Present results of 3He + 3He reaction cross section measurement
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Of thereactbnsin thesolarcomlustion, suchasd+p—?He+y, 3He+*He—2p+a, and®He+a—"Be+y,
we have focused on the cross-secion measuementof the3He+3He reactbn at the effective enegy
E.m=17-27 keV. Thereaction manifeststhe so-alled neutrino problemin the sunandcanbe usedto
verify the standard solarmodel[]]. Currently the LUNA groupin the Laboratori Nationali del Gran
SassqLNGYS) haspresnteddaia down to 20.7keV centerof massenegy [2].

The experimertal appaatus, OCEAN was developed. An intenseion soure that can prodiwce
3Helt and3He?t ionsis essatial for the presat study. The total currentobtaned so far was3010
pA atthe soure extracton and1203 A 3He!t at target postion. We have furtherinvesigatedthe
opemtiond conditions in order to geta larger current(>100 pA) of 3He?T ions. It is also helpful
to study the readion in a wider enegy rangd6]. Therequred enegy rangeof3He ions shoutl be
between30 to 50 keV, in which the astrghysicd S-factor datafor 3He+3He fusion reacton canbe
dediwced. Thelow energybean trangnissionefficiency from theion soure through thetargetis abaut
30%. The windowlessgastarget for a study of 2He+*He readion conssts of differential pumping
andgasreciraulation andpurification sygem. The beamcalorimeterwasdesighedandfabricatedso
asto determire the numbe of incident particles. Chage integration with a usud Faradaycup and
a commercal current integrator is difficult whena gastamet is used becawse of chargeexcharge
effects in theion beam. In the presentcalorimetera heatflux sen®r (OMEGA HFS-3)is usal to
measue the heattrander from a hot partto a cold patt [9]. In orde to deted the reacton patticles
by 3He+3He readion, whereQ-valueis 12.86MeV, we shauld install the courter telessopeswhich
surraundsthe gastarget. Four AE-E telescopes placed arourd the beamaxis areplamedfor the two
proton coinddena measureent. The AE and E detectorsin eachtelescpeshave an active area
2500 mm?, the AE detedor hasa thicknessof 140 um andthe E detectorhasa thicknessof 1500
pm. We areemploying theMonte Carlocalaulation with GEANT3 programcode to find theoptimum
detedor setup for an efficient and backgrourd free measurema. The expectedultra rarereactbn
rate is aroind a few eventsper day or less, and the typica single badkground rate of the silicon
detedorsis oneeventper how or more. To remove suchaccicentalevents, two proton coinciderce
is required for the identification of the presat reacton. Herethe fake eventswith the condtion of
pp-min arecontibutedasanacddentd coinciderce of two protonsfrom two events of?He(D,p)*He
reacton. Here,the congsteny betweenMonte Carlo calaulation and experimentwas cheded by
3He+D readion by resewing the deueronasa target gas. This reacton is very usédul to check the
expelimentalsituation and simulation codebecuse:1.) The geneatedproton from3He+dreactbn
hasenegy of 14.7 MeV, thus the respamseof the detedor is simple 2.) Theenegy of proton from
this reaction is in the samerangeof 3He+*He reacton. 3.) Thecrosssedion of *He+dreadion is six
orde's of magniudelarger thanthe3He+3He readion, thusthelarger statisticsis available. Fromthis
testexperiment,the systanaticerrar from this partwasfoundto be abaut 3%.

Theresuts for the measuementof 3He+3He reacton are summarizedn Table1. Theeffective
region for true readion on E-AE plot wasestimatel asthe followings. 1) ThereaPHe+He reacton
was geneated by Monte Carlo simulaion. 2)The Backgraind contribution from3He+D reacton
was geneated by Monte Carlo simulaion, and those of cosmicrays electical noise and so on,



Tablel: Summay of presenexperiment.L.T. : Live Time, B.C.: BeamCurrent,T.P. : TargetPressure].T. :

Tamge Temperatee, C.S.: CressSectionTrue: 3He+He,BG1: BG 3He+d,BG2: BG Other Cnt: Counts.
Eom L.T. B.C. TP(Tor) T.J. True BGLl BG2 C.S.(ban) S-Fac

(keV) (sec)  (uA) (°C) (Cnt) (Cnt)  (Cnt) (MeV-b)
453 04%7 104  751x10-2 271 325 183 20 143<10-° 5.8
433 80%7 915 679102 273 13D 6.6 1.7 8.81x10~° 5.0
413 80B4 999 6.79%10~2 271 939 6.3 1.7 5.65¢10~° 5.3
39.3 8482 875 7.31x10~2 270 535 5.3 1.8 3.23x10~° 5.3
37.3 156324 112  8.25¢10~2 293 770 170 4.1 1.83x10~° 5.43
352 33950 100 8.21x10-2 293 770 214 8.9 9.43x10~1° 5.8
331 61383 103 82510~ 304 691 114 162  45%10 1 548
312 52921 937 870x10~2 312 293 502 139 2.33%10-° 6.07
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Figurel: Crosssecton andS-Factorfrom this measwement.

wereobtanedby the experimentalbadkground run. 3)AE andE distribution wasdivided into 16000
partitions, andsignal to noise ratio were evaluaed by taking into account above threecompaentin
eachpartition. Fromthis procedure cross sectimsfor truereaction andS-factos wereobtaned. Fig.
1 shaws the obtanedcrosssectbnsandS-factors.
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