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The inclusive 2°8Pb(a, a') reaction at a bombarding energy of 65 MeV is analysed utlhzmg the model of heavy 1on colh- 
slons proposed by Brogha, Dasso and Wmther The quantal effects assocmted with the zero-point motion of the surface vibra- 
tions are found to be Important Although the probablhty to excite each state IS small, about 60% of the inelastic cross sec- 
tion corresponds to the excitation of more than a single mode, mdlcatmg a strong coupled SltUatlon which cannot be de- 
scribed m the DWBA This result supports the findings of Bertsch and Tsal 

In recent years our understanding of the nuclear re- 
sponse function has been widened m a major way 
through the systematic Identification of giant reso- 
nances other than the well known dipole giant reso- 
nance (cf e g ref [1]) Important developments have 
also taken place in the detaded microscopic under- 
standing of the surface modes in terms of par t ic le-  
hole excitations (cf e g refs [2,3]) Within the same 
model it seems now possible also to calculate the width 
of the grant modes (cf e g ref [4] and references 
thereto) One of the central problems which awaits sol- 
ution IS that of separating the dlrect excitation of a 
state from its background 

In this letter we aim at gwmg a partial answer to 
this problem by analysing the 208Pb(a, a ' )  inclusive m- 
elastic reacnon at 65 MeV [5] We describe the reac- 
tion unhzmg the model of heavy 1on colhslons pro- 
posed by Brogha et al [6], where the relanve motion 
is described in terms of classical equanons and where 
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the nuclear degrees of freedom are described in terms 
of low-lying surface vibrations and damped giant reso- 
nances In this model the background is due to the 
combined excitation of several states 

The spectrum of 2°8pb utlhzed m the calculations 
is shown m table 1 No internal degrees of freedom 
were given to the alpha particle nor have we considered 
the particle transfer channels The quantal fluctuations 
associated with the zero-point motion of the surface 
modes are taken into account as discussed m ref [7] 
Thus, for each impact parameter the set of coupled 

equations (4 ) - (9 )  of ref [8] are solved - setting FMD 
= 0 -- for a range of mltlal conditions of the deforma- 
tion parameters axu of 208pb and corresponding conju- 

gate momenta,  determined by the zero-pomt energy 
distribution associated with the low-lying modes No 
zero-point motion was given to the giant resonances 
The 1on-ion potential utlhzed m the calculations was 
of the proximity type [9] It should be noted, however, 
that the mfluence of the repulsive core on the different 
results was found to be small 

A three-dimensional version of the Wdczynskl plot 
for the reaction under discussion is shown in fig la A 
conspicuous feature of this plot is that a very large 
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Table 1 
Multlpolanty, energy, percentage of the energy weighted sum 
rule and width of the states utlhzed to describe the surface 
modes of 2°8pb For more detads ef ref [ 12] 

h n E EWSR r 
(MeV) (%) 

0 ÷ 12 00 100 2 

2 ÷ 4 08 10 0 
10 00 86 3 
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5 34 3 0 
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fract ion o f  the Inelastic events lead to negative scatter- 

mg angles, and thus to a positive polarizat ion * 1 for 

the gamma-rays emi t ted  by 208pb The predicted values 

o f  P~ for angles jus t  behind and just ahead of  the grazing 

angle 0 = 20 ° are P~(30 ° -+ 5 °) = +0 70 and P~(10  ° 

+ 5 °) = +0 27 

The def lect ion f u n c h o n  and corresponding energy 

loss as a funct ion  o f  the Impact  parameter  are shown 

m figs l c  and ld  The fusion cross section displays a 

rather marked structure as shown m fig l b  This struc- 

ture should reflect i tself  in the decay of  the compound  

system 

In fig 2a we display the semlclasslcal differential  

cross section integrated over all angles as a functxon of  

the  center  o f  mass energy in the exit  channel  The 

average energy loss which Is about  20 MeV is some- 

what larger than the exper imenta l  value ( ~ 1 5  MeV) 

