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There are some debates for actual cross section above the threshold £
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o Cross section of the Sphaleron event
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@ Cross Section for PP and vN collisions
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UHE Neutbtrino
Cross seckiowns

Neutrino scattering cross sections
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New ‘ijsi;cs Search
wikthh UHE Neubrinos

o @ Did we reached the sensitivity for
observing UHE neubtrino event from
SM CCHNC or New ‘Phjsms(such as
Microscopic BH, or EW Sphaleron)?

o @ Can we identifying New Physics
UHE neultrino Event from ordmarv
CCHNC UHE wneubrinoe event?



UHE wneubrino
Event ra&é
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Neubrino :

Attenuation and
QQQQ“@'O‘EE‘O“ while Mostly GZK neutrino
JouEs \&!"‘"O“Sk the from the interaction

Earth bebween

UHE Cosmic rays
and CMBRB pko&om



Neubkrino Attenuation un the
Earth with NP conbribution
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Attenuation at High & C.}Mi'j contribute 0(1) correction

But Earth-Skimming region it can be important,



UHE neubrine Evenkt
Wikth SM CC+NC inkeractkions

Event Rate at the IceCube
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o We've reached the floor (for SM CC+NC interaction case.)




UHE wneubrino Event Spec&rum
Wikth SM CC+NC unteractions

Event Spectrum at the IceCube
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UHE neutrinoe Event
Wikl N¥ interackions

Event Rate the IceCube
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o Many parameter space of New Physics are
GZK neutrino flux uncertainty band




UHE wneubrinoe Evenk Speaﬁrum
Wikth NP unteractions

Event Spectrum at the IceCube

— ,GZK v (Fermi~LAT, 90% CL upper)

EW Sph, Total

E,®—5——, GZK v (Fermi-LAT, 90% CL lower)

EW Sph, Total

— E, ™ —— GZK v (Yoshida, m=4, Zp=4, y=2)

EW Sph, Total

___ E,%% G7K v (Kotera, FRIT, E,..=316 FeV)

/ \ -
. — IceCube, 6—years sensitivity

Pierre Auger, 9—years sensitivity

vent ) year
(&)
o




How bo &d@.h&i&fj
NP-tnduced process?

o Actually, any arbi&ro\ry inikial and final
state is possible f Total Charge conserved
(or equivalently, U Total Isospin conserved)

o 12 LH fermion numbers should
have same difference

Everfj LH

L1 =8 iy DPoubleks
— TG WA, should be

11 1 icluded




Event To po logies

Shower ( ¥ jets + 2 neutrinos , or electron )

"Q"-Event = Shower + Muon Track (for V9 jetbs
+ 1 muon + 1 heutrinos )

“Double-bang” Event = Shower + Tau decay (for
¥™V9 jebs + 1 tau + 1 neubrinos )



NP Event Rate for
each cases

Event Rate at the IceCube
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Spea‘:&rum
SM CC+NC vs. N¥
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Exbensive Ailr Shower
Evenk Anatjsi;s




Exbensive Alr Shower

o Longitudinal Bevewpmem%
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We use Graisser-Hillas function
as a qeneric fitting for EAS

we use
- our ownh MC generator for Parton Level Event qenerator
- PYTHIA8 for primary hadronization
- AIRES 2.8.4 package ﬂf(ﬁ)l’ cascade sinmulkion i Air Shower
- SYBILL 2.1 for hadronic interaction




o Longitudinal Tﬁevei.opmem%

QCD, EW Sph, BH / proton=nucleon collision

Exbensive Alr Shower
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High
Alkittude

Similar ko Haavv
Nuclel case

(smaller Xmax
values)
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Exbensive Air
Sko»mr

o Average Energies after primary harmonization

Enerqgetic
........... :’ BEIG AL onS and
""""""" neukbtrines ﬂfrc:»m
Spkai&rom Hard-
process

Average Energy after hadronization (PeV)

2000 3000
Primary CR energy (PeV)



Conclusion

o Non-Resonance type New Physics above 0(100)
PeV neulrinos energies can be tested in larqge
volume neutbtrino Eetes«topes«

o Uncertainty of UHE neubrino fux is quite large,
and new physics contribution still can hide in
them. Future Experiments, They can be tested

further.

o Exotic event topologies might be hei.[wfu,t to
Ldﬁhﬁi{v NT event in the neubtrino detector and
ground CR detector array
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