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The experimental study of the energy dependence of the 
photo-absorption ayt cross sections in the region below the 
giant dipole resonance (GDR) has shown that the behaviour of 
ayt differs from the Lorentz extrapolation of the GDR into 
the low-energy region. The substructures in the cross sec­
tions a y t have been observed 111 for natural Sn, for 90zr, 
135 Ba and 140ce . A substructure, having a width of several 
hundred keV at 8 MeV in the photoneutron cross sections of 
117 ,119 Sn has been observed 121• The substructures have been 
found / SI in the dipole ghotoabsorption cross sections of the 
nuclear neighbours of 2 8Pb below the neutron emission thresh­
old Bn. The measured elastic photon scattering cross sections 
for 206 ,208 Pb in the excitation energy region from 9.6 to 
12 MeV 141 confirm the existence of substructures in 208Pb. In 
206 Pb these substructures were not observed. The photoneutron 
cross sections for 208 Pb have been measured 151 in the region 
from 8 to 13 MeV. They also indicate the existence of substruc­
tures in this energy region. 

The energy centroid and width of the GDR in spherical nuc­
lei17•81 are well described within the quasiparticle-phonon 
nuclear model (QPM) 16 ~ The energy dependence of the photo-ab­
sorption cross sections and the substructures in a yt in 90 Zr, 
138 Ba and 140 ce have been studied in ref. 18 1

. The influence 
of the GDR on uyt in the low-energy region was also investiga­
ted. It has been shown in ref. 197 that the substructures in 
a(y, n) at energy of about 8 MeV in 117•119 Sn are caused by 
the El transitions 3s 112 .. 2p 112 , 3s112 .. 2p 3/ 2 • 

In this letter within the QPM we calculate the electric 
dipole strength distribution, the photo-absorption cross sec­
tions in 206 ,208 pb and compare them with the experimental da­
ta. 

The QPM Hamiltonian includes the average field as the Sa­
xon-Woods potential, the pairing interaction and the multipole 
and spin-multipole isoscalar and isovector forces. 

The wave function for the highly-excited states of doubly 
even spherical nuclei is 

+ A1 I 1 + + 
ljl (JM)~I IR1(Jv)QJMI+ I PL! (Jv)[QLµ 1 QA ' µ 1 ]JM 1\0>, (I) 

11 A1A2i1i2'~ 2 "1 11 2 2 2 
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where jO> is the phonon vacuum, QAµi is the phonon creation 
operator, and vis the number of an excited state, The coef­
ficient R1{Jv) and the state energies ~v are determined by 
solving relevant equations given in refs.16•71 • An approxima­
tion for the reduced El transition probability from the ground 
to the excited state, described by the wave function (1),has 
the form 

·B(El; o;.s. ➔ 1;) ""l 7R·1(lv)<OIIM(El)Qtµ1 IIO>, (2) 

where <O!IM(El)~µtllO>is the reduced matrix element of the El 
transition from the ground state to the excited one-phonon 1-
state calculated in the RPA. 

Following ref. 161 we introduce the strength function 

b(El;~) =.!_I 6. l B(E1; 0~ 
8 
➔ 1; ) . (3) 

211 V (~-~V) 2+ _ /). 2 • ' 
The average dipole photo-ihsorption cross section is related 
to b(El; ~) by 181 

E +½6. 
X 

a (E )-=(4.025E /6.) f b(El;~)d~ mb. 
yt X X E -½6. 

(4) 

X 

Here .Ex is the El transition energy in MeV, and b(El;~) is in 
e2fm 2/MeV. The parameter 6. corresponds to the energy interval 
of averaging. In our calculations6...,O.2 MeV. The Hamiltonian 
parameters are fixed in ref. 1101 so as to describe the ener-
gies and transition probabilities to the low-lying states and 
the integral characteristics of the giant multipole resonances 
in 206 ,208pb, To 1xclude the dipole spurious states we use the 
method of ref. 111 

Our calculations of the integral characteristics of the 
GDR in the RPA for 208 Pb give .the following values: E GDR = 
= 13.4 MeV, a0=288O MeV.mb,a~=213 mb,a_2 == 16.2 mb•Mev-1,The 
experimental values are 1121: Eona= 13.43 MeV,a0=3O59 MeV mb, 
a_1=229 mb,a_rl7.6 mb•MeV-1 ,Almost the same values of the 
GDR integral characteristics are obtained for 206pb, 

The sums of ·B(El) -values in some energy intervals cal­
culated in the RPA and with the wave functions (1) and the 
available experimental data /3,13, 141 for 208pb are. given in 
the table. Two experimental values of B(El) show their lo­
wer and upper estimate. Af:l is seen from the table, the total 
El strength is described correctly in the energy interval 
up to 10.14 MeV. For the energies below Bn the calculated 
El strength is two or three times as less as the experimental 
one, whereas for the energies of (8.3-10.1) the B(El) -value 

