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B.1 now the reaction 
_ 4He .. 2'l1.t+t 

(1 )~5H e. + 'l"\. 
'>'tHe+1Y\, 

is not studied well. Only two co~pletc kinematic experiments have 
been carried out at the energies 1.39 MeV /11 and 40 keY 12/ with 

ambiguous results as to interpretation of the role of (n-n) and 
(oL-n) interactions between reaction products in the final state. 
noteworthy is that t he in:!.tial orbital moment of this system L..o. 
In this case three reaction channels are possible: 

1) production ot the 6He compound nucleus followed by its break­
up into an ~-pnrticle ond two neutrons; 

2) production of 5He in the ground state P3/2 and a neutron; 
J) production of 5He in the excited stute P1/2 and a neutron. 
Por the triton energy 0.5 MeV ond 6- .. 900 the branching ratio 

for those channels is 0.1:0.2 :0.1 IJ/. 
The investigations of the tt~-molecule tormation followed by 

the syntheSis in it 

t!-L- t t - t t}i" -- to He + 2. 'tl. .. }1-- (2) 

showed that, unlike reaction (1), reaction (2 ) starts from the state 
L=1 and, consequently, the relation between the reaction channels 
may change. However, it is posaible to obtain information on contri ­
butions of (n-n) and (oL-n) interactions between the reaction products 
in the final sta te. \'/e believe it is possible by comparison ot ampli­
tude spectra ot registered neutrons with the simulated distributions 
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obtained with the belp ot assUliled matrix 
e~emont which describes reaction (2). 

In Ret. 141 the neutron registration 
efticiency bas been calculated tor reac­
tion (2) using a l-litre detector with 
the NE-21J sointillator, and amplitude 
distributions have been plotted with 
allowance tor "pure" (n-n) and (<<.-n) 
interactions in the tinal state (chosen 
as boundary cases). They are given in 

Pig. 1. Amplitude distributions of neu­
trons tor reaction (2). oaloulated tor 
the detector with 1 1 ot the NE-21J 
sointillator. 



Fig. 	1. As is seen, no definite conclusions on the relation between 
(n-n) and (ol-n) interactions are possible. To answer the question, 
whether the amplitude distributions of registered neutrons allow in 
general information on the mechanism of reaction (2), we have per­
formed the necessary calculations using a neutron detector of prac­
tically full absorption with 200 1 of the NE-213 scintillator. 

Fig. 2. shows the distributions of the total energy of two 
neutrons produced in reaction ( 2) for (n-n) and (oL-n) interactions. 1
In Fig. 3 one can see the calculated amplitude distributions obtained 
with the help of a 200 1 detector for those two variants of reac­
tion ( 2) product interactions in the final state. The calculations 
were performed using the Monte-Carlo method. The algorithm for the 
calcula t i ons and the geometrical dimensions of the neutron detector 
are given in Ref. /5/. 

The differential cross section for reaction (2) where two 
particles i,j interact strongly in the final state can be written 
down in a simplified form: 

0)etC" 	' cO'Y\.st Fi.; (ki,j) etR ) 

where cLR is the reaction phase space element; flk· · is the rela­
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Fig. 2. Event distribution for 
the reaction ttj.L -+ 4He+2n+ p­
over the total energy of two 
neutrons. 
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Fig. 	3. Amplitude distributions 1 
of neutrons for reaction (2),ca1­
culated for the detector with 
200 1 of the NE-213 scintillator. 

~ 
tive momentum of the particles i,j; F~j is the enhancement factor, 
describing the particle interaction in the f~nal state. 

The enhancement factor has been calculated in the Watson-Migdal 
approximation 

:l. -2,..~" Ftj k~j' St,rt Oi.j 	 (4 ) 

where OlJ is the scattering phase shift. 
For t he (n-n) interaction the scattering phase shift has been 

parametrized using the effective radius approxima tion with the scat­
tering length o,1\.fl -17 fro and the effective radius tf'o '" 2.65 fm.C 

For the ( ol -n) interaction the phase shift parametrisation was taken 
from Ref . /6/. The channel ratio P / 2 :P1/ 2 was 1:1 in the calcula­

3
tions. 

