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1. - INTRODUCTION . 

In the present work we report a sistematic measu r ement of the cross sections of th e ela stic 
scattering: 

a+d --.. a+ cI (1 ) 

at sever al energies a nd kinematical configurations . 

The study of this process leads to direct information on the parameters of th e excited states 
of BLi . 

The elastic scattering cross sections were investigated in the past by several authors( 1-3) . 
T he most complete woi'ks on th is subject are t hose of Senh ou se and Tombrello(1) and of the ZUrich 
group(2) . The first group measu r ed angular distributions in a wide r ange of e nergies whereas the 
second one have performed measurements both of the cross sections and of the vector and tensor 
analyzing power . 

Some discrepancies , nevertheless, are present between the results of the two groups in the 
phase-shift analysis . In particular quite diffe r ent results are obtainE'd for t he mixing pararnetcT' 
of 5 and d partial waves and for the existenc e of three p-levels(4), 

From a more general point of view the results of the cross sections measurement in the el3: 
stic scattering (] ) coul d be exploited in principle for a m icroscopic treatment of a 6 - nucleons sy.... 
stem. However for practical purposes the a -d scattering, in fact, can be treated approximately 
as a three - body system where the a -particle is considered a structureless object and t he deule 
ron as a bound p - n system(5, G) . -

In such a way a theoretical treatment of the a -d system can be rH'l'formed in the framework 
of the Faddeev ' e quations. 

As known, this theoretical approach has to account not only for the elastic scattering, but al 
so for the break-up reaction: 

a+d ~ a+p +n (2) 

(x) - Laborator i Nazionali di Legnaro . 
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as well as for other reactions like 

a+d ~ (l+d+y (3) 
and 

a + d ---+ 6 Li + Y . (4) 

f\ better understandin g of t he microscopic reacti on mechanism can be obtained by comparing 
the expe rim ental behaviour of all the previous reactions with the prediction of specific models. 

Fr'om this point of view , tIlel'efore, we look at the elastic scattering as a first step of a 
pr'ogl'am of ex periments involving also l"eactions (2), (3) and (4) , 

For' these r easons and for the discrepancies existing in the results of previous works, we 
ha\"c measul'ed detailed angular distributions in the elastic scattering at 39 different energies . 

2 . - EX PERIMENTAL. 

The experim e nt was performed at t he Van de Graaf generator of th e Laboratori Nazionali eli 
Legnaro with the He++ beam in the energy range between 6 and 14 MeV . 

Since we required low statistical errors and a good angular definition (LJ t} = 0.5°). solid P£ 
lystyr'ene deute r ated targets were us e d. These targets , in fact·, have a relatively large number 
of d el.l teriuDl centers and a ve r y small thickness, which provide high counting rates , good angu ­
lat' l"csolution and a negli gibl e energy 10ss(7). 

1n order to reject spurious events comin g from reactions in the target backing and from i~ 
purities in the beam, we have recorded the r ecoilin g deuterons in coincidence with the scattered 
a-particles. 

At:; s hown in F'ig . 1, the deuterons were recorded at four different angles at the same time 
b'y rOll I' .,-;urface barricr d etectors in coincirlp.nce with the same large area a -particles detector(S) . 

I BEAM I 
F, IF, 

-'--"---; 
F, I T 

/ <{ 

F IG . I - Simpl i fie d lay - out of th e experimental apparatus. 
'''1' F 2' F3 : collimators; T: target; F. C . : Faraday cup; 
D 1, 0 2' D3, D4 : deuterons detectors; a: alpha particle 
detector; .d E , E: monitor telescope . 

I 
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In such a way we have measured angular distributions from QLab = 7° to 69° in steps of 2°, 

The content of deuterium in the target during the measurements at the same energy. was con 
tinuously monitored by a L1E - E system recording deuterons emitted at a fixed angle of 50°, 

3. - RESULTS. 

The experimental results are plotted in Figs. 2. 

In order to match the data at different ener gies, excitation functions were performed at four 
angles (see Fig. 3). 