2 

Table 

Distribution of El -strength in 
208

Pb 

IB(El) e 2 fm 2 

6.E, MeV Experiment Calculation 

Ref /13/ Ref / 31 Ref •1141 RPA Q +QQ 

1.04-1.63 1.33 4.842-7.332 
7.332-8.332 
8.332-10.14 
IB(El) 

0.698-0.747 ~ 0.42-0.51 
0.268-0.937 

o. 15 
O.9 
2.4 
3.45 

0.41 
0.51 
I. 76 
2.68 
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Fig.I. Photo-absorption 
cross sections ayt for 
206 •208 Pb. Dots are the. ex­
perimental data from 
refs/ 1,31 , solid curve is 
the calculations within 
the QPM, dashed curve is 
the Lorentz extrapolation 
of the GDR with the para­
meters from refs. 14• 21 . 

is overestimated. It is 
seen from the table that 
the two-phonon components 
redistribute the dip~le 
strength in a proper way. 
Perhaps, such a distribu­
tion of strength is caused 
by our choice of residual 
effective forces. 

The dipole phoro-absorp­
tion cross sections a yt in 
206,208 Pb for the excita­
tion energies (4.5-8) MeV 
are shown in fig.I. It is 
seen from fig. I that ayt 
of 208 Pb have pronounced 
substructures at Ex~5.5 and 
7. 3 MeV. In 206 Pb there are 
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Fig.2. El-strength func­
tions b(E1;~) for 206,208pb, 
Solid curve is the calcula­
tions within the QPM, da­
shed curve is the Lorentz 
extrapolation of the GDR 
with the parameters from 
refs. 14,12/ 

also several substructures. 
The Lorentz extrapolation 
of the GDR does not desc­
ribe aytcorrectly in this 
energy region. As is seen 
from fig.I our calculati-
ons reproduce correctly 
the substructure in the 
cross section ayt for 
2os Pb at Ex .. 7_3 MeV. The 
calculated cross sections 
a yt in. 206 Pb show the 
existence of several sub­
structures, that is in ag­
reement with experiment • 
In contrast with 208 Pb in 
206pb there is a substruc­
ture at Ex'"5.5 MeV, that 
is somewhat lower.than the 
experimental energy Ex., 
.. 5.8 MeV. According to the 

RPA calculations the 1- collective state is located in 208pb 
at 7.3 MeV. the two-phonon components slightly change the dis­
tribution of the dipole strength of this region, and the I­
state appears· as a substructure in ayt. In 206 Pb there are 
four 1- states near 7.3 MeV due to the pairing. The two-pho­
non components influence strongly the distribution of the 
strength in 206 Pb. This is due to the fact that in 206 Pb the 
density of the two-phonon 1- states is four times as large as 
in 208 Pb and the interaction between one~ and two-phonon sta­
tes is more strong. The lowest 1- solution in the RPA in 206 Pb 
lies at Ex=6.2 MeV. If the two-phonon components are taken in­
to account, a part of strength is pushed down, and as a result, 
a substructure appears at Ex==5.5 MeV. 

The elastic photon scattering observed for 208 Pb clearly 
implies some fine structure in the energy dependence of the 

4 
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total photon interaction cross section 141 .There are.substruc­
tures at E .. 10.04, 10.6 and I 1.27 MeV. In 206 Pb such substruc­
tures are tot observed in the energy region of (9,6-12) MeV. 
The strength functions calculated by us for 206 ,208 Pb are 
shown in fig.2. It is seen from fig.2 that in 206 Pb there are 
substruct~at Ex=9,7, 10.5 and 11.3 MeV and a substructure 
atE~~IO.8 MeV which is not pronounced. In 206pb up to JO MeV 
the calculated cross sections are close to the results of the 
Lorentz extrapolation. However, at Ex .. 11. 2 MeV there is a ~ro­
nounced peak. Different behaviour of b(E1) in 206 Pb and 20 Pb 
is a result of the influence of two-phonon components on the 
distribution of the dipole strefigth and agrees qualitatively 
with the experimental data 141 • The analysis of the 208 Pb(y, n) 
reaction spectrum 151confirms the existence of a substructure 
at 9.2, 9.8, 10.3, 10.7, 11.2 and 11.6 MeV. In the energy re­
gion of (9.85-11.75) MeV the experimental value for the integ­
ral photo-absorption cross section is (445+7) MeV,mb 161.The 
Lorentz extrapolation of a Yt gives the value 430 MeV mb~ In 
our calculations it is 434 MeV mb, which is close to the ex­
perimental value. It has been mentioned in ref. 151 that the 
substructures in a Yt at E .. 9 and IO MeV may be related to the 
isoscalar E2 resonance. I~ our RPA calculations the resonance 
is located at Ex= 9. 2 Me_V with B(E2)= 6720 e 2fm 4, that is in ag­
reement with the experimental value 1 \ 51 B(E2) = 7320 e 2£m 4 for 
the energy interval of (9.03-10.06) MeV. Perhaps the substruc­
ture in a,n id the region of 9 MeV in 208 Pb is caused by the 
isoscalar E2 resonance • 

Thus we have shown that the substructures in the photo-ab­
sorption cross sections in 2oe,2ospb are caused by the frag­
mentation of one-phonon 1- states and can successfully be de­
scribed within the QPM. We have also explained the smoothing 
of substructures in b(E1) in the excitation energy region 
of (9.6-11.0) MeV in 206pb in contrast with 208Pb. 

