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1. Introduction 

Of the reactions in the solar combustion as d+p+“He+y, “He+“He+2p+cr, and 3He+a - 
‘Be+?, we have focused on the cross-section measurement of the “He+3He reaction at the 
effective energy E,,,= 17-27 keV. The reaction manifests the so-called neutrino problem in the 
sun and can be used to verify the standard solar model[l]. Currently the LUNA group in the 
Laboratori Nationali de1 Gran Sasso (LNGS) has presented data down to 20.7 keV center of 
mass energy [2,3]. 

2. Experimental apparatus 

The experimental apparatus, OCEAN was developed. An intense ion source that can produce 
3He’+ and 3He2+ ions is essential for the present study. The total current obtained so far was 
3010 PA at the source extraction and 1203 /LA 3He’+ at target position. We have further inves- 
tigated the operational conditions in order to get a larger current (2 100 k/,A) of 3He2+ ions [4]. 
It is also helpful to study the reaction in a wider energy range [5]. The required energy range of 
3He ions should be between 30 to 50 keV, in which the astrophysical S-factor data for “He+“He 
fusion reaction can be deduced. 

The low energy beam transmission efficiency from the ion source through the target is about 
30%. The windowless gas target for a study of “He+3He reaction consists of differential pump- 
ing and gas recirculation and purification system. 

The beam calorimeter was designed and fabricated so as to determine the number of incident 
particles. Here, charge integration with a usual Faraday cup and a commercial current integrator 
is difficult when a gas target is used, because of charge exchange effects in the ion beam. In 
the present calorimeter a heat flux sensor (OMEGA HFS-3) is used to measure the heat transfer 
from a hot part to a cold part [6]. 

In order to detect the reaction particles by “He+“He reaction, where Q-value is 12.86 MeV, 
we should install the counter telescopes which surround the gas target. Four AE-E telescopes 
placed around the beam axis are planned for the two proton coincidence measurement. The 
AE and E detectors in each telescopes have an active area 2500 mm’, the AE detector has a 
thickness of 140 /lrn and the E detector has a thickness of 1500 jrm. We are employing the 
Monte Carlo calculation with GEANT3 program code to find the optimum detector set up for 
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Table 1 
Summary of present experiment. L.T. : Live Time, B.C. : Beam Current, T.P. : Target Pressure, T.T. : 
Target Temperature, C.S. : Cress Section, True : ‘<Heq’He, BGl : BG “He+d, BG2 : BG Other, Cnt : 
Counts. 

$l!b) ;ei, 
45.3 94857 
43.3 80357 
41.3 80034 
39.3 84892 
37.3 156324 
35.2 339950 
33.1 615383 
31.2 529921 

B.C. T.P. (Torr) 
(PAI 
104. 
91.5 
99.9 
87.5 
112. 
100. 
103. 
93.7 

7.5 1 x 10-2 
6.79x lo-” 
6.79x 1O-2 
7.3 I x lo-’ 
8.25 x lo-” 
8.2 1 x 10~’ 
8.25 x lo-” 
8.70x lo--‘? 

T.T. True BGl BG2 
(“Cl (Cnt> (W (Cnt) 
27.1 3225 18.3 2.0 
27.3 1339 6.6 1.7 
27.1 939 6.3 1.7 
27.0 535 5.3 1.8 
29.3 770 17.0 4.1 
29.3 770 21.4 8.9 
30.4 691 11.4 16.2 
31.2 293 5.02 13.9 

C.S. S-Fat 
@amI (MeV.b) 
1.43x10-n 5.03 
8.81x10-” 5.01 
5.65x10--” 5.38 
3.23 x 10-” 5.33 
1.83x10-” 5.43 
9.43 x 10-“’ 5.60 
4.52x10-‘” 5.48 
2.33x 10 --I” 6.07 

an efficient and background free measurement. The expected ultra rare reaction rate is around a 
few events per day or less, and the typical single background rate of the silicon detectors is one 
event per hour or more. To remove such accidental events, two proton coincidence is required 
for the identification of the present reaction. Here the fake events with the condition of pp-coin 
are contributed as an accidental coincidence of two protons from two events of 3He(D,p)“He 
reaction. Here, the consistency between Monte Carlo calculation and experiment was checked 
by “He+D reaction by reserving the deuteron as a target gas. This reaction is very useful to 
check the experimental situation and simulation code because: 1.) The generated proton from 
3He+d reaction has energy of 14.7 MeV, thus the response of the detector is simple. 2.) The 
energy of proton from this reaction is in the same range of 3He+3He reaction. 3.) The cross 
section of 3He+d reaction is six orders of magnitude larger than the “He+“He reaction, thus the 
larger statistics is available. From this test experiment, the systematic error from this part was 
found to be about 3%. 

3. Results 

The results for the measurement of “He+“He reaction are summarized in Table 1. The ef- 
fective region for true reaction on E-AE plot was estimated as the followings. l)The real 
“He$‘Hc reaction was generated by Monte Carlo simulation. 2)The Background contribution 
from “He+D reaction was generated by Monte Carlo simulation, and those of cosmic rays, 
electrical noise and so on, were obtained by the experimental background run. 3)nE and E 
distribution was divided into 16000 partitions, and signal to noise ratio were evaluated by tak- 
ing into account above three component in each partition. From this procedure, cross sections 
for true reaction and S-factors were obtained. Fig. 1 shows the obtained cross sections and 
S-factors. 

4. Discussion and perspectives 

Because OCEAN provides not only singly charged but also doubly charged “He beams one 
can continuously study a wide energy region from 100 to 40 keV. As a result, the present ex- 
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Figure 1. Cross section and S-Factor from this measurement. 

periment has proved to be powerful compared to the other existing facilities. Consequently, 
we can expect that a total of more than 100 events at a center-of-mass energy from 20 to 25 
keV for a running time of about one month. It is important to investigate the enhancement 
for the 3He(3He,2p)4He reaction due to the electron screening effect which will be manifest 
in the low energy region. We will bring about new information concerning the fusion reac- 
tion between bare nuclei because our experiments exploit incident 3He double charged beams 
that atomic state affects the screening potential explicitly. Therefore, our experimentally de- 
termined astrophysical S-factor will be expected somewhere between the value based on the 
bare nuclear assumption and the value obtained by the neutral atomic state of both nuclei. As 
recently pointed out by Rolfs et. al., who discovered the new so-called quantum effect for the 
stopping power in low energy beam [7], the discussion for screening potential problems has not 
yet completely been settled. 
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