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Early-late tension

Moresco et al. (2022), open wCDM with systematics: 67.8-7.2
+8.7
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Pesce et al. (2020): 73.9 ± 3.0

de Jaeger et al. (2020): 75.8-4.9
+5.2

de Jaeger et al. (2022): 75.4-3.7
+3.8

Cantiello et al. (2018): 71.9 ± 7.1
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Yuan et al. (2019): 72.4 ± 2.0
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Jones et al. (2022): 72.4 ± 3.3
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Alam et al. (2020), BOSS+eBOSS+BBN: 67.35 ± 0.97
Ivanov et al. (2020), BOSS+BBN: 67.9 ± 1.1

Colas et al. (2020), BOSS DR12+BBN: 68.7 ± 1.5
D' Amico et al. (2020), BOSS DR12+BBN: 68.5 ± 2.2

Philcox et al. (2021), P+Bispectrum+BAO+BBN: 68.31-0.86
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Aiola et al. (2020), WMAP9+ACT: 67.6 ± 1.1
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Ade et al. (2016), Planck 2015, H0 = 67.27 ± 0.66
Aghanim et al. (2020), Planck 2018+CMB lensing: 67.36 ± 0.54

Aghanim et al. (2020), Planck 2018: 67.27 ± 0.60
Pogosian et al. (2020), eBOSS+Planck mH2: 69.6 ± 1.8
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 tension!γ
2302.01331 (PRL) growth index tension D(a(t)) = δ(t)/δ(t0) : f(a) = d ln D/d ln a = Ωm(a)γ

A larger  
reproduces 

the flat 
Universe that 
is otherwise 
closed with 

 from 
1911.02087  

Nature Astron

γ

AL = 1

3.7 ∼ 4.2σ
Growth 

suppression
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 DESI-BAO+Planck-CMB+SNe
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2408.07175 George Efstathiou 
"Evolving dark energy or 
supernovae systematics?” 
MNRAS 538 (2025) 2, 875-882

2505.02658 George Efstathiou 
"Baryon Acoustic Oscillations 
from a Different Angle”
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DESI-BAO+Planck-CMB+SNe
2502.04212 Huang, Cai, SJW "The DESI DR1/DR2 evidence for 
dynamical dark energy is biased by low-redshift supernovae"

∼ 2σ

2503.14738 
DESI DR2 
Y3 BAO

DESY5=low-  + DES-SNz

Low-  sample 
dominates the 

deviation from CDM

z

Λ

Without low-  sample, 
the deviation from the 

CDM is only about 2

z

Λ σ
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Distance ladder
μ ≡ mB − MB ≡ 5 lg

DL

10pc
≡ 5 lg dL + 5 lg

c/H0

Mpc
+ 25

mB = 5 lg dL(z)−5aB

dL(z) =
DL(z)
c/H0

= (1 + z)∫
z

0

dz′ 

E(z′ )

−5aB ≡ MB + 5 lg
c/H0

Mpc
+ 25

{
M2nd

B

{a3rd
B

ΛCDM : E(z) ≡ H(z)/H0 = Ωm(1 + z)3 + (1 − Ωm)

a3rd
B = a2nd

B & M2nd
B ⇒ H0

3. No intrinsic SN systematics

4. No apparent SN systematics

M2nd
B = M3rd

B & a3rd
B ⇒ H01. 1st & 2nd 

rungs inter- 
calibrations 
systematics

2. 3rd-rung 
statistical 

systematics
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Distance ladder
2204.10866 

μCepheid ≡ mB − MB ≡ 5 lg dL(zanchor) + 5 lg
c/H0

Mpc
+ 25
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 tension around ?aB z ∼ 0.01

Redshift corrections for 2nd-rung SNe

Rigorous approach: SH0ES 2204.10866  Efficient approach: Ours 2410.06053 

PV corrections directly from 
reconstructions of density field and 

velocity field from 2M++/2MRS

Redshift corrected from minimizing 
difference of  

to Planck-calibrated late-time SNe
aB,i = lg dL(zi) − 0.2mB,i

2410.06053 Huang, Cai, SJW, Liu, Yao SCPMA 2025
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 consistency around aB z ∼ 0.01

