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1. - INTRODUCTION,

In the present work we report a sistematic measurement of the cross sections of the elastic
scattering :
a+d —>a+d (1)

at several energies and kinematical configurations,

5 The study of this process leads to direct information on the parameters of the excited states
of PLi,

The elastic scattering cross sections were investigated in the past by several authors(l"3).
The most complete works on this subject are those of Senhouse and Tombrello 1) and of the Zllrich
group(z). The first group measured angular distributions in a wide range of energies 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 different results are obtained for the mixing parameter
of s and d partial waves and for the exislence of three p-levels(4).

From a more general point of view the results of the cross sections measurement in the ela
stic scattering (1) could be exploited in principle for a microscopic treatment of a 6-nucleons sy
stem, However for practical purposes the a-d scattering, in fact, can be treated approximat91§
as a three-body system where the a-particle is considered a structureless object and the deufe
ron as a bound p-n system'*:

In such a way a theoretical treatment of the aq-d system can be performed in the framework
of the Faddeev' equations.

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)
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as well as for other reactions like

@ +d—=»a+d+y, (3)
and

a +d —» SLi+7y., (4)

A better understanding of the microscopic reaction mechanism can be obtained by comparing
the experimental behaviour of all the previous reactions with the prediction of specific models.

From this point of view, therefore, we look at the elastic scattering as a [irst step of a
program of experiments involving also reactions (2), (3) and (4).

For these reasons and for the discrepancies existing in the results of previous works, we
have measured detailed angular distributions in the elastic scattering at 39 different energies.

3, - EXPERIMENTAL,

The experiment was performed at the Van de Graaf generator of the Laboratori Nazionali di
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 (4% = 0,5°), solid po
lystyrene deuterated targets were used, These targets, in fact, have a relatively large number
of deuterium centers and a very small thickness, which provide high counting rates, good angu-
lar resolution and a negligible energy 1035(7).

In order to reject spurious events coming from reactions in the target backing and from im
purities in the beam, we have recorded the recoiling deuterons in coincidence with the scattered
a-particles,

As shown in Fig, 1, the deuterons were recorded at four different angles at the same time
by four surface barricr detectors in coincidence with the same large area q -particles detector 8),

FIG, 1 - Simplified lay-out of the experimental apparatus.
F'1, Fz, Fg: collimators; T: target; F. C, : Faraday cup;
Dy, Dy, D3, D4: deuterons detectors; a : alpha particle
detector ; AE, E: monitor telescope,
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In such a way we have measured angular distributions from 0y .y = 79 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 AE -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 energies, 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 E, = 9. 847 MeV,

The data at this energy were furthermore used to obtain absolute values of cross-sections by
normalization to the values obtained in experiments with gaseous targets(“.

A comparison between the present results and those of ref, (13 are shown in Fig, 4, were the
cross-sections obtained from a phase-shift theoretical prediction 3) are also reported,

ACKNOWLEDGEMENTS,

The authors are indebted to Mrs. G, Busacchi and A, Grilli for their skillful technical assi-
stence, The authors would also thank the technical equipe of the Laboratori Nazionali di Legnaro
for the hospitality at the Laboratory,

REFERENCES,

(1) - L., 8. Senhouse and T, Tombrello, Nuclear Phys. 57, 624 (1964),

(2) - R.A. Hardekopf, W, Grllebler, B. Jenny, V.Kbnig, R, Risler, M, R, Blirgi and J, Nurzynski,
Nuclear Phys., A287, 237 (1977) and references quoted therein,

(3) - G.G. Ohlsen and P, G. Young, Phys. Rev. B136, 1632 (1964).

(4) - P, A, Schmelzbach, W, Grilebler, V, Kdnig and P. Marmier, Nuclear Phys., A184, 193(1972).

(5) - See e, g. Y.Koike, Progr. Theor, Phys. 59, 87 (1978).

(6) - B, Charnomordic, C, Fayard and G, M, Lamot, Phys. Rev, C15, 864 (1977); C. Fayard,
private communication. T

(7) - M.Bruno, M.D'Agostino and M. Lombardi, Lett, Nuovo Cimento 22, 556 (1978).

(8) - M, Lombardi, C.Baioechi, I, Carraro, P, Schiavon and G, Prete, Eaport INFN/TC-78/5
(1978).




