ISTITUTO NAZIONALE DI FISICA NUCLEARE

Sezione di Napoli

INFN/BE-86/2
7 Marzo 1986

A.D'Onofrio, B.Delaunay, J.Delaunay, H.Dumont,
J.Gomez del Campo, A.Brondi, R.Moro, M.Romano,
F.Terrasi and J.F.Bruandet:

GAMMA DECAY OF EXCITED COMPLEX FRAGMENTS EMITTED
IN THE REACTION 20Ne + 60N AT 742 Mev

Servizio Documentazione
dei Laboratori Nazioneli di Frascsil




Istituto Nazionale di Fisica Nucleare
Sezione di Napoli

INFN/BE-86/2
7 Marzo 1986

20 60
GAMMA DECAY OF EXCITED COMPLEX FRAGMENTS EMITTED IN THE REACTION Ne + Ni AT 742 MeV

A. D‘Dnofrinl), B. Delaunay, J. Delaunay, H. Dumont,
J. Gomez del Campo
Service de Physique Nucleaire - Basse Energie
CEN Saclay, 91191 Gif-sur-Yvette Cedex, France

A. Brondi, R. Moro, M. Romano, F. Terrasi
Dipartimento di Fisica Nucleare, Struttura della Materia e
Fisica Applicata dell'Universita and Istituto Nazionale
di Fisica Nucleare
Pad. 20 Mostra d'Oltremare, 80125 Napoli, Italy

J.F. Bruandet
1.5.N., 53, Avenue des Martyrs, BP 257, 38044 Grenoble, France

ABSTRACT

From the observa%éon of excited 7]..J' and 7Be fragments at backward angles (120° and
150°) in the reaction Ne + Ni at 742 MeV, an emission temperature compatible with that
inferred from the slope of the particle energy spectra has been obtained. The use of a
high resclution Compton suppressed gamma-ray detector has played a crucial role.
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In the last few years the availability of heavy-ion beams in the 20-100 MeV/nucleon
energy range has allowed the observation of complex fragments (Z>3) emitted by highly
excited composite systems. In fact the large angular momentum and/or temperature of such

1,2 g
systems make the cross section of these deexcitation channels sizable ( ). Their

observation has been considered st as manifestation of the early stages of the
deexcitation of a fully equilibrated system. This feature should be reflected in the
relative yield of excited to ground state emissions of such fragments (7). Recently
Morrissey ef al. L2850 have deduced population ratios for Li and Be iscotopes in strong
disagreement with the above hypothesis, from the measurement of coincidences between the
complex [fragments and their deexcitation gamma-rays in the reaction 14N + Ag at 35
MeV/nucleon.

In the present work, in order to accurately study the population of excited complex
fragments in the reaction 20Ne + 6on at 742 MeV,a high resolution gamma-ray detection
system has been employed. The experiment was performed at the SARA facility in Grenoble.
The complex fragments were detected at 14°, 120° and 150° to the beam axis both in singles
and in coincidence with the gamma-rays emitted at 90° with respect to the reaction plane.
Two solid state telescopes consisting ol three silicon detectors wilh thicknesses of 23, ,
751 and Hmm oand 13p , 53p and 5mm were positioned at 120° and 150°, respectively. A third
Lelescope consisting of two silicon detectors (48p and 1000 y ) followed by a 1Oem thick
Nal crystal was placed at 14°. A gamma-X Ge detector with an energy resolution of 1.9 keV
at 1.33 MeV and 21% efficiency surrounded by an asymmetrical Nal antiCompton shield was
used for the gamma-ray detection. The angular range covered by the gamma-ray detector was
90460, An isotopically enriched selfsupporting SONJ' target of a thickness of 1mg/crn2 was
bombarded with a ? Ne (9+) beam whose average intensity was 30 enA. The collected charge
was measured in a Faraday cup located 6m downstream from the target and shielded with
paraffine and lead. Data were stored event by event on magnetic tape. From the raw data
particle energy spectra were obtained setting appropriate contours on 7l‘.w0 dimensional E-AE
histograms. Concerning the forward angle measurements the resolution of the AE detectors
allowed the separation of the Li and Be isotopes. After subtraction of random coincidences
the gamma-ray spectra gated by each particle were obtained.

Fig., 1 shows part of the spectra in coincidence with Li and Be ions detected at
=14° with velocities v/c>18.5%. 1t can be seen that the gamma-ray lines spanning over the
energy ranges 460-480 keV and 410-430 keV are cleary standing out of the underlying
background in the spectra in coincidence with 7Li and 7Be ions, respectively. On the

contrary, no lines are present in these energy ranges in the spectra in coincidence with

9
Li and Be ions. The observed gamma-rays originate by the deexcitation of the only bound
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Fig.l - Gamma-ray spectra in coincidence with COmp]qf fragments witg velocities
v/ec > 18.5% detected at 0=14°: (a) Li (b) Li (c¢) Be (d) Be.