SH0ES first two-rung distance ladder: 
supports our redshift correction

≈
SH0ES three-rung distance ladder: 

no third-rung SN systemactics

{
Our first two-rung distance ladder result

There is no more disagreement 
between Riess and Freedman

/3012



  tension around ?aB z ∼ 0.1

/3013

2505.22369 Jia-Le Ling, Guo-Hong 
Du, Tian-Nuo Li, Jing-Fei Zhang, 
Shao-Jiang Wang, Xin Zhang  
Model-independent cosmological 
inference after the DESI DR2 data 
with improved inverse distance 
ladder
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There is an  tension between 
DESY5 and PantheonPlus SNe 

regardless of DESI DR2/SDSS or 
CMB/CC and CDM/PAge !

aB

Λ

mB = 5 lg dL(z)−5aB
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  tension around ?aB z ∼ 0.1
2502.04212 Huang, Cai, SJW "The DESI DR1/DR2 evidence for dynamical dark energy is 
biased by low-redshift supernovae" mstd.

B,i = 5 lg ̂dL(zi) − 5aB,

−5aB ≡ MB + 5 lg
c/H0

Mpc
+ 25

Intercept  is the degeneracy direction of  and  and more sensitive to systematics in  and −5aB H0 MB m z

Its measured value is more reliable at high redshifts than low redshift, less affected by peculiar velocity

DESY5=low-z+DES-SN admits  discrepancy between low-z and DES-SN, unlike uniform PantheonPlusaB

/3014

CDM Λ {



  tension around ?aB z ∼ 0.1
2502.04212 Huang, Cai, SJW "The DESI DR1/DR2 evidence for dynamical dark energy is 
biased by low-redshift supernovae" mstd.

B,i = 5 lg ̂dL(zi) − 5aB,

−5aB ≡ MB + 5 lg
c/H0

Mpc
+ 25

/3015

DESI-best-fit CDM w0wa {

CDM:Λ DESY5=low-z+DES-SN

PantheonPlus

Other model: DESY5=low-z+DES-SN

PantheonPlus



 consistency around aB z ∼ 0.1
2502.04212 Huang, Cai, SJW "The DESI DR1/DR2 evidence for dynamical dark energy is 
biased by low-redshift supernovae"

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

Universe data without Planck-CMB deviates from CDM only at 
3.5σ 1.5σ

Λ 0.5σ
/3016



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

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

Universe data without Planck-CMB deviates from CDM only at 
3.7σ 1.6σ

Λ 0.7σ
/3017

 consistency around aB z ∼ 0.1



DESI-BAO VS Planck-CMB
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DESI BAO

The size of BAO along the 
LOS, α|| , constrains the 
expansion rate (slope).

H(z) ∝ DH 
-1∝ α||

 -1 

The size of BAO on the 
sky, αᵚ, constrains their 

distance from us.
DM ∝ αᵚ

Observer

α||
 

αᵚ
z

2σ errors

2503.14738 DESI DR2 Y3 BAO

DH(z) =
c

H(z)

DM(z) = ∫
z′ 

0

cdz′ 

H(z′ )

α||(z) =
DH(z)/rd

Dfid
H (z)/rfid

d

α⊥(z) =
DM(z)/rd

Dfid
M (z)/rfid

d

DV(z) = (zD2
M(z)DH(z))1/3

rd = ∫
∞

zd

cs(z)dz
H(z)

αiso = (α||α2
⊥)1/3

αAP = α||/α⊥
/3019



DESI BAO

LRG2 is among the largest deviation from CDM for a positive correlation between  and  Λ DM /rd DH /rd

��

��

�� �� �� ����

��

—

—

—

— —

—

—

—

—

—

—

—

—

——

—

0.5 1.0 1.5 2.0
-0.002

-0.001

0.000

0.001

0.002

zeff

DESI DR2: [ (DM/rd)BAO
(DM/rd)�CDM

-1][ (DH/rd)BAO
(DH/rd)�CDM

-1]

Planck-�CDM

Positive correlation

Negative correlation
LRG1

LRG2

LRG3

LRG3+ELG1

ELG1

ELG2

QSO

Lya

3σ

[Credit from Shao-Jiang Wang]

/3020

亮红星系

发射线星系

Quasi-Stellar Objects
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?

