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Story we will talk today : 

Hidden sector
Naturalness problem : 
Parity symmetry, Higgs 

hierarchy 

Early Universe

CMB power spectrum

Large scale structure

Precise 
cosmology:
𝐻! tension ,
𝑆" tension
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Hidden sector
Dark matter evidences: cosmology, galaxy rotation curve, 
velocity dispersion and so on.

How about hidden 
sector?

Hidden particles,
Hidden interaction?
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Hidden sector
The interaction between two sectors is strongly constrained. 
But how about the interaction within hidden sector?

One way to explore this interaction: cosmology

Standard 
model

Hidden 
sector

Gravity Dark radiation,
Dark matter
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Mirror twin higgs

Parity symmetry:  mirror sector will help to restore the 
symmetry
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Mirror twin higgs
higgs hierarchy problem: why the weak force is 10#$times as strong as gravity ?

i.e. why higgs mass is so small compared to 𝑚%& ?

The hope for supersymmetry 
cancelling is fading since the 
LHC bounds are too strong ……
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Mirror twin higgs
Alternative method: cancelling partner through higgs mixing

Avoid collider constraints compared 
to supersymmetry
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Mirror twin higgs
Just like supersymmetry, each particle in standard model has 
an exact counterpart in mirror sector

mirror sector:
Mirror  lepton, mirror quark, 

mirror neutrino …
U(1),SUR(2),SU(3)

Gravity

Higgs mixing
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Explore mirror sector with cosmology

Hidden sector Naturalness problem : 
Higgs hierarchy 

Early Universe

CMB power spectrum

Large scale structure

Precise 
cosmology:
𝐻! tension ,
𝑆" tension
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MTH cosmology
3 extra parameters: 

�̂�= '!"
'#$!

: Amount of twin baryons compared to the DM density

Δ 𝑁()) ∶ Twin radiation energy , effective neutrino numbers

,𝑣/𝑣 : Ratio of the twin and SM electroweak symmetry breaking

Δ 𝑁()) depend on the temperature of twin recombination and Δ 𝑁()) , ,𝑣/𝑣 determines 
the time of the twin recombination.
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MTH cosmology
One possible method to explain the different temperature between 
two sectors : asymmetric post-inflationary reheating .
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Twin QCD phase 
transition ~ few

100 MeV



Cosmology signals

Hidden sector Naturalness problem : 
Higgs hierarchy 

Early Universe

CMB power spectrum

Large scale structure

Precise 
cosmology:
𝐻! tension ,
𝑆" tension
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CMB power spectrum
Twin BAOs suppress the gravity perturbation and generate different 
phase.
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Large scale structure
Compared to Λ𝐶𝐷𝑀: Oscillations and suppression due to twin BAO,  
additional radiation for delay of 𝑎!" and ISW effects.

The diversity between MTH cosmology and Λ𝐶𝐷𝑀 is
mainly at models that enter horizon before twin
recombination , i.e. nonlinear scale for the parameter
range of the interest. (k > 0.1 h/Mpc)
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How to test this scale?
To probe the matter power spectrum P(k) at k > 0.1 h/Mpc (and k < 10 
h/Mpc to avoid the baryonic effects):  weak lensing survey

Ø Correspond to three set of correlation,
respectively:

Ø position-position within foreground lens galaxies;

Ø position- shape of foreground lens galaxies with

background source;

Ø shape-shape of background source due to LSS.
Cosmic gravitational lensing!
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Cosmic shear
Two components for a galaxy :

(i)  Insensitive to galaxy bias, trace the matter directly;

(ii) Sensitive to detect the growth of structure and redshift evolution, constrain cosmological 

parameters 𝑆";

(iii) Well describe the geometry of the universe through the lensing kernel. 
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Nonlinear correction
Nonlinear gravity effects on the scale k > 1h/Mpc , when perturbation 
theory fails. 

Λ𝐶𝐷𝑀 : HMcode and Halofit (analytic method based on the simulation) 

How about MTH cosmology? If we use the HMcode and Halofit to do 
the nonlinear correct, how much errors we will get?

17



simulation
Gravity-only simulation with P-Gadget3

𝑁' = 512( particles in a periodic box of 
volume (200𝑀𝑝𝑐/ℎ)(, The mass of a 
simulation particle is 4.733×10)𝑀⨀/ℎ
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Cosmic shear
4 redshift bins : Deviation mainly on small scale, and the Δ𝜒%/d. o. f ~0.1

�̂� ~ 0.25 à0.21 for BP1 and 0.1 à 0.065 for BP2
We use HMcode for nonlinear correction in our MCMC scan
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Precise Cosmology

Hidden sector Naturalness problem : 
Higgs hierarchy 

Early Universe

CMB power spectrum

Large scale structure

Precise 
cosmology:
𝐻! tension ,
𝑆" tension
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Precise cosmology beyond Λ𝐶𝐷𝑀
𝐻' measurement:
Direct :                                           Indirect :
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~ 4.8 𝜎 tension



𝑆! tension
Amplitude of the matter perturbation
within 8Mpc size of the structure

The tension is about 2-3 𝜎 . The significance may grow 
if the systematic uncertainty gets improved in the future
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Models that solve the 𝐻1 tension usually worse the 𝑆2 tension

Additional fluid or free-streaming radiation (2003.28382):          early dark energy (1811.04083):
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MTH relax both tension
Dark radiation(twin photon and twin neutrinos) as additional 
radiation components to relax 𝐻1 tension.

While twin BAOs suppress the mass perturbation at small 
scale, thus relax the 𝑆2 tension.

Cosmology data we used in MCMC scans: Planck , BAO, 
SH0ES, DES Y3
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Planck+BAO+DES Y3

An up limits for fraction of MTH DM More flexible for MTH cosmology
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Planck+BAO+DES Y3+SH0ES

Compared to Λ𝐶𝐷𝑀 + Δ𝑁&'',
The fitting results are similar while
MTH is able to get a lower 𝑆(. 26



Future test (Planck SZ(2013))
If future observation provides a much more precise observation and the uncertainty of  𝑆! is 
comparable to Planck SZ (2013), MTH model could also give a good fit. 
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Future test (CSST)
CSST is much more powerful compared to DES.

28



Summary 
MTH model is motivated by the naturalness problem while leads to a rich dark sector. 

Dark radiation and self-interacting dark matter,  Additional radiation components Δ𝑁!""
and Dark BAOs.

The combined data provide an up limit for the fraction of  MTH DM : �̂� < 0.4, unless the 
temperature of twin photons is low enough.

MTH model could alleviate both the 𝐻# and 𝑆$ tensions.

Cosmology is a powerful tool for exploring particle physics.
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