
IsmUh') ~·IAZ:CNAlE DI FI SI CA NUClEME" . , 

1" • 
INFN/BE -74/2 
22 Aprile 1974 

> 

., 
.~~ J("' ... 

'v~·D'Arriico; -G. Fazio, S. Iannelli, F , Me'zzanares and R . Pote'riza : 
7:£i +d _ 2a +n REACTION : -III) "EXPERIMENTAL RESULTS AT 

c - ":(" ~ . • 

Ed = P. 8 MeV 'A.l'ID Ed = 1. 2 Mey. 
r. .;;r 

;, , . 
. " 



Istituto NaLionale di Fisica Nucleare 
Sezione di Catania 

INFNtBE, -74/2 
22 Aprile 1974 

V . D 'Amico (x), G. Fazio (x), S. Iann elli \X), F. Mezzanares (x) and H. P oten 
za: 7Li+d .- 2 a +n HEACTION: 1II) EXPEHIMENTAL HESULTS AT Ed-:-
0.8 MeV AND Ed = 1. 2 MeV(o) . 

ABSTHACT. -

The 7Li+d reaction was analized by detection of the bidimen
sional spectra of the exit a -particles at Ed = O. 8 MeV and l. 2 MeV. 

The a -n complexes produced in the reaction seem polarized, 
as at other energies. A comparison is made between the asymmetry in 
the angular a-a correlations and . the asymmetry produced i n the n-a 
scattering with polarized neutrons. . 

1. - INTHOD UCTION. -

In a first paper on the 7Li+d reaction\l) we suggested a me
thod of analysis of the bidimensional spectra of the reaction, with the 
transformation to systems of the relative coordinates (HCS) of the three 
outgoing particles. 

A second paper(2) reported the experimental results at Ed = 

= 1. 0 MeV treated with the method. The data at that energy were consi
stent with the hypothesis that the a - n complex appearing in the reaction 
were polarized. The asymmetry in the emission of the a -particle from 
that complex could be put in connection, though in a fiyst approximatlOn, 
with the analysing power of the n-a scattering and the polarization of 
the a - r1 complex(2). 

To study the dependence of the polarization of the a - n com
plex from the incident energy we did other experiments at Ed = O. 8 MeV 
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and Ed = 1. 2 MeV . The collection of th e experimental data was performed 
as explained in the cited r efe rences(l, 2) . The r es ults are reported in the 
subs equent sections. 

2. - EXPE RIMENTAL RESULTS. -

The first de~e cto r was placed at 8 1 = 88. 40 and ~ l = 00
, th e s~ 

cond one was allowed to rotate between 82 = 30 0 and G2 = 110 0 at ~2 = 180 0 . 

Fig. 1 reports t h e angular correlations of the two a - particles 
from the Li+d -)0 2 a +n r eac tion in th e laboratory system (LS) at Ed = O. 8 
MeV and Ed = 1. 2 MeV . Figs. 2 and 3 report the number dN/ds of counts 
per unit l ength of kinem.a tic curve in t h e LS at the various G~ angles at 

~ 

Ed = O. 8 MeV and 1. 2 MeV respectively. The a b solute values of the cross 
sections were obtained by the meth od reported in ref. (2) . The errors are 
about 15% on the absolute values . The error bars in the figures refer o~ 
ly to the s tatistical e rrors. 

Th e data obtained after th e transformation to the RCS and the 
rough correctlOn for the identit y of the a -particles (see refs . (1) and (2) ) 
are r eported in Figs . 4 and 5 for Ed = 0. 8 MeV in the form respectively 
of th e a -n inte rnal energy spectra and of the angular correlations betw~ 
en the a - n complex and the decaying particles . Th e data at Ed = 1. 2 MeV 
are reported in the same forms in Figs. 6 and 7. The RCS energies and 
a ngles are those defined in ref. (1). 

The symmetrL~ed angular correlation a (8)= [a (8,0)+ a (8,n)] / 2 
is repo rte d in Figs. 8 and 9 and the corresponding A(8)= [a (8, 0)- a ,8,n)] / 
/ [a (8, 0)+ a (G, n )] is Figs. 10 and 11 for Ed = O. 8 MeV and 1. 2 MeV. 

As one can see, the qualitative features of the reaction are 
similar to those shown at Ed = 1. 0 MeV(2). 

3. - DISCUSSIONS AND CONCLUSIONS. -

In the rough h ypothesis(2) that the asymmetry A(8) is simply 
connected to the polari zation P a -n of the produced a - n complex and to 
t h e analys ing power of the n- a scattering P n (8) by th e formu l a 

( 1 ) 

the form of the asymmetry is inde p endent from the energy of the bombaE: 
ding particle, since Pn (8) depends only f r om the internal ene r gy E j -3 of 
the a -n complex. 

