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Dark Matter Problems

2006

1980

IF GR is correct, 
it will be difficult 

to explain the 
universe without 
DM assumption. 

More and more dSphs were found!

1933->1965



What is the 
DM-SM 

interaction 
strength? 
How is possible 

that no interaction 
between 1e-6 and 

1e-39?

Unless, Gravity is not 
the fundamental 

force...



DM

DMDM

DM

However, all the evidence are all based on 
gravitational interaction. 

Can we see any non-gravitational 
interaction from gravitational evidence?



Only 
gravitational 
interaction? 

JWST

We shall be able 
to see non-

gravitational 
interactions 
from precise 
cosmological 

measurements.



The current DM search

Over more than 40 orders of magnitudes. 

The 
lightestt 

DM

Well 
motivated. 

BH or the 
early 

universe.



DM particle model Experimental data

Similarity to Bayesian theory

Model parameters



Mirror Twin Higgs
A solution of the Higgs hierarchy problem.

N. Craig; adapted from Symmetry Magazine



Popular solutions 
of the Higgs 

hierarchy problem: 
SUSY, Mirror Twin 
Higgs, and so on.



The Hidden Naturalness solution

Image credit: Yusin Tsai

• We only introduce 
three parameters 
for a cosmological 
study.

• DR includes twin 
neutrinos and 
photons.

• Higgs mixing 
correlates to vhat



Image credit: Yuhsin Tsai 

QCD 
and 

dQCD



The Mirror Twin Higgs

• Matter power spectra are 
suppressed at a large k region 
(small scale).  

• Non-linear effects wash out the 
DAO features.



If adding a dark 
radiation component 
to the Universe, H0 

can be increased 
while S8 is still large! 

Small Ho but 
large S8? D

AO

relativistic DOF



L. Perivolaropoulos, 
and F. Skara
(2105.05208)

The LCDM large 
sclae results are 
smaller Ho but 
larger S8 than 
the small scale 
measurements. 

This coincides 
with to MTH.



Sensitive to H0

Sensitive to S8

where cs~dP/d\rho
Sensitive to H0

Sensitive to S8

Cosmic Shear 
measurement



shape-shap 2 points-correlation: 
Cosmic Shear

Image credit: 
arXiv:1001.1758



Our side.

Source side



shape-shap 2 points-correlation: 
Cosmic Shear



The impact of vev and Delta N 

• DES Y3 cannot probe a small scale. 
• A large v-hat and small Delta N (LCDM-like)

can escape from DES due to mask. 



Telescopes for 
Cosmic Shear

References: HSC website, Chi Zhang, 
[Chinese Science Bulletin 66, 1290 (2021)], and 
2301.03068

(wide)



Basic likelihoods:

1.Cosmic shear (DES Y3, shape-shape).
2.CMB (TT, TE, EE, lensing).
3.BAO (BOSS DR12). 



MTH with SZ (2013) and SH0ES

• DES Y3 strongly disfavour the region of large r-hat. 
• The future telescopes like CSST can pin down the range of r-hat. 



The nanohertz Stochastic
Gravitational-Wave Background

NANOGrav 
(2306.16213)

The significance obtained from
NANOGrav, EPTA, PPTA, and CPTA is 

approximately
3σ, 3σ, 2σ, and 4.6σ, respectively.



The nanohertz Stochastic
Gravitational-Wave Background

Two cases in this talk:

(i) Nf = 0, the minimal setup assuming only the presence of twin top 
and bottom quarks that are necessary for addressing the hierarchy 
problem. 

(ii) Nf = 4, an extended scenario assuming two additional nearly 
massless flavours.

Nf is the dof of the color particles with mass 
“much lighter” than Lambda_QCD.



The nanohertz Stochastic
Gravitational-Wave Background

Planck (CMB)+
DES Y3 (cosmic 

shear)+BAO+SH0ES

• Bubble Collision can contribute SGWB at PTA detected region, 
while Sound Wave contribution locates at higher frequency.

• Fitting PTA signal requires Delta Neff> 0.1.   



Summary
•  While the MTH model is presently not a superior solution to the observed H0 

tension compared to the ΛCDM+∆Neff model, we demonstrate that it has the 
potential to alleviate both the H0 and S8 tensions, especially if the S8 tension. 

• The MTH model can relax the tensions while satisfying the DES power spectrum 
constraint up to k~10 h Mpc−1.

• We show that the future China Space Station Telescope (CSST) can 
determine the twin baryon abundance with a 10% level precision.

• Together with the current PTA excess, Delta Neff is required to be 
between 0.1 and 0.45.



Thank you for your 
attentions


