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Neutrino Self Interactions

Overview
Indirect measurements from Z invisible decay width (LEP) — Self-interaction among active
neutrinos (SIv) in the SM are extremely weak
L Novel Slv mediated by a BSM scalar/vector bosons L

— Can be significantly large compared to SM

L Light mediators — Larger G g v

Well motivated from both theory and cosmology — Neutrino mass, connections to sterile
neutrino DM, Hubble and S8 tensions, Muon g-2, relaxation of cosmological m, bound

Berryman et. al. (2022)



Neutrino Self Interactions

Neutrinophilic Scalar

7 Make ¢ neutrinophilic = Avoid charged lepton flavour constraints

Stronger constraints on vector mediators, more room with scalar mediators for
strong neutrino self-interactions

Tied to neutrino mass theories - &£ = F(LH )2¢

Simplified model: Singlet scalar ¢ solely mediates Slv, no VEV to avoid

Simplified model at low-energies

constraints from m,,



Impact on Electroweak Precision
Neutrino EW Couplings

L= = (8l V'PL Vs Z Self-interaction among neutrinos— Radiative corrections to neutrino EW couplings
aff “a U

—{(gw)aﬁza PP, v, Wo +h.c. }
Simplified Slv Lagrangian— Not gauge-invariant, has UV
divergences — Need a UV complete model

” Y iqS Vo O _ -
| gZ;tayﬂ;y ]‘42 1
_q)l/g Vg (082)ap = — 3072 In m_(,% + ¢z + f1(g°, my, M) + O | —
¢ Sty | M 1\
-~ O8wW)ap = — In—+cy+ 0 —
, \\ ( gW) ﬂ 6471'2 m% %% (M2>
Vg ———p—p— Vg _ _
D Y

Light mediators— Log enhancement irrespective of the UV completion details

Zhang (2025); Foroughi-Abari, Kelly, Zhang (2026)



Impact on Electroweak Precision

The Fermi Constant

Neutrinophilic scalar coupling to e/u — Radiative corrections modif
G = \/2¢2/(8m2) P PINS "o i Y

the extraction of G from p lifetime measurements

A Sly — (égW)ee + (5gW),u,u . |/1€e |2 + |/1'u/,t |2 M2
u gw T ms
G, =1.16637 x 107> GeV~>
1 ~ (1 A SIv 2
o ( TAr ) . Light mediators — Slv leads to increase in the extracted value of G
H H SM

G measurements alone cannot constrain NP — Use to construct other EW
observables

Marciano (1999)



Impact on Electroweak Precision

Weak Mixing Angle

2
m
sin® Gy = 1 — <—W>
mz

sin® 9pM cos® OpM = ™
V2G,m3(1 — ArsM)
/

Radiative corrections in SM

Sirlin (1980)

Modification of the Fermi constant affects the weak mixing angle — Replace G, by G

. 2 9SM . 2 nSM
sin” Oy cos” Oy

1 — Ardl

) 20 —
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1 + sec(26:2M
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4

sin® ;M = 0.23122

Slv effects encoded in Ar parameter — Naive estimates from Ar < 0.0012 (20)

Erler, Ramsey-Musolf (2005)






Impact on Electroweak Precision

Input Parameters & W-boson Observables

Freely varying within their experimentally
determined ranges

Parameter Input value
QCD as(my) 0.1177 + 0.0009
QED Ao'? (m2)®)  0.02758 4 0.00010
mz [GeV] 91.188 + 0.0020 +Gp
m; [GeV] 172.56 + 0.61
My [GeV] 125.1 + 0.1

Masses of light quarks and leptons kept fixed

Simplified model Slv) — +{4,m, M}

myy is modified from the corrections to the weak mixing angle

my, = m, cos Oy,

Corrections to the total W decay width I'y,

FW_ — F‘S)Vl\il (AFSIU) + 6FW_—>f17 + FW_—>fl/¢*

No log enhancement of the form In (M 2 mé) for my, > m,,

w" Wil aa + 2CW
ol W—Cv -1 W—Cvgp — (

In —2 +
1924/273 My 6

CDF, DO (2012); ATLAS (2024)



