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Dark Makter Problems
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Direct detection

X > X DM

° O
Production Indirect —
at colliders detection / \

However, all the evidence are all based on

gravitational interaction.
Can we see any non-gravitational
interaction from gravitational evidence?
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The
lightestt
DM

The current PWM search
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Similarity to Bayesian theory

Prediction error
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Wirror Tyin Hl@@s '

A solution of the Higgs hierarchy problem.



The hierarchy problem in the SM @

e Success of radiative corr. in the SM:

predicted observed
top quark 179 172.7+£2.9

Higgs boson g ?

W
Popular solutions

of the Higgs
hierarchy problewm:
e Failure of radiative corr. in Higgs sector: SMS\/, Wirror Twivn

Radiative corrections 'H‘@@S/ dV)d SO OV,
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Hierarchy problem:

= 'Conspiracy’ to get my ~ Mgy (¢ Mp)
- Biggest troublemaker is the top quark!

Ivo van Vulpen Freiburg (June 2006)



The Hidden Naturalwess solution

Mirror twin Higgs

. . . Chacko, Goh, Harnik
A concrete example: Twin Higgs  2005) (up to 10 Tev)
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Chronology of the MTH Universe

. SM: (H, He, 7, )
~ 0.68 4 0.41 x log (1.32 + ‘—) Twin: (H, He, 7, D)
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¢ Twin recombination:
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Matter power spectra are
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D . H — rs(2”)
Sensitive to S8 ° Da(z*)
0 T

aE * dz .
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Sensitive to HO
where cs~dP/d\rho

Coswic Shear
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Weak lensing
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shape-shap 2 points-correlation:
Cosmic Shear
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The impact of vev and Delta N
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* DES Y3 canvot probe a small scale.
*  Alarge v-hat and small Delta N (LCDWM-like)

com escape from DES due +o mask.
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Basic likelihoods:

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

When studying how MTH can relax the Hy and Sg tensions, we further include two datasets

one by one

(iv) The SHOES likelihood is also a Gaussian distribution with the measurement [74]

Hy = 73.04 4+ 1.04 km s~ 'Mpct.

(v) The Planck SZ (2013) likelihood* is described by a Gaussian distribution with the

measurement [45]

552 = oy (M /0.27)%3 = 0.782 + 0.010.
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DES Y3 strongly disfavour the region of large r-hat.
The future telescopes like CSST can pin down the range of r-hat.
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NANOGrav

The navohert+z Stochastic

(2306.1621 3)
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YGWB= 13/3

aravitational-wave Backagrond

22
3H .

Qew(f) = (1), (6)

where H is the Hubble constant and h.(f) is a power-law
function for the GWB characteristic strain spectrum

i
f yr

ho(f) = Agwal—=—)"; (7)

Acws = 6. 4+4 $x10™ and &y = 3. 2+U ¢ for NANOGrav,
log,p Agws = —14 54+ﬂ i’? and = 4. 19““3 E; for EPTA,
Agws =347 53 %10 and m=

065182 (o = 37)
for PPTA, and logm Acwp =

2
—14.47 53 with v < 6.6 for
CPTA. -

The significance obtained from
NANOGrav, EPTA, PPTA, and CPTA is
approximately
30, 30, 20, and 4.60, respectively.
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‘e nanohertz Stochastic
Gravitational-wave Backa\romm
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my,  mny AQ091 ™\
Two cases in this talk:

(i) Nf = O, 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
aravitational-wave Background
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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 HO
tension compared to the ACDM+ANeff model, we demonstrate that it has the
potential to alleviate both the HO 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 0.1and 0.45.
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