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EXCITATIONS OF PROJECTILE-LIKE FRAGMENTS 

IN INTERMEDIATE ENERGY HEAVY-ION COLLISIONS 

Z .  Sere s * ,  G .  Caskey+
, F .  Deak& , A. Calonsky§ , 
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We report on an aspect of experiments 1 • 2 performed at the National 
Superconduc t ing Cyclotron Laboratory measuring fragment-neutron coincidences 
from react ions 1 �N+1 2c , Ni and 1 6 5Ho at E/ABJS MeV. The neutrons emit ted by 
projec t il e-l ike fragments ( PLF) at intermediate energies are kinematical ly 
focused around the col l inear PLF-neutron geometries giving a large contribu­
t ion ( about 90 %) to the col l inear neutron cross section. The contribut ion
of the PLF source was found to be isotope spec ific and is dominated (up to
40-90 ?) by neutrons �mitted with discrete energies from one or a few par­
tic le-unbound s tates of the ful ly acce le�ated parent fragments for isotopes 
6 • 7ti , 7 • 9 1 1 0 se , 1 1 B� 1 2c (ref . 3 ) . The spectra of neutrons emit ted with 
d iscre te energies in sequent ial decay can be analysed using the method of  
re l at ive ve loci ty spectra ( RV=vpLp-v0) .  The spectra can be interpreted by 
Monte Car lo calculations3 . 

In the thermodynamic descr ipt ion the exci ted PLF production is assumed 
to be emitted from hot nuclear mat ter in thermal . equ i l ibrium . The populat ion 
of the excited states are determined by a Bol tzmann d i stribution depending 
on the temperature of the hot nuclear matter . This nuc lear temperature can 
be determined e i ther from the k inet ic energy spectra of PLF or from the re­
lative populations of. two excited s tates for the i sotopes where more than 
one particle-unbound states can be ident i f ied in the RV spec�ra ( e . g .  
1 3c•�1 2C+n see ref .  4) . As a different method the compari son o f  the popula­
tions of the identi fied part icle-unbound s tates of Li fragments offers also 
a poss ib i l i ty to �st imate the temperature of nuc lear matter suppos ing that 
they measure the same temperature . The decay energies are approximately the 
same (E 6Li;205 . 9 keV , E 7L ia222 keV) , so the ratio of the neutron mul tipl ici­
ties ( coincidence cross sec t ion from sequent ial  decay devided by inclusive 
fragment cross sect ion with Ap1r+ 1 > for 6 Li and 7 Li depends on level para­
meters (energy , spin,  branching rat ios) , on the excitation energies of the 
part icular part ic le-unbound s tates ( 7 . 456 and 2 . 255  MeV, respectively) and 
the only unknown parameter is the nuclear temperature . 

F igure 1 shows the RV spect ra in coincidence with 6Li  and 7L i  at 1 0° 

and 30° for Ho targe t .  The RV spectra are very s imilar in spite o f  the 
rather d if ferent average energy loss and dominating reaction mechanisms 
(quasi-e las t ic and s trongly-damped processes , respectively) . To measure the 
s imilarity we deduced a nuclear temperature from the relative neutron multi­
pl ici t ies at 1 0° T=2 . 0!8 : i s  MeV and 30° T=2 . 3!8 : �  MeV . These values suggest  
that the exci tation of PLF does not change significantly wi th the energy 
lo�s of the PLF. Furthermore the correspond inf RV spectra and inclusive 
fragment spectra are s imilar for 1 2c , Ni and 6 5Ho target nuclei .  The rela-
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t ive neutron mu l t i p l ic i t ies are close to unity ( tabl e  1 )  showing that the 
exc i tat ions of the fragments detected at  a given angle do not depend on the 
target masses . 
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Fig .  I .  Col l inear PLF-neut ron relat ive 
velocity spectra for 6Li and 7Li  
fragments  detected at  1 0° and 30° 

from Ho target . The curves show Monte 
Carlo f i ts with ( sol id l ine) and w ith­
out PLF therma l evaporat ion . 

Tab le 1 .  Relat ive neutron mul t i p l ic i­
t ies  for Ni and 1 6 5Ho targets  re lated 
to those of 1 2 C target  for the identi­
fied· PL,F" isotopes . 

PLF t Rel . neutron mui tip l ic i t ies 
H(Ni ) /M(C) M(Ho) /M (C) 

6Li 0 .  7 9+0 . 1 6  0 . 80+0 . 1 6

'Li 0 . 67+0 . 47 0 . 73+0 . 47
9Be 1 . 04+0 . 2 5  1 . 37.!_0 . 34 
1 08 0 . 99.!_0 . 2  0 . 89+0 . 2
1 1 B 0 . 98+0 . 5 1 . 00+0 . 5 

uc o .  98+0 . 18
1 2 c 0 . 92+0 . 1 8  I 0 . 8 1 +0 . 1 1

In summary , we found that the exci tat ions of the PLF , i . e .  the nuclear 
t emperatures deduced from re lat ive neutron mul t ip l i c i t ies are the same for 
quas i-e last ic and strongly-damped processes and do not depend on targe t  
masses . 
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