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Of thereactionsin thesolarcombustion, suchasd+p�
�
He+� ,

�
He+

�
He� 2p+� , and

�
He+���

�
Be+� ,

we have focused on the cross-section measurementof the
�
He+

�
He reaction at the effective energy

E�
	 =17-27 keV. Thereaction manifeststheso-calledneutrino problemin thesunandcanbeusedto
verify thestandardsolarmodel[1]. Currently theLUNA groupin theLaboratori Nationali del Gran
Sasso(LNGS) haspresenteddata down to 20.7keV centerof massenergy [2].

The experimental apparatus,OCEAN was developed. An intense ion source that can produce�
He

��
and

�
He

���
ions is essential for thepresent study. The total currentobtainedso far was3010

� A at thesource extraction and1203 � A
�
He

��
at target position. We have further investigatedthe

operational conditions in order to get a larger current(� 100 � A) of
�
He

���
ions. It is also helpful

to study the reaction in a wider energy range[6]. The required energy rangeof
�
He ions should be

between30 to 50 keV, in which the astrophysical S-factor datafor
�
He+

�
He fusion reaction canbe

deduced.Thelow energybeam transmissionefficiency from theion sourcethrough thetarget is about
30%. The windowlessgastarget for a study of

�
He+

�
He reaction consistsof differential pumping

andgasrecirculation andpurification system. Thebeamcalorimeterwasdesignedandfabricatedso
asto determine the number of incident particles. Charge integration with a usual Faradaycup and
a commercial current integrator is difficult whena gastarget is used, becauseof chargeexchange
effects in the ion beam. In the presentcalorimetera heatflux sensor (OMEGA HFS-3) is used to
measure the heattransfer from a hot part to a cold part [9]. In order to detect the reaction particles
by

�
He+

�
He reaction, whereQ-valueis 12.86MeV, we should install the counter telescopeswhich

surroundsthegastarget. Four � E-E telescopes placed around thebeamaxisareplannedfor thetwo
proton coincidence measurement. The � E andE detectors in eachtelescopeshave an active area
2500mm

�
, the � E detector hasa thicknessof 140 � m andthe E detectorhasa thicknessof 1500

� m. Weareemploying theMonteCarlocalculation with GEANT3 programcodeto find theoptimum
detector setup for an efficient andbackground free measurement. The expectedultra rarereaction
rate is around a few eventsper day or less,and the typical single background rate of the silicon
detectors is oneevent per hour or more. To remove suchaccidentalevents, two proton coincidence
is required for the identification of the present reaction. Herethe fake eventswith the condition of
pp-coin arecontributedasanaccidental coincidenceof two protonsfrom two eventsof

�
He(D,p)� He

reaction. Here, the consistency betweenMonte Carlo calculation andexperimentwaschecked by�
He+D reaction by reserving the deuteronasa target gas. This reaction is very useful to check the

experimentalsituationandsimulation codebecause:1.) Thegeneratedproton from
�
He+dreaction

hasenergy of 14.7MeV, thus the responseof the detector is simple. 2.) Theenergy of proton from
this reaction is in thesamerangeof

�
He+

�
Hereaction. 3.) Thecrosssection of

�
He+dreaction is six

ordersof magnitudelarger thanthe
�
He+

�
Hereaction, thusthelargerstatisticsis available.Fromthis

testexperiment,thesystematicerror from this partwasfoundto beabout 3%.
Theresults for themeasurementof

�
He+

�
He reaction aresummarizedin Table1. Theeffective

region for truereaction on E-� E plot wasestimated asthefollowings. 1)Thereal
�
He+

�
He reaction

was generatedby Monte Carlo simulation. 2)The Background contribution from
�
He+D reaction

was generatedby Monte Carlo simulation, and thoseof cosmic rays, electrical noise and so on,



Table1: Summary of presentexperiment.L.T. : LiveTime,B.C. : BeamCurrent,T.P. : TargetPressure,T.T. :
Target Temperature,C.S.: CressSection,True: � He+� He,BG1 : BG � He+d,BG2: BG Other, Cnt : Counts.

E���
(keV)

L.T.
(sec)

B.C.
( � A)

T.P. (Torr) T.T.
( � C)

True
(Cnt)

BG1
(Cnt)

BG2
(Cnt)

C.S.(barn) S-Fac
(MeV � b)

45.3 94857 104. 7.51�����! #" 27.1 3225 18.3 2.0 1.43�����$ &% 5.03
43.3 80357 91.5 6.79�����! #" 27.3 1339 6.6 1.7 8.81���'�! &( 5.01
41.3 80034 99.9 6.79�����! #" 27.1 939 6.3 1.7 5.65�����! &( 5.38
39.3 84892 87.5 7.31�����! #" 27.0 535 5.3 1.8 3.23�����! &( 5.33
37.3 156324 112. 8.25���'�! #" 29.3 770 17.0 4.1 1.83���'�! &( 5.43
35.2 339950 100. 8.21���'�! #" 29.3 770 21.4 8.9 9.43���'�! *),+ 5.60
33.1 615383 103. 8.25���'�! #" 30.4 691 11.4 16.2 4.52�����$ *),+ 5.48
31.2 529921 93.7 8.70���'�  #" 31.2 293 5.02 13.9 2.33�����  *),+ 6.07

10
-10

10
-9

10
-8

20 30 40 50

ECM (keV)

Cro
ss S

ecti
on(b

arn
)

1

10

20 30 40 50

Ecm(keV)

S-F
acto

r(M
eV 

b)
solar

gamow
peak

Figure1: Crosssection andS-Factorfrom this measurement.

wereobtainedby theexperimentalbackground run. 3)� E andE distribution wasdivided into 16000
partitions,andsignal to noise ratio wereevaluatedby taking into account above threecomponentin
eachpartition. Fromthis procedure, crosssectionsfor truereaction andS-factorswereobtained.Fig.
1 shows theobtainedcrosssectionsandS-factors.
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