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' ABSTRACT

" In this paper, we describe the eéxperimental tech-
niques used in the measurement of evaporation residue cross
‘sections for the systems °*'*°Cu+*®0. These measurements
have been carried out using the time of flight method in con-
juﬁction with an electrogtatic deflector to removal the beam
like particles.

RESUMO

No presente trabalho sdo descritas as técnicas
experimentais utilizadas nas medidas da secgdo de chogue de
fusdo nuclear para os sistemas °?¢°°Cu+'®0, Nestas medidas
foi utilizada a técnica da medida do tempo de voo dos produ-~
tos de reagdo, associada a um defletor eletrostitico que tem
a finalidade de separar os produtos de fusio das particulas
espalhadas elasticamente.
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I. INTRODUCTIOHN

In the Sao Paulo Pelletron Laboratory, we have
initiated a program fo measure fusion cross section for the
systems **/%°Cus!®0, 1In order to detect and to obtain' the
mass identification of the evaporation residues following the
fusion process the time of flight methed was adopted in

conjunction with an electrostatic deflector1'2’3’

cabéb;e of
separating the evaporatioh residues from thewbeam like paxr-
ticles. 1In order to reduce the number of scattered beam par-
ticles entering the detection system, the beam defining
slits and collimators were removed and replaced by an on-tar-

get beam positioner developed in our Laboratory.

The present paper gives a brief description of
the techniques empleoyed in the measurements of-  the above
mentioned fusion cross sections.
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II. THE MODIFIED SCATTERING CHAMBER FOR T.0.F,
4)

The scattering chamber installed at our labora-—

tory in 1977 for T.O.F. measurements; was modified for . the

present experiments and a schematic view of the apparatus is -

shown. in figure I. In this figure is indicated the T=0 de-
tector, a thin scintillator foil (~70ug/cm?* thick) of the
plastic ME~111 with a spherical mirror coupled to a fasﬁ pho—
tomultiplier (RCA-8575). It is worth mentioning that  the
'scintillator foil has—an‘importént effect in the equilibri-
ﬁm'oﬁ.thé_average atomic charges state of the rgacEiOnprakwts.
_Also VéhGWn is ﬁhe electréstatic deflector, a set of two re-
'iééhgulat plates, 3 cm wide and 20 cm long, with a ga§ of 1cm
'betwggﬁfthem; For thelenéréy'raﬁge of our—accelefator (up..
:to 72 MeV for the *fq.bggm):and the geometry of our apparatus,
a- few. kilovolts applied to the,elec£rostatic plates are enough
..fo separaée_the beam paﬁ{icles froﬁ'the evaporation residues
"in the E detectbﬁg'TThé'E détector,'a_SO‘mm’ area':silicon
.surfade-barrier detechr;ﬁpahmbe'cooled'and moved éerpepr
diculéf to fhe electrogtatic. deflector axis without vacuum
breékagei ;Fiqal}y1—;ﬁévbeém;onftaggét positioner, which uti=
lizes the secondary electréns emitted from the target  upon
passage of ﬁhe beam, is $h6ﬁ;2 The Secondary electron cur-
rents (I,,I.) are colleéted'iﬁ two copper plates positioned

at the distance of 1.6 mm upstream from the target. The beam

position on the target is determineds) by thenormalized ratioc

(I,~I2}/(I,+I:). By measuring this ratie, it is alsoc possi-
ble to control automatically the on-target beam  position,
using the steering magnet placed in front of the scattering

chamber, in a feedback procedure.

It is important to mention that one 1BMtwjon.of
our system is the position of the =0 detector. Without in-
volved mechanical changes we found it is difficult to locate
it downstrean from the electrostatic deflector. Despite this
inconvenience it was found that the T=0 detector is able to
support a counting rate up to 1 MHz, which is adequate for

the proposed experimental-conditions.

ITI. EXPERIMENTAL RESULTS

III.a. The Effect of the Electrostatic Deflector on the

Collection Efficiency

A series of measurements intended to cheék the
effect of the electrostatic defleetion plates on the overall
detection efficiency should be mention here. The curves in
figure IT sbow, for the system natey,isg at raB = 7° and
E 2 {180} = 48 and 64 MeV, the normalized* yeld of the evapo-
ration residues as function of the voltage applied to the

electrostatic deflector. In these measurements the centerof

* The data was normalized with respect to a monitor counter positioned
at the fixed angle of a_,, = 26,79, | '
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the E detector was displaced 13 mm from the symmetric axis of

the electrostatic deflector. The results shown in figure II
indicated the optimum voltage applied in the elecfrostatic

deflecﬁor for the full collection of thie evaporation residues
in the solid angle defined by the apparatus. This yieid was

found te be the same as for the situation in which fhe E de-

tector was positioned on the symmetric axis of the electrosta-

tic deflector, without voltage being applied. The measured

optimum voltage coincides with the calculated value using the

6)

equilibrated average atomic charge state of the evaporation

residues and the geometry of our apparatus.

