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UHE Neutrinos Originate in
UHE Cosmic Rays & CMB

Cosmic ray energy spectrum ® Observed highest energy exceeds 10?%¢V

T ® Cosmic microwave background exists.
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Chrenkov Radiation Energy
Optical vs. Radio Wave Region
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Salt Neutrino Detector Installed in a Salt Dome

Dow Earth Sciences, Geol: J.Hertzing

1. Rock salt 1s free from liquid and
gas permeation petroleum or
natural gas are likely to deposit 4
around a salt dome.

2. Free from water permeation
leads good radio wave
transparency in a salt dome.

3. Covered soil prevents surface 1g9km
radio wave to penetrate.

4. Concelvable background 1s black
body radiation in salt dome.
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Attenuation Length: Cavity Perturbation Method

Resonance curve

Complex permittivity
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0.3GHz Cavity with Closed Insertion Hole

Mode: TMyq9
Circular TM, (S ! f=0.3GHz Q=10,000

Cavity Resonator

Inner Size:749mm¢p x 100mm
Sample diameter: <30mm¢p

Screw for
lock
Screw for
\ position adjustment

Pushing spring

Aluminum Sample holder for sample fixing
Alloy
Sample holder
with stand
Input Output
port port
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Synthetic Rock Salt :Preliminary
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Attenuation Length of Synthetic Rock Salt in 0.3GHz

L/km=143095 for ¢p25 and 30mm

]

1

00 10 15 20 25 30 3%

L/km

40

18
16

14
12 |

10

o N ~ D o
T T

Attenuation Length of Synthetic Rock Salt at 1GHz
L/m=4514231 for 5, 6, 7, 8mm samples

O

100 200 300 400 500 600 700 800 900

L/m

M.Chiba_ ARENA2006




Hockley Rock Salt (Texas): Preliminary
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Asse Rock Salt (Germany): Preliminary
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L/m=367x179 for ¢p25 and 28mm
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Two types of Frequency Dependence (Preliminary)

Attenuation Length of Rock Salt (03 and 1GH=z)
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Attenuation Length of Rock Salt (Preliminary)

100000 ¢

L
i
o
o]
of
]
/
04!
<
=
3
!

1000

I:)

100

LAm

'--
>

]

/

10

R

NE
=I5

# 03GH_ Syrthetic

B 0 35H_Hockley

# 03GHe_Z vidwending

& 03GHe_Asss

B 03GHe_Heilbronn

# 1 O5H: Svrthetic

B 1 .0GH_Hockley

# 1. 0GHe_Z vidwending

& 1.0GH_As=s

* 1. 05H_Lugarnsk
01 BGHe_ Hockley in situ
03GH_Hockley insitu
0 MGH_ Hockleyw GPR
07 SGHe Hockley insitu

# 2 34GHe Syrithetic TWCOZ0

# Hippel 100H

® Hippel 25GH:

Y

0 0y 1
Freqguency/GHe

M.Chiba_ ARENA2006

10

100

11




SND Simulation: EM Shower Simulation in 1D

eEM shower is simulated as a charge distribution in 1D: Q(r)
eStructure function of excess electrons: Observation point
1Dimension, Velocity of the particles =¢

— Fast calculation of electric field

(J. Alvaretz-Muniz et al., Phys. Rev.D, 62,

2000, 063001) R

)
E= \/2170)112 o e"““sinf J. Qrle™dr
e

p=(1-ncosO)w/c 0 EM ShOWGr

(gigatic charge transfer)
[

Starting position of shower
R: Distance from origin of a shower to observer

r: position of charge, ®: frequency of radiation
n: refractive index, 0: angle between shower and observer
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1D structure function of excess electrons

Geant4.5.2. is used for space distribution of excess electrons (E, ... =10'5 -1016 eV).
Modified Greisen parameterization is used to fit Geant4 shown as the solid line.

a, B, y are determined from 1015-1016 eV Geant4.

Geant4 includes LPM effect in bremsstrahlung at E>1015eV.
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Angular and Frequency Distribution of Electric Field
1Dimensional structure function vs. Geant4

Anecular distribution Frequency distribution

Geantd Calculation
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e1D Angular distribution shows clear interference pattern due to high statistics.
1D envelope in angular distribution is consistent with Geant4.
eFrequency distribution: Geant4 is normalized to SLAC experiment at 2GHz.
1D model becomes close to Geant4 under 1GHz to be used.
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Conditions of SND Simulation

«Effective volume: 3><3><3[km?]

| Black body radiation |

*Att. Length: Asse with freq. dep.

*Antennas: 10><10><50
Spacing: 250m horizontal, 50m depth =10
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E field at antenna
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Summary

Long attenuation length is found at Asse and Hockley rock
salt. There are two types of frequency dependences of the
attenuation length. One is consistent with a hypothesis as
tano being constant with frequency and the other is not.
Structure function of 1D excess
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to get EM field@E >10'8eV. 3 I it 20
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realistic attenuation length of
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radiation, receiver band width. 10
Computer times are 1D (5 min) '
and Geant4 (10 days)@10'%eV. '
GZK neutrinos will be detected
8 62 event/year.
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1GHz Cavity Resonator with Closed Insertion Hole

wl

., ISR Mode: TM,,
f=1.0GHz Q=10,000

Inner Size: 225mm¢p x 30mm
Sample diameter: <10mm¢p

Guide for prevention of revolution
;h Pushing spring for
sample fixing

Screw for lock

Screw for position adjustment

.
Input port Output
The most difficult task 1s to port
make a good shape of rock salt v
samples. Shorter sample is easy Oxygen free
to shape. copper cavity
Sample insertion holder ~~
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0.2GHz cavity under construction

@1124><100 mm, Aluminum, Q will be 8,000.
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