Experimental Result of *He(*He,2p)*He Reaction in OCEAN
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The experimental result in OCEAN measurement of the solar nuclear *He(*He,2p)*He
reaction at the energy of 30 to 45 keV is reported. The *He?* beam of 100uA and a windowless
gas target with a differential pumping system were used. In order to detect the reaction
particles by the reaction, AE-E counter telescope was placed in the gas target. At the same
time, the beam accelaration voltage, the beam intensity, the target gas pressure and the
target gas temperature were measured[1].

The cross sections for every reaction energy are driven by the following analysis procedure.
The number of counts d N (z) per unit of time arising from a differential length dz of extended
3He gas target is given by the expression

dN(z) = N¢- Ny, -0 (E(2)) -n(z) - dz, (1)

where N (z) is the number of counts for *He+>He reaction, Ny is the target density, Ny, is the
beam intensity per unit of time and 7(z) is the absolute detection efficiency. For the case of
a thin target, introducing an effective reaction energy F.g corresponding to the mean value
of the projectile energy distribution in the detection setup, the stopping power € (i.e. the
energy loss per unit length) and integrating for the full target length, one arrives at

N=N-N-o(E. )-/Ln(E)-e(E)_l-dE. (2)

For evaluation of the cross section, the number of counts for the >He4+>He reaction, the
target density and the beam intensity are driven from the measured value. The values
for the effective reaction energy and the integral term for detection efficiency were derived
from the Monte Carlo program of SRIM and GEANT3. The number of counts for the
3He+2He reaction are deriven from the acceptable area in the measured AE-E scatter plot.
The area should be determined considering the signal-
to-noise ratio(S/N). The origin of the background(Noise)
events are assumed to be He+d reaction as well as the
cosmic rays and the electrical noise. The energy distribu-
tion of AE (0~10 MeV)-E (0~16 MeV) counter telescope
is divided into 16000 of 100 keV x 100 keV parts as shown
in Fig. 1. For every part, S/N ratio is alloted and the
parts which had better S/N ratio, are adopted for the ac-
ceptable area for the 3He+3He events. The distribution
of *He+>He (Signal) events in the scatter plot was simu-
lated by the Monte Carlo program. Also, the distribution
of the 3He+d events was simulated considering the deu- o =S
terium contamination in the target gas derived from the E-counter energy(MeV)
accepted events as the *He4d reaction in AE-E scatter
plot. The allocation of other background components Figure 1: AE-E scatter plot.
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was obtained by the experimental background measurements. These background events
are normalized by the real time of the 3He+>He reaction measurements. After the S/N
ratio is estimated for every part of 100 keV x 100 keV, all parts are ordered again as

a function of the S/N ratio to determine the acceptable area for the 3SHe+3He events.
Fig. 2(a) shows the distribution of the simu-

20

lated *He+?He reaction as the function of the S/N 1o (9 e zeTHe smdation
. . . 10F
ratio. Many of the events are located in the right sk
. . . . | T A KOS N
hand Slde n Flg 2(&)7 COl‘l‘eSpondlng tO the better ;350012(‘)0012‘50013&00135‘0014(;00145‘00150001550016&0016500
. . . . E (o) d(*He.2p)"He simulation
S/N ratio. Also, Fig. 2(b) and (c) show the distri- 3 "
10F
butions of the simulated 3He+d reaction events and SsE
the observed other background events normalized as E;Eééé%éééé%‘zéaé%éé&é%gééa%éé&é%4265%&&55%éééé%éoss%‘em
d_ d b Th b k d t 1 t d %155 (c) Other B.G.(electronic noise and cosmic—ray)
iscussed above. ese background events are locate 3
O10F
in the left hand side in each figures. Fig. 2(d) shows B
the diStl’ibUtiOn Of the ObSGl’Ved 3H€—|-3H€ events at ;35700(;)2(});)0(15520;200015500MOi)O1450015000155001600016500
£ (@) ieCHe 25)He measurermen
FEem=45 keV, as the function of the S/N ratio. In such 1oF
! . 10E
an energy region, the contributions from these back- e
. . . . W15001200012500130001350014000145.0015000155001600016500
ground events are very small. Therefore the observed worse S/N Ratio better

distribution of the 3He+3He reaction is similar to the
simulated one without any background subtractions.  Figyre 2: Event distribution ordered
From these analysis, most of the background events 45 the S/N ratio.
are found to be located in less than 13000 channel.
Therefore, the acceptable area for the 3He+>He reaction are determined over 13000 channel.
The resulting S(F) values from this work as well as previous data from Dwarakanath
(1971) [2], Krauss (1987) [3] and LUNA (1998) [4] are shown in Fig. 3. The obtained data
are in a good agreement with the result of
Krauss(1987), and they appear to be larger as the re-
action energy is smaller. The statistical error of the
present measurement at E.,—=45.3 keV is 1.7 %, which
is better than that of Krauss(1987). As a result, the
present experiment with OCEAN has proved to be
more powerful compared to the other existing facili- i
ties, since it realized to deliver over 1 mA for *He!* ks
beam and 100 gA for *He't beam. Consequently, we ‘v e
can expect that the total event more than 100 counts Eenl keV)
in the energy range from 20 to 25 keV, could be ob-
tained for a running time of about one month. Owing
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Figure 3: Astrophysical S-facctor.

to OCEAN which provide not only singly charged but also doubly charged *He beam, one
can continuously study wide region between 20 to 50 keV center of mass energy, which is
not accessible for LUNA facility. It is important to investigate the enhancement for the
JHe(°He,2p)*He reaction due to the electron screening effects which will become manifest in
the low energy region.
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