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An electrostatic deflector for a fusion reaction’!
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Abstract An electrostatic deflector for separating the fusion evaporation residues from the beam-like products

in heavy ion reactions was installed. The evaporation residue separation and identification with the electrostatic

deflector setup was tested with the reaction >2S+°%Zr at several energies. The fusion evaporation residues and

the beam-like particles were well separated after the electrical separation and the experimental fusion cross

section obtained from the angular distribution is in good agreement with the calculated value well above the

Coulomb barrier. This confirms the reliability of the setup.
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1 Introduction

The fusion reactions between heavy ions below the
Coulomb barrier have been the subject of extensive
experimental and theoretical efforts in recent decades.
Due to the rich, interesting phenomena unresolved,
such as sub-barrier fusion enhancement due to the
coupling between the elastic channel and intrinsic de-
grees of freedom of the target and projectile, and the
neutron transfers between the participants compared
with the one-dimensional barrier penetration calcu-
lation [1], breakup effects of the weakly bound pro-
jectiles and the radioactive nuclei on the fusion reac-
tions at near barrier energies [2], neutron-rich effects
on the formation of super-heavy elements, especially
with the development of the radioactive beams avail-
able [1, 3-5], and the fusion hindrance at extremely
low energies and the relevant influences on the astro-
physics recently found [6], people still point to this
field.

However, the experimental identification of fusion
evaporation residues (ER) for non-fissile systems is
complicated by the fact that they are strongly for-
ward focused into a cone of a few degrees around the
beam direction. The background due to the beam-
like products resulting from Rutherford scattering in
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the target and from slit scattering within that angular
range demands that the ER be separated physically
from the beam-like particles before they reach the
detectors. Up to now, a combination of electric and
magnetic fields, electromagnetic fields and /or electro-
static fields methods have been used to solve the prob-
lem. The electrostatic deflector, which is a simple and
cheap device using the electrostatic fields only, can
be employed to measure the ER cross sections [7-9].
The ongoing interest in the fusion process mentioned
above has led to the building and testing of the elec-
trostatic deflector system. The construction and the
experimental results of its performance are reported
in this paper.

2 The electrostatic deflector

The fused nuclei, which are concentrated within
a few degrees of the incident beam direction, were
separated from the incident beam by an electrostatic
separator. The device uses electrostatic fields to sep-
arate out the transmitted ER from the beam-like par-
ticles, allowing in principle only the ER to enter the
detection system, which is based on the measurement
of the energy and time of flight (TOF) of the ER.
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The beam separation exploits the difference in elec- contained in a cylindrical stainless steel tank with a
trical rigidities n=FE /¢ existing in ER and beam-like diameter of 30 cm and a length of 85 cm. The plates
products (¢ being the ion charge of the transmitted are at 5° with respect to the beam axis, so that the
nuclei). The electrostatic deflector introduced here is particles enter the field region at an angel of 85° with
similar to the setup in Legnaro [8]. respect to the electric field. The applied voltages are
Figure 1 is a schematic layout (top view) of the such that the ERs leave the field region at 90° to the
whole experiment setup (separator + detection sys- field, and on the axis of the detection telescope.
tem). The separator consists of two pairs of elec- The two high voltage power supplies can produce
trodes, of 25 cm in length, 12 cm in width and 0.5 cm up to £40 kV. The ER was identified by an E-TOF
in thickness, for each electrical plate, producing two detector system consisting of a microchannel plate
regions of electrostatic field, with independently vari- (MCP) detector followed by a silicon surface barrier
able gaps to easily match different experimental con- (SSB) detector. A two-dimensional spectrum of the
ditions and to minimize the possibility of beam scat- reaction products was used to cleanly separate the
tering from the electrodes. The separator itself is | evaporation residues from the beam-like products.
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Fig. 1. The layout of the electrostatic deflector and the MCP+-Si detection system.

The particles coming from the target are selected | tor were determined empirically by the elastic scat-
before entering the fields by an entrance collimator tering of the nuclei of vicinal atomic charge, mass
of 3 mm, corresponding to £0.57°. A carbon foil, and kinetic energy. To perform this, we measured
10 pg/cm? in thickness, attached to the collimator to the Rutherford scattering of 29 MeV 27T on the °Zr
reset the atomic charge state distribution after the target at 10°. The transmission probability was de-
fused nuclei have become evaporation residues by the fined as the ratio of the number of particles detected
emission of several light particles on the ion path. The at the SSB detector to that initially passing the en-
electric field strength of the deflectors was selected to trance collimator. The applied voltages to deflect the
maximize the yield of the ER. The diaphragm of the reaction products are consistent with the calibrations
MCP defines the solid angle of the electrostatic de- including the fringe effect of the electrical plates with
flector approximately as 0.3 msr. In order to reduce Shima’s charge state distribution formula [10]. In the
the noise of the MCP detector, it was found neces- experiment, the two pairs of electrical plates applied
sary to place a few small permanent magnets behind the same voltages with the same electrode distance of
the exit collimator of the chamber and in front of the 4 cm to facilitate the calculation. In Fig. 2, the trans-
start detector to be against secondary electrons. mission efficiency of 171 is plotted versus the applied