This can be seen f rom fig 2b which shows (d2o(0  

= 2 5 ° ) / d E  dO) in comparison with the exper imenta l  
data Utlhzlng the results used in plot t ing d o / d E  we 

obta in  the occupa t ion  numbers  (N(n, X, p)) for each 

impact  parameter  and for each o f  the  n different  vlbra- 

,1 We use here the convention of ref [11 ] where the polarlza- 
non is measured relatwe to the direction k 1 X kf, k 1 and kf 
being the wavevectors in entrance and exit channel, respec- 
twely 

Fig 1 Scattermg angle, energy loss and fusion cross section as 
a function of the xmpact parameter In (a) a three dtmenslonal 
version of the Wllczynskl plot Is displayed In (c) and (d) the 
deflecnon function and the energy loss are shown The "error 
bars" correspond to the standard devlatmns, whde the contin- 
uous hnes are the results calculated without including fluctua- 
tions The elastic deflection function is displayed m (c) as a 
dashed hne In (b) the fusion cross section is shown as a func- 
non of p The difference between dafus/d O and the straight 
hne gives the inelastic cross section The theoretical and exper- 
tmental values for the reaction (OR), fusion (OF) and inelastic 
(ai) cross sections are gwen m tabulated form m m b  

tlonal  states o f  mu l t l po l an ty  X Assuming the  popula-  

t ion of  each mode  to  be governed by a Polsson d l sm-  

but lon  

Pm (n, ~, P) = (N(n, X, p ))m /m) exp { - ( N ( n ,  X, p ))), 

valid for interact ions linear in the  deformat ion  ampli- 

tudes, and u t ihzmg the  transmlssmn coeff icients  t(p) 
which can be obta ined  f rom fig lb ,  we can calculate 

the different ial  cross sect ion do/dE associated wi th  
the exc i ta t ion  o f  any combina t ion  o f  states wi th  arbi- 

trary occupa t ion  numbers  For  example ,  the differen- 

tml cross section for excit ing the state wi th  energy W 

= F_,zm~hwl, where z - (n, X) Identifies one o f  the 

states shown in table 1 and m~ xs the corresponding oc- 

cupa tmn number ,  can be wri t ten  as 

do 
f pdp t(p)P(E, p), (1) dE - 27r 
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Rg 2 The mclustve semlclasslcal melastlc cross sectlons as a 
function of the energy are shown in (a) and (b) mtegrated over 
angles and for B = 25”, respectrvely The dots m (b) are the ex- 
~ei~menta~ pomts in(c) the c0ntrnuousllnerepresentsLhe 
semlquantal cross sectron for the excltatlon of smgle states 
T%e spm and partty and associated cross sectlons are also 
shown The dashed hne IS the total melastlc cross se&on of 
the mclusive type The drfference between the two curves 
grves the background 

WhW? 

(2) 

The sets of numbers {na,) all gage rise to the same ener- 
gy W The resultmg cross se&on (1) was dlstrlbuted 
around the energy B accordmg to a gaussran drstnbu- 
tlon of width I’(@ = (Y&m, l?~)l~z, where r, IS the 
width associated with each mode The calculations were 
carried out utrhzmg Monte-Carlo techmques where the 
random numbers follow the Poisson drstrlbutlon char- 
acteristlc of each state 

The results are dlspjayed in fig 2c Increasmg the 
number of the events wrth which the occupation num- 
bers N@, pd, p) are calcutated from lo3 to 2 X IO3 no 
appreciable change was observed m these results A 
more accurate method to obtam the spectrum would 
be to use the WIgner transform&on to reconstruct the 
diagonal quanta1 density matrix elements This would 
however reqmre a further mcrease m the statrstics, 
with which the occupation numbers are determmed, 
by two orders of magnitude, ruhng out at present such 
a posslbdity 

About 40% of the 208Pb(@, cu’) mcluslve reaction 
~orres~nds to the excltatlon of smgle quanta1 states, 
and 60% to the excitatron of two or more states (back- 
ground) Thts result agrees wrth the DWBA analysrs of 
Tsar aud Bectsch [I 1 J 
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