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Outline

- A model of neutrino interaction 

- Mean free path of Neutrino 

- Evolution of GW 

- Effect on CMB B mode
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Mean free path of Neutrino
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Evolution of GW
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Review of CMB B mode
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CMB B mode (unlensed)
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Conclusion
- DM-Neutrino interaction or Neutrino self interaction 

can stop neutrinos from free streaming even after 
SM neutrino decoupling. 

- Compared to 𝞚CDM enhances GW waves at scales 
which enter horizon before DM-neutrino decoupling. 

- Therefore CMB BB mode is enhanced at smaller 
scale.  

- The new interaction somewhat mimics the blue 
primordial tensor spectrum 

- Disentangling these effects need small scale 
measurement of B mode and efficient delensing. 
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Anisotropic Stress
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Tensor spectral index
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CMB B mode

Stokes parameters for CMB 



CMB Spectra
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GW wave spectra

103 104

Redshift(z)

�1.0

�0.5

0.0

0.5

1.0

1.5

qD
q/

(1
+

z)
(x

10
6 )

q =
0.001M

pc �1

q = 0.01Mpc�1

q = 0.1Mpc�1

⇤CDM
u(0) = 10�1

u(2) = 10�9



GW wave source spectra
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Definition
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Definition

Neutrino Boltzmann Equations

Anisotropic Stress in GW equation


