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R6sum6 : Des s t ruc tures  ont 6 t Q  observees dans l e s  spectres  en energie des frag-  
ments i s sus  des react ions 3 6 ~ r  + 208pb h 1 1  ~ e V / n  e t  2 0 ~ e  + 208pb 3 
30 MeV/n jusqu'h une energie d ' exc i ta t ion  d'environ 130 MeV. L ' iden t i f i ca -  
t i o n  complBte en masse e t  en charge, a e te  obtenue B l ' a i d e  d'un systeme 
de temps de vol  associ6 h un tglescope AE.E. I1 e s t  montre que ces  s t ruc-  
t u r e s  sont dues 2 l ' e x c i t a t i o n  du noyau c i b l e .  

Abstract: Energy spectra  of fragments from the 3 6 ~ r  + 2 0 8 ~ b  reac t ion  a t  11 MeV/n and 
2 0 ~ e  4 208pb react ion a t  30 MeV/n were measured using a time of f l i g h t  
spectrometer. Structures  ranging up t o  130 MeV exc i ta t ion  energy a r e  obser- 
ved i n  the i n e l a s t i c  spectra .  These s t r u c t u r e s  a r e  shown t o  be due t o  an 
exc i ta t ion  of the 208pb t a r g e t  nucleus. 

I - Introduct ion 

The gross  f e a t u r e s  of the energy spectra  of e j e c t i l e s  from heavy ion c o l l i -  
s ions a t  low bombarding energies  (2 10 MeV/n) can be in te rpre ted  i n  terms of two 
main react ion mechanisms : per ipher ica l  c o l l i s i o n s  ( i n e l a s t i c  o r  t r a n s f e r  react ions)  
and more c e n t r a l  c o l l i s i o n s  ca rac te r i sed  by a complete energy re laxa t ion  (deep ine- 
l a s t i c  reac t ions) .  A de ta i led  studyof these energy spectra  i n  several  symmetric o r  
nearly symmetric heavy ion reac t ions  revealed the  add i t iona l  presence of broad s truc-  
t u r e s  ranging up t o  an exc i ta t ion  energy of approximately 130 MeV /I-31. More detai-  
led information on these bumps was subsquently obtained by the  study of the 
4 0 ~ a  + 4 0 ~ a  c o l l i s i o n  a t  th ree  d i f f e r e n t  incident  energies  4 MeV/n 141, 7. 5 MeV/n / I /  
and 10 MeV/n /5/ .  The main fea tures  of t h e  high exc i ta t ion  energy (H.E.E.) s t ruc tures  
can be summarized a s  follow : i )  They a r e  only observed i n  the  i n e l a s t i c  and few nu- 
cleon t r a n s f e r  channels. i i )  Their exc i ta t ion  energies  a r e  independent of angle. 
i i i )  Within the allowed exc i ta t ion  energy ranges, t h e i r  pos i t ions  a r e  independent of 
beam energy. i i i i )  The s t ruc tures  a r e  observed more c l e a r l y  a t  higher e x c i t a t i o n  e- 
nergy. i i i i i )  Their widths increase with increasing e x c i t a t i o n  energy E ~ [ T  'L 5 MeV 
f o r  Ex '7. 25 MeV and r 25 MeV f o r  Ex 'L 100 M ~ V ]  . Several i n t e r p r e t a t i o n s  have been 
given /5 /  up t o  now but  have f a i l e d  i n  reproducing a l l  the f e a t u r e s  of the  data .  A 
possible  i n t e r p r e t a t i o n  consis tent  with these observations i s  the  exc i ta t ion  of high 
energy c o l l e c t i v e  modes such a s  g ian t  resonances. 

Unti l  recent ly these s tud ies  were l imited t o  symmetric systems. Thus a cer- 
t a i n  number of open questions r e m a i q t h e  f i r s t  of which being whether or not such 
s t ruc tures  a r e  a l s o  observed i n  very asymmetric c o l l i s i o n s .  Furthermore, i n  such 
reac t ions  where two heavy n u c l e i  c o l l i d e  many degrees of freedom a r e  involved and it 
i s  l eg i t imate  t o  ask i f  the observed bumps a r e  due t o  an e x c i t a t i o n  of the t a r g e t  nu- 
c leus ,  the p r o j e c t i l e  nucleus, a mutual e x c i t a t i o n  or  even t o  the  exis tence of a 
short  l ived  composite system. 

