B DESI+-CMB+DESY5
\ - == DESI+CMB
N 2.80
Q1 3.80
| , 420
9 9] o L 3o
2.50 ;
! B DESI BAO + CMB + PantheonPlus . MR
' 3.50 mmm DESI BAO + CMB + Union3 R
‘3.0 mEE DESI BAO + CMB + DESY5 'DESY5=low-z + DES-SN .
7 -0 ~0.8 0.6 0.4 B0 o8 06 04 02 00
Wy Wy
2408.07175 George Efstathiou 2505.02658 George Efstathiou
"Evolving dark energy or "Baryon Acoustic Oscillations
supernovae systematics?” from a Different Angle”

MNRAS 538 (2025) 2, 875-882
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DESI-BAO+Planck-CMB+SNe

BN DESI+CMB-DESY5 | 2502.04212 Huang, Cai, SUJW "The DESI DR1/DR2 evidence for
- -~ DESI+CMB+DESY5 (= > 0.1) dynamical dark energy is biased by low-redshift supernovae"

13 2503.14738 - 5 _
| DESI DR2 :
i Y3 BAO o> ]
i ~ o”
| ~ 20 $
l s
~10 =05 00 07 ) 5
wo / - CMB+eBOSS BAO+Pantheonplus EEm CMB+DESI BAO+Pantheonplus
Q(? T | T T T ]
DESY5=low-7 + DES-SN -
Low-7 sample ]
dominates the S . -
- . /'\«’
deviation from ACDM
’\j? 1= CMé BOSS BAO+|
- .= +e +lowz
Without low-z sample, o /0221 CMB+eBOSS BAO+DES-SN {|cz21 CMB+DESI BAO+DES-SN N
the deviation from the /¥ | mmm CMB+eBOSS BAO+DESY5(low-z+DES-SN) | || mmm CMB+DESI BAO+DESY5(low-z+DES-SN)
ACDM is only about 26 12 -10  -08  -06  -04 J10  -08  -06  -04

Wo Wo
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Distance ladder

Type Ia Supernovae — redshlft(z)

c/H, | 2. 3rd-rung
U=mp—Myz=351lg 10pc =5lgd;, +51g Mpc + 25 o 0=0.135 mag _: <tatistical
Zol | systematics
ACDM : Ez) = H(z)/H, = \/ Q1+ +(1-Q,) &
|
D;(2) ¢ d7 !
d L |
L(Z) clH 0 ( Z) J E ( Z’ ) lCephelids = Type lIa Sul?emovlae ol . . . ! L
| 0=0.130 mag, N=42 :;0.4 o
_ = 00 E
mB — 5 lg dL(Z)_SaB g 33 + _0.44
5 Vo . c/ H() .\ - Eé N 17 8316\1 Ia: ;rsl-M (:ﬁlag) N
—5a., = & 3
b b s Mpc 5w
Geometry — Cepheids wh A . :
op T ' ' "N42s8 5 E jo4 3rd
o M3l : %0 a
i 3 +++*****ﬁ‘# ff’o‘.’ﬁ b
i y 1" Cepheid: mM (mag) ~ 3. No intrinsic SN systematics
R A ond _ 43 g ,3rd
1.1st&2nd 3 My =My~ & ag™ = H,

10

rungs inter- 4 T o4 .

: : 2l odog & 4. No apparent SN systematics
calibrations # é 00045 Mz PP y
systematics @5 g3 — ,2nd 2nd

y Geometry: 5 log D [Mpc] + 25 B B & M = HO
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Distance ladder

THE ASTROPHYSICAL JOURNAL, 935:83 (19pp), 2022 August 20 https://doi.org/10.3847 /1538-4357 /ac80bd
© 2022. The Author(s). Published by the American Astronomical Society.

