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M easurement of radio wave reflection
duetotemperaturerising from rock salt
and iceirradiated by an electron beam
for an ultra-high-energy neutrino detector

a a a a
Takahiro Tanikawa Masami Chiba, Toshio Kamijo, Fumiaki Yabuki,
Osamu Yasuda Hidetoshi Aklyama Yuichi Chlkashlge Tadashi Kon
Yutaka ShImIZU Michiaki Utsuml Masatoshi Fu1||

*Graduate School of Science and Engineering, Tokyo Metropolitan University, 1-1 Minami-Ohsawa,
L—|achioj i-shi, Tokyo 192-0397, Japan

Faculty of Science and Technology, Seikei University, Musashino-shi, Tokyo 180-8633, Japa

CDepartment of Applied Science and Energy Engineering, School of Engineering, Tokai University,
Hiratsuka-shi, Kanagawa 259-1292, Japan

d
School of Medicine, Shimane University, |zumo-shi, Shimane 693-8501, Japan

Abstract. An ultra-high-energy neutrino (UHfEgives temperature rise along the hadronic and
electromagnetic shower when it enters into rockaalkce. Permittivities of them arise with resptat
temperatures at ionization processes of the Wstbwer. It is expected by Fresnel's formula thdia
wave reflects at the irregularity of the permittyin the medium. We had found the radio wave
reflection effect in rock salt. The reflection effeand long attenuation length of radio wave irkrsalt
and ice would yield a new UHEletection method. An experiment for ice was penfed to study the
reflection effect. A coaxial tube was filled witbak salt powder or ice. Open end of the coaxia¢tub
was irradiated by a 2 MeV electron beam. Radio wd#W35 MHz was introduced to the coaxial tube.
We measured the reflection wave from the open @falfound the radio wave reflection effect due to
electron beam irradiation in ice as well as in reak.

Keywords: Neutrino detectors; Ultra-high-energy roas rays; Rock salt; Antarctic ice sheet;
Radar
PACS: 13.85.Tp; 07.57.Kp; 92.40.V(q; 95.85.Ry; 84.40.XB;70.Gq

INTRODUCTION

Ultra-high-energy cosmic rays are considered tgdyeerated by an active galactic
nucleus, a gamma-ray burst, etc. The cosmic ragwhés energy larger than 4x10
eV interacts with cosmic microwave background raoi(CMB) while it passes 50
Mpc, and loses the energy. The interaction gernetdkE in this GZK (Greisen,



Zatsepin, and Kuzmin) cut-off process [1]. The neotis called GZK. The energy
of GZKv is between 18§ and 18° eV. Since flux of GZK is very low ¢ 1/ kn?f
day), we need a huge detector (50 Gt) to deteat.tl&ZKv gives temperature rise
along the hadronic and electromagnetic shower wthemters into rock salt or ice.
Permittivities of them are proportionally-increagedhe temperatures at ionization
processes of the GAkshower. It is expected by Fresnel's formula thdia wave
reflects at the irregularity of the permittivity the medium. We had found the radio
wave reflection effect in rock salt [2, 3]. Thelestion effect of radio wave in rock
salt [4, 5] and ice [6] which have long attenuation lgrsgwould yield a new UHE
detection method. To realize such a huge deteatgolan to utilize a salt dome in Fig.
1(a), the Antarctic ice sheet and etc.

EXPERIMENT

A coaxial tube was filled with salt powder or iceshown in Fig. 1(b). Open end of
the coaxial tube was irradiated by a 2 MeV electsream produced by a Cockcroft-
Walton accelerator located at Takasaki Advancedd®ad Research Institute, Japan
Atomic Energy AgencyThe electron beam heated up the medium 5 mm desp fr
the open end. Radio wave of 435 MHz with*M was introduced to the coaxial tube
(WX-20D: inner diameter 19.94 mm of external cortddcand measured the
reflection from the open end. The outer diametantarnal conductor was determined
4.5 mm to make the impedance@Qsing the measured permittivity £3.2) of rock
salt powder (purity of the powder: 99.5% or monegl &e (pure water with specific
resistance of 18.2 M-cm being frozen). Temperature at position of 2 momfthe
open end was measured by a thermo couple. Poweflefted radio wave was
measured by null method and a minute displacememt zero without the irradiation
was recorded by a spectrum analyzer.

Salt dome neutrino detector

Electronbeam
IMeV. 1mA Heated area

e = o
* Neutrino energy turns "N -
out to heat.
. Themo
pe..| © Temperature rise Coupl
changes the permittivity oupe
Transmitting and L
S receiving antennas 9 Rock salt
p 10km or Ice
: n=1.8
.‘r Radio wave is reflected
#| from the shower

o = Styrofoam

’ Hadronic and . T |
electromagnetic shower o T Rer— !
N 3km 'k .0, 435MHz Reflected

radio wave wave

(a) (b)
FIGURE 1. (a) Radar system for salt dome. (b) Experimergalsof the coaxial tube.

Refractive index s(square root of permittivity) near the open endonees larger
than n far from the open end. The reflected power ratiadio wave I) is presented
by Fresnel's formula Eqg. 1.

_ (ny —ny)?
B (ny +ny)?

(1)



RESULTS

The temperature riséT) in rock salt or ice was proportional to the beaunrent in
Fig.2 (a).I' was proportional to the square/fr in Fig.2 (b). They are consistent with
expected values from Fresnel’s formula Eq. 1 fekrsalt. In the case of icE,was 10
times larger than expected value from Fresnel'sitda. After the irradiation the
temperature ant returned to the values before the irradiation. 3&me results were
obtained a few times.
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FIGURE 2. A coaxial tube filled with rock salt or ice wasddiated by the electron beam in 60" &ind
AT values are at the 60 s. Ice was cooled to 228 Hrpice at first. Rock salt was 288K at firstddn
(a) Temperature rise (with the error of +1 degfapck salt and ice vs. beam current.I(th)s. (AT)?.
Measured values af (with the error of +3%) are compared with Fresnfdifmula.

Temperature rise AT/K
Reflected power ratio I

We calculate the minimum detection energy (of neas) in rock salt. Analyzing the
data for less than 1 s after beam irradiation shibassthe energy of GZKcan be
observed. In order to increase signal to noise rte time domain data was taken
with a step of 0.125 ms and transformed by FFT WiRB4 points (=128 ms). The data
was selected within 8 Hz at 435 MHz. Beam irradiateea of a coaxial tube was 297
mn¥. The electron beam energy was 2 MeV and 1 mA.dbadensity per area was
0.725pA/cm?. So, beam current irradiated for the coaxial tisk215pA. The energy
for 0.128 s of the beam irradiated to the dieleatraterial in this experiment was
3.5x10% eV (=2.15pA x2 MeVx0.128=0.54 J/s). We found the radio wave reflection
effect in ice as well as in rock salt. The Antardtie sheet and a salt dome could be a
good candidate of detection media for an WHiEtector.
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