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Abstract 

Evidence is presented for the excitation of giant multipole 

resonances in inelastic scattering of 315 MeV 
16o ions on 

12c, 58
Ni, 

208 
and Pb targets. Highly excited modes around 20 MeV of excitation 

LBL-8289 

208 
energy in Pb exhaust a large fraction of the energy weighted isoscalar 

E3 and ES sum rule strengths. 

For the study of energy dissipation processes in heavy-ion 

reactions it is important to understand the response function
1 

of the 

nuclei involved in the collisions. It is natural to assume that. in the 

initial reaction step the excitation of simple one-particle one -hole 

states absorbs part of the kinetic energy of relative motion. Therefore, 

giant multipole resonances may also be involved
2 

if, in the adiabatic limit, 

the collision times are of the same order of magnitude as the corresponding 

t 
. . . 3 quan um trans~t~on t~es. In addition,angular momentum matching conditions 

in heavy-ion reactions allow large angular momenta transfers. While several 

low-energy,heavy-ion scattering experiments (~ 10 MeV/A)
4

'
5

' 6 have reported 

the observation of giant quadrupole structures in nuclei,it was the goal 
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of the present experiment to improve these studies with a high energy 

16o beam at 315 MeV on 12c, 58Ni and 208Pb, and to search for excitations 

of higher mul tipolarity , which have been reported so far only in 

electron scattering on 208Pb. 7 ,B 

The experiments were performed at the Lawrence Berkeley Laboratory 

88-Inch Cyclotron. 16 6+ . A beam of 315 MeV 0 ~ons was scattered from self-

. 208 2 58 . 2 12 2 
support1ng Pb (1.03 mg/cm ) , N1 (1.67 mg/cm ) and C (0.36 mg/cm ) 

foils. The reaction products .were identified in the focal plane of a 

magnetic QSD spectrometer, using a counter which determines the position 

(Bp), energy loss (~) and time-of-flight (TOF) of the reaction products. 

Position spectra of inelastically scattered 16o particles on 208Pb~ 58
Ni 

12 
and C targets are shown in Fig. 1 a, b, c. Single nucleon transfer 

reactions were also investigated to assess the competition between transfer 

and inelastic scattering as the energy loss mechanism in heavy-ion collisions. 

A more detailed presentation of these data will be given elsewhere. 

All spectra exhibit pronounced structures in the continuum. 

h f 208 . . 1 h T e spectrum or Pb, taken close to the graz~ng ang e, s ows strong 

. . . f . . h d f 58 . exc1tat1on o g1ant resonance structures, wh1c become pronounce or N1 

. lab 
only at angles more forward than the grazing angle (0 ~ 9°). For the . g 

16 12 
0 + C system the grazing angle is ~2° in the laboratory system and at 

such forward angles .hydrogen 
12 

contamination in the C target obscured the 

16o energy spectrum in the giant resonance region. 

Compared to hadron (A ~ 4) scattering data, the spectra reveal an 

improved peak to continuum ratio, possibly equalled only by a recent high

energy 
6
Li scattering experiment. 9 The contributions from sequential 

decay of ejectiles following a, proton or neutron pick-up lie outside the 

region of the giant resonance structures in all three nuclei at 315 MeV 
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incident energy. 
10 

These processes are known to be a severe problem in 

inclusive light-ion scattering spectra. At high excitation energies there 

is some contribution from 15o ground state groups as indicated in Fig. 1. 

The broad peak at a Q-value of approximately 6 MeV in all spectra is 

attributed to the 3 , 6.13 MeV projectile excitation, Doppler-broadened by 

the subsequent y-decay and by underlying target states. The kinematically 

expected positions of projectile excitations built up on the strongest low-

lying target states are indicated by arrows on the horizontal axis of each 

spectrum (see Fig. 1). 

We interpret the 10.8 MeV (f ~ 2.5 MeV) structure in 
208

Pb,
14 

the 

16 M V (r 3 2 ) 'd ' SS ' 14 (th 13 1 M V . f d e ~ . MeV s~ e group ~n N~ · e . e group ~s oun 

. 12 
in electron scattering to be of E3 nature), and the 25.3 to 26.7 MeV 

. 12 10 
(f ~ 4 MeV) groups ~n C as the known isoscaler giant quadrupole 

resonances in these nuclei~ 
208 

The structure at 13.6 MeV in Pb (see Fig. la) 

which is more pronounced in the present experiment than in light-ion 

scattering experiments, nas been identified13 previously as the giant 

monopole resonance. The distinctive structure of the spectra in the giant 

resonance region invites a detailed comparison with light-ion 

coincidence experiments especially for the 
12c 10 case. At a 

scattering angle of 3° the excitation of giant resonance 

structures seems to be even stronger than at 4° (Fig. lc), but is super-

imposed on a 10 to 15 MeV wide bump from a hydrogen contamination in the 

12c target. 

