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¢ Overview of New Physics in Neutrino Scattering

¢ Search for New Physics at Neutrino Experiment

+** Search for New Physics at NA64u



Neutrino Scattering: Charged Current and Neutral Current

Credit: Jianghao Yu et al
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Neutrino Scattering: Charged Current and Neutral Current

Center-of-mass energy /s [GeV]
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Non-standard Interactions and Neutrino Oscillation

Forward elastic scattering in the limit of Lnst = —2V2Gr S P 2y Povg) (FyuPS).
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Non-standard Interactions and Neutrino Oscillation
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Coherent Scattering and Neutrino Magnetic Moment

Brdar et al, JCAP/2007.15563
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Coherent Scattering and Neutrino Magnetic Moment
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Double Cascade and New Physics
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Leptoquark
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Trident Interaction and New Physics
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Q Uantu m G raVity BlackMax+Pythia+Fluka simulations
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Glashow Resonance (GR)
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Asymmetric Dark Matter Decay
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Single Scatter Constraint
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Multiple Scatter Constraint
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Search for New Physics at NA64
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NAG4
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Muophilic Millicharge @NAG4 .«
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Axion-Muon Interaction @NAG4
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Axion-Photon Interaction @NAG4 ./
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Millicharge Particles from Light Meson Decay
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Millicharge Particles from Upsilon Meson Decay

Pythia8 simulations
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Millicharge Particles from Proton Bremsstrahlung

Fermi-Weizsacker-Williams (FWW) approximation with the splitting-kernel approach
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Millicharge Particles from Drell-Yan Process

Madgraph simulations
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Millicharge Particles Flux

Meson decay+Proton Bremsstrahlung+Drell-Yan
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Shower

Neutral current (NC) & v, charged current (CC) (low energy v_ CC)

p, 1 X
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Angular resolution ~ 8°, energy resolution ~ 15%

Aswathi Balagopal V., TeVPa 2023
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Track

Charged current (CC) (1/” CC)
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Double bang

Charged current (CC) (high energy v CC)
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Decay length ~50 m E_/PeV, length resolution ~ 2 m

Aswathi Balagopal V., TeVPa 2023
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- = Single, no brights == Double, no brights === Double, with brights = Exp. Data

bright DOM

SEEXRPYIEZFPHFNE5ER

« HESE data + through-going muons

Photoelectrons

1.0 % §:
©
09 © 2 3
o

6 0.70 6 @%
O

\
[\ \
/

First detection of tau
neutrino double bangs

0.

ot
Ay

O x E7

_ 0.20
= 2.877 1

1.0 / —— IceCube 2015 (68%, 95%,99.7% C.L.)
7 7 7 7 7 7 7 7 7
co 01 02 03 04 05 06 07 08 09

Fraction of v,, fe o

}/astr O

Fraction of v,
lceCube Collaboration, 1507.03991 lceCube Collaboration, 2011.03561

37




=)

BEF M- EE(FA:

apee(s) =247 1%, Br(W™ = v, +e")
s/Myy

X
(s — M3,)? + (MwTw)?’

GlashowXt3}R

1079

10—32

102 104

Huang, Liu, 1912.02976

10° 10%
E, [GeV]

38



lceCubefx il ZlGlashow ik

Article | Published: 10 March 2021

resonance with IceCube

The IlceCube Collaboration

Nature 591, 220-224 (2021) | Cite this article

16k Accesses | 63 Citations | 507 Altmetric | Metrics

Detection of a particle shower at the Glashow

» Glashow resonance candidate was identified
with 2.3 o significance assuming E~%?

spectrum

> The cascade is partially contained (PEPE),
with muon early pulses consistent with W
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= EEF R IREYIR A

Production Source flavor ratio Earth flavor ratio v + v Earth flavor ratio fo.
pp {1,1} : {2,2}: {0,0} 0.33:0.34:0.33 {0.17,0.17} : {0.17,0.17} : {0.16,0.16} 0.17
ppp damped  {0,0} : {1,1} : {0,0} 0.23:0.39 : 0.38 {0.11,0.11} : {0.20,0.20} : {0.19,0.19} 0.11
Y {1,0} : {1,1} : {0,0} 0.33:0.34:0.33 {0.26,0.08} : {0.21,0.13} : {0.20,0.13} 0.08

pypu damped  {0,0} : {1,0} : {0,0} 0.23:0.39:0.38 {0.23,0.00} : {0.39,0.00} : {0.38,0.00} 0

> py produces more neutrinos than antineutrinos p +y = A™ - 7 +n, if u
damped, no antineutrinos are produced

> pp produces equal amount of neutrinos and antineutrinos
p+p—n, [z + 27 + 7], which holds even if U damped

> pp is indistinguishable from py if only v + v is analyzed



GlashowXHRF T 5 BERHF RV E FF 1%

> GR cascade (W hadronic decay, e, 7 leptonic

decay) indistinguishable from NC DIS. However,

NC cascades are less energetic

» GR track without cascade at interaction vertex
distinguishable from v, CC

> 2% < f; <72 % with 4.6 years of PEPE,

J5. £ 51 % with 7.5 years of HESE, assuming
hard spectrum

> pp separated from py at more than 2 o
significance regardless of flux assumption

See also 2303.13706
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Liu, NS, Vincent, PRD/2304.06068
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Asymmetric Dark Matter Decay
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Millicharge Particles
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Atmospheric Beam Dump




Earth Attenuation

dE
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Multiple Scatter Constraint

Lp

Single scatter probability P, =1—exp (

)\(Tmin)

Multiple scatter probability Pn>2(Tmin) =1 —exp (

)
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1 o
LS

Number of observed events N, multi — singleP nZZ(Tmin ,multi)/ P I(Tmin,single)
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