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LATIONS AT Ed = 1. 6 MeV IN THE 19F(d, PI '1 )20 F REACTION(x). -

ABSTRACT. -

(d, p~) angular correlations of the proton group corresponding 
to the 0.65 MeV level of 20 F produced in the reaction 19F(d, Pl)20F 
have been measured at Ed = 1. 6 MeV. 

The measuremeilts have been carried out in the reaction plane 
and in two azimuthal planes for a proton emission angle of 45 0 • 

The experim,ental points have been fitted by a sum of even order 
Legendre polynomials. The best fits obtained including polynomials 
to the 6th order seem to agree better with the experimental points. 

Taking into account this result a possible presence of more reac 
tion mechanism is suggested. 

(x) - This work has been supported in part by CRRN and EURATOM
-CNEN Contract. 
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INTRODUCTION. -

One of the most powerful tools for the study of the reaction 
mechanism and of the spectroscopic parameters is given by the me~ 
surements of the angular correlation between the reaction products . . 

Most of the theoretical work published in the last years on this 
subje.c1t is concerned with deuteron induced reactions proceeding 
through direct mechanism(l.2). 

The angular correlation between the protons and relative 'l-rays 
going to the ground level in 20F for the reaction 19F(d, p 1')20F has 
been studied by P.R. Chagnon(3) and R. W. Newsome Jr. (4) at a bom
barding energy of about 0.5 MeV. These Authors performed the ana
l ysis of their experimental data in terms of a direct interaction me
chanism, but they did not give a unique assignment to the J value of 
the first excited level of 20F . . 

The present measurement of angular correlation between the 
protons going to the first excited level of the 20F and the subsequent 
0.65 MeV l' -rays was done at Ed = 1. 6 MeV in the attempt to gain more 
information on this level. 

EXPERIMENTAL SET - UP. -

Fluorine targets obtained by vacuum evaporation of PbF 2 on 
Ni backing were used, their thickness was about 0.25 mg/cm2• The 
backing thickness was 1.25}<m. 

The target chamber was a brass cylindrical shell 1 mm thick 
by 25 cm high and approximately 11 cm in diameter with a Faraday 
cup, for beam current measurements, in the beam direction. 

The protons were detected by a solid state counter 500/,-m 
thick and 50 mm2 of sensitive surface. Its front face was shielded 
by a Ni foil 10.Am thick to prevent the scattered deuterons ff'om rea
ching the counter area. 

This detector placed at 4.5 cm from the center of the target could 
be rotated around a vertical axis going through this center and perpe!! 
dicular to the reaction plane. 

The l' -rays detector was a scintillation counter, mounting a 
7.5 cm x 7. 5 cm Nal(Tl) crystal, and was placed at a distance of 21 cm 
from the center of the target. It could be rotated around this center 
either on the reaction plane or on the azimuthal ones. 

The half angles subtended by the detectors at the target were 
respectively 100 for the Nal(Tl) crystal and 50 for the solid state detector. 
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3. 

The electronics block diagram is shown in Fig. 1. The solid 
state detector was connected both to a 512 channels analyser and to 
a single channel discriminator. The latter was used to gate on the PI 
protons group, in such a way that, on the first 256 channels it was 
possible to see the total proton spectrum minus the PI group, and on 
the second 256 channels the PI group (see Fig. 2). 
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FIG. 1 - Schematic diagram of the 
electronics. 

r-

This set-up allowed 
to control continuously the 
stability of the whole apparatus. 

The IJ' -rays counter 
was connected to a 100 chan 
nels analyser and to a single 
channel discriminator. The 
latter gated on the photoelec 
tric peak of the 'd"-rays co':
ming from the first 20F exci 
ted level, and gave a signal 
for the (p, 'd) coincidence ci£ 
cuit. 

The coincidence cir
cuit was a commercial model 
and had a measured resolution 
time of 35 ns. 

The gate of the 100 
channels analyser was driven 
by the signal coming out from 
the coincidence circuit, so 
that just the 'Ii' -rays photo
electric peak in coincidence 
with the PI protons group 
could be seen. 