Impact on Electroweak Precision

Z-pole Observables

8v.f = 1 p£ (Ig— 2Qf1<£sin29W), gar = p£I§

ATSY = 6T+ (Tt + Ui

G113 | Ay | 1 M? 17 +3c,
— n ]
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No log enhancement of the form In (M 2/ mq%) for my, > my,

A 28v.r8A.f A _0{;—0}; B 3AA
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8V T 8AF or + 03

Asymmetry parameter  Forward-backward asymmetry

I, =TM(Ar + ALY sin” 0% = K4 sin” 0y,

Total decay width Effective weak mixing angle

I I’ 127 1,1
sz had ,qu 4 Ghad= > 2had
I, [ g my; 17

Total hadronic CS

Partial width ratios
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Precision Constraints

Global Fits M =1TeV, 1€ [0.001 - 1.0], my € [0.001 —200 GeV]

Qg [ +0.37 +0.33

Aoyt SM ~0.17 | Sl —0.27 [—

My F | +0.25 | +0.25
m, | | +0.20 +0.35
Mg - 0.0

Global fits of SM predictions to EW precision ol Cos L ;

data — Powerful probes of BSM physics » (Hpg) !
sin® 0'%(Qrg) F

A,(LEP)

A,(SLD) |

Slv effects are added to the Gfitter package,
based on ROOT Minuit algorithm R, |

Frequentist method — Global minimum of squares Afp

o) ( ) _ 2 ln g( ) —2 —1 0 1 2 —2 —1 0 1 9
)( yl - yl (Oﬁt — Omeas)/ O meas (Oﬁt — Omeas)/ O meas
Gr = 1.166379 x 107> Gr = 1.166649 x 107

Yiin = 13.99 y2 =13.60



Precision Constraints
Simplified Model
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Parameter Space

Neutrinophilic Scalar
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Arr]
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Constraints from AN, ¢ at

Nollett, Steigman (2014)

Tauphilic case — Constraints from IceCube

Exotic three body decays of
measurements, global fit to v oscillation data

charged mesons - m*™ — v X

Esteban, Pandey, Brdar, Beacom (2021)






UV Completion

with a Scalar Triplet

A concrete UV-complete model required for Slv — Extend SM with SU(2), CS triplet + CS singlet

Yop -
Z = Tr[(D'T)'(D,T)] = M*TY[T'T] + 0"¢"0,p — pi; | | — Z TﬁLaTiang — y'H'io,TH¢* + h.c.

a.p=e,u,t

After EWSSB ¢ mixes with 7" that couples only to neutrinos — Slv mediated by ¢
, |y | v? 1 TeV \* :
0 ~ ~ 0.03 ]y’ Aap = YapSIN O
S e Y < M > e

New tree-level decay channel due to the mixing: Z — ¢¢™ (m; > 2my)

Radiative corrections to the gauge couplings from both the triplet and the singlet
08y =@58V)¢ + [(58V)T — (08y)r, 9=0D+ (08v)1.0=0 _

A2 ln(Mz/mq%) «

—> y2q2/M2

c,=—11/2,cpy=—72
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UV Completion

Parameter Space

UV complete model — +{ A4, My, M, sin 6, AM}
¢ contribution dominates over T for sin 8 > 0.03
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Neutrinophilic Scalars

Conclusions

Neutrino self-interactions with strength stronger than Fermi
theory are well motivated NP candidates

Light neutrinophilic scalars are common targets of laboratory
and cosmological probes

One loop radiative corrections important for EW precision, log
enhancement for light mediators

SIv effects contribute to the Ar parameter — Gy, sin? Oy
modified, other EW observables affected

EW constraints determined for the simplified + UV model via
fits to experimental data — Leading constraints for

my 2 6(100 MeV)
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Backup



UV Completion

Radiative Corrections to Gauge Couplings

(Ogw)r/(0gw)s,q" = my
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UV Completion

Oblique Parameters
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