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Probing Neutrinos via cosmology

Neutrino mass

∑ mν < 0.0642 eV

Planck + ACT + DESI

(95% C.L.)

 Oscillation: ν ∑ mν > 0.059 eV

DESI Collaboration, arXiv:2503.14744



3

 tension H0

Early Universe (CMB) Late Universe

H0 = 67.24 ± 0.35

Planck + ACT + SPT

 km/s/MpcH0 = 73.18 ± 0.88

SH0ES Collaboration

H0 = 70.39 ± 1.22 (stat) ± 1.33 (sys) ± 0.70 (σSN)

CCHP Colaboration

arXiv:2509.01667

arXiv:2408.06153

⟵ Tension > 5σ ⟶

arXiv:2506.20707
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Neutrino self-interaction to the rescue (?) 
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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

Hint of  strong interaction flavor-specific scenario
Anirban Das, SG : 2011.123155
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Constraints on 1-Neutrino decoupling (other 2 freestreaming) from only phase-shift
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°∫°DM, °∫°∫ / T 5
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°∫°DM / T 3
∫

P18
ACT + SPT
P18 + ACT + SPT

Slight preference for  
finite decoupling  

around equality
zdec

Gabriele Montefalcone, SG, Kimberly K. Boddy, Daven Wei Ren Ho, Yuhsin Tsai: arXiv 2509.20363

https://arxiv.org/abs/2509.20363


 Strong Laboratory & BBN constraint for Neutrino self-interaction
Falvor - Universal coupling is strongly ruled out by laboratory constraints

Constraints are comparatively weaker for coupling with  and  νμ ντ

Blinov et. al., 1905.02727

7

Lyu et. al.,  2004.10868
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Trinity of  neutrino cosmology 

Strong constraints  
from laboratory & BBN

Strong neurino mass bound

Accommodate flavor-specific 
 self-interaction? 

 (SI mode)

∑ mν < 0.0642 eV (cosmo)

∑ mν > 0.059 eV (NH)

°5 °4 °3 °2 °1
log10[GeÆ/MeV°2]

P18-TTTEEE+lowE+Lensing

3c + 0f

2c + 1f

1c + 2f



Trinity of  neutrino/DR cosmology 

Strong constraints  
from laboratory & BBN

Strong neurino mass bound

Accommodate flavor-specific 
 self-interaction? 

 (SI mode)

Reduce the neutrino contribution to  and add massless DRNeff

Make the neutrino non-interacting Make DR strongly self-interacing



Trinity of  neutrino/DR cosmology 

Strong constraints  
from laboratory & BBN

Strong neurino mass bound

Accommodate flavor-specific 
 self-interaction? 

 (SI mode)

Neutrino and DR having same abandance and free-streaming properties are indisguishable in cosmology

Reduce the neutrino contribution to  and add massless DRNeff

Make the neutrino non-interacting Make DR strongly self-interacing



Resonant conversion of   (DR)ν → χ

X

X

ν

ν

N

N ϕ

χ

χλϕν ∼ ϵ2 λϕχ ∼ 𝒪(1)

Anirban Das, P. S. Bhupal Dev, Christina Gao, SG, Taegyun Kim: PRL 136 (2026) 13, 131003 (2506.08085)

mϕ ≈ [10−1 − 10−3] MeV

Similar models: 
Farzan+, arXiv:1510.02201 

Escudero+, arXiv:2211.01729

https://arxiv.org/abs/2506.08085
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Preference for DR Self-interaction

°5 °4 °3 °2 °1 0 1

log 10[GeÆMeV2]

Planck : 0.75N¬ + 2.25N∫

Planck : 1.2N¬ + 1.8N∫

Planck + DESI : 0.75N¬ + 2.25N∫

Planck + DESI : 1.2N¬ + 1.8N∫

This cosmology is marginally preferred over CDM 
w/ Planck18 +DESI

Λ

Anirban Das, P. S. Bhupal Dev, Christina Gao, SG, Taegyun Kim: 
PRL 136 (2026) 13, 131003 (2506.08085)

https://arxiv.org/abs/2506.08085


Two mecanisms to relax neutrino mass
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∑ mν < 0.078 eV (1 +
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3 ) [95 % C . L.]

Additional relaxation due to indirect effects 
from self-interacting χ

Anirban Das, P. S. Bhupal Dev, Christina Gao, 
 SG, Taegyun Kim: arXiv: 2506.08085

https://arxiv.org/abs/2506.08085


Parameter space
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Conclusion 

Additionally, the neutrino mass cound is significantly relaxed

Modified phase-shift induces a shift in  that increases the value  from CMB θs H0

Strong neutrino interaction cosmology can be realized in a collider & BBN safe way 



Post credit Conclusion
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Low reheating Temperature

10°1100101102103104

T [MeV]

10°15

10°11

10°7

10°3

101

105

109

°
/
H

°/H = 1

e ∫l ! e ∫l

e ∫l ! e ∫h

e e ! ∫l ∫h

∫l ∫l ! ∫l ∫h

∫l ∫l ! ∫h ∫h

HNL  can be produced in the early universe and give rise to large  
can be prevented by having a low reheating temperature  

(N) ΔNeff
Trh ≲ 1 GeV



18

Parameter constraints (1σ)