30

35 . 35
o o .30
5 2 35 > _
¥ e . 1200 i . 35
.20 84 » #X 20 9936 o %
is . * X o 25 .' *®
X o X RE %
B Sxe o . J - 25
g0 BL77 * x . . ° .
X ., gt e ¥ 15 847 x o AE g e 20
Df‘- 95 % e -__"'"..' X o ® . D";, % Cooeeenco?® . X
; o 5% R I o * Eiad {15
10 o x"xxxxxx""x RUNHE .20 BT e x , % e 5
- 4 wie e X e b X 4 * = -05 o x‘ll* . 10
..:5 0% x tesane aee’ xx i "‘F E 15 m’l""ﬁxﬁxx*ﬁx . *
oA W2 x "a TRy T it Vf R ] ‘ v T gl
30 % Xxaexese 3% XX g s 5 i = 10; 07 x * . LS e
% * = - *
Ly d 1118 w12 ¢ % "-.... ..-". ,f‘ -". '3[5 R 2 ."000"'."°. xx s
3 " ¥ =z 3 .
e .. "%"‘-,: ‘!-"* ..' 5 i) ] s xx xx & J5
15 % LT J e 0 ' X x
> %, s o ¥ 4,05 %% .
05 ¥y *s o * ] 15! g M wn ¥
- "esncs®” *% £ FRFAR b .
6356 # "‘gx o owR® e 10 . . B L
® 6838 £ e xx"“’m‘ﬂﬁ ".' % 05 i O g e 1 20
s . % £ . # o5 %
05 6550 .1’.#" Tes .oa!...’ K***,‘ .05, x .’looctﬁ"". x o'
Ty M 10 T X 15
A0 *e Miﬁ‘ﬁ‘}ﬂ"’n" . 20 . ® &
6300 ¥ oo . 8943 e »
408 ¥k e =
e L Sageeet X XXX 15 Kytp X X% XX ¢
5367 Xkt Lxx XX 0 N .
A0 . KRt ponX A0 . .
" "'0---.-.----"'....' ‘S;ZM W M i ‘Sn.:u
'O:G 20 40 6 0 0 Ssiigepent”
0 E0 100 120 WD 160 180 0 20 4 60 B0 10 120 0 160 180
i1G a - s Hratvihals s
'IG, 2a - Angular distributions in the energy FIG. 2b - A ; :
~ahpe: 5.962 - 8,543 MeV; Right seale is for EDs; 0 ~APaEieT CLEuEng & N SRe Ay
. f £ e range : ~ / R : §
{ @) whereas left scale is for (x) ge: 8,943 -9,936 MeV ; Right scale is for
(@) whereas left scale is for (x).
.30
" 25 i
- - .
25 . 20 e
20 i
. . 30 5] S .
15 FI. " 2 . ) 25
‘ . 25 A0 . .
10 ° .. % o® 20
. . x . .20 . .05} 12,79 * o .
. 1586 % Sy ..".".".". Pl 055 B TG L eaae e ER e RNy - -
X % 15 20} 5 il
20 * 5 % & 10
® i | 12632 ¥ .
= g . k% L A0 5 512 .. "kkxkxxxxx’fx-’ckxk“f* R -
b & 13 g H R HHHHK " “ . t -
L " 4.05 8 .10 T
o . TR % i 20
.
. . . .20 wle .Dsz; wor x -.'....,.n--.--.o‘ xx
ola .03 e T L L xx s o 4D x X A%
: ; L ' I x ol x
- * "y 10 15 23 . ¥y XX o
x!x . . B kkwx*x,,xxxxx XX § x
% N6 o, “"%,«,mgxxxxﬂxx - . "VUS
. .. x ;:'05 10 ) . . s
10 . . x 2003 %, . = 5 . 20
0572 X o .20 .05}, R %
o e R L * T % X 15
8 LE R L) »
e " T L 15 20 % . .
.20 03 & x % neze « % ¥ 10
* A I A5¢ o s R RRRII .
15 . XK g HX AX XX KX . . . 05
. a .05 10 + .
A0 : . o
05 : Y seve?”® s Bé” 0 05 "!qa-o.nl""". s
- ) TR
0 20 4 .0 a2
. 60 B0 100 120 1O 160 180 20 40 60 80 100 120 %0 10 180
1 - L7 P = s &
FIG, 2c - Angular distributions in the energy I'IG, 2d - A i
range: 10,3 -11, 846 MeV ; Right scale is fo}- I'IG, 2d - Angular distributions in the energy
e - o : range : = i o
(@) whereas left scale is for (x) ( ge: 11.924 -12.87 MeV ; Right scale is for
e) whereas left scale is for (x).

cs
en



(b/sr)

g6
dono

25
%X
x 1.20
.
25 &
' e X e .
20 % & "
x xx
: ® %
A5 13841 . "xx#‘ngxx PP v—— . " -
. x ’5
- g o 20
: .
@ eas, o
05} 151 X '-'"”...-' Coesne . i
= x K"
.20 = - ",(x %
.15 naE . "xmcxxxxxxx"xxxxxx‘t St %
ot g . 7
.0 s s 0
; . "
5], 1235 x -'."..".-n.....- e |
f K i " {0
.20} i ,¢- ‘
X
X x
15 12317 . ,(xxXxxxxxxxxxxx %% g -
5 .
.10 . - s B
05 .'.' .....----.--'
- LR
.0 . SCM
0 20 Lo 60 80 100 120 140 160 180

#1G, 2e - Angular distributions in the energy

range: 12,917 -13, 911 MeV; Right scale isfor
(®) whereas left scale is for (x).

3 o
L = 150
25 . %o
.. -
- ©
& & »
T L& 8 .
- .
o : L S
A M ..
0®
.
a3 o %
15 R
"o Wy 8= 130°
o
- A3 ':' + &
5 ’ #
2. . 4 .
| ot “"5
pre °
1'|5’3'J il .,
i °
e
07 %
.09
., &, = 98°
.07 . £
L ,.oﬁt...°tl-.wn"3 ek,
08 Tt e
3|
* B, =66
.00 .,
L ]
n * e s . ..*.:
: .
., t. N
04 TeE ey,
02 —man
[ 7 n 2 13

9
C..(Mev)

ne

E=13235

iz

.
’\.u
x‘*'ﬁ(ﬂ

E=1280

Ab/sr)

ox*
o X CONTO Ko <

A\Y

ds
dno
X

Feooesse’

E=R343 o TRV

0 20 40 60 80 100 120 140 160 180

FIG, 4 - Comparison of angular distributions
of present work (e): a) and ¢) with those of
ref, (1) (x); b) and d) with theoretical predic
tions of ref. (5) (continuous line), Note that
the forward and backward scattering angles
(a) are measured not in coincidence and ha
ve a larger error than the other points,

FIG, 3 - Excitation function of D(a,a)D.
a) Peopg = 15095 b) deoyp = 1209,
c) Pepyp = 98° and d) oy = 66°.

(®) present work, (x) ref, (1),
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