2204.10866

CrossMark

Measurements of the Hubble Constant with a Two-rung Distance Ladder: Two Out of
Three Ain’t Bad

W. D’Arcy Kenworthy1 , Adam G. Riess! , Daniel Scolnic? , Wenlong Yuan' , Jos€ Luis Bernal' , Dillon Brout>’ ,
Stefano Casertano4, David O. Jones™’ , Lucas Macri® , and Erik R. Peterson’

0.8 - —— SHOES Two Rung
[\ —— SHOES Three Rung
0.6 - —— Planck 2018
c/H,

E luCepheid = Mp — MB =5 lg dL(Zanchor) +35 lg MpC + 25
n 0.4-

0.2 A

OO - T T T T —

66 68 70 712 74 76 /8 80
Ho (km s=! Mpc™!)
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25.5

ap tension around z ~ 0.017?

25.0 -

24.5

-5ap

—5ag(late-time +local SNe w/o Cepheid)
—5ag(local SNe w/ Cepheid)
—5ag(local SNe w/ Cepheid and PV correction )

—5ag(late-time +local SNe w/o Cepheid) Gaussian Process
—5ag(local SNe w/ Cepheid) Gaussian Process

Peculiar velocity bias
Selection bias

24.0 -

23.5 -

local SNe w/ Cepheid

2410.06053 Huang, Cai, SJW, Liu, Yao SCPMA 2025

Rigorous approach: SHOES 2204.10866

PV corrections directly from
reconstructions of density field and
velocity field from 2M++/2MRS

1071 10°

Z
Redshift corrections for 2nd-rung SNe

Efficient approach: Ours 2410.06053

Redshift corrected from minimizing
difference of ap; = 1g d;(z;) — 0.2my;

to Planck-calibrated late-time SNe
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ag consistency around z ~ (.01

15 -
® o local SNe w/ Cepheid

o) m local SNe w/ TRGB
8 141 local SNe w/ SBF
% discard samples

141 Hy=66.36 = 0.92km/s/Mpc
Ho = 73.4 + 1.0km/s/Mpc

13 A
13 A

éﬂ E 12 <

11 A 11 - R *

RSN
02
10 101 @ 7
e local SNe w/ Cepheid R
@ local SNe w/ Cepheid and PV correction 9 -
T e s
51g.d,(2) 5lgd.(2)
Our first two-rung distance ladder result 73.1 £2.4km/s/Mpc, zcsp + [Cepheids
Hy=<745+3.5 km/s/Mpc, Zosp + UTRGB,
SHOES first two-rung distance ladder: 72.1 £2.3 km/s/Mpc, zcsp + USBF.

{ supports our redshift correction

There is no more disagreement

SHOES three-rung distance ladder: between Riess and Freedman

no third-rung SN systemactics
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ap tension around 7 ~ .17

Il DESY5-DESI DR2-CC === DESY5-SDSS-CC I PantheonPlus-DESI DR2-CC === PantheonPlus-SDSS-CC Planck SHOES

— . . —T . . N 2505.22369 Jia-Le Ling, Guo-Hong
Du, Tian-Nuo Li, Jing-Fei Zhang,
Shao-Jiang Wang, Xin Zhang
1-193 Model-independent cosmological
_w.> inference after the DESI DR2 data
with improved inverse distance
ladder

1—-19.2

—19.5

—19.6

mp = 51gd;(2)—5ag

c/H,

Mpc

+ 25

1
(=2}
(S

—Sag=Myz+51g

60 -

160 [

There is an ag tension between

DESY5 and PantheonPlus SNe
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ap tension around 7 ~ 0.17?

2502.04212 Huang, Cai, SJW "The DESI DR1/DR2 evidence for dynamical dark energy is
biased by low-redshift supernovae" . — 5o c?L(z-) — Sa,

Mp;
o A e
w \ —Sag £ Mg+ 51g

N Mpc
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—— low-z (194) —{— DES-SN (1635) PantheonPlus (1365) \
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~ 0.043 mag discrepancy. RS B qP Bl N Z=

— 5logipd;,
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Oy Oy O
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O
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Intercept —5ay is the degeneracy direction of H,; and My and more sensitive to systematics in 72 and z
Its measured value is more reliable at high redshifts than low redshift, less affected by peculiar velocity

