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A model of neutrino interaction
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GW Evolution

GW mode Anisotropic Stress

Dominant contribution 
Neutrino



Neutrino interaction enhances GW

GW mode

Dominant contribution 
Neutrino

Suppressed due to



Mean free path of Neutrino
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(depends on          )

Mean free path = Hubble scale



Mean free path of Neutrino
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CMB B mode
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Neutrino interaction enhances B modes at small scale

(nT > 0)
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Key Takeaway

There is rich information (BSM) hidden in the 
CMB B modes spectrum beyond just the tensor to 

scalar ratio.



Constraints on DM-Neutrino interaction 

Planck ‘15

u(0) ≲ 2 × 10−4

u(2) ≲ 2 × 10−13

Planck ’15 + 
WiggleZ(LSS)

u(0) ≲ 1 × 10−5

u(2) ≲ 4 × 10−15

CMB Scalar mode constraints

(kmax = 0.12h Mpc−1)

[95% CL]

Constraints of similar magnitude were also derived in  
R. J. Wilkinson et al. ’14 , M. Escudero et al. ’15, E. Valentino et al. ‘17
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Planck ‘15

u(0) ≲ 2 × 10−4

u(2) ≲ 2 × 10−13

Planck ’15 + 
WiggleZ(LSS)

u(0) ≲ 1 × 10−5

u(2) ≲ 4 × 10−15

CMB Scalar mode constraints

(kmax = 0.12h Mpc−1)

[95% CL]

Effect of DM-Neutrino interaction on CMB B mode is very small
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Planck ‘15

u(0) ≲ 2 × 10−4

u(2) ≲ 2 × 10−13

Planck ’15 + 
WiggleZ(LSS)

u(0) ≲ 1 × 10−5

u(2) ≲ 4 × 10−15

CMB Scalar mode constraints

(kmax = 0.12h Mpc−1)

[95% CL]

Effect of DM-Neutrino interaction on CMB B mode is very small

not always true
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Multicomponent DM

f fraction of total DM interacts with neutrinos 
(1-f) fraction is CDM, no neutrino interaction

 23

Tensor modeScalar mode

�DM = f�i + (1� f)�CDM
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Multicomponent DM - Enhances GWs

f fraction of total DM interacts with neutrinos 
(1-f) fraction is CDM, no neutrino interaction
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Tensor modeScalar mode

�DM = f�i + (1� f)�CDM
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CMB Scalar mode constraints (68% & 95% C.L.)

Planck ’15 constraints for temperature dependent interaction

Preliminary

Multicomponent DM - Enhances GWs

*SG, Rishi Khatri, Tuhin S. Roy, in prep.
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CMB Scalar mode constraints (95% C.L.)

Planck ’15 constraints for temperature independent interaction

Preliminary

Multicomponent DM - Enhances GWs
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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 PGWs 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. 

- If Neutrinos interact with small amount of DM, the effect 
on CMB B mode and GW waves can be enhanced by orders 
of magnitude. 



Thank You
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Elaborate 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. Extraction of 
information about UV physics from CMB B mode can 
be nontrivial 

- Disentangling these effects need small scale 
measurement of B mode and efficient delensing. 

Arxiv:1711.09929



Multicomponent DM

CMB Scalar mode constraints

(Fraction of  
DM interacting  
with Neutrino)
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Multicomponent DM

CMB Scalar mode constraints

(Fraction of  
DM interacting  
with Neutrino)
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fu(0) ≲ 3 × 10−2

Temperature Independent Interaction

Orders of magnitude  
enhancement of B mode effect 

LSS constraints are  
not very effective for small f 



Multicomponent DM

CMB Scalar mode constraints

(Fraction of  
DM interacting  
with Neutrino)
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Temperature dependent Interaction
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CMB B mode

Stokes parameters for CMB 



Anisotropic Stress

Anisotropic Stress



Definition

Neutrino Boltzmann Equations

Anisotropic Stress in GW equation



CMB Spectra
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GW wave spectra
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GW wave source spectra
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