Figs. 10 and 11 report the A (8) curves comp uted by means of 
eq. (1). The values of P a - n a r e obtained fitting th e curves by the least 
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F IG. 1 - Integral a - a angular correlatlOns in the LS for the 
7Li+d -"> 2 a +n reaction at Ed= O. 8 MeV and Ed=l. 2 MeV. 

10 

5 10 15 S(MeV) 

20 

10 

20 ",=78' 

10 

30 

20 

10 

5 

20 N 
10 

j \ 
50 ",=88' 

40 

30 

20 

10 

) ,\ 
5 10 15 S(MeV) 

FIG. 2 - Distribution of counts along the kinematic curves in the 
LS for E d =O. 8 MeV, 8 1=88. 4°, 02 ~0 1 =1800 and various 82. 
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FIG. 3 " As Fi g. 2 . at E d = 1. 2 MeV. 
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FIG. 4 - Internal energy spectra 
of the a -n systems seen at va
rioLls angles 8 rel of the emitted 
a -particles with respec t to the 
direction of the mot i on of the a -n 
centre of mass at Ed=O. 8 MeV. 
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F IG, 6 - As Fig, 4 at Ed=1, 2 MeV, 
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FIG. 8 - Simmetrized angular corl'~ 
lations in the ReS at Ed=O_ 8 MeV. 
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FIG. 7 - As Fig. 5 at Ed= 1. 2 MeV, 
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FIG. 9 - As Fig. 8 at Ed=1. 2 MeV. 



6. 

Ed=OBMeV 

.5 E
J
+) =(09!03)MeV EI'l~( 2 5!13)MeV 

.. Pa",·013:Q05 Pa",·Q35!QOe 

.3 I 

.2 I 

I I I 
-4 

-.5 

I I 4 Pa _n=. Q25:Q06 
3 

.2 

Ed=1.2 MeV 

E;-.]::{25!.1.3}MeV 

PO.n=.Q42 :0.09 

I I I 
.1 I 
O'~~~~~~~~-+-f~, 

- .1 
-.2 

-.3 
- .4 

-5 

I I 

.. 
dj.' EI_3

=(0 3 !Ol)MeV E Jo)=(05 : Q.1)McV 
O'~+-~~-+~~--r-+-+--r-r~ 

.8 

'" Pa=-040:014 Pa=-O 25:0.15 .7 

.6 I 

. 5 
.4 

I I .3 
. 2 I 

1 I 
0 

-.\ 
-.2 

-.3 
-.4 

30 60 90 120 150 30 60 90 120 150 

~r. ' 

.8 E)_)={0 3!O.l)MeV 

.7 Pa_n=-091:g~ 

I I .6 

.5 

Er )::{05:0.1)MeV 

Po_n=055!O.l5 

I I 
I 

F IG. 10 - Asymmetry i n the angular 
cor relations for various interna l e 
nergies of the a -n systems at Ed= 
= O. 8 MeV, The curves are compu
ted under the hypothesis of an elastic 
scattering of polarized neutrons on 
4He. T h e values of P a -n give the p~ 
l arization of the decaying a -n sy
stems. 

FIG. 11 - As F ig. 10 at Ed ~ 1. 2 MeV. 

Ed-QBMeV -
.0 

o. 5 
I 

<;> + 

sf 
§" 

c , 
c....d_o 

-1 .0 
1 2 3 4 

Ed=10MeV Ed =1.2 MeV 

-I- I 
+ 

t f I t 
I 2 3 4 1 2 3 4 

FIG. 12 - Polarization of the a -n systems vs. 
internal energy Ej-3 at vario us incident de ute 

ron energies. 



square method. The fit is as good as at Ed = 1. a IVIcv(2) . 

T aki'lg into account the datd obtained also at that ene r gy , 
Fig. 12 reports the vdlues of Pa - n at the various deutel'on enel ·gies. 

7. 

A s is seen, the trend 0[' the polarization of th e a -n complex 
so dedu ced depends slightly from the incidel1t e nergy in the explored ran 
ge. 

ACKNOWLEDGEIVIENTS. -

Thank s are given to Dr. N. Arena for his assistan ce during 
the experiments and to Prof. S. Cavallaro fo r the us eful disc us sio ns. 
Thanks 'are also given to IVIr. G. Caruso , Mr. V. Scud eri a nd 1VI . G. P ana
sci for their assistance at the machine. 

REFERENCES. -

(1) - V. D'Amico, S. J annelli , F. lVIezzanares and R. Potenza, Nuovo Ci
menta 15A, 723 \1973). 

(2) - V. D'Ami co, G. Fazio, S. Jannelli, F. lVIez,;anares and R. Potenza, 
Nuovo Cimento, 22A, 313 (1974). 