In conclusion the authors are grateful to A.I.Vdovin and 
V.Yu.Ponomarev for useful discussions and help. 

REFERENCES 

J. Axel P. et al. Phys.Rev., 1970, C2, p.689; Nuclear Physics 
Research with Electrons from MUSL-2 and MUSL-3 (Dep. of 
Physics, University of Illinois at Urbana-Champaign, 1977). 

2. Winhold E. et al. Phys.Lett., 1970, 32B, p.6O7. 
3. Laszewski R.M., Axel P. Phys.Rev., 1979, Cl9, p.342. 
4. Axel P. In: Proc. Int.Conf. on Nucl.Phys. with Electromagn. 

Int., Mainz, 1979, p.253. 

5 



5, Van de Vyver R. et al. Z.Phys., 1978, A284, p.91. 
6. Soloviev V.G. Particles and Nuclei, 1978, 9, p.580; 

Nucleonika, 1978, 23, p.1149. · 
7. Soloviev V.G. et al. Nucl.Phys., 1977, A288, p.376. 
8. Soloviev V.G. et al. Nucl.Phys., 1978, A304, p.530. 
9. Chan Zuy Khuong et al. J.Phys.G: Nucl.Phys., 1979, 5, 

p.L79. 
10. Voronov V.V., Chan Zuy Khuong. JINR, P4-81-69, Dubna,1981. 
II. Peterson D.F., Veje C.J. Phys.Lett., 1967, 24B, p.449. 
12. Veyssiere A.H. et al. Nucl.Phys., 1970, Al59, p.561. 
13. Raman S. In: Proc. of the 3rd Int.Syrop. on Neutron Capture 

Gamma-Ray Spectroscopy and Related Topics. BNL, New York, 
1978, p.193. 

14. Holt R.J. et al. Phys.Rev., 1979, C20, p.93. 
15. Sherman N.K. et al. Phys.Rev.Lett., 1975, 35, p.1215. 

6 

Received by Publishing Department 
on June 19 1981. 

I 
ConoBoeB B.r., CTOHHOB q,, BopoHoB B.B. E4-81-422 
IlOACTPYKTYPbl B ce•!eHHHX q>OTOilOI'noiqeHHH 206, 208 Pb 

IlpHBeAeHHbie BepoHTHOCTH El -nepeXOAOB H nonHble Cet.IeHHH 
q>OTonornoiqeHHH a yt B 206•208 Pb pacC'IHTaHbI B KBa3H'laCTH'IHO­
lpOHOHHOH MOAenH HAPa, IloKasaHo, 'ITO B saBHCHMOCTH Uyt OT 
3HepI'HH B HHTepBane 5-8 MsB Ha 206,208 Pb HMeIOTCH IlOACTpyK-
TYPhI, o5ycnoBneHHbie t.IaCTH'IHo-cppaI'MeHTHpOB,::lHHbIMH OAHOlpOHOHHbIMH 
COCTOHHHHMH. IloBeAeHHe Uyt CHJibHO OTnHt.IaeTCH OT nope~eBCKOH 
3KCTpanonHQHH r~P, 'ITO IlOATBep)I{,l:laeTCH 3KCnepHMeHTanbHhIMH AaH­
HbIMH, 

Pa5oTa BhmonneHa B Jia5opaTOPHH TeopeTHt.IeCKOH lpH3HKH mum. 

npenpHHT 06~eAHHeHHOro HHCTHTyTa RAePHWX HccneAOB8HHA. ,lly6Ha 1981 

Soloviev V.G., Stoyanov Ch., Voronov V,V. E4-81-422 
Substructures in Photo-Absorption Cross Sections of 206,208 Pb 

The reduced El -transition probabilities and total photo­
absorption cross sections ayt in 206 •208 Pb are calculated 
within the quasiparticle-phonon nuclear model. Substructures, 
caused by the fragmented one-phonon states, are observed in 
the energy dependence of ayt in the interval from 5 to 
8 MeV in 206,208 Pb. The behaviour of ayt differs from the 
Lorentz extrapolation of the giant dipole resonance, that is 
confirmed by the experimental data. 

The investigation has been performed at the Laboratory 
of Theoretical Physics, JINR. 

· Preprint of the Joint Institute for Nuclear Research. Dubna 1981 


