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SUMARIO
Sao apresentados os resultados experimentais ob-
tidos para a secgao de choque 238U(e,e',n)237U, na regiao de e-

nergia 6-25 MeV. A analise desses resultados pelo meétodo dos fo
tons virtuais mostra que a emissao de neutron se processa exclu
sivamente por absorgao E1, estabelecendo um limite superior pa-
ra a intensidade de transigoes E2 que & de apenas 0,25 por cen-
to das transigoes E1. Os dados existentes sobre os canais de de
caimento da ressonancia isoescalar de quadrupolo no 238U sao
comparados com os de absorcao E2 por esse nucleo. Sao discutidas
evidencias experimentais que indicam a existéncia de seletivida
de dos modos de decaimento em relagdao ao spin e paridade da res
sonancia excitada. E apresentado um teste da sensibilidade de

secgoes de choque de eletrodesintegracao quanto a existéncia de

componentes de quadrupolo.

ABSTRACT
Measurements of the electrodisintegration cross
section 238U(e,e',n)237U, in the energy region 6-25 MeV are

presented. A virtual photon analysis of experimental data shows
that neutron emission occurs only through E1 absorption. Our da
ta establish un upper 1imit to the strenght of E2 transitions,

which is only 0.25 percent of the E1 transitions. Existing da-
ta on the decay channels of the isoscalar giant quadrupole reso

nance in 238

U are compared with available data on E2 absorption

by this nucleus. A discussion of available experimental data, in
dicating a selectivity of decay modes on the spin and parity of
the excited resonance is presented. The sensitivity of electrodi

sintegration cross sections to the existence of quadrupole compo

nents is assessed.




NUCLEAR REACTIONS 238y(s,e',n)237

Us
E=6-25 MeV; measured o, n(E); DWBA
virtual photon analysis, deduced

photoabsorption AL.

I. INTRODUCTION

It has been shown, by the branching between (y,n),
(Ys2n) and (y,3n) cross sections, that once the Photonuclear
Giant Resonance(PGR) has been excited, its decay mode is
predominantly statistical(]). In heavy nuclei, in the energy
region below the threshold for 25 disintegration, the decay
is dominated by one neutron emission, as Coulomb barrier
inhibits charged particle emission.

The PGR is actually composed of an Isovector Giant
Dipole Resonance ,(GDR) plus an Isoscalar Giant Quadrupole
Resonance (GQR) and possibly other multipole modes(z). The

GQR and GDR, Tlocated at 63/4'/3 MeV and 80/4'/3

MeV, respec-
tively, are in the energy region where neutron emission
is the dominant decay mode of the PGR. As there is no known
selection rule which forbids a dipole or quadrupole reso-
nance to decay by neutron emission, one would expect that the
decay of both the GDR 'and GQR,are similarly dominated by
neutron emission.

It is however difficult, due to their relative

strength, to obtain the dipole and quadrupole components,




from measurements of (y,n) cross sections.
In this paper we present measurements of the ab-

solute electrodisintegration cross section 238

U(e,e',n)237U.
These measurements have been performed in order to study the
strength of EI and E£2 contributions to this reaction.

As it is well known(3’4) the E2 virtual photon
spectra are one order of magnitude bigger than the corres-
ponding EI spectra for high Z nuclei (see Fig.1). Consequent-
ly, measurements of the electrodisintegration cross section
are a sensitive tool for the study of E1 and E2 contribu-

tions in a particular decay channel of the PGR. We discuss

below the sensitivity of this method.

IT. THE VIRTUAL PHOTON METHOD

The electrodisintegration cross section by emis-
sion of a particle xz(integrated over all scattering angles),
o, x(Eo) is related to the corresponding photodisintegration

process, through:

E
0
- v AL AL -1
°e,x(Eo) J N oy’x(E)N (EO,E)E dE (1)
0
where Eois the electron incident energy, E is the photon
energy, NXL is the virtual photon spectrum, and 0$Lx(E) is

the photodisintegration cross section through a nuclear
transition of multipolarity AL. Computable expressions for NAL

have been obtained by Gargaro and Onley(4) using distorted wave



approximation. ¢
It is convenient to study how the existence of

a quadrupole component in the one neutron photodisintegra-

238

tion of U would show up in the electrodisintegration

cross section. Let us then assume that the measured (y,n)

E1

cross section (OY,n) is composed by a dipole (OY,n

) plus a
quadrupole (oszn) component. Using expression (1), the

electrodisintegration cross section can be evaluated by:

E
0
E1+E2 _ E1 E2 E2 _
oe,n (Eo) = {%Y,n (E)N (EO,E) + Oy,n(E) [% (EO,E)
o
- NEJ(EO,Ei] £ ar (2)
where we have assumed: R
0Ez - G _ OEl (3)
Ysn Y7 Ysm

In this paper we will use for o " the available

3

experimental data of Veyssiere et a1.(5) and Dickey and
Axe1(6)
To assess the sensitivity of the electrodisin-

tegration cross section to the quadrupole strength we

E2

have evaluated expression (2) representing OY " with a

Breit-Wigner formula of area S, peak position,Ep and width

I'. We have used S = 35 MeV mb, which corresponds to 50%

of the energy-weighted sum rule (EWSR)(7),P = 3 MeV, a
typical width for high Z nuc]ei(s) and Ep = 10 ‘MeV, in accor-

dance with the observed 63/.4]/3

dependence for the excita- .




tion energy of the GQR(Q).

E1+E2
e n

expected electrodisintegration cross section in the case

E1

e,n
= 0 in expressions (2) and (3). In Fig.2 the ratio of
E1+E2 E1 F

and o
e,n T eyn

We then compare the evaluated o with the

of a pure EI process (o
032
Ysn
the calculated cross sections o

), which is evaluated setting

is shown.

E2

L]

of 7.4 mb as compared with the measured onn which is

ks

The assumed o nhas a small peak cross section
192.0%7.1 mb(s) at 9.95 MeV of excitation energy:and_has_‘
an integrated strength of only 3 percent of the measured

o

Ysn

2, this of2
YN

3

that would be very difficult to identify in
(vysn) measurements, has a considerable contribution in
o, ,- At 25 MeV it contributes with 50% to the electrodi-

sintegration cross section.

ITI. MEASUREMENTS AND ANALYSIS

Very thin uranium targets (thickness of the or-
der of 10'5 radiation lengths, placed in a vacuum chamber,

were bombarded in the electron linear accelerator of

integrated strength(]o). As it can be seen from Fig.




Universidade de S3ao Paulo. The electron flux was measured

in a Faraday Cup. The amount of 238

U in the targets was
determined by o spectroscopy. The cross section was obtain- *
ed by measuring the activity of the 59.5 KeV vYy-ray line

237U using a Ge-Li low energy

from the 6.75 days decay of
‘photon spectrometer system. A typical pulse hight spectrum
is shown in Fig.3.

In Fig.4 the experimental cross section for the
238(e ! n)237

] s

reaction U, as a function of the electron

incident energy, is shown as full circles. The errors

indicated include the statistical uncertainties of the

measured quantitites and the estimated contributions aris-

ing from electron flux measurements, target non uniformity

and target positioning relative to the electron beam and detector.

The point at 6.0 MeV is an upper 1imit. The full curve is .
the predicted electrodisintegration cross section for a

E1 .

pure E1 process (ozln) obtained using o = in
9

Y O’Y,n
expressions (2) and (3). In Fig.5 the ratio of our experi-
mental data to the predicted Uan is shown by the points.

The errors refer only to the uncertainty of our experimen-

tal points, This ratio shows no evidence of an increase

with the electron incident energy that is expected in the case
of significant E2 contribution. Actually, the best straight line fit
to the points, shown byvthe full curve yields a negligible
slope, leading to a constant ratio with value 1.038%0.009.

Our results are 4% higher than those obtained from the

Oy,n data and can be interpreted as a very good agree-




ment between two absolute values of the same physical quan-
tity measured by different methods. The difference is well
within quoted errors. Hereafter we have divided our experi-
mental values by 1.038 to merge both absolute measurements.
In order to establish an upper limit to the E2
‘contribution allowed by our data, we carried out a least
squares fit to the experimental data, using expression (2)
ﬁznby a Breit-Wigner formula with £ = 10

L

and representing o

MeV, I' = 3 MeV and variable S. The best fit is obtained for

S = 0 corresponding to c$2n

vel the integrated oEZ
Ysn

= 0. At the 95% confidence le-
exhausts 8% of the EWSR. This upper
limit corresponds to only 0.25% of the OY " integrated

3

Ccross section(]o).

IV. DISCUSSION

Our results show ﬁhat no neutron emission from 2%
}states is observed, setting a small upper limit for this decay.
This is rather unexpected, since, from statistical consi-
derations, a large fraction of the GQR should decay through
this channel.

Evidence of the selectivity of the decay mode on
the multipolarity of the excited resonance is already con-
tained in some available experimental data as presented

below.
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According to Hanna(]]), (y,ao) cross sections,
measured through the inverse capture reaction (a,yo), show
that alpha emission is 10 times more probable by E2 than
by E1 absorption.

