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Probing Neutrinos via cosmology

ACDM
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Neutrino self-interaction to the rescue (?)
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Neutrino self-interaction to the rescue (?)
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Probability

Strong flavor specific interaction preterred by CMB
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Constraints on 1-Neutrino decoupling (other 2 freestreaming) from only phase-shift

T T T T T T — T T T | |
1.0 F O\ =
- / \ 7/ =
i N
: / II\\
0.8 _ /! ! I)
/ ‘- -
P II II II ------------
8 06 % [I ,' B
ge] - /! /
N ] / o)
_ ! S
04 B ,l II _
/ /
ll II - FI/—DM7 'y ) TS _
i AW _
0.2 T -== 'y pm x T} -
. ' ,' e P18 '
Slight preterence for : gy / e ACT + SPT
. . R 7 1
around equahty 102 103 104 105 106 107

<y.dec

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



https://arxiv.org/abs/2509.20363

°££E?i11t 2

1

2

é;{i

Falvor - Universal coupling 1s strongly ruled out by laboratory constraints
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Trinity ot neutrino/DR cosmology

Reduce the neutrino contribution to M. and add massless DR

Strong neurino mass bound

Accommodate flavor-specific
selt-interaction?

(SI mode)

Strong constraints < >

from laboratory & BBN

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



Trinity ot neutrino/DR cosmology

Reduce the neutrino contribution to M. and add massless DR

Strong neurino mass bound

Accommodate flavor-specific

Strong constraints < >

self-interaction?
from laboratory & BBN ST mode)
Make the neutrino non-interacting < . Make DR strongly self-interacing
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Neutrino and DR having same abandance and free-streaming properties are indisguishable in cosmology




Resonant conversion of v — y (DR)

Anirban Das, P. S. Bhupal Dev, Christina Gao, SG, Taegyun Kim: PRL 136 (2026) 13, 131003 (2506.08085)
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Resonant conversion of v — y (DR)
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Resonant conversion of v — y (DR)
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Resonant conversion of v — y (DR)
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Resonant conversion of v — y (DR)
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Resonant conversion of v — y (DR)
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Preference for DR Self-interaction

---- Planck : 0.75Ny + 2.25Ny

---- Planck : 1.2N, 4+ 1.8Ny
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w/ Planck18 +DESI
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'Iwo mecanisms to relax neutrino mass
Anirban Das, P. S. Bhupal Dev, Christina Gao,

3 SG, Taegyun Kim: arXiv: 2506.08085
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Universe wants to be here (Cosmologicallyi)
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Conclusion

Strong neutrino 1nteraction cosmology can be realized 1n a collider & BBN safe way

Additionally, the neutrino mass cound 1s significantly relaxed

Modified phase-shift induces a shift in 8, that increases the value H, from CGMB
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Low reheating 'lemperature
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HNL (N) can be produced in the early universe and give rise to large AN, 4
can be prevented by having a low reheating temperature 7, < 1 GeV
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Parameter constraints (1o)

Planck + DESI

Planck
0.75N, + 2.25N,, 1.2N, + 1.8N,
Parameters MI S MI SI
102wy 2.234+0.02 | 2.24+0.02 | 2.23+0.02 | 2.24 +0.02
We 0.120 + 0.0010.120 + 0.001{0.120 + 0.001|0.121 + 0.001
Ho [km/s/Mpc] | 67.173 ¢ 67.5%¢5 - 67.075 ¢ 67.675 ¢
log(10*°A,) | 3.054+0.02 | 3.034+0.02 | 3.05+0.02 | 3.02=+0.02
N 0.96372-00° | 0.9572-905 | 0.96272-00° 10.953 & 0.005
T reio 0.055 4 0.008| 0.05579-9°7 10.055 + 0.008| 0.05519:907
o8 0.80979-92_ | 0.80975:92 | 0.8091992_ | 0.81013:92,
log,o(GegMeV?)| < —3.34 < —1.23 < —3.48 —1.703
>.m, [eV] < 0.126 < 0.121 < 0.159 < 0.157
Qm 0.31979:098 | 0.31679:99% | 0.32075:99% | 0.31510-9%8

0.75N, + 2.25N,, 1.2N, + 1.8N,
Parameters MI SI MI SI
10%ws 2.25 + 0.01 2.25 + 0.01 2.25+0.01 | 2.25+0.01
We 0.1185 + 0.0009 |0.1191 =+ 0.0009 {0.1185 + 0.0009 |0.119 + 0.001
Ho [km/s/Mpc] 68.410-2 68.6 + 0.5 68.4 + 0.4 68.6 + 0.5
log(10'° A,) 3.05 + 0.02 3.03 £+ 0.02 3.05+0.02 | 3.03+0.02
ns 0.967 +0.004 | 0.959+0-006 0.96715:00° | 0.957+5-90°
Treio 0.058 4 0.008 | 0.057 £0.007 | 0.05879:997 | 0.05719:907
o8 0.81779-008 0.81579-01 0.81879-90% | 0.81979:9¢.
log,,(GegMeV?)| < —3.28 ~1.3703 < —3.44 —-1.7793
S m, [eV] < 0.0471 < 0.0518 < 0.0575 < 0.0667
Qi 0.302 +0.006 | 0.30210000 0.30210-99%  10.302 + 0.006
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