To check the  above mentionned i n t e r p r e t a t i o n  and t o  answer the  preceding 
quest ions,  two new experiments have been performed by bombarding a 2 0 8 ~ b  t a r g e t  with 
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11 MeV/n 3 6 ~ r  and 30 MeV/n 2 0 ~ e  beams. The experimental procedures w i l l  be described 
below and subsequently the  r e s u l t s  w i l l  be presented and discussed. 

I1 - Experimental s e t  up 

11.1 2 2 ~ r ~ - _ ' 3 " ~ b s e x ~ s r i m e n t  

The 392 MeV 36Ar beam from the VICKSX acce le ra tor  of Berl in  was used t o  
bombard a  500 pg/cm2 i so top ica l ly  pure Pb t a r g e t  deposited on a  t h i n  carbon backing. 
In  order  t o  obtain an unambiguous mass and charge i d e n t i f i c a t i o n  of the  heavy ejec-  
t i l e s  together with a  goodenergyresolut ion a  time of f l i g h t  s e t  up was used. The 
s t a r t  s igna l  was obtained by acce le ra t ing  the e lec t rons  emitted by a  40 pg/cm2 car- 
bon f o i l  s e t  a t  45O t o  t h e  incident  p a r t i c l e s  onto two microchannel p l a t e s .  The ac- 
ce le ra t ing  system used a  s e t  of 5  electrodes instead of the  usual g r id  i n  order t o  
avoid c rea t ing  p a r a s i t e  s t ruc tures  i n  the energy spectra  of the detected fragments. 
The s top s igna l  was given by two s o l i d  s t a t e  E de tec tors  having an angular separa- 
t i o n  of I "  associated with a  AE gaz ion isa t ion  chamber f o r  charge iden t i f i ca t ion .  
The f l i g h t  path was 160 cm long and the  time reso lu t ion  % 130 ps y ie ld ing  a  mass re- 
so lu t ion  & % I %. The overa l l  energy reso lu t ion  was AE % 2.5 MeV. The measured an- 

m 

gles  were Olab = 15, 20, 25 and 30°, the calculated grazing angle f o r  the  react ion 
being Ograz % 28". 

I n  t h i s  case,  a  1  mg/cm2 2 0 8 ~ b  t a r g e t  was bombarded with the  600 MeV 
2 0 ~ e  beam of the SARA f a c i l i t y  i n  Grenoble. The experimental s e t  up was s imi la r  t o  
the one described above, the ion isa t ion  chamber being replaced by two AE s i l i c o n  
surface b a r r i e r  de tec tors  from which the stop s igna ls  were derived. Because of the  
l i g h t e r  p r o j e c t i l e  and higher incident  energy a conventionnal E.AE s o l i d  s t a t e  te-  
lescope a l s o  yielded an excel lent  mass i d e n t i f i c a t i o n  i n  addi t ion t o  the usual 
charge separat ion.  The measurement was performed a t  only one angle Olab = 10'. the 
grazing angle f o r  the  react ion.  The t o t a l  energy reso lu t ion  was AE 2. 3.5 MeV. 

111 - Results  and discussion 

This paper w i l l  be focused on the  i n e l a s t i c  spectra  measured i n  both studied 
react ions.  The t r a n s f e r  channel spec t ra ,  w h e r e s t r u c t u r e s  a r e  a l s o  observed w i l l  be 
presented elsewhere /6/ .  Because of the very high e l a s t i c  peaks, a l l  t h e  i n e l a s t i c  
spectra  w i l l  be presented using a  logarithmic sca le .  The indicated exc i ta t ion  ener- 
g ies  a r e  ca lcu la ted  assuming two body reac t ions .  