Recently, Wolynec, Martins and Moscati(3) have

238U(e,e',a)234Th,

shown, by measuring the cross section for
that the (y,a) reaction proceeds dominantly through E2
transitions. Using a virtual photon analysis, it was shown

that the amount of absorbed E2 strength used for the (y,a)
E2

3

at the excitation energy of 9 MeV, with a width of 3.7 MeV
(FWHM) .

reaction exhausts 50% of the EWSR. These data locate g

Preliminary data on the absolute electrofission
cross section and the angular distribution of fission frag-

ments in 238

U, indicate that a significant fraction of the
EWSR is exhausted by this channel, the quadrupole compo-
nent being concentrated around 10 Mev(]z).

The (e,e’,a) and (e,e’,f) results indicate that
for 238U the dominant modes of decay of the GQR are the
alpha and fission channels.

We would T1ike to discuss the compatibility of the

above reported evidence with the only available data on

electric quadrupole absorption by 238U.




(13)
238,

Lewis and Horen observed a ressonance in (p,p')

inelastic scattering from s in the energy region 10-14
MeV, tentatively assigned as E2, exhausting (85150)% of the
EWSR. No structure was seen below 10 MeV.

In Fig.6 we reprbduce the experimental data on
2?’8U(e,e',m)2?’4Th cross section. Curve @) shows the predicted
electrodisintegration cross section for ogfarepresented by
a Breit-Wigner formula of S= 28 MeV mb, I = 3.7 MeV and
'Ep = 8.9 MeV. These parameters yield the best fit to the

points( 3).
Curve (b) shows the predicted electrodisintegration

cross section, using for °$2a

1

the resonance obiserved by Lewi§”
and Horen with a strength which exhausts 90% of the EWSR;fNe
have computed the reduced X2 value for different strength;;of"
this resonance. In the region from 80 to 100% of the ENSR%&pe
obtained values are around 6. Outside this re@ion we obtaiﬁ;
significantly higher values. As it can be seen, the resonahcb
observed by Lewis and Horen is incompatible with the (e,e’,a)
data. The impossibility of improving the fit by changing the
strength is related to the sensitivity of the fit on the

peak position of the E2 resonance. It is impossible to fit the
electrodisintegration results with a resonancé that has negli-

gible strength below 10 MeV.



V. CONCLUSIONS

The electrodisintegration absolute cross section

measurements 238U(e,e',n)237

U performed in this work show
that the one neutron emission proceeds exclusively through

E1 absorption. We have set un upper limit to E2 transitions

of only 0.25 percent of the EI transitions in this channel.

This result associated with the E2 character of

238, 1 )234

Th and other experimental evidences reveal
the existence of a decay mode selectivity on the spin and

parity of the excited giant resonance.

Other nuclei and decay channels are being inves-
tigated using this method in order to verify if the

strong selectivity observed in 238

U is extensive to other
nuclei.
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FIGURE CAPTIONS

FIG.1 - Electric dipole and quadrupole virtual photon
spectra for electrons of kinetic energy 24.5 MeV,

scattered by a uranium nucleus.

FIG.2 - Ratio of the ca]cu]ated cross sections og]:Ezlogln

versus electron kinetic energy. OE];EZ is

obtained by assuming that the measured(y,n) is

composed by a GDR plus a GQR which exhausts 50% of
El

the EWSR. Oe . n is obtained by assuming the measu-

red (y,n)to be a pure E1 process.

FIG.3 - Typical pulse height spectrum showing the 59.5

KeV y-ray line from the 6.75 days decay of 237U.

. FIG.4 - Experimental cross section for the reaction

238U(e,e',n)237U

s versus electron kinetic energy.
The point at 6.0 MeV is un upper limit to the
cross section. The full curve is the predicted
electrodisintegration cross section for a pure El

process. No free parameters adjusted.

FIG.5 - The ratio of our experimental cross section to the
predicted cross section for a pure E1 process is

shown by the points. The full curve shows the best

straight line fit to the points.




FIG.6

.14.

Experimental cross section for the reaction

238 )234

U(e,e',a Th from ref.3). Curve (& shows the

predicted electrodisintegration cross section

for UY o being a pure E2 process and represented

by a Breit-Wigner with S = 28 MeV mb, Ep = 8.9
MeV and T = 3.7 MeV(see ref.3)).Curve(b3shows
the predicted electrodisintegration cross section

using for OY a the E2 resonance from ref.]s) with

a strength of 90 percent of the EWSR, which leads

2 2

to the Towest reduced X“. The reduced X° of both

curves to the experimental data are indicated.
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