The linearity of both 
the multichannel analysers 
was checked by a preciSion 
pulser. 

The proton window po-
sition was fixed by looking at 

the proton PI group itself while the gamma rays window was fixed by 
looking at the photoelectric peak of the '0 -rays of a 137Cs source ha
ving about the same value as the excitation energy of 20F first level. 
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FIG. 2 - (A) Proton spectrum from 
the 19F(d, p)20F reaction at Ed = 1. 6 
MeV observed at an angle of 450 

from the beam. Proton peaks due 
to contamination of the PbF 2 target 
are also present. 
(B) P1 proton group leaving the 20F 
at the first excited level. 
(C) Total spectrum minus P1 pro
ton group. 

In each set of measurements the proton counter was kept fixed in 
the direction (Jdp = 450 (lab) and the gamma counter was rotated on the 
reaction plane or on one of the azimuthal ones. The gamma detector 
angles were chosen in random order to minimize any possible drift. 

The gamma absorption due to the target holder, to the solid sta
te detector and to the Faraday cup (expecially at 00 and 450 from the 
beam) was not negligible, so it needed correction. The correction factor 
has been determined recording counts from a 137 Cs gamma source ha
ving the same size as the cross section of the beam. This source was 
mounted on a backing similar to those of the targets. Corrections were 
also applied for the analyser dead time and for random coincidences. 
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The angular correlation between the protons and the /j -rays fol 
rowing a (d, p) reaction takes the form 

(1) 2.. A C (94" $"~) 
kq kq kq 

where Ckq (94" '17 ) are the spherical armonics normalized so that Coo = 
= 1, CkO = Pk (cos 9 r). (9~, $"~) refer to the center-of-mass system. 

In the reference frame (see Fig. 3A) with the x axis in the recoil 
direction and the z one perpendicular to the reaction plane, q can take 
only even values, while assuming that the reaction proceedes through 
definite parity states, also k must have only even values. 

B 

FIG. 3 - Angular correlation geometry. 

With this assumption the formula (1) can be written: 

(2 ) J[' k - 1 W(+,'lr)=Ao + L.. LA cosq\f.,-B senq'f'} 
q=o q q Q 

in the reaction plane and 

(2 ) 
k 

= :> L. 
k q=O 

If:51 
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in the azimuthal planes 7P;r= ° and 1;; =" TL/2 respectively. If we assume 
for the (d, p) reaction a stripping mechanism and only one ~ value for 
the captured neutron, the k value must satisfy the following limitations: 

k ~ 21; k ~ J' +J" . 
1 l' 

k::f L+V; k62J 

where j1' j 1. are two possible values for the total angular momentum 
of the captured neutron, J is the "intermediate nucleus s pin, and L, L' 
two possible values for the multi polarities of the ?,"-rays emitted. 

The proton detector was placed at an angle of 45 0 from the deu 
teron beam in order to get the maximum yield for the P1 protons(5). 
Fig. 4A shows the experimental points from the measurements with the 
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FIG. 4 - Proton- a'reaction plane angular correlation through 
the first excited levels of 20F. The curves are the least squ,!! 
re fits of the experimental points to the function (2), A ; to the 
function (3), B. The continuous and the dashed curves are the 
best fits with k max = 4 and kmax = 6 respectively. The 20F re 
coil axis is indicated by kR • 
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proton detector placed at 450 from the deuteron beam, and the gamma 
detector rotating on the reaction plane. In the same figure the conti
nuous curve represents the best fit· of the experimental data to the fu!!. 
ction (2) with k having 4 as maximum value, while the dashed curve has 
kmax = 6. 

Figure 5 shows the experimental points from the measurements 
with the proton detector placed at 450 from the deuteron beam, and the 
gamma detector rotating :vn the azimuthal planes >$ = 00

; }";r = 9 00
• As 

in Fig. 4 the continuous and the dashed curves correspond to the best 
fits with kmax = 4 and kmax = 6 value respectively. 
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FIG. 5 - Proton- 7f angular correlation on the azimuthal planes 
'f;r = 0 (A), If;}, = Tt:/2 (B). The continuous and dashed curves are 
the least square fits based on eq. (2') with kmax = 4 e kmax = 6. 
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The comparison between the two fits was performed by the stan 
dard X 2 test. The definition we have used is 

(y _ Y )2 
} expo calc. i 
~ --~IY~-l~~' ~~-

i ca c. 1 

where: Yexp is the number of coincidences and Y calc is the correspo!!. 
ding value from the calculated curve. 

