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Fepomk 3. w gp. E7 - 12922

Uamepeune gfkcmmgnbuoﬁ IHEPIMMM anbda-yacruy
8 peakumn --Net ®An nog nepeprmm ¥rnamum

HamepAncA IHepreTUYECKW CNEKTP ®-uacTuy, MCNYCKAeMblx
B pPeakuuu 22 Ne 4 197ay npn E o p= 178 MaB. MNpogykTe peak-
uuK, BuneTaouwme nof yrnom 0° K OCKM fydKa, aHanuMaupoBanuchb
MEUHUTHLM CNEKTPOMETPOM M PEervcTPpUpOBanUCch MNONYNPOBOAHUKO-
oM AE-E Tenecwonom. HamepedHuli ¢HekTp d-4acTvy CMAbHO
OTNMYANCH OT OMWMAAEMOro NO MOAENM KMCNAPEHMA YacTwy M3
COCTAaBHOMO RAPa. JKCMEPUMEHTANLHO HM3MEPEHHOE MaKcUManbHoe
BHAUYEHKE IHEPIHY @ —UacTHMLU B NPEeAenax TOUHOCTW 3KCNEepUMeH-
Ta ONM3KO K MaKCMManbHO BO3IMOKHOMY MO 3HepreTudeckKomy Ga-
naHcy peakuyuu. fonyueHHuid pesyneTaT ODCYKA3ETCA © TOYKM
3peHMA MexaHn3Ma o6pazoBaHUA BHICOKOIHEPMUHLIX @ —4acTul,.

PaboTa eeinonHena B Nabopatopum AapepHux peakuuit OMAH.

Openpunr OGronNRHEHHOrO MHCTHTYTA ANepHBIX HCCaenopaHrft, fy6Gua 1979

Gierlik E. et al. E7 - 12922

Meaéurements of the Maximum & —Particle
Energy at Forward Angles ip the Reaction
22Ne + 19784

The energy spectrum of a-particle has been measured
for the system *®Nes+ 1974u at E;,p= 178 MeV. The reaction
products emitted at 0° relative to the beam direction
are analysed using a magnetic spectrometer and detected by
means of a semiconductor AE-E telescope. The measured
a -~particle spectrum strongly differs from the one expected
from evaporation. The experimentally measured maximum
a-particle energy. .almost amounts to the maximum pos-
sible value calculated from the reaction energy batance.
The obtained results are discussed from the point of view
of the mechanism of formation of high-energy «-particles.

The investigation has been performed at the
Labeoratory of Nuclear Reactions, JINR.

Preprint of the Joint institute for Nucleor Research. Dubno 1979




Recently, great interest has been shown in studies of
the emission of light charged particles in reactions between
two complex nuclei/1,2/. This process is characterized by
a rather large cross section/3/ and an unusual shape of
the energy spectrum’4’/, which is difficult to explain within
the framework of the generally accepted concepts. One of
the possible and well studied reaction channels is the comp-
lete fusion of two colliding nuclei, which leads to the
formation of a compound nucleus whose lifetime is well known
to significantly exceed the characteristic nuclear inter-
action time. In this case, a practically total energy dis-
sipation occurs and the mechanism of nucleon emission from
the compound nucleus is. well describable in terms of thermo-
dynamics. ‘

All this is valid for complete fusion, where the initial
state of the compound nucleus is determined unambiguously.
However, the emission of one or several particles, preceding
compound nucleus formation, may notably change the kinema- !
tics of the process and the characteristics of final pro-
ducts. It has been experimentally shown that in such direct
processes the light-particle production cross section, espe-
cially that for « -particles, strongly increases with the
energy of the bombarding ions and, at Ep > 8 MeV/nucleonG
comprises a significant part of the total cross secticn’?

In such reactions, «-particles make up a major fraction

of light particles (ref.”!’ ). The characteristics of the
processes accompanied by a-particle emission have in a great
detail been investigated in the reactions induced by the

o ,'120 . 98e ions (refsfieﬂ/) in connection with

the possibkility of explaining the mechanism of ‘@ -particle
emisszion by projectile break-up reactions in the nuclear
field. Within the framework of such an interpretation, the
most probable velocity of the « -particles should be close

to the projectile wvelocity before the collision.

Also, a-particle emission, with great probability,
occurs in reactions induced by even heavier incident ions

(A4,220) having energies up to Eg = 20 MeV/nucleon '8/.
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Fig. 1. Expérimental a~particle energy spectra measured
at dlfferent angles to the beam direction, in the reaction
"ZNe + 1977y at a bombarding energy of 178 MeV.

As an example, in fig. 1 are shown the a-particle
}fectra measured at different angles in the reaction
Nes 1 7Au (ref./ 9/ ). These spectra exponentially fall as
the energy of the a-particles increases. The high energy
portion of the spectra, however, changes noticeably more
slowly than is expécted from calculations of compound-nuc-
leus statistical emission spectra. This. ‘may be indicative

of the pre-equilibrium mechanism of a-particle productlonllf

It is noteworthy that the high-energy component depends on
the @-particle emission angle: as this angle decreases,
the <¢-particle energy strongly increases. In most measu-
rements carried out so far, the minimum angle of registra-
tion has been around 20°; investigations at angles ¢ < 20°
are connected with great technical difficulties because of
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the high background due to the scattered ions. On the other
hand, from the observed trends it follows that the most
energetic a -particles should be emitted in the direction