111.1 r i c k  u g ~ b r e a k  ;p contr ibut ion 

It i s  well known t h a t  t h e  contr ibut ion t o  the  spectra  of the  so-called 
pick up-break up mechanism can be important. This process cons i s t s  of p a r t i c l e  t rans  
f e r s  from the  t a r g e t  t o  the  p r o j e c t i l e  nucleus followed by the  subsequent de-excita- 
t i o n  of t h i s  quasi  p r o j e c t i l e  by emission of nucleons of the  same type a s  the t rans-  
fered nucleons ( fo r  example 36Ar + 2 0 8 ~ b  + 37Ar + 2 0 7 ~ b  + 3 6 ~ r  + 207pb + n ) .  The do- 
minant contr ibut ion i s  due t o  the  one nucleon t rans fe r .  It can generate bumps i n  the 
energy spectrum of t h e  res idua l  nucleus centered a t  an apparent e x c i t a t i o n  energy E* 
which can be calculated bv 

A , L - - .  - ,  
where Ap and AT a r e  respect ively the  p r o j e c t i l e  and t a r g e t  mass numbers, Ela?, t h e  
incident  laboratory energy, Elp t h e  average k i n e t i c  energy of the  emitted nucleon 
and Q the Q value f o r  the  pick up-break up reac t ion .  

Table 1 

20~e+208~b, Elab=600 Me: 

E* 2r 39'MeV 

E* 2, 41 MeV , 

Neutron transfer 

Proton transfer 
4. 

36Ar+208pb, Elab=400 MeV 

E* 'Ir 23MeV 

E* 2, 26 MeV 



This determination i s  s t r a i g h t  forward but a cor rec t  ca lcu la t ion  of the width and 
cross  sect ions of these contr ibut ions i s  much more d e l i c a t e  131. Thus, i n  the follow- 
ing paragraphs we w i l l  not  include i n  our discussion the  region of the  i n e l a s t i c  
spec t ra  where t h i s  contr ibut ion i s  present .  

111.2 Experimental r e s u l t s  

111 2a. 3 6 ~ r  + 2 0 8 ~ b  experiment 

Figure 1 presents  the low exc i ta t ion  energy p a r t  (Ex < 40 MeV) of the 
i n e l a s t i c  spectra  from the  A r  + Pb reac t ion  a t  the four  measured angles. Bumps su- 
perimposed on the  high t a i l  of the e l a s t i c  peak, c l e a r l y  show up a t  a l l  angles  a t  
exc i ta t ion  energies  Ex = 11.5, 13.5, 17.5, 21.5, 25.5 and 35 MeV ' 1 MeV. The posi- 
t i o n  of t h e  f i r s t  one i s  i n  good agreement with the well known g ian t  quadrupole re-  
sonance (G.Q.R.) i n  2 0 8 ~ b .  The th ree  following bumps have already been observed i n  
other  l i g h t  ion and l i g h t  heavy ion experiments / 7-81. The peak a t  13.5 MeV was as- 
sumed t o  a r i s e  from both the g ian t  monopole (G.M.R.) and the  g i a n t  dipole  (G.D.R.) 
resonances 181 while the  peak a t  17.5 MeV was r e l a t e d  t o  the  high exc i ta t ion  octu- 
pole resonance (H.E.O.R.) 171. The 21.5 MeV bump was found t o  be a mixture of the 
g ian t  i sosca la r  dipole  and high mul t ipo la r i ty  g ian t  resonances 171. 

Since the  s t ruc tures  a t  much higher exc i ta t ion  energy a r e  expected t o  
be very wide a compression of the spectra  (2 MeVIchannel instead of 0.5 MeVIchannel) 
permits t h e i r  c l e a r  observation up t o  exc i ta t ion  energies  above 100 MeV ( f ig .  2 ) .  
The estimated e r r o r  on the pos i t ions  of these high exc i ta t ion  energy s t ruc tures  i s  
about ? 3 MeV. The width of t h e  observed s t ruc tures  a r e  seen t o  increase with increa- 
s ing exc i ta t ion  energy. 