One of the most striking and novel features of the spectra for 

208 . 
Pb is the observation of a pronounced gross structure peak at an 

excitation energy of approximately 20 MeV. No structure around this 
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16 6 
excitation energy was found in the inela~tic scattering of 0 at 140 MeV, 

nor has any hadron scattering experiment revealed gross structure in 

h . . 1 . 7 ' 8 . d 1 t 1s reg1on. However, two e ectron scatter1ng exper~ents an severa 

theoretical calculations
1

' 
14 

infer a strong concentration of the L = 3 and 

L = 5 strength function at similar excitation energies. In particular 

the structures found at 18.1 and 19.7 MeV. in the present exper:i,ment 

11 d d b 
, 

1 1 
, 1 1 14 

are we repro uce y cont1nuum RPA ca cu at1ons. An additional hint 

208 
thatthese highly excited structures in Pb represent higher multipole 

modes comes from the simple liquid drop model,
3 

which predicts that, for 

. 2/3 3/2 
increasing target mas!; (A), ·the response t1mes T a A /L . of higher 

multipolarities (L) become better matched for the projectile collision 

times typical of this experiment. 

Angular·distributions.were measured (see Fig. 2) for low-lying 

discrete states ahd the highly excited broad structures. Only typical 

. 7 . 12 examples are d1scussed here. The 25.3 MeV and 26. MeV components 1n C 

were analyzed s.eparately (after subtracting a smooth background through the 

minima in the spectra as indicated in Fig. 1 by dashed curves) and revealed 

no significant differences in the diffraction patterns. The same result 

h ld f 18 1 d 1 7 . 208 b o s or the . MeV an 9. MeV groups 1n P . DWBA calculations 

h b f . . . d f 208 b ave een per ormed us1ng opt1cal model parameters obta1ne or P 

at an incident energy of 315 MeV (set Q in Ref. 15); the same parameters 

d f 
58 . 

were use or N1. 
12 

For c the El8 potential from Ref. 16 was used. 

. . 208 . 1 f 58 . We 1ncluded 250 part1al waves for Pb and 150 part1a waves or N1 

12 
and c. A complex coupling plus Coulomb excitation form factor was used. 

The resulting curves are shown in Fig. 2. No attempt was made to improve 

the fit to the data by adjusting the phase angle between the nuclear and 

() 
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Coulomb inter&ction amplitudes. The DWBA cross-sections are normalized to 

the data at the grazing angle to give the Coulomb excitation strengths 

1/3 
seE (RCE = 1.2 A ) . We obtained, for example, BCE=0.41, 0.09 and 0.10 for 

+ + -
the low-lying 4.44 MeV (2 ) , 2.46 MeV (4 ) and 2.61 MeV (3 ) transitions 

12 58 . 208 in c, N1 and Pb, respectively, in good agreement with known B(EL) 

1 
10,17,11 

va ues. The energy-weighted sum rule strengths were deduced on 

the assumption of a uniform mass distribution
18 

(r = 1.2 fm) and result in 
0 

25 ± ~~% E2 stren~th for the 25.3 to 26.7 MeV groups in 12c, 40 ± 15% E2 

strength for the 16 Mev group in 58Ni, and 87 ± 20% E2 strength for the 

10 8 M . 208 b f h h d t t . eV grou.J? 1n P • I. we assume tat t e pronounce s rue ures 

around 20 MeV in 208Pb belong to the 3hw components of the isosalar 3- and 

5 giant ref)onances, and first exhaust 100% of the E3 sum rule strength 

(using about 30% of the observed cross section at the grazing angle) we are 

left with 10 to 20% of the E5 sum r~le strength. Approximately the same total 

. 1,14 . 1 strength is predicted by the RPA calculat1ons, but w1th more equa 

division between the modes. Although the quoted E2 strengths for 
58

Ni 

208 11 
and Pb agree reasonably well with hadron scattering data, the E2 

strength in 12c is almost 3 times larger than is found in a recent light

ion coincidence experiment. 10 These results, combined with the suggestive 

12 
~-dependent angular istributions observed for c (see Fig. 2), make 

high energy heavy-ion scattering a promising tool for the study of giant 

resonances. 

ln this letter, we have presented the most striking evidence yet 

for the excitation of giant resonances with heavy-ion beams. Whereas it is 

clear that improvements in the data will be achieved using coincidence 
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techniques, as in .the.case of light:-ion scattering,
10 

we emphasize 

that we have already observed pronounced structures of high multipole states 

in a straightforward singles experiment. This ·suggests that there are 

exciting prospects for mapping the nuclear response function of high multi-

pole resonances in nuclei with even higher energy beams, which 

are required to match the corresponding quantum transition times. 

The authors would like to thank G •. R. Satchler and A. J. Baltz for 

help in performing the DWBA calculations, and H. Faraggi, C. K. Gelbke, 

K. T. Knopfle and A. Shetter for valuable discussions. 

v 
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FIGURE CAPTIONS 

Fig. 1 Energy spectra for inelastic scattering of 16o at 315 MeV on 

(a) 
208

Pb, (b) 
58

Ni and (c) 
12c. The arrows on the horizontal axis 

indicate expected positions of projectile excitations built up on 

low-lying target states. The label 15o denotes the position 

of low-lying transitions in the c16o, 15o) reaction. 

Fig. 2 Angular distributions of low-lying and highly-excited groups 

f . 1 . 16 . 208 d 12 h l'd or 1ne ast1c 0 scatter1ng on Pb an · c. T e so 1 curves 

represent DWBA calcualtions with the angular momentum transfers shoWn. 
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