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ABSTRACT

Data on the ratio of photo to electrodisintegration of

12 63 64 109 181T 197

several nuclei ( °C, Cu, In, Ag, a and Au) are

compared with the theoretical ratios predicted by plane and
distorted waves calculations. The analysis with distorted waves

shows that all data are compatible with photoabsorption through

dominant E1 transitions, as can be explained by the electric
dipole sum rule. This outcome does not agree with published
. conclusions for high Z using plane waves approximation.
SUMARIO

Dados experimentais da razao entre foto e eletrodesinte-

]ZC, 63Cu, 64 ]OgAg, 18'ITa R ]97Au),

gracao de varios nucleos ( In,
sao comparados com resultados de calculos efetuados utilizando -
aproximacao de ondas planas e de ondas distorcidas. Da analise-
com ondas distorcidas resulta que todos os dados experimentais -
sao compativeis com a hipotese de que a fotoahsorciao processa-se
dominantemente atraves de transicoes E1, o que pode ser explica-
do pela Regra de Soma para transicoes de dipolo eletrico. Este
R resultado, para nucleos de Z alto, esta em desacordo com conclu-

soes baseadas na aproximacao de onda plana, encontradas na lite

ratura.




I - INTRODUCTION

The electroexcitatioh of nuclei is closely related to
the corresponding process of photoexcitapion. In both ca-
ses thé nucleus receives its excitation energy through the
interaction of an electromagnetic field with nuclear char-
ges and currents. Indeed, in the theoretical calculations
of the cross-sections, the matrix element involving the nu
clear wave functions is the same. Performing the ratio of
the two cross-sections, the unknown matrix element cancels
out and a virtual photon spectrum can be defined, which gi,

ves the number of photons of average energy w, in the ener

gy interval o 2 a1/,
2
A .
o (L,E,,w)
N(AL)(El,w) dw _ i | 1 (1)
w o_ (L,w)
Y .
where
A = label either Eor M for electric or magnetic

transitions;

L = multipole order

o, = cross-section for electron-nucleus excitation
(integrated over all scattering angles);
GY = cross-section for photon-nucleus excitation;

w = photon energy (either real or virtual){

81 = incident electron total energy.



Calculations of »
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(AL)(EJ,w), considering a point nu-

cleus and the incoming electrons as plane waves, PW, we-

re carried out by Thie et al.(]), for E1, E2 and M1 pul-

tipolarities. The expression for ] is:

El
N (El,w)

PY
g 1/2

3
L

Q
]

= (a/n){[(zf + Eg)/(zi’ - mz)] log [{5132,«,(.19?—
1/2

(Eg - mz) - mz )/mew] - 2[(32 - mﬁ)/(Ef -

(2)

El—w

electron's rest energy

fine structure constant

More recently, Gargaro and Onley(z) obtained comput-

able expressions for ¥

(L) or all multipole orders,

using a distorted wave treatment, DW, Dirac-Coulomb wave

functions for the basis states of the electron, assuming

the electron is moving in the field of a point charge.

The expression for

¥ oy

. .. -1 1
S(N) x (25,+1)(25,+1) X |c(.71,.72,L; _, —-—2-—) R

(KJ,L,KZ)

‘ 4, . -7
(AL)(El,w) = [}a/ﬂ)(pl/pg)(Ez+me)(Ez+me)w (2L+1) J‘LJ

N(AL) is:

K, K
) 12

2

|2 (3)



where:

pl(pz) = initial (final) electron momentum;

S(x) = projection operator which retains only
those terms satisfying the selection ru-
les for electric or magnetic transitions
of multipole order g,

R(A) = and remaining parameters are defined in
ref. 2).

From Eq.(1), the total inelastic electron scattering
cross-section may be expressed in a form similar to the -

yield in photoexcitation experiments:

1l e
o, (E,) = / du oy A (2,000 (5 0) (a)
0

Thus, expression (4) enables one to evaluate the electro-

excitation cross-section, from tne photoexcitation cross-
A

section o_ (L,w). However ot(L,w) is not an available expe-

Y

rimental quantity. The measurements give oY(w)z z o$(L,w).