The loss of deuterium in the target was taken into account alternating the measurement at the 
energy of interest and at an incident reference energy Ea ::: 9 . 847 MeV. 

The data at this energy \vere furthermore used to obtain absolute values of cross -sections by 
normalization to the values obtain ed in experiments with gaseous targets (1) . 

A comparison between the present results and those of ref. (1) are shown in Fig. 4, were the 
cross -sections obtained from a phase - shift theoretical prediction(5) are also reported. 
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FIG. 2a - J\n gula l' d i st r ibutions in the energy 
I"an gc: 5 . D62 - fl . 843 l\teV ; Ri ght scale is for 
( . ) whe r'cas 'left scal e is fo r ( x) . 
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FIG. 2b - An gu lar distributions in the energy 
range: 8 . 943 - 9. 936 !vTeV ; ~ i ght scale is for 
( . ) whe rea s left scal e is for (x) . 
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FtC. 2d - Angular distributions in the energy 
range: 11. 924 - 12.87 MeV; Right scale is for 
( . ) whereas left scale is for ( x). 



- 5 -

20 

.... .1 5 
:a 

.10 

~1~ .OS 

.20[ . 15 

. 10 

.OS 

.20 

.IS 

. 10 

. os 

.0 

13311 X 

11M1 

11613 x 

x 

11235 

12,917 

· . 
•• 0 _ ..... •• 0 

•••• ..... x 

x)( )(:><;lC x)(Xy,x XXX XX)(XX X 

x 
xX 

xX 

'., .. , .' .. ~ ....... . 

°0 ••••••• ...... ' .. 

.25 
XX 

x .20 

x 

x 
x 

.10 

.os 

r
·20 

.IS 

.10 

.os 

.20 

.IS 

.10 

.os 

. 0 

L-______ ~ ______________ ~ 

.Vi 

o 20 40 60 80 

:1-'10. 2e - Angular distributions in the en ergy 
range~12 . 917-13.911MeV; Right scale isfo r 
( e ) whereas left scale is for (x ). 

.J 

~ .0 •••• 

.2 
,. 

. ' 
.1 .'0 

I" + . ~ " . 
'" .: • , .n 

'. 

' . . · 

~ 

+ 
• + · ~ 

" 
" '. 

.6( .. = 130" 

~ 

+ il . \I . '. " . . ' . 
''1. · .. . " 

' . 

' . 
I------------------------~ 

.09 
<I .. = 9S' 

.... t. t. . · ~ • .0 • <l · .. ' . · .-.07 

.. 
'. . 0' .. . 

.0<; 

01 

" . . . . " " 

• ' . , '0\ '" • • Ot + '.. . 

9 '0 
["", (M{'v) 

· . • • t. 
" . . , 

• '. iI. 

II " Il v. 

." 
~ 

!31~ 

.3 

.2 

,1 [.I:1,2l5 

X 

.s 

·.4 x 

.3 

• 2 

E . 'l,U 

., 
.s 

.4 

.3 

. 2 

.1 . [ . '559 

. 3 

. 2 

.1 
[.Ut] 

0 ,0 

X 

' .. 

X 

. ' ..' 

~. .~. 
)(0 ,.0,1: c.,. ot'J{ ("~. XO ~.)C 

0, . . . ........ , 
. . . 

' . " )(,. .~. 
•• •• ,:..Jl • .e<o . 'Jl 

40 60 80 100 120 140 

.' 

. . 
." 

r 

. . . 

flCM 

160 18' 

FIG. 4 - Comparison of angular dist r ibutions 
of present work ( • ) : a) and c) with those of 
ref. ( 1) (x); b) and d) with theoretical predic 
tians of ref. (5) (continuous line). Note that ­
th e forward and backward scattering angles 
( 0 ) are measured not in coincid ence and ha 
ve a larger error than the other points. 

FIG.~ - Excitation function of D(aJa) D. 

a) # CM 150 0 ; b) # CM = 120 0
; 

c) #CM 9S o and d) # CM = 66
0 

. 

( 0) present work, (x) ref. ( 1) . 




