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UHE Neutrinos  Originate in 
UHE Cosmic Rays & CMB

(CMB)

E-3

E-2.7 Greisen-Zatsepin-Kuzmin(GZK) effect. 

Cosmic ray energy spectrum

GZK neutrinos (1019eV） flux is　
as low as 1 [/km2/day] .

→Need a huge mass of detection 
medium

Observed highest energy exceeds 1020eV

Cosmic microwave background exists.

The energy exceeds ∆ production            
threshold.

.
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Chrenkov Radiation Energy
Optical vs. Radio Wave Region

P∝E2

P∝E

Optical:
Ice Cube
AMANDA

Radio wave:
Coherent 
radiation from 
excess electrons 
in EM shower: 
(Askaryan effect):
SND/SalSA
Anita
RICE
GLUE
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1. Rock salt is free from liquid and 
gas permeation：petroleum or 
natural gas are likely to deposit 
around a salt dome. 

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

3. Covered soil prevents surface 
radio wave to penetrate.

4.  Conceivable background is black 
body radiation in salt dome.

SND

Dow Earth Sciences, Geol: J.Hertzing

Salt Neutrino Detector Installed in a Salt Dome
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Resonance curve
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Attenuation Length: Cavity Perturbation Method

widen

f0: center frequency in empty
f :  center frequency with sample
Q0: empty
Q: with sample
ΔV: volume of sample<<V
V  : volume of cavity
αε=1.855 (TM010)
n: refractive index
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0.3GHz  Cavity with Closed Insertion Hole

Screw for
lock

Pushing spring
for sample fixing

Screw for
position adjustment

Sample
Input 
port

Output
port

Aluminum 
Alloy

Mode: TM010

Inner  Size:749mmφ x 100mm
Sample diameter: <30mmφ

f=0.3GHz      Q=10,000

Sample holder

Sample holder 
with stand

Sample holder

Input 
port

Output 
port

Circular  TM010
Cavity Resonator

Polystyrene string
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Synthetic Rock Salt :Preliminary

Attenuation Length of Synthetic Rock Salt in 0.3GHz
L/km=1.43±0.95 for φ25 and 30mm
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Hockley Rock Salt (Texas): Preliminary
Attenuation Length of Hockley Rock Salt at 1GHz
L/m=490±238 for φ6×6, 9mm samples
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Asse Rock Salt (Germany): Preliminary
Attenuation Length of Asse at 1GHz
L/m=67±23 for φ9, 10mm samples
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Two types of Frequency Dependence (Preliminary)

Synthetic

Asse

Hockley

Zuidwending



M.Chiba_ARENA2006 11

Attenuation Length of Rock Salt (Preliminary)

Synthetic

Asse

Hippel

Hippel

TM020
tanδ=9.8×10-5

tanδ=5.3×10-4
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SND Simulation: EM Shower Simulation in 1D
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R: Distance from origin of a shower to observer
r: position of charge, ω: frequency of radiation
n: refractive index, θ: angle between shower and observer

(J. Alvaretz-Muniz et al., Phys. Rev.D, 62, 
2000, 063001)

EM shower is simulated as a charge distribution in 1D: Q(r)
Structure function of excess electrons: 

1Dimension, Velocity of the particles =c
→Fast calculation of electric field
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1D structure function of excess electrons
Geant4.5.2. is used for space distribution of excess electrons (Eshower =1015 -1016 eV).
Modified Greisen parameterization is used to fit Geant4 shown as the solid line. 
α, β, γ are determined from 1015-1016 eV Geant4.
Geant4 includes LPM effect in bremsstrahlung at E>1015 eV.
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Angular and Frequency Distribution of Electric Field
1Dimensional structure function vs. Geant4

Angular distribution Frequency distribution

1D Angular distribution shows clear interference pattern due to high statistics.
1D envelope in angular distribution is consistent with Geant4.
Frequency 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[km3]

•Att. Length: Asse with freq. dep.

•Antennas: 10×10×50　　　　　　　　　
Spacing: 250m horizontal, 50m depth

Band width: 100[MHz] – 500 [MHz]
300K radiation: 6.9x10-6 V/m
Attenuation length of rock salt

Antenna
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Asse(Germany)
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Hit Antennas
E field at antenna　＞　6.9×10-6[V/m]（Black body radiation）

1018eV 1019eV

45           number of hit antennas    158
Solid line: Shower direction
Red: Antennas
Blue: Hit antennas
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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
tanδ being constant with frequency and the other is not.
Structure function of 1D excess 
electron in a EM shower afford 
to get EM field@E >1018 eV.  
Simulation is done taking into 
realistic attenuation length of
natural rock salt, black body 
radiation, receiver band width. 
Computer times are 1D (5 min) 
and Geant4 (10 days)@1016eV. 　　　　　　　　　　　　　
GZK neutrinos will be detected 
8～62 event/year.

Summary
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1GHz Cavity Resonator with Closed Insertion Hole
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Mode: TM010

Inner  Size: 225mmφ x 30mm
Sample diameter: <10mmφ

f=1.0GHz      Q=10,000

Sample insertion holder

Output 
port

Input port

Screw for lock

Guide for prevention of revolution

Oxygen free 
copper cavity

Sample

Screw for position adjustment

Pushing spring for 
sample fixing

The most difficult task is to 
make a good shape of rock salt 
samples.  Shorter sample is easy 
to shape.
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0.2GHz cavity under construction

φ1124×100 mm, Aluminum, Q will be 8,000.
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in situ measurements
P.Gorham et al

NaCl,  Dielectric Materials and Applications (A. R. von Hippel ed.), 1954

tanδ=2×10-4

Rock salt Hockley mine, USA

Rock salt, Halstadt mine, Austria

Lime stone, Kamaishi, Japan

Lime stone, Mt. Jura, France Rock salt, Asse mine, Germany
Hippel 25GHz

5.5GHz

8.2GHz

11GHz

Nacl powder

Teflon

Teflon

Dielectric resonator
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Granite, Kamaishi, Japan

Attenuation Length for All (Preliminary)
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