AL
A number of experiments (3°7)
todisintegration of nuclei have been made with the aim of
testing the multipolarity of transitions responsible for
the photonuclear giant resonance. These experiments were

carried out before the distorted wave treatment of virtual

photon spectra (2) was available. Thus, the inability to

fit expression (4) assuming E1 transition for the photodi-

sintegration cross-section, as suggested by the sum rule,

led to theassumption of the possible importante of E2 tran

comparing electro and pho

g
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sition. With this assumption the measured cross-sections we-
re expressed as:

E

oY(w)z aoY

(1,0) + 305 (2,0) (5)

where, a and B were constants determined by fitting -ex-
pression (4) with the measured data. This procedure with

o and B constants, involves the assumption that the cross-
sections for E1 and E2 transitions have the same structure
and differ only in magnitude. The use of plane waves led, for
high Z, to B values of the same order or even higher than a,
in desagrcement with the generally accepted(g) E1 character
of the giant resonance. For this reason we decided to reana
lyse these data, using the distorted wave virtual photon
spectra and assuming that the measured OY for the giant re-

sonance is predominantly El:
oY(w) = qi‘(w) (6)

that is, a = 1 and 8 = 0 in (4).

IT- EXPERIMENTAL DATA WITH THEIR ORIGINAL ANALYSIS

A1l experimental data analysed here consists of measured
yields of radioactivities, Ye(EJ) and Ybr(Ez)’ produced, res
pectively, when electrons of total energy EI bombard thin’
targets, and when bremsstrahlung from electrons of total ener-
ay EI bombard similar targets.In practice, it was convenient to
measure the ratio of these yields by empfoying sanduiches,
made up of two thin targets separated by a thin radianr.

following the method described by Brown and Wilson(3).'



The experimental ratio Rexpuz (Ybr/Ye) was then compared

with the ratio predicted by theory:

Eq-m A
” Jf €5 o) (L,w) & (E ,w,2,) _dv
“r JoO AL Y w
Elﬁme
./' pX ox (L,w) N(AL)(E S w) _dw
Y 1 w
) AL

where ¢ is the thin target bremsstrahlung - intensity spec-
trum produced in the effective radiator of atomic number
zZ, with . atoms/cmz.

In order to obtain the experimental ratio, from the mea
sured activities of both targets, they were subjected to
corrections due to the finite thicknesses of the targets
and radiator, Corrections were made for the energy dggradg
tion of the incident electrons, activity induced by bremss
trahlung in the targets and multiple scattering.

As mentioned in section I, the photodisintegration cross-
-section was originally assumed to be either entirely E1’or
E2, A fraction of each one was then found in order to fit
experimental data to the theoretical ratio evaluated in PMW.

As usual, the ratios were presented in units of(zirgNr),
r, being the classical electron radius. In these units the
ratios are called F and become independet of N,

The photo to electrodisintegration ratios considered he-

re refer to a) one neutron emission from the following nucle::
636u, 64, 'IOQAg and 181

Ta measured by Brown and wilson(3),
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63Cu measured by Scott, Hanson and Kerst(4). and by Hines(s)

12 197 d 181

C measured by Barber(g); Au an Ta measured by

Barber and N{édling (7); b) two neutron emission from 197

181

Au
and c¢c) three neutron emission from Ta, also measured by
Barber and Wiedling(7).

For light and medium weight nuclei (up to logAg) results
lie close to the PW predictions of pure M1, but they can be
equally well explained in the plane wave approach by assum-
ing a mixture of from 88% to 95% E1 with 12% to 5% €2 in-
tensity. Because of the theoretical explanations of the
giant resonance in terms of electric dipole transitionsy
the latter explanation was preferred. For high 2z, Barber
and Wiedling concluded that the quadrupole intensity would
have to be about equal to the g1 in the case of Ta and even
higher for Au, for the one neutron emission reaction. For
those reactions where 2n and 3n are emitted, the required
E2 intensity would be about 75% and 100% respectively.

The experimental data could also be fitted assuming an in-
tensity of about 30% electric monopole plus 70% electric
dipole. As the authors pointed out, although there is no
direct experimental evidence ruling against strong electric
monopole and quadrupole transitions in the giant resondnce
region of heavy nuclei, their existences is unlikely from
theoretical considerations and they suggested that the theo
retical calculations were in error, as ii assumed plane wa-

ves for the initial and final electrons.



ITII-RESULTS OF DW ANALYSIS

We assumed oy as béipg only due to E1 transitions‘(ex-
pression (6)). The theoretical ratios obtained using PW
and DW together with experimental data referred in section
Il1 are shown in Figs. 1 to 8. The curves labelled PW and DW

were evaluated from the expressions:

E —-m

1 e
j. oY(w) $(E ,0,2,) _dw
(E1) _ 2 2 0 w (8)
Fpy =~ (N./Z,. rq ”r) —
‘ 1 e
. El ~
j' o (w) Npy(E,,w) _dw_
D Y PW ™1 "
E,-m
fle()«»(znz)dw
. g (w | 4
(EV) 2 2 Y 127 Tyt e
FDN (”r/zr re ”r)- 0 %)
E,-m
f1 € £l (9)
o (w) Ngy(E, ,w,2,) dw
0 Y DW 1 t T