Phantom DE at high redshifts

DPDE
H (zhigh) < DΛCDM

H (zhigh)

Quintessential DE at low redshifts

DQDE
H (zlow) > DΛCDM

H (zlow)

So that the integral of  within 
LRG could be lifted up at low-

DH(z)
z

DDESI
M (zLRG1) > DΛCDM

M (zLRG1)

DESI BAO seems to indeed imply a phantom-
to-quintessence transition to lower redshifts

/3022

DH(z) =
c

H(z)

DM(z) = ∫
z′ 

0

cdz′ 

H(z′ )



DESI tension with Hubble tension

/4323
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Hubble tension is worsen!



DESI tension with early Hubble solutions
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−19.4

Larger sound horizon!
修改早期宇宙解决哈勃常数危机需
要在CMB之前减⼩声学视界，但这
与DESI偏好的更⼤声学视界不符！

如果先在CMB之前减⼩声学视界，然后在
CMB之后再增⼤声学视界，那么要求CMB之
后暗能量⽐Planck- CDM的要弱，但这⼜
与DESI所偏好的先强后弱的暗能量不符！

Λ



DESI tension with late Hubble solutions
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修改晚期宇宙解决哈勃常数危机问题要求在

宇宙晚期膨胀得⽐Planck- CDM的要快，
但这与DESI偏好的从强到弱的暗能量不符！

Λ



DESI tension with  tensionγ
2302.01331 (PRL) growth index tension

3.7 ∼ 4.2σ

Growth 
suppression

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 CDMΛ

GR + linear  regimeδ ≡
ρ − ρ̄

ρ
≪ 1

0.0003h /Mpc ≃ H0 ≲ k ≲ 0.1h /Mpc

··δ(k, t) + 2H ·δ(k, t) − 4πGρ̄δ(k, t) = 0

D(t) ≡
δ(t)
δ(t0)

, f(a) ≡
d ln D(a)

d ln a
f(a) = Ωγ

m(a), γ ≈ 0.55, flatΛCDM

/3026



 Non-minimal coupling
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

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

/3027

均偏好⼀个⾮最⼩耦合的引⼒



Non-minimal coupling

V(ϕ) = αΛ4 ( Λ
ϕ )

n

Ω(ϕ) = exp ( ϕ
Λ )

Veff(ϕ) = V(ϕ) + Ω(ϕ) ̂ρm

Chameleon

Peebles-Ratra 
potential

Dilaton coupling

Matter density

̂ρin
m > ̂ρout

m

⇒ Veff(⟨ϕ⟩in) > Veff(⟨ϕ⟩out)
⇒ Hin > Hout

Toy model 
 top-hat  
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Effective 
potential

CMB

Effective cosmological constant Veff(⟨ϕ⟩)

ΔH0

HPlanck
0

Cai, Guo, Li, SJW, Yu (PRD Letter 2021)

S = ∫ d4x −g [ M2
Pl

2
(R − 2Λ) −

1
2

gμν ∇μϕ∇νϕ − V(ϕ) + ℒSM[gμν, ψSM]] + ∫ d4x −g̃ℒDM[g̃μν ≡ Ω(ϕ)2gμν, ψDM]

Thawing DE

2209.14732  tension  modified gravityδH0 ⇒

/3028

weff =
wϕ

1 − x



Thank you

Conclusions and discussions

What DESI BAO really want to tell us is the disagreement 
with Planck-CMB on  if CDM is assumedΩm Λ

It is indeed the critical time from CDM to something differentΛ

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

DESI DDE is not only in tension with  tension (in tension with both early/late 
solutions to  tension)  
but also the way out of it has already ruled out its preferred phantom crossing 
from  to 

H0
H0

wDE < − 1 wDE > − 1

DESI DDE is not only in tension with  tension but also 
in tension with  tension,  tension, and  tension 

H0
S8 γ δH0

MG&DDE: thawing?{

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

Λ

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

MG/DDE: crossing?

/3029

Phenomenological?
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https://conferences.koushare.com/
itpgcH02025
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