DESY5=low-z+DES-SN admits a; discrepancy between low-z and DES-SN, unlike uniform PantheonPlus
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ap tension around 7 ~ .17

2502.04212 Huang, Cai, SJW "The DESI DR1/DR2 evidence for dynamical dark energy is

biased by low-redshift supernovae" myd = 51gd,(z) — Sag,
; DESI-best-fiti1;1+—-CDM c/H,
S 0Fa==0 N Zsa, % My + 51g —2 4 25
S >
L . |—, | __% | | Probability Density

,va i —— low-z (194) —— PantheonPlus (z<0.1) ~¢ = PantheonPlus (z>0.1) '
- —>— DES-SN (1635)
e i
O
:" o
I,!-n q:,;?’ i
A
I ,.l/’b‘b i

10-! | Y
ZHD
ACDM: pESY5=low-z+DES-SN Other model:  pEgys_jow-2+DES-SN
$
PantheonPlus PantheonPlus
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ap consistency around 7 ~ 0.1

2502.04212 Huang, Cai, SJW "The DESI DR1/DR2 evidence for dynamical dark energy is

biased by low-redshift supernovae"

Q'Q e IR LR g‘i ..................................................................................
% —
/Q.
© ~ 3.50
S
o B, ~3.70
/'\' \ \\
\ \
: N ) \\
Bl CMB+DESI BAO+DESY5(low-z+DES-SN) \\
~? 1/c22 with low-z fluctuation debiased ¥
L=. 1 with low-z discrepancy debiased
Il with low-z fully debiased

1 1 1 1 1 1
1.1 ~-1.0 ~-0.9 -0.8 -0.7 ~0.6
Wo

| ‘== DESI BAO+DESY5

-=-=- with low-z fluctuation debiased
—.— with low-z discrepancy debiased | = —=so_
B with low-z fully debiased

~11 -10 -09 -08 -07 -06 —-05
Wo

The DDE evidence from Planck-CMB+DESI Y1 BAO+DESY5(low-z+DES-SN)
is reduced from 3.50 to 1.50 after our bias correction, and the pure late-

Universe data without Planck-CMB deviates from ACDM only at 0.5¢
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ap consistency around 7 ~ 0.1

2502.04212 Huang, Cai, SJW "The DESI DR1/DR2 evidence for dynamical dark energy is
biased by low-redshift supernovae"

:~0.70 ~0.80
09 1— RS
i I CE R PP PP
“
/Q‘
© ©
= 2 |
o
o
; S \ 5. :
HEl CMB+DESI DR2+DESY5(low-z+DES-SN) \\ I DESI DR2+DESY5 s- o
~? /€22 with low-z fluctuation debiased ~-J - -~ with low-z fluctuation debiased '
L—. 1 with low-z discrepancy debiased Y with low-z discrepancy debiased
HEl with low-z fully debiased Bl with low-z fully debiased
11 10 09  —o08 07 o6 11 -10 -09 -08 -07 -06 —-05
Wo Wo

The DDE evidence from Planck-CMB+DESI Y3 BAO+DESY5(low-z+DES-SN)
is reduced from 3.70 to 1.6¢ after our bias correction, and the pure late-

Universe data without Planck-CMB deviates from ACDM only at 0.7¢
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DESI-BAO VS Planck-CMB

2503.14738 DESI DR2 Y3 BAO What DESI DR2 truly want to tell us is €2, tension with Planck-CMB within ACDM

60 - -=-=-- DESI DR1 BAO
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SNe 4—_10_ _________________
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LRG2 _,,/ Binning reconstruction
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2503.14738 DESI DR2 Y3 BAO

Size of Universe relative to today

Comoving distance from Earth Dy [Gpc]

DESI BAO

Dy(z) = (zD;(2)Dy(2))"”
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1‘0 N L L 1 1 L 1 L 1 (
20 errors ®@&‘?/" C
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\, expansion rate (slope). N ‘eﬁoﬂ\]
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DM(Z) = [ H(Z)
0.6
The size of BAQ on th.e d'; © . (Z)dZ
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DESI BAO

