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Abstract

Characteristics of MeV-protons have been investigated through gamma ray measurements during
heating with second harmonic hydrogen ion cyclotron range of frequency (ICRF) in JT-60U. Gamma-ray
lines at energies of 1.63, 2.1, and 4.4 MeV originated from inelastic collisions between MeV-protons and
impurities (neon, boron, carbon) have been observed. Dependence of the gamma-ray intensities on
slowing-down time and plasma current is investigated. It is found that MeV-protons accelerated by
ICRF have following characteristics; density and equivalent temperature of MeV-protons strongly de-
pend on slowing-down time and are independent of plasma current. It has been also found that neon gas
puffing is a useful method to measure confined MeV-proton behavior using 1.63 MeV y-ray originated
from inelastic collision with *°Ne nuclei.
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Table.1 Observed gamma-ray in tokamak devices.
Reactions y-ray energy (MeV) Experiments References
D(p.y)’He 5.5 NB, IC heating 4
D(He,y)’Li 16 D'He fusion 6
Be(d,py)" Be 0.7,1.0,1.4,2.8 Minority ion heating (E,>1MeV) 5
*Be(‘He,py)''B 2.1, 44 Minority ion heating 7
*Be(He,dy)"’B 1.0 Minorityion heating 7
QBe(}He,ny)"C 6.3, 6.5 Minority ion heating 7
c@py)C 3.1, 3.8 Minority ion heating (E,>1.8MeV) s
"Bp.p'y''B 2.1 Minority ion heating (E,>2.5MeV) 9
Cpp pc 44 Minority ion heating (E,>5MeV) 5.9
®Ne(p.p' 7°Ne 1.6 Minority ion heating (E,>2MeV)
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Fig. 1 Schematic drawing of the experimental apparatus of

gamma-ray and neutron measurements. Time-re-
solved gamma-ray spectra in an energy range of
0.5 to 20 MeV are measured by a Nal(Tl) scintillator
of 12.7 cm in diameter and 12.7 cm in length sur-
rounded by 50 cm thick polyethylene and 30 cm
thick lead shield. Neutrons are measured by abso-
lutely calibrated 2*°U fission chambers.
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Fig. 2 Gamma-ray spectrum from °°Co source (5120 sec)
and background spectrum (51200 sec). In the back-
ground spectrum, peaks of “°K and 2°®TI are
observed. These peaks are used to determine the
relation between gamma-ray energies and chan-
nels.
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Fig. 3 Measured gamma-ray spectra during the second
harmonic ICRF heating. Gamma-ray lines of 2.1
MeV and 4.4 MeV are observed which originated
from "'B(p,p)''B and '*C(p,p)'*C reaction (inelastic
collision with protons), respectively. lr = 3.5 MA,
working gas is helium, electron density is scanned
as 1.7, 2.2, and 2.6 X 10"°m™.
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Fig. 5 Gamma-ray count at E = 2.1 MeV against neutron

yield for ICRF heated plasma (closed circles) and
for NB heated plasma (open circles): For the NB he-
ated plasmas, 2.22 MeV gamma-ray originated from
1H(n,y)D reaction is proportional to the neutron yield.
For ICRF heated plasmas, 2.1 MeV gamma-ray is
not proportional to the neutron yield.
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Fig. 6 Gamma-ray spectrum at neon gas injection in the
ICRF heating experiment: Line gamma-ray of 1.6
MeV originated from *°Ne(p,p’*°Ne reaction is
observed as well as 2.1 MeV and 4.4 MeV gamma-
ray lines. Line of 1.27 MeV (first excited state of
#2Ne) also appears. Plasma current is 3 MA.
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Fig. 7 (a) Intensities of the gamma-ray lines and the neut-
ron yield divided by ICRF power against siowing
down time of fast protons for /b = 2 MA { O
1.63MeV, & 2.1 MeV, [ 4.4 MeV, < neutron) and 3
MA (@ 1.63MeV, & 21 MeV, B 4.4 MeV, € neut-
ron): Intensities of the gamma-ray lines and neutron
yield strongly depend on siowing-down time and
are independent of plasma current. Curves indicate
calculated intensity assuming that 7, changes from
0.5 MeV to 1.2 MeV as indicated in (b).
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