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Mennu6 eB K. u np. E7-2017-66
Ucnyck uue nbd -u ctun B pe Kuun “8Ca + Ta BO6MM3M KyTOHOBCKOl 3HEPruu

Bputy n3aMepeHsl MHKITI03UBHbBIE DHEPreTUYeCKHe CIIEKTPHI JIETKHUX 3 PSIKEHHBIX U -
CTHII, UCIYCK €MBIX MPH B3 uMogeicTeun Ta-Mumenu ¢ myukom *®Ca npu sHeprusx
261 u 471 MsB. IIpogyKTsl pe KIHU PETHCTPUPOB JIHCh ¢ nomolnpio AFE—FE Terne-
CKOII , IOMEIIEHHOTO B (DOK JIbHYIO IIIOCKOCTh M THUTHOTO CIIEKTPOMETP , P CIOJIO-
’KEHHOTO T10J] MTPSMbIM YITIOM OTHOCHUTEIBHO H Hp BJEeHUs Mydk . Bo Bcex pe kumsx
WCCIIEIOB HbI JIETKWE 3 PSKEHHBIE Y CTHIBI C 9HEpruei, OJM3KoH K COOTBETCTBYIO-
LIEMYy P CCUUT HHOMY KHHEM TMYECKOMY Ipefeny I BBIXOJHOIO K H J C JABYMsd
TEeJT MH, C OTHOCHTEJIBHO OOJBIIONH BEepOSTHOCTBIO. [losydyeHHBIE pe3ysbT Thl ITO3BO-
JISTIOT CHEN Th HEKOTOPBIE BBIBOABI O MEX HU3ME pe KIWH, CBSI3 HHOMW C UCIyCK HHEM
JIETKUX 3 PAXEHHBIX 4 CTHII.

P 6or BemonHen BJI 60op Topum snepueix pe kKuwii M. . H. ®@nepos  OUSAN.
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Alpha-Particle Emission in the “8Ca + Ta Reaction at Coulomb Energy

Inclusive energy spectra have been measured for light charged particles emitted
in the bombardment of Ta target by *®Ca ions at 261 and 471 MeV. The reaction
products were analyzed and detected by means of a AF—FE telescope placed in
the focal plane of a magnetic spectrometer located at forward angles with respect
to the beam direction. In all the reactions studied light charged particles with an
energy close to the respective calculated kinematic limit for a two-body exit channel
are produced with relatively great probability. The results make it possible to draw
some conclusions about the reaction mechanism involving the emission of light
charged particles.

The investigation has been performed at the Flerov Laboratory of Nuclear Reac-
tions, JINR.

Preprint of the Joint Institute for Nuclear Research. Dubna, 2017




INTRODUCTION

In heavy ion reactions, light charged particles are emitted with cross sections
which constitute a significant part of the geometrical cross section of the reac-
tion [1-3], particularly, in the case of « particles. The measured energy spectra,
angular distributions, and cross sections of these particles are not describable
within the evaporation model of a compound nucleus decay. The noticeable in-
crease in the yields of energetic light particles, as well as their strongly forward-
peaked angular distributions, suggests a fast mechanism of their formation [2, 3].
The experimental investigation of a-particle spectra as a function of momentum
transfer, reported in [2,3], convincingly shows that the emission of fast particles
takes place during the early stages of the reaction, when the final fate of the
interacting nuclei is not determined yet.

The experiments described below are an extension of our earlier studies [2,3]
and were carried out in order to measure the probability of emission of « particles
with energies close to the kinematic limit at the forward angles with respect to
the beam direction in the reaction induced by *®Ca projectiles.

1. EXPERIMENTAL METHOD

The experiments have been performed using **Ca ion beams from the U400
heavy ion cyclotron of the Flerov Laboratory of Nuclear Reactions (JINR). The
energy of “8Ca ions was 261 and 471 MeV. The tantalum targets were placed in
the entrance focus of a high-resolution magnetic separator MSP-144 [4].

The average beam current during the experiment was maintained at value
of about 200 nA. The self-supporting Ta target with thickness of 5 pum was
prepared from a thin foil of 99% purity. To measure reaction products, a set
of two telescopes, each consisting of AE and F, detectors with thicknesses of
100 pm and 3 mm, respectively, were used. Particle identification was performed
based on the energy-loss measurements AF and residual energy F,, i.e., by the
so-called AE—F method. The example of two-dimensional plots (yield versus
energy loss AFE and residual energy F,) is shown in Fig. 1, a. This method gives
absolute identification of detected reaction products in neutron excess N—Z (see
Fig.1,b). We have found that accuracy AZ/Z = 0.4 for oxygen isotope and
mass uncertainty is less than 0.5%.
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Fig. 1. a) Particle identification plot for the products of the *8Ca+ Ta reaction from “He
up to Ne-isotopes. AFE is the energy loss and E; is the residual energy. b) Identification
matrix (product yield versus atomic number Z and neutron excess /N —Z values) obtained
by the so-called A E—FE method