0.002 — -
- T (DM/rd)BAO _ (Du/rg)rag
: LRG2 DES| DR2: [(DM/rd)/\CDM 1][(DH/rd)/\CDM 1] |
0.001} - N |
 EJTER® Positive correlation |
e LRG3
0.000| : | ﬁPlaﬂek-AeDISVZI%?’" |
4 - o L
LRG34ELG1 | ya
: ® Negative correlation ]
-0.001} -+ ELGZ J 2
LRG1 REZER |
_ ELG1 QSO Quasi-Stellar Objects
-o002i——o—
0.5 1.0 1.5 2.0
Zoff [Credit from Shao-Jiang Wang]

LRG2 is among the largest deviation from ACDM for a positive correlation between D,,/r;,and D, /r,
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DESI BAO

2503.14738 DESI DR2 Y3 BAO
Isotropic BAO Distance

BAO Distance Ratio
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DESI BAO

2503.14738 DESI DR2 Y3 BAO

DESI BAO seems to indeed imply a phantom- Quintessential DE at low redshifts
to-quintessence transition to lower redshifts
4 d-’ DQDE > DACDM
DM(Z) _ J' C Z/ H (Zlow) H (Zlow)
o H(Z) g0 that the integral of Dy(z) within
Dy (z) = LRG could be lifted up at low-7 Phantom DE at high redshifts

H(2)

DDESI(Z ) > DACDM(Z ) PDE ACDM
M LRG1 M LRG1 Dy, (Zhigh) <Dy (Zhigh)

erpendicular BAO Distance Parallel BAO Distance
1.06 | ! ! ! ! ! ! ! ! | ! ! ! ! | ! ! ! ! | ! ! ! ! | 1050 | ! | ! ! ! | ! ! ! ! | ! ! ! ! | ! ! ! !

< o8k 1 Zo9s50f :
s @ DESIDR2] & | @ DESIDR2 :
T @ DESIDRI ] O @ DESIDRI !
0'9%).0 T IO!5 o 110 o 115 o 2!OI T 2.5 0'90%.0 o 015 o 1!0I T 115 o 2!()' T 2.5
Redshift Redshift



70F

68

Hy

66 [

64

0.84r

0.821

08

0.80F |

0.78

DESI tension with Hubble tension

I DESI BAO + CMB + PantheonPlus
[0 DESI BAO + CMB + Union3
I DESI BAO + CMB + DESY5

2404.03002 DESI DR1 Y1 BAO

0.145 64 66 68 70
2
th H 0 os Wo

0.140

Hubble tension is worsen!

DESI+DESY3 (3x2pt)+Pantheon+ 0.3140 =+ 0.0091
DESI+DESY3 (3x2pt)+Union3 0.333 +0.012
DESI+DESY3 (3x2pt)+DESY5  0.3239 + 0.0092

Model/Dataset Qm Ho [km s Mpc™!]
ACDM 2503.14738 DESI DR2 Y3 BAO
CMB 0.3169 + 0.0065  67.14 +0.47
DESI 0.2975 + 0.0086 —
DESI+BBN 0.2977 +0.0086  68.51 + 0.58
DESI+BBN+4, 0.2967 & 0.0045  68.45 + 0.47
DESI4+CMB 0.3027 +0.0036  68.17 +0.28
wow,CDM 2503.14738 DESI DR2 Y3 BAO
CMB 0.22079-919 83120
DESI 0.35270-01% —
DESI+Pantheon+ 0.29870-0%% —
DESI+Union3 0.32870 013 -
DESI+DESY5 0.31970 011 —
DESI+ (6., wh, Whe )cMB 0.353 + 0.022 63.77%7
DESI+CMB (no lensing) 0.352 + 0.021 63.7717
DESI+CMB 0.353 & 0.021 63.675¢

| DESI+CMB+Pantheon+ 0.3114 + 0.0057  67.51 +0.59
DESI+CMB+Union3 0.3275 + 0.0086  65.91 +0.84
DESI+CMB+DESY5 0.3191 +0.0056  66.74 + 0.56




