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Introduction

Neutrinos The most illusive particle in the SM

Electroweak 

interaction

Secret

Interaction ❓

Self interaction, interaction with Dark sector etc.

 Anomalous signal in short- baseline experiments 

 Supernova Neutrinos

 Cosmological signatures
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Cosmological signatures of  Neutrino self  interaction

ℒint ⊃
1
2

gijνiνjϕ, gij = gδij
Flavor universal

Self-interaction

ℒeff = Geff(νν)(νν), Geff =
g2

m2
ϕ

Moderately interacting

 (MI) Strongly interacting


 (SI)
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(Mediator can be vector)
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Cosmological signatures of  Neutrino self  interaction
ℒeff = Geff(νν)(νν), Geff =

g2

m2
ϕModerately interacting


 (MI) Strongly interacting

 (SI)

Degeneracy of  with  ( )Geff Neff H0

Proposed as a solution (?) of Hubble tension


 (Doesn’t work when CMB polarisation data is included)
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CMB (Planck)

H0 = 67.36 ± 0.54

Local measurement (Reiss et. al.)

H0 = 74.03 ± 1.42∼ 4.4σ
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Laboratory constraint
Universal coupling is strongly ruled out by laboratory constraints
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SI mode decoupling 
happens roughly at 

matter-radiation equality

·τν = − a(Geff)2T5
ν

MI mode is virtually

the CDM mode Λ
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Laboratory constraint
Universal coupling is strongly ruled out by laboratory constraints

Constraints are comparatively weaker for coupling with  and  νμ ντ

Need for cosmological analysis of Flavor specific neutrino self interaction

(gϕ ≡ g)

Blinov et. al., 1905.02727
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Flavor specific neutrino self  interaction in cosmology
CMB is insensitive to specific flavor  of Neutrino


(Not sensitive to weak interaction)
(νe, νμ, ντ)

CMB is sensitive to flavor specific interaction ‘collectively’



(Flavor universal)

3c + 0f 2c + 1f 1c + 2f

coupled (interacting)

free-streaming (non-interacting)

c =
f =

Can be νe /νμ /ντ

Massless neutrinos

 flavor 


Flavor diagonal interaction
3 (Neff = 3.046)

As
su

m
pt

io
ns

Same coupling strength Geff

Common coupling strength  for coupled flavors (CMB insensitive to specific flavor)Geff

≡ 07



Effect on CMB spectrum
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CDMΛ ≡0c + 3fChanges are milder with less number of coupled neutrinos 
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Strong flavor specific interaction preferred by CMB

°5 °4 °3 °2 °1
log10[GeÆ/MeV°2]

P18-TTTEEE+lowE+Lensing

3c + 0f

2c + 1f

1c + 2f

Significance of the SI mode increases dramatically in flavor specific scenario

The position of the SI peak remains approximately the same

Anirban Das, SG : 2011.123159



Strong flavor specific interaction preferred by CMB
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Origin of  the SI mode
SI mode interaction strength keep neutrino coupled till matter-radiation equality

Affects all the CMB peaks (ℓ ≳ 100)

CDM parameter  compensate for the changesΛ (As, ns . . )
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Spectral changes due to modes  
between MI & SI 

cannot be compensated by 
changes in CDM parametersΛ
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SI mode enhancement in flavor specific scenario
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Λ

In flavor specific cases SI mode value of  does not changeGeff

Changes are milder with less 

number of coupled neutrinos 

More freedom to fit

The residual

(smaller )χ2

SI mode fits some 
features of the residual

The existence of SI mode is connect with the value of Geff
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Effect on  : Phase shiftH0
Neutrino self interaction can enhance  even when  is kept fixedH0 Neff

Photon transfer function —  cos(kr*s + ϕν)

Phase shift due to

 free-streaming neutrinos

ℓ ≈ kD*A = (mπ − ϕν)
D*A
r*s

Rν = RΛCDM
ν ×

0, for 3c + 0f
1
3 , for 2c + 1f
2
3 , for 1c + 2f

ϕν ≃ 0.19πRν


D*A = ∫
z*

0

1
H(z)

dz

r*s = ∫
∞

z*

cs(z)
H(z)

dz

Change in  is compensated (mostly) by change 
 — through change in  and 

ϕν
D*A ΩΛ H0

Rν =
ρν

ργ + ρν
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Effect on  : Phase shiftH0
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Effect of  BAO data

0.0 0.5 1.0 1.5 2.0 2.5
z

55

60

65

70

75

H
(z

)/
(1

+
z)

£
(r

d
/r

fi
d

d
)

[k
m

/s
/M

p
c]

§CDM

3c + 0f :SI

1c + 2f :SI

BOSS

0.0 0.5 1.0 1.5 2.0 2.5
z

0

100

200

300

400

500

600

D
M

(z
)/

(1
+

z)
3
£

(r
fi
d

d
/r

d
)

[M
p
c]

°5 °4 °3 °2 °1
log10[GeÆ/MeV°2]

P18-TTTEEE+lowE+Lensing

P18-TTTEEE+lowE+Lensing+BAO

3c + 0f

2c + 1f

1c + 2f

15



Constraints with other dataset
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Conclusion
Flavor specific neutrino self interaction is phenomenologically motivated 

  takes into account laboratory constraints


The significance of the SI mode is increased dramatically 

 similar in  to CDM fit


The position of the SI mode peak in Flavor specific interaction 
remains almost the same in Flavor universal case


However, does not predict a larger  than flavor universal case 

→

→ χ2 Λ

H0

Flavor specific neutrino self interaction can provide similar (in some case better) 
fit to the CMB (& LSS) data

Cosmology favors Flavor specific neutrino self interaction
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Parameter Values

Anirban Das, SG : 2011.1231519



Parameter Values

Anirban Das, SG : 2011.1231520



Parameter Values
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 valuesH0
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