Angular d i s t r i b u t i o n s  f o r  four of the  observed s t ruc tures  a r e  presen- 
ted on f i g .  3 .  They r e s u l t  from t h e  in tegra t ion  of the  bumps a f t e r  subtract ion of an 
estimated background. The e r r o r  bars  include both the s t a t i s c a l  e r r o r  and an estima- 
ted e r r o r  on the background. While a t  Ex = 25 MeV the background i s  very important 
due t o  the  t a i l  of the e l a s t i c  peak a t  t h e  higher exc i ta t ion  energies  (Ex = 96 and 
138 MeV) it has almost e n t i r e l y  dissapeared leaving only the  s t a t i s t i c a l  e r r o r s .  The 
angular d i s t r i b u t i o n  of the Ex = 25 MeV s t r u c t u r e  shows a s t rong maximum a t  the  gra- 
zing angle (Ograz = 28'). A t  Ex = 52 MeV the maximum i s  l e s s  pronounced and has mo- 
ved towards a smaller angle while t h e  s t ruc tures  a t  highest  e x c i t a t i o n  energy have a 
monotically decreasing angular d i s t r i b u t i o n  and t h e i r  cross  sect ion vanishes almost 
completely a t  @lab = 30". 

- 

Fig. 5 displays the  i n e l a s t i c  spec t ra  of 36Ar and 2 0 ~ e  measured res- 
pect ively a t  Olab = 20" and 10'. The general t rends of these two spectra  a r e  s t r i -  
kingly s imi la r ,  except i n  the  region of 2. 35 MeV e x c i t a t i o n  where the  contr ibut ion 
of the  pick up-break up process i s  expected i n  the 20Ne + 208pb experiment. I n  addi- 
t i o n  of t h e  low lying g ian t  resonances a t  11.5, 17.5, 21 MeV which a r e  c l e a r l y  obser- 
ved i n  both reac t ions  (see f i g .  2 ) ,  a t  exc i ta t ion  energies  above 40 MeV the  H.E.E. 
s t r u c t u r e s  a r e  present a t  t h e  same exc i ta t ion  energies  i n  both spectra  up t o  appro- 
ximately 100 MeV exc i ta t ion  energy (Ex = 44, 52, 61, 73 + 3 MeV). This independence 
of the  pos i t ion  of the  s t ruc tures  on bombarding energy and p r o j e c t i l e  mass unambi- 
gously demonstrates t h a t  an exc i ta t ion  of the 208pb t a r g e t  is  responsible f o r  these 
s t ruc tures .  

Another remarkable fea ture  given by the comparison of the  two ine- 
l a s t i c  spectra  f o r  angles c lose  t o  t h e  grazing angle f o r  each reac t ion  i s  t h a t  both 
the r a t i o  between the i n e l a s t i c  and e l a s t i c  cross  sect ions and the  absolute  i n e l a s t i c  
c ross  sec t ion  a r e  much more favourable i n  the case of the 30 MeV/A 2 0 ~ e  p r o j e c t i l e .  
The absolute  double d i f f e r e n t i a l  c ross  sec t ion  d2aldQ dE i s  approximately 20 times 
grea te r  f o r  the  higher energy p r o j e c t i l e  i n  the  region of i n t e r e s t .  These r e s u l t s  
a r e  encouraging f o r  f u t u r e  high energy s tud ies  t o  be performed a t  the GANIL f a c i l i t y .  
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Fig.l.2 - Energy spectra at different angles of 
'nelastically scattered 3 6 ~ r  from the 

46Ar + 208pb reaction at Elab=ll MeV/n 
(see text). 

Fig.3 - Angular distribution for 4 of the obser- 
ved structures (see text) 

Fig.4 - Comparison of the inelastic 
channels for both studied reac- 
tions. 

t %A, + 2 0 8 ~ b  
I 

€lab= 390 MeV 



IV - Summary and conclusion 
The inelastic spectra produced in two very asymmetric heavy ion collisions 

3 6 ~ r  + 208~b and   ON^ + 208pb have been measured at bombarding energies of respec- 
tively 1 1  MeV/n and 30 MeV/n. The giant quadrupole resonance is clearly excited in 
these reactions. At high excitation energies, structures of the same type as those 
previously observed in symmetric systems are strongly populated in these asymmetric 
collisions but are more numerous and narrower than the ones observed in the 
40~a + 40~a experiment. Furthermore, these structures lie at the same excitation 
energies for the two studied reactions. It is now clearly established that their 
positions are independent of angle, incident energy and the nature of the projec- 
tile. This clearly proves that they aredueto an excitation of the target nucleus. 
In the light of these new results the hypothesis of an excitation of collective 
modes such as giant resonances in these heavy ion reactions is strengthened. 
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