The t 2 test of :fits corresponding to measurements on the azi
muthal planes Y'r = 00 ; '1,.-= 900 (see Fig. 5) does not allow a sharp choice 
between k = 4 and k = 6 complexities. Nevertheless the X 2 values corre 
sponding to measurements on the reaction plane show th~t kmax = 4 has 
to be rejected (see Fig. 4) as can be seen in Table 1. • 

If one assumes 6 as the kmax value, the correlation function com 
plexity limits the spin of 20F first excited level to values J ~3, and -
also the L multipolarities of subsequent gamma transition to values L:::' 3. 
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TABLE 1 

k 
degrees of ,t2 p(X2~X2) 

max freedom 0 0 

4 15 63 .01 

6 13 12. 5 . 5 

In Table 2 are listed some of the first excited level spin values 
according to the above limitations. For each of them are shown the rrN 
Weisskopf widths(6) for the predominant subsequent gamma transitions. 
Although Weisskopf units are affected by some indetermination we think 
that a complexity k = 6 is not completely reliable even if one takes into 
account the 20F nucleus deformation. 

TABLE 2 

J Transitions and Weisskopf widths 

3+ M1 (6. 1 x 10-3) E2 (3. 4x 10- 7) M3 (2.1 x10- 9 ) 

3- E1 (1.4x10- 1 ) M2(1. 4x 10- B) E3 (5.1 x 10- 9 ) 

4+ E2 (3.4x10- 7) M3(2. 1 x 10- 9 ) 

4- M2 (1.4 x 10-B) E3 (5. 1 x 10- 9 ) 

5+ M3 (2.1 x 10- 9 ) E4 (4. Bx 10- 19 ; 

5- E3 (5.1 x 10- 9 ) M4(2. 6x 10- 19 ) 

As suggested by Satchler et al. (2) we studied the correlation 
function also changing the reference frame in order to test the indepe!!. 
dence of the k value of the complexity from it. In the second set of 
axes (see Fig. 3B) the z axis is taken in the recoil direction, and the 
y one is normal to the reaction plane. In this reference frame the for
mula (1) in the reaction plane may be written: 

( 3) 
W(Q,?,O)= 2:. A

kO 
Pk(cosQd' )+2 I 

k k 

(k-g)! p q
k 

(cos Qoy) 
(k+q)! a 

for 0 <. Q O'.c:: :tt 
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for rc,< Q1 c: 2 rr 
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(k-q)! Pkq(COSQr) 
(k+q) ! 

Where k assumes only even values while q can take both odd and even 
values. The Fig. 4B shows the same experimental points as Fig. 4A. 
The continuous curve represents the best fit of these experimental data 
to the function (3) with k having 4 as maximum value, while the dashed 
curve has kmax = 6. The comparison of the results in Fig. 3A and Fi
gure 3B confirms the k = 6 value of the complexity. 

In order to justify such a complexity a J value at least equal to 
5 should be necessary. The presence of dipole and or quadrupole radia
tions for J < 5 would predominate so that the octupole radiation would 
be hidden. 

. h b d(7) lr + h h f d Recently It as een suggeste a J = 3 wit t e trans erre 
neutron angular momentum In = 2. 

Although most of previous papers agrees to interpretate the 
first excited level as populated through a pure stripping mechanism(7), 
we believe the complexity we observed could be accounted for by a 
not pure direct interaction mechanism at our energy. 

Furthermore the behaviour of the excitation function(8) for the 
concerned level at our deuteron energy shows strong fluctuations poin
ting to a possible statistical mechanism. 

The Authors wish to thank Prof. A. Agodi and Prof. C. Schiffrer 
for many helpful discussions. Thanks are due also to Dr. F. Porto for 
his assistence during the measurements. 
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