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Evidence for Dark Matter 

Bullet Cluster

Rotation Curve

CMB Power Spectrum



  

No Evidence From Direct Detections

T.-Y. Lin arxiv:1904.07915,  Phys. Rev. Lett. 123, 161301 (2019)



  

Freeze-In vs Freeze-Out

Freeze-Out:
Thermalize with SM sector 
in early universe
With weak scale coupling

L. J. Hall et.al. JHEP 1003:080,2010
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Small parameters in the SM:  

Freeze-In:
Never Thermalize with SM sector
With exceedingly small coupling

Neutrino Portal dark matter



  

Our Simplified Model
Model contents
Dark matter: 
Light Mediator: 

Similar models are studied in  
J.F.Cherry et.al. arxiv:1411.1071,  
A. Berlin et.al. Phys. Rev. D99 (2019) 095030,
but with the freeze-out mechanism

Two Possible UV completions that generate tiny 

Type-I Seasaw + light scalar Minimal Majoron Model



  

Relic Abundance Quasi Static Equilibrium (QSE)  X. 
Chu. et. al. JCAP 05 (2012) 034

Quasi-static-equilibrium (QSE)
X. Chu arxiv:1112.0493

Freeze-In
with dark sector

Pure Freeze-In

Reannihilation
(dark freeze-out)

W/O QSE

With QSE



  

Relic Abundance: Pure Freeze-In

Observed 
abundance



  

Relic Abundance: Reannihilation w/o QSE

Dark Thermalization 

Dark freeze out
Residual Freeze-In



  

Relic Abundance: Reannihilation w QSE

DM become 
non-relativistic 

QSE

Dark freeze 
out from QSE

Dark Thermalization 
and over produce

QSE



  

Decay of Mediator and Indirect detection bounds

Avoid messing up with the BBN and CMB constraints, 

we simply demand the  

 and we find                                                    is enough. 

 C. A. Argüelles, et.al. Arxiv:1912.09486

Most stringent bound comes from Super-K, 
And our benchmarks all suvive from the constraint.



  

Possible Solution to Small Scale Structure Problems

Tension between solving small scale structure problem and satisfing  
the cosmological constraints found within the Freeze-In scenario

H. -B. Yu and S. Tulin  / 
Physics Reports 730 (2018) 



  

Decay of Mediator and Indirect detection bounds

In-equilibrium decay: 

Out-silde-equilibrium decay: 



  

Summary 
● We point out two UV origin of the samll coupling 

for neutrino mediator coupling
● We find the benchmark points satisfing the relic 

abundance with prue freeze-in scenario and  
reannihilation scenario with and w/o QSE

● We investigate the cosmological and indirect 
detection constraint

● We find tension for solving small scale structure 
prolem with staisfing the above constraint.
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