of the incident ion {#=0°). In this case it seems interesting

to determine the end-point a-particle energy which may
be connected with the mechanism of this complex process. In
order to obtain such a kind of data, in the present work
we measured the energy spectrum of a-particles emitted at
0° in the reaction 22 Ne+ 197Ay with 8.1 MeV/nucleon beams.
The experiments were carried out at the 300 cm cyclotron
of the JINR Laboratory of Nuclear Reactions. The 2% Ne ion
beam with an energy of 178 MeV bombarded a self-supporting
250 pg/cm® thick gold target. The energy dispersion of the
ion beam at the target exit did not exceed 1.8 MeV.
The reaction products emitted in the angular range
0°*+2° entered a magnetic spectrometer of the type MSP-144,
whose resolution was dp/p = 2x10~% over the whole interval
of measurements, 1.0< Bpx 1.6.71% 14 the spectrometer focal
plane, a telescope was placed consisting of two gemiconduc-
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Fig, 2. The AExE experimental spectrum for different light
particles at a fixed value of Bp.



tor detectors - a surface-barrier Si(Au) detector 300 um
thick and a drift 8i(Li)

detector 2 mm thick. The energy
resolutions of the detectors were 30 dand 60 keV, respecti-

vely. This system allowed one to perform a-particle measu-
rements in the energy range 25~120 MeV.

Figure 2 shows a two-dimensional spectrum of charged
particles with A< 4,

which was measured using the AE-E
telescope at a value of Bp =134, It can be seen that by

using the given technique a clear separation of particles of
different mass numbers can be carried out at all fixed va-

lues of Bp of the separator magnet. The energy spectra
were actually measured by changing the magnetic rigidity
of the spectrometer. The maximum energy that the ions can
gain in the magnetic spectrometer MSP-144 corresponds to
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Fig. 3. The centre-of-mass experimental energ%-spectrum for
g~particles emitted at 0° in the reaction '

e (178 MeV)+
+ '¥7Ay. The broken line is the calculated eva,pc_rratipn spect-

lim . . . . .
rum. E; " is the maximum possible a -particle energy calcu-
lated frem reaction kinematics.
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the value Enmgn=1202i /A (for a-particles, Enmgn =
=120 MeV). In order to register particle energies greater
than Ep,.n, @ gold absorber 300 um thick was used {AE >
220 MeV). With all the necessary corrections taken into
account, the resulting energy spectrum of a-particles
emitted in the reaction®®Ne+ 1?An is shown in fig. 3.

The last measured point in the spectrum is close to the ki-
nematic limit.In the same figure,one can also see the ¢-par-
ticle spectrum calculated on the basis of the evaporation
model for the compound nucleus PAc. The experimental and cal-
culated spectra strongly differ at energles E,>40 MeV.On the

assumption of the evaporation character of the emission of
‘@ -particles by the excited nucleus, the value of the
nuclear temperature can be estimated from the exponential
part of the spectrum by using the relation 0~Eq exp(~-Eg/T).
The value thus obtained is 5.8 MeV. This is approximately
three times the temperature of the compound nucleus ElgAc,
whose excitation energy is equal to 109 MeV (T = 2.1 MeV).
Hence, it seems that the « -particles emitted in the in-
teraction of 22Ne with !%7Au can be attributed to evapo-
ration from a region having an increased temperature. Natu-
rally, other models are possible, too. However, the observa-
tion, in the given reaction, of a-particles with an energy

close to their maximum possible one, suggests that such

a situation can occur solely in the case of a two-body exit
channel, in which the outgoing @ -particle carries a signifi-
cant part of the incident ““Ne ion momentum. Such a mecha-
nism can bring forth the formation of a weakly excited
nucleus.

Moreover, if the interaction takes place at impact para-
meters others than zero, the residual nucleus, in spite of
its low excitation energy, will have a relatively large an-
gular momentum as the outgoilng a-particles even with high
energy will not be able to take away the whole initial
momentum. In the extreme case, the remaining excitation
energy of the nucleus will manifest itself as rotational
energy. It is quite possible that in the given reaction
the difference AE,=E}® -E___ is first of all rotatio-

nal energy of the residual nucleuszlsFr.If this is true the
transition of such a nucleus to the ground state should be
accompanied by the emission of a great number of ¥ -rays as
in the case of the deexcitation of a compound nucleus with
high angular momentum.It is also possible that as the nucleus
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is strongly rotating,nucleons will be emitted,while in the
region of the highly fissile nuclei the major decay channel
may be fission as a consequence of the influence. of the rota-
tional energy on the fission barrier height/12/, On the other
hand,if the given process is not connected with peripheral
cellisions,it can prove to be a method of obtaining "cool”
nuclei with relatively low spin and this fact can be used

to synthesize heavy nuclei in the ground state. In order

to give answers to all these questions, it is necessary to
measure the characteristics of a-particles emitted in &if-
ferent projectile-target combinations by means of the techni-
ques based on the registration not only of the « -particles,
but alsc of the decay channels of the residual nucleus.

Such experiments are in preparation to be carried out at

the U-400 cyclotron.

In conclusion, the authors would like to express their
sincere thanks to Professor G.N.Flerov for his interest and
valuable suggestions regarding this work. Thanks are also due.
to V.Z.Maidikov and N.K.Skobelev for their help in operating
the magnetic spectrometer, V.F.Kushniruk, A.V.Rykhliuk and
R.A.Nikitina for manufacturing the semiconductor detectors,
B.I.Pustylnik for calculating the evaporation a-particle
spectra and Z.D.Pokrovskaya for her help in preparing the
manuscript.
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