El
where, Npw is given in expression (2), ¢ is the Schiff

bremsstrahlung spectrum for intermediate screening(g),'af

is the measured photo disintegration cross-section(]]']3)

El
and ~w is given by an analytical expression(lo)which fits

DW
the calculations of Gargaro and Onley(z) for A=E and L=1:




El - oE1 -5 1/3_
”DN (El’w’zt) = Ny (Ez,w) ) [1.29x10 exp(].2452t

-.0528 )] X (Egem )/ (8 sm ) (10)

where Zt is the target atomic number.

We discuss bellow the results obtained for each of the
nuclei considered in section II.

64

For Zn and logAg, Figs. 3 and 4, the curves PW and

DW may be subjected to greater uncertainties than the re-
maining cases analysed, since they were computed using cross-
sections unfolded from bremsstrahlung yields. There are few

experimental points in both cases and they lie closer to the

DH curves,

For 63

Cu, Fig. 2, the measurements of Brown and Wilson

and Heines lie closer to the DW curve, in reasonable agree-

ment with it. The crosses and full circles refer to the same raw
data, measured by Scott et al., with different assumptions

for the corrections. For the crosses, it was assumed that all elec-
trons in the material loose energy uniformily and that the e-
nergy at any depth in the foil is just the initial energy re-
duced by the average total energy loss due to ionization and
radiation. The full circles were obtained correcting the raw
data for energy loss using an energy loss spectrum(4). The
statistical errors are of the size of the full circles or

smaller, but errors introduced by the corrections are not eva

luatec. For the lower energy point the total correction amouny

ed to about 40%. Taking into account the possible uncertain-
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ties introduced by the corrections, the agfeement between
full circles and the Fpy curve may be considered good. The-
se Points cover the energy region where the giant resonance
cross-section is concentrated. A comparison between full
circles and crosses shows the importance of the corrections
near threshold.

Figs. 1 and 5 to 8 refer to measurements by Barber(ﬁ)
and Barber and Wiedling (7). For these measurements, the
corrections due to the electrons energy loss were carried

out through a term:

S(N,+N_) (A, + A)
1 72 X t r (]])
2

6E1

where ¥, and N, are the measured activities of front and
back foils, respectively, and (At + Ar) is the average to-
tal energy loss, due to ionization and radiation, in the
target plus radiator, at the electron bombarding energy E;.
~We believe that the observed discrepancies between theory
and experiment near threshold in these cases may come from
the dificulty in evaluating the slope of the yield curve in
this region and from the use of total average energy loss.
Thus, we will only concern our discussion to points a few
'MeV above threshold.

]20,

For Fig. 1, agreemen with Fou is good, but the

difference between Fy, and Fou is small, as expected for

low 2.

181 197Au

For the one neutron emission reaction in Ta and
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Figs. 5 and 6, the experimental points agree with Fou
within experimental errors.

For ]97Au. 2n emission reaction and ]8]Ta, 3n emis-
sion reaction, Figs. 7 and 8, only the high energy expe

rimental points lie close to the Fow curves.

CONCLUSIONS

The DW analysis of the available experimental ratios
of foto to electrodisintegration, in the giant resonan-
ce region, suggests that the photoabsorption process can
be undertood assuming E1 transitions only. While for low
values of 2z the PW and DW analysis leed to similar
results, as expected, for high values of z the DW analysis
seems clearly in better agreement with the experimental
points.

Previous claims of the need to involve E2 or other
transitions can be traced to the'invalidity of the PW
analysis. They do not seem justified if DW analysis is
used.

The disagreement between the analysis and data,near
threshold,may be due to unreliable corrections for beam
absorption and energy degradation. |

The virtual foton spectra of Gargaro and Onley seem
adequate to the analysis performed but better experimen-

tal data is needed to understand the situation nea
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the threshold.
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FIGURE CAPTIONS

Fou» Fpu and experimental ratios from ref. 6)

. . 4
FPW’ FDN and experimental ratios from ref.

)
(crosses and dots), from ref.3)(triangles) and
from ref.s) (squares). Crosses and dots refer
to same raw data, but different criteria in
applying corrections.

Fous Fow and experimental ratios from ref.3

)
Four Fpu and experimental ratios from ref.3)
Fou» Fpu and experimental ratios from ref.7)
(triangles) and ref.3)(squares).

Fou» Fpu and experimental ratios from ref.
Fpus Fou and experimental ratios from ref.

Pous FDN and experimental ratios from ref.
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