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Cosmic rays, gamma rays and neutrinos

Ahlers and Halzen, RPNP102(2018)73
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Interplay between particle physics and astrophysics

Why astrophysics is important for particle physics

e Historic discoveries of positron, muon, pion, kaon

e Solar neutrinos and atmospheric neutrinos

e Dark matter and dark energy

e Extreme density and extreme energy for testing
particle physics

Why particle physics is important for astrophysics

e Essential for understanding and modelling the
astrophysical phenomena

e Essential for propagation and detection

e New physics leads to testable predictions
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Resonance 1n colliders
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Cosmic "accelerator and collider”
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The Glashow resonance

PHYSICAL REVIEW VOLUME 118, NUMBER 1 APRIL 1, 1960

Even before Glashow's , .
Resonant Scattering of Antineutrinos

electroweak theory
SHELDON L. GrLAsHOW*
(one year later)  insitue for Theoresical Physics, Copenhiagen, Denmarl

(Received October 26, 1959)
Atmospheric

The hypothesis of an unstable charged boson to mediate muon decay radically affects the cross section
for the process #+e — p+pu~ near the energy at which the intermediary may be produced. If the boson is
assumed to have K-meson mass, the resonance occurs at an incident antineutrino energy of|~2X 102 ev. The ~ ev
flux of energetic antineutrinos produced in association with cosmic-ray muons will then produce two muon
counts per day per square meter of detector, independently of the depth and the orientation at which

the experiment is performed. e

section becomes radically altered. The process will —
occur by the sequence -V
vte— L™ — itu, V

and at some antineutrino energy there will be a reso-
nance, occasioned by the real production of an inter-
mediary boson. The cross section, in this case, assumes — —
a typical resonance form, V _ V

Ey /4

ag y
(E— Eo)*+T7?

a‘:
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The Glashow resonance

PHYSICAL REVIEW VOLUME 118, NUMBER 1 APRIL 1, 1960

Even before Glashow's , .
Resonant Scattering of Antineutrinos

electroweak theory
SHELDON L. GrLAsHOW*
(one year later)  insitue for Theoresical Physics, Copenhiagen, Denmarl

(Received October 26, 1959)
Atmospheric
The hypothesis of an unstable charged boson to mediate muon decay radically affects the cross section
for the process #+e — P4y~ near the energy at which the intermediary may be produced. If the boson is
assumed to have K-meson mass, the resonance occurs at an incident antineutrino energy of|~2X 102 ev. The ~ ev
flux of energetic antineutrinos produced in association with cosmic-ray muons will then produce two muon
counts per day per square meter of detector, independently of the depth and the orientation at which

the experiment is performed. e

Y7

section becomes radically altered. The process will

occur by the sequence | %4
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The Glashow resonance
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The Glashow resonance
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The Glashow resonance
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How to detect?
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Water/Ice Cherenkov telescopes
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A map of water/Ice Cherenkov telescopes
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A map of water/Ice Cherenkov telescopes
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Water/Ice Cherenkov telescopes
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Water/Ice Cherenkov telescopes

Posterior probability density

MC events in 4.6 yr per bin
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Water/Ice Cherenkov telescopes
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How many events are we supposed to expect?
#event ~ ®; X o XN XT

> ! L Collection time V
¢ unknown — Target electron number -\/

v
S/ZWEV
(s — M3,)? + 1%, Mz, 7

O'(O)(S) = 247TF%VBrw——>Uee—

Guo-yuan Huang 14



Effect 1: Doppler broadening

Resonant Scattering of Antineutrinos

SueLpON L. GLasHOow*
Institute for Theoretical Physics, Copenhagen, Denmark

(Received October 26, 1959)

mediary boson. The cross section, in this case, assumes
a typical resonance form, '

E¢
ayg y
(E— Eo) 4T

G“m
in which the incident antineutrino energy at the reso-

High Energy Physics - Phenomenology

[Submitted on 16 Jul 2014]

With mz=my, the energy of the incident antineutrino
energy at the resonance is 9X10" ev and the width of
the resonance is 2X10% ev, while with mz=mg,
Fy=2.3X10" ev and I'=1.5X10° ev.