7 7/
levels of Li and Be lying at energies of 477.6 keV and 429.2 keV, respectively and both

being spin 1/2 .
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In Fig. 2 the dependence of the gamma-ray Doppler shift on the coincident Li ion

velocity is visualized.

In particular, the background subtracted gamma-ray lineshapes

o
gated by Li ions detected at 14° with velocities v/ec>9.5% (full line) and in the velocity

range of 9.5 - 18.5% (dashed line) are shown as a function of energy displacement. In the

upper side of Fig. 2 an ijon velocity scale corresponding to the energy shift scale,

calculated by means of the relativistic Doppler formula at 90° is also reported.

In Fig. 3 we present part of the gamma-ray spectrum in coincidence with Li ions

detected at 120° and 150° summed over the two angles. It can be clearly seen the gamma-ray

at 477.6 keV superimposed to a low background. The energy spectrum of Li ions detected at

i
150° (full line) is presented in Fig. 4. Due to the relatively low velocities of Li ions
at backward angles the Doppler effect on the pamma-ray lineshape of Fig. 3 appears as a
small centroid displacement with respect to the 477.6 keV energy, toward lower energies.

From the area of gamma-ray peaks in the coincidence run, integrated charge, target

thickness, absolute efficiency of Ge detector (measured with calibrated scources) and solid

angles of particle detectors, the population cross sections of the excited states have

been deduced. An isotropic angular distribution for these gamma transitions results from



30 20 100 wel%)
: I | | LI |

35 |- -
_ ---95% <vic<18.5 %
K - —0958”% < vic

al
25| |
w
'_.
~ 201 | 4776 keV -
"
4
=2 !
2 15 : =
© !
: 1]
10 |- F1E 11,, |
S 1
rJ [ ]
51 i 4 |
i
rm !
! L
(0| S i
=20 =[h-. =g =5k 0
A F, (keV)
7
Fig.? — Backpround subtraceled pamma—ray speclkrum in coincidence with 'Li ions at

N =14" as a Mincltion of enerpy NDoppler shift., See text for more details.

the 1/2 spin of Lhe emiLting levels. TFrom Lhe singles particle _spectra the total

. e s 7 :
producltion cross seclions for 'Li and for Be were determined. As far as the backward

F 6
angles are concerned, the tolal production eross sections were extracted using the Li/ Li

7.9 : ; g L
and Be/ Be ratios measured alb 14°. In table 1 the resulting differential cross sections

7 7
for total and excited stales production of 'Li and Be are given. The values for backward

angles have nobt been corrected for the number of undetected particles having enerpgy below

the experimental threshold,

In table 1 the ratio f of the excited state cross section to the total cross section

is also given. This [ value is a measnure of the fraction of the nuclei emitted in the

-8
excited state if one neglects the feeding from particle decay ). In this simplified

picture the f can be related to the temperature T of the equilibrated system assumed to be

responsible for the emission of the complex fragment through the formulas
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Fig.4 - Lithium spectrum in coincidence
with gamras (detected at 90°)
measured at 150°. The dashed

Fig.3 - Gamma-ray spectrum in curve represents the results of
coincidence with 1lithium ions a best fit to the experimental
detected at 120° and 150°, data obtained using a

. summed over the two angles. Maxwell-Bol tzmann function
coupled to a 1/sin e angular
distribution in the source
reference frame.
f = R/(R+1)
R = [(2ju+1)/(2j1+1)] exp(—AE/T)
where j“ and jl are the spins of the upper and lower levels, respectively and AE the
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Table 1 - Total and excited state cross sections for Li an Be ions

(a) (b) (c)
Fragment ] (do/dr), (do/da) r
tot ex
(mb/sr) (mb/sr)

L3 120°+150° 0.4140.01 0.1240.03 0.29+0.07

14° 285450 4943 0.1740.03
TBe 120°+150° 0.7540.015 0.038+0.015 0.5140.22

140 127424 37+2.5 0.2940.06
a) Total cross section.
b) Excited state cross section.
c) f is defined as the fraction of excited state cross section to the

total cross section.



energy level spacing.
The observation of complex particles at backward angles is generally considered as
an evidence of the emission from an equilibrated system. As a matter of fact the f

fractions measured at 120° + 150° (Table 1) correspond to emission temperatures of the

+
7 - 1.6
obtained, whereas for Be ions a lower limit of 2.1 MeV can be deduced from the one

7
order of few MeV. In particular, for Li ions an emission temperature of 2.4 MeV is

standard deviation interval for f. As far as the forward angles are concerned no
temperature has been deduced since the f values may be affected by the contribution of a
quasi-projectile component in the particle spectra.

In conclusion, in the present investigation, with the use of a very high resolution
gamma-ray detection system we have been able to measure complex fragment population
ratios. The extracted emission temperatures are not incompatible with the value of about 7
MeV deduced from the slope of the laboratory energy spectrum of lithium ions (Fig. 4).
With the aim of estimating the particle-decay feeding of final states and simultaneously

predicting the relative yield of different complex fragments, a more realistic

description, based on Hauser-Feshbach calculations, is in progress.
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