The whole apparatus, including the separator and voltage. As can be seen, the transmission efficiency of
the telescope detectors, is connected to the target the scattered particles is less sensitive to the electric
chamber by metallic bellows and can be rotated in field near the proper value. Considering the trans-
the horizontal plane from —4° to +12° with respect mission of the particles through the electrical harp
to the beam, allowing the measurement of ER angular in the bracket of the MCP detector on the ion path,
distributions in that range. it is found that the defocusing effect of the deflec-

tion voltage reduces the transmission from unity to
3 Experimental test 0.60+0.06.
A test experiment was performed to test the elec-

The experiment was performed at the HI-13 tan- trostatic deflector. In the experiment, the collimated
dem accelerator of CIAE, Beijing. The transmission 325 10" beam was used to bombard the target with

efficiencies of the ER through the electrostatic deflec- an intensity of 3 pnA. The target was %ZrQ, (86.4%
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enriched), 50 pg/cm? in thickness and 3 mm in diam-
eter, evaporated onto a 15 pg/cm? carbon backing.
The scattering chamber contains four silicon detec-
tors at #=25° symmetrically around the beam in the
forward direction to monitor the beam and normalize
the fusion cross sections.
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Fig. 2. 29 MeV '?7I transmission efficiency as

a function of the deflection voltage.

The separated residues were identified in an E-
TOF detector telescope, which consisted of a MCP
and a SSB with a 60 cm flight path. The combined £
and TOF information enabled a clean separation of
the evaporation residues from the beam-like particles.
The resolution of TOF (the start signal is provided
by a $50 SSB on an overbias state and the stop sig-
nal is provided by a MCP detector) is about 2 ns,
which is suitable to research the topic. As can be
seen in Fig. 3, the yields of ER can be obtained, es-
sentially free of background, from the time of flight
versus energy spectrum, which shows well separated
islands of events. The lower corresponds to the ER
from 325+9Zr reaction, while the stronger consists of
the beam-like particles.
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Fig. 3. Two-dimensional plot of time of flight vs

energy for the 32S+%7Zr reaction at 130.0 MeV
and at 2°, following beam separation. Two
groups of particles are indicated.

ER angular distributions were measured in the
range —4° to 10° with a step of 1° at three beam
energies (130.0, 116.4 and 108.3 MeV) and shown in
Fig. 4. The angular distributions are symmetric about
0°. Double Gaussian function was used to fit the
data, which associated qualitatively the wider Gaus-
sian with the emission of « particles from the recoiling
composite system whereas the narrower one results
from the neutron and proton evaporation, then inte-
grated to obtain the total fusion cross sections. The
shapes do not change appreciably with the beam en-
ergy. These combined angular distributions and the
double Gaussian fits were used to obtain the fusion
cross sections.
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Fig. 4. The angular distributions of fusion evap-
oration residues of 3284-Zr at three beam en-
ergies. The dashed lines are the two Gaussian
functions used to obtain the total cross sec-
tions.

For each energy, the number of evaporation
residue events was normalized to the Rutherford scat-
tering detected by the monitor detectors. The abso-
lute cross section normalization relies on the knowl-
edge of the relevant geometric solid angle and of
the transmission efficiency of the electrostatic deflec-
tor. Since fission of the compound nucleus can be
neglected for both systems, the measured evapora-
tion residue cross sections were taken as fusion cross
section o. The fusion cross section of 32S+%Zr, at
130 MeV well above the Coulomb barrier, can be cal-
culated with classical transmission probability for a
one-dimensional barrier formula. The integrated fu-
sion cross section from the measured angular dis-
tribution is 625 mb. Including the transmission efli-
ciency uncertainty, additional systematic errors come
from the geometrical solid angle uncertainties and the
angular distribution integration measurements. Alto-
gether, these contributions sum up to an estimated
+15%. The experimental result is consistent with the
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calculation result 601 mb. This result confirms the
reliability of the setup.

In the future, the electrostatic deflector will be
used to research the fusion reactions primarily near
the Coulomb barrier, especially the effects of positive
@-value neutron transfer and breakup of the weakly
bound nuclei (®7Li, °Be) on the fusion reactions at
the sub-barrier energy region.

4 Summary

An electrostatic deflector has been installed and
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