Comparison of Figs. 1 and 3 makes it obvious that the difference 
of hypotheses of (n-n) and (ci. -n) interactions becomes significant 
when a large-volume neutron detector is used. Besides, attention 
should be paid to the following fact: when the experimental spectrum 
coincides with the simulated one, the energy distribution of ol­

partiqles becomes known, which is very important for determination 
of the probability of the muon shaking-off from 4He JI- produced in 
reaction (2). This is significant for the efficiency of the p.­
catalysed fusion. 

In conclusion we note that a large-volume scintillator detector 
can be employed for checking the theoretical description of reaction 
(2) 	mechanism. 

The authors are grateful to V.S.Melezhik for useful discussions. 
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B 06DeAHHeHHOM HHCTHTyTe RAePH~X HCCJ1eAOBaHH~ Ha4a11 
BbiXOAHTb c6opHHK "Hpam~<:ue coo6UJeHU.fl OJ1.Hl1". B HeM 
6YAYT nOMe~aTbCR CTaTbH, COAeP*a~He OpHrHHa11bHble Hay4H~e, 
Hay4HO-TeXHH4eCKHe, MeTOAH4eCKHe H npHKnaAHble pe3y11bTaTbl, 
rpe6yiO~He cpo4HO~ ny6nHKal.IHH. EiYAY4H 4aCTbiO 11 Coo6~eHH~ 
OH.!H1 11 , craTbH, eoweAWHe s c6opHHK, HMeiOT, KaK H APYrHe 
H3AaHHR OH~H, craryc o~H4Ha11bHbiX ny6nHKal.IH~. 

C6opHHK 11KparKHe coo6~eHHR OH~H11 6yAeT BbiXOAHTb 
perynRpHo. 

The Joint Institute for Nuclear Research begins publi­
shing a collection of papers entitled JINR Rapid Communi­
cations which is a section of the JINR Communications 
and is intended for the accelerated publication of impor­
tant results on the following subjects: 

Physics of elementary particles and atomic nuclei. 
Theoretical physics. 
Experimental techniques and methods. 
Accelerators. 
Cryogenics. 
Computing mathematics and methods. 
Solid state physics. Liquids. 
Theory of condensed matter. 
Applied researches. 
Being a part of the JINR Communications, the articles 

of new collection like all other publications of 
the Joint Institute for Nuclear Research have the status 
of official publications. 

JINR Rapid Communications will be issued regularly. 
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Hcnonh30BaHHe 6onbmoro c~HHTHnnaTopa 
AJIH HCCne.n;oBaHHH peaK~HH ttl!- -+ 

4He + 2n + 1L-
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06c~.n;aeTCH BOITpOC HCITOnb30BaHHH ,D;eTeKTOpa C 60nbmHM 06~­
eMOM C~HHTHnnHTOpa ,D;nH HCCne,D;OBaHHH MeXaHH3Ma peaK~HH H,D;epHO-

- 4 -ro CHHTe3a ttl! -+ He + 2n + IL nyTeM cpaBHeHHH H3MepeHHbiX 
aMnnHTY,ll;HbiX pacnpe.n;eneHHH 3aperHCTpHpOBaHHbiX HeHTpOHOB C pac­
~eTHb~H pacnpe.n;eneHHHMH HeHTPOHOB, nony~eHHbiX B npe.n;nono~eHHH 
onpe.n;eneHHOro BH.n;a MaTpH~Horo 3neMeHTa peaK~HH. 

Pa6oTa BbiiTDnHeHa B Jla6opaTOPHH H.n;epHbiX npo6neM OHJIH. 

fipenpHHT 06~e,D;HHeHHOro HHCTHTyTa RAepHYX HccneAOB&HHA. nY6Ha 1985 
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Reaction 

Use of a large-volume NE-213 scintillator for investiga­
tions of the mechanism of the nuclear synthesis reaction 
ttiL- .... 4He + 2n + p.- is discussed. The investigations are sup­
posed to be performed by comparison of the measured amplitude 
distributions of registered neutrons with the calculated 
neutron distributions obtained for an assumed form of the 
matrix element of the reaction. 

The investigation has been performed at the Laboratory 
of Nuclear Problems, JINR. 

Preprint of the Joint Institute for Nuclear Research. Dubna 1985 