Although the natural width of the resonance is quite
small, a significant broadening is produced by the
spread in velocity of the target electrons. In a collision

with an electron of velocity B¢ along the direction of
incidence, the resonance occurs at the antineutrino
energy

E¢= (1+48)"E,.

Thus the experimental width of the resonance will be
approximately (3/137)E,, where 3 is the mean atomic
number of the target material. Upon earth, antineu-

The Effect of Doppler Broadening on the 6.3 PeV W ~ Resonance in 7.e¢~ Collisions

Amit Loewy, Shmuel Nussinov, Sheldon L. Glashow

We calculate the Doppler broadening of the W~ resonance produced in Z.e ™ collisions of cosmic anti-neutrinos with B, == 6.3 PeV with electrons in atoms up to Iron. Revisiting this
issue is prompted by recent observations of PeV neutrinos by Ice-Cube. Despite its poor energy resolution, the 20% Doppler broadening of the resonance due to electronic motions can

produce observable effects via non-linear neutrino absarption near the resonance. The attendant suppression of the peak cross section allows v to travel correspondingly longer

distances. While this effect is unlikely to be directly detected in the near future, it may facilitate terrestrial tomography at depths of ~ 10 km, complementing deeper explorations using

the more frequent nuclear interactions at lower energies.

Subjects: High Energy Physics - Phenomenology (hep-ph); High Energy Astrophysical Phenomena (astro-ph.HE)

Cite as:  arXiv:1407.4415 [hep-ph]
(or arXiv:1407.4415v1 [hep-ph] for this version)
htips://doi.org/10.48550/arXiv.1407 4415 €
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Effect 1: Doppler broadening
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Effect 1: Doppler broadening
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Effect 2: Initial state radiation
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Effect 2: Initial state radiation
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Cross section
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Cross section

2023-05-31

How many events are we supposed to expect?
#event ~ ®; X o XN XT

2.V VW

Guo-yuan Huang
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" Collision
& Detection

Astrophysical beam dump

©Randall Smith & Rob Petre, Msfc/Nasa



How many events are we supposed to expect?
#event ~ ®; X o XN XT

4 —_—
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. Nu production
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Continuous efforts in this direction

©Randall Smith & Rob Petre, Msfc/Nasa



Flavor composition of UHE Neutrinos

Production

Source flavor ratio

Earth flavor ratio v + v

Earth flavor ratio

PP
pp ;r damped

Py
py pn damped
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{0,0}: {1,1} : {0,0}
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0.23:0.39
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Flavor composition of UHE Neutrinos

2023-05-31
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Inference of the fraction
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Projection of future Cherenkov telescopes

35

probability density

2023-05-31
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Air shower neutrino telescopes
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Glashow resonance potential

2023-05-31

GYH et al., JCAP02(2022)038
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Glashow resonance potential
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Glashow resonance potential
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Glashow resonance potential
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Resonances from new physics?

2023-05-31

GYH et al., JCAP02(2022)038

(—)

Guo-yuan Huang

Ey)\/f

: H'. o,
v W7

(J/\;

q
q

o
- e
q )

. h LQ

31



Resonances from new physics?
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Neutrino—nucleon scattering
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Resonances from new physics?

Neutrino—electron scattering
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Conclusion

e The observation of the Glashow resonance is not only
another test of the yet robust Standard Model, but also
provides us information about sources.

e The candidate event observed by IceCube can already
rule out the u-damped py source at the 20 level.

e Besides the water/ice Cherenkov telescopes, air shower
neutrino telescopes in principle can also be sensitive to
the Glashow resonance. However, we find the
sensitivity is poor for a rather aggressive setup TAMBO.

e Resonances induced by new physics can arise in those
telescopes. The sensitivity is good around PeV neutrino
energies. However, when going to EeV energies, we will
lose the sensitivity.



Many thanks!
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