To obtain cross-section value, we used values of experimental yield and beam
flux, measured by the Faraday cup. Overall efficiency of the detection system,
including solid angle of the spectrometer and Si-telescope, was determined by a
very intensive a-particle source of 23%Pu isotope with calibrated intensity. By
this we have found that the value of total detection efficiency is about 2 - 1076,

This experimental technique allows us to identify the particles from *He till
Ne isotopes. Mainly, we concentrate on study of the production cross sections
for “He and “Li isotopes in the “8Ca + Ta reaction.

2. RESULTS AND DATA ANALYSIS

Energy spectra for « and “Li are presented in Fig.2,a and b, respectively.
In Fig. 2, a, the arrow on the F),} axis indicates the limiting values of the particle
energies (specified for different particles by their mass numbers), calculated on
the basis of the energy and momentum conservation laws under the assumption
of two-body kinematics. These energy limits were estimated with an accuracy
corresponding to the accuracy of determining both the heavy ion beam energy and
the reaction (Q-value and amounting to about 2 MeV. As is seen from the figures,
in the case of « particle, an experimental energy limit was obtained. This result



together with the conclusion given in [3] indicates that in heavy ion reactions «
particles with an energy close to the kinematic limit for a two-body exit channel
are formed with great probability. It has been shown that in this case a “cold”
nucleus is formed whose mass is by 4 units and atomic number by 2 units smaller
than those of the compound nucleus.

In the case of *8Ca projectile at energy of 261 MeV, the production cross
section is smaller than in the case of 2>Ne [3]. During the similar measurement
on energy of « particle with higher value of the “3Ca projectile at 471 MeV, we
found larger value of the production cross section than at the projectile energy
of 261 MeV by a factor of two orders. It seems that the higher energy of the
bombarding ions leads to deexcitation intensively.

Contrary to the strong dependence of production cross section of « particle
on the sort and value of the projectile energy (which is demonstrated in Fig. 2),
Li production does not show this dependence, and values of the cross section
are very similar both for 2>Ne and “8Ca projectiles (see Fig. 2, b).

Comparison of angular distributions of « particles from “8Ca at 261 and
471 MeV and 22Ne [3] is shown in Fig.3. These angular distributions were
obtained by integration of the obtained energy distribution of « particles, partic-

102....,.........a 102--.----.----b
100 § % i 100 _
5 a2
O Agé 1 oA ]
[5) ] AA
2 1072 L [ X 7Y ] A _ ]0*2 - ‘00‘ -
s .. L] AA * ,%
g L 8 . 4 i | ¢ A‘o _
< o4 n, ; ¢
E’é 107 - B 107 * -
IR L ] 4 - A -
<
106 - A4 10°F .
« production T 1 - 7Li production ]
10-8 R T R L 108 PR B R S S R R S S
0 50 100 150 50 100 150
Ela‘b’ MeV Elab: MeV

Fig. 2. a) Energy spectra of « particle measured in the *®Ca 4 Ta reaction at 261 MeV at
0° (W) and at 10° (e). For comparison, experimental data for the « particle obtained in the
reaction 22Ne + Ta [3] at 178 MeV are shown by A. The arrows indicate the calculated
end-point energies for the corresponding isotope in the case of a two-body exit channel.
b) Energy spectra of "Li particle measured in the 48Ca+ Ta (#) and for reaction 2’Ne (A)
measured at 10°
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Fig. 3. Comparison of angular distributions of alpha particles from “8Ca at 261 MeV ()
and 471 MeV (M) and ?°Ne (A) [3]. The curves are drawn through the experimental
points to guide the eye

ularly, presented in Fig.2,a. The angular distribution in the case of “8Ca pro-
jectile is more forward-peaked than in the case of 22Ne projectile due to higher
momentum.

To summarize, in our preliminary experiments involving the bombardment
of 181 Ta with 48Ca (261 and 471 MeV) ions, a number of light charged particles
were observed. We have measured reaction products cross section for *He and
"Li isotopes detected at different emission angles.

We observed that the alpha particles with an energy close to the respective
calculated kinematic limit for a two-body exit channel were produced with rel-
atively great probability in the studied reaction. The production cross section
for emitted alpha is strongly forward-peaked. The larger value of the production
cross section for alpha was observed for the higher value of the projectile energy.

This work was supported by the Russian Science Foundation (17-12001170).
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