III.b. Fusion Data for the Systems ©?r®Scu+*®0

In thigﬁgéctioh some experiﬁental results of the
fusion process for the systems °?7/95Cu+10 are presented. In
- figure ITI is shown a typical E vs T.0.F. spectrum for the

16 _ - 7° .
papt 0} = 64 MeV and 0., = 77). In this
spectrum the evaporation residues island is well defined and

Flcu+fQ system (E

separated from other groups of mass. The average veldcityof
this group coincides with the velocity of the compoundnucleus
formed in the ®’Cu+l®o reaction at E ., = 64 Mev. In this
spectrum we can notice also the small contriﬁution of the
. scattered beam (*°0 particles) due to the removal of the slits

and collimators as discussed in section II. In figure IV we

presented an angular distribution for the evaporation residues

-4,

from the ®°Cu+Y®0 system (Ei = 60 MeV), This angilar dism

AB
tribution has been measured for both positive and negative
scattering angles and illustrated the—gooa angular symmetry -

of our experimental apparatus.

III.c. The On-Target Beam Position Stability

As discussed in section‘II; thé*beam_positionion
the target is determined measuring the secundary-eléct;ons
currents {I, and Io}. .Figure Vv shovs the~variation-of .the,_
normalized ratio (I,-Is}/(I,+I;} as function of the'positidn
of the beam on the target. On the basis of these data, we -

have found that the beam position stabiliﬁy was very goodénd

‘even disconnecting the feed back control circuit the-overall

stability of the accelerator system was good enough to main-

tain the beam position almost unaffected during the runs.

The Table I indicates the main characteristicéof

the time of flight detecting system.

IV. CORCLUSICNS

In conclusion it was shown that with simple modi-
fications in our old scattering chamber and the introduction
of some new techniques, it was possible-to measure evaporation
residues cross sections in medium héavy systems like Cu+'*0

in the energy range of our accelerator.
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TABLE I. Main characteristics of the T.0.F. system: REFERENCES

. geometrical solid angle - 5210 ’m.s, . ) 1. S. Beghini, C. Signorini, S. Lunardi, M. Morahdd_ F. Fortu
. acceptance angle ~ +0.24° . : na, M., Stefanini, W. Megzynski and R. Pengo
Nuclear Instruments and Methods 2239, 585 (1985).
« time resolution* - 1 ns i e
. energy resolution* - 2-3% - 2. M. Dahling, W, Bonin, E. Kankeleit'and _H. Backe
£light path - 74 em Nuclear Instruments and Methods A215, 513 (1984).

‘scattering angle measureable range 2059 £150° . . LR
) Tng e ' © 7 LAB 3. W.S. Freeman, H. Ernst, D.F. Geesaman, W. Henning, T.J. Hu

. typical operating voltages on the electrostatic ' manik, W. Kihn, J.P. s‘cniffer; B. Zeidman and F.W., Prosser .
..defléctor,- 243 kY L ‘ . . _ Physics Review C8, 919 (1983)., -

] 4. ¥N.D.Vieira Jr.
* E detector at room temperature.

Master Thesis - University of Sdo Paulo; 1979.

5, J.C. Acquadro, U. Sbhnitter;'AJP; Teles, D;_Pereira, o. Sél
la. and P.A.B, Freitas- s _ - '
Nuclear Instruments and Methods K244, 229. (1986).

6. H.D. Betz o S
Review of Modern Physics, 44, 465 (1372).



Figure Captions

Figure I. A schematic view of the experimental apparatus.

Figure II.

Figure III.

Figure IV,

Figure V.

Behaviour of the normalized yield of the evapora-
tion residues for the %°Cu+'®0 systenm, at
E an = 48MeV and 64 Mev (o, = 7°), as Ffunction
of the applied voltage on the electrostatic de-
flector. In the figure are indicate the optimum
voltages (vopt) corresponding to the respective

maximum normalized yield {see text).

Typical E vs T.O0.F. spectrum for the ®°Cus+'®0

o
system at Eiap = 64 MeV and 8LAB = 7. In  the

figure is indicated the velocity of the centerof

mass of the compound system formed in the reaction.

The voltage on the electrostatic deflector was
fixed at 2.75 kV.

Angular distribution for the evaporation residues

for the $5Cu+!%0 system (B[ ,p = 60 MeV). The

curve drawn in the figure is the "best=fit"

using an exponential expression for (du/dn)LAB

Behaviour of the normalized I;-1:/1:+I: current
differénce as a function cof the beam position on

the target.
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