DESI tension with early Hubble solutions
Late Universe Early Universe
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DESI tension with late Hubble solutions
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DESI tension with y tension

2302.01331 (PRL) growth index tension o(k, 1) + 2H5(K, 1) — 4xGps(k, 1) = 0
- _ () _ dIn D(a)
GR + linear 0 = P < 1 regime B = 5(ty) fla) = dlna
P fla) = Q' (a), y~055, *fatACDM
0.0003h/Mpc ~ Hy S k S 0.1h/Mpc 0.7 1 I S
0.6 _:MGS eBOSS VIPERS
2> fos+PL18+ . :
g ~— DESY11+BAO o 0.5 9%
.-g - f0'8+PL18 éo 04 _
> --- fos+DESY1+BAO £ :
= PLI18+DESY1+BAO | 3 (.3 - GAMA Growth
.-c% " pecvel WiggleZ suppression
o) Z
o -~ 0.2 1 — fos+PL18, lat-ACDM+GR (v = 0.55)
S: / 37 426 1 — fos+PL18, flat-ACDM+free ~
! ! ! O.].-"'I"'l"'l"'l'"I"'l"'l'
0.4 0.6 0.8 1.0 1.2 00 02 04 06 0.8 1.0 1.2 1.4
v z

Since the Hubble expansion suppresses the matter perturbation growth, a
weakening DE compared to the cosmological constant will less suppress

matter perturbation growth, leading to faster growth than ACDM
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Non-minimal coupling

Minimal Coupling

Non-minimal Coupling

;gZ?:]atCE:ISDSMenCG
0.0 _ E,i ,‘2 0.01
5 -0.5 8 -0.5
Sy g
—1.0- —-1.01
1211 Zi0 —09 -os —('.)...7 206 211 10 -09 -o0s8 —07 ~0.6
DESI + DESY5 SN + CMB
0.001 - T
5 0.04 - »
= =
G C
0.02 — X\
T e —
0.0 0.5 1.0 1.5 2.0
< 27/30

2407.15832 Gen Ye, Matteo Martinelli, Bin Hu,
Alessandra Silvestri, "Non-minimally coupled
gravity as a physically viable fit to DESI 2024
BAO” PRL 134 (2025) 181002

PRE— T ER/EEIE] 7]

2503.19898 Jiaming Pan, Gen Ye, "Non-
minimally coupled gravity constraints from
DESI DR2 data"
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Non-minimal coupling

M 1
S = [d4x\/ —9 [TPI(R - 2A) - Eg/w Vﬂ¢vy¢ - V(¢) + gSM[g/,w, WSM]] + Jd4x _ggDM[g,uy = Q(¢)2gﬂy’ WDM]
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12209.14732 0H,, tension = modified gravity

Toy model
top-hat

Dilaton coup"ng Q(¢) — €Xp (X) Cai, Guo, Li, SJW, Yu (PRD Letter 2021)
Effective cosmological constant Veﬂr(<¢>)
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Conclusions and discussions

MG/DDE: crossing?

It is indeed the critical time from ACDM to something different { _
MG&DDE: thawing?

What DESI BAO really want to tell us is the disagreement
with Planck-CMB on €2 if ACDM is assumed

Whatever left can be interpreted diversely, e.g. MG /& Phenomenoloaical?
DDE, but the crossing crucially depends on low-z SNe g )

DESI DDE is not only in tension with /, tension (in tension with both early/late

solutions to H, tension)
but also the way out of it has already ruled out its preferred phantom crossing

from wpp < — ltowppg > — 1

DESI DDE is not only in tension with /{, tension but also
in tension with S8 tension, y tension, and 5HO tension

The beyond-ACDM new physics might be thawing dark
energy from modified gravity with coupling to matter

Such a non-minimal coupling of scalar field to gravity might be naturally motivated from
UV completed theory, e.g. modular field from string compactifications and 2007.04396

%@%
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