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ABSTRACT

Yield curves were measured for one neutron emission

in 12C, 19F, 35Cl and 65Cu, and for two neutron emission in

63Cu, with target stacks which were bombarded bv electrons.
The results were analyzed to‘compare the vields from the di-
rect effect of the electrons with those resulting from
bremsstrahlung from the eletrons. The analysis was carried

out with the virtual photon method in PWBA and DWBA. Agreement
with DWBA predictions is obtained assuming photoabsorntion

through El transitions.

SUMARIO

Foram medidas as curvas de ativagéo,para emissao de um

neutron,do 12C, 19F, 35Cl e 65Cu e, pmara emissao de dois neu

63Cu, bombardeando alvos com electrons. Os resultados

trons,do
foram analisados de forma a comparar as ativacoes resultantes

do efeito direto dos eletrons com as que resultam do bremsstra
lung dos eletrons. A analise foi efetuada usando o método dos
fotons virtuais em PWBA e DWBA. Foi obtido acordo com as pre-

visoes de DWBA surnondo-se que a fotoabsorgao se processa atra-

vés de transicdes El.




l. Introduction

The direct interaction of the electromagnetic field
of fast eletrons with nuclear charges and currents is closely
related to the interaction of photons with nuclei. When a
photon is absorbed by a nucleus the momentum transfer is fixed
by the photon enerqy, whereas when an electron transfers enerqgy
to a nucleus the momentum transfer has a continuous distribu-
tion. To the approximation that nuclear size can be neglected,
the relative effects of photons and electrons in producing
nuclear reactions can be evaluated without the detailed
knowledge of nuclear wave functions. The only information
needed is the multipole order of nuclear transitions involved.
By relating the cross-section for electron-nucleus excitation
to the corresponding photo excitation process a virtual radia

tion spectrum can be defined: (1)
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where:

A = label either E or M for electric or magnetic tran-

sitions;
L = multipole order
Oy = cross-section for electron-nucleus excitation
(integrated over all scattering angles);
oY = cross-section for photon-nucleus excitation;

w = photon energy ( real or virtual);

El = incident electron total energy




N(AL)= virtual photon intensity spectrum

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

vield in photoexcitation experiments:
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Thus, expression (2) enables one to evaluate the electroexci-

tation cross-section, from the photoexcitation cross-section,
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Using plane waves (PW) for the incoming and outgoing

electrons, Thie et al.(l) obtained expressions for N(AL)(El,w)

in the case of El, E2 and M1l transitions:

For El1 the expression is:

Ng,}] (Ey,w) = (a/7) {[(Ei+E§)/(Ei-m§)] log [(E1E2+\l (Ei-mg) x
x\l (E2-m?) -m:)/meW] - 2 \l(n%-mf_,)/(zi-mi) } (3)

where:

2 1l
m, =electron's rest enerqgy

o = fine structure constant




Using a distorted wave treatment (DW) with Dirac-Coulomb
wave functions for the basis states of the electron, Gargaro

(2)

and Onley ,obtained computable expressions for N(AL) for all

multipole orders:

N‘Q‘f‘,’ (B ,w) = [(a/ﬂ) (Py/P,) (Ey+m,) (E2+me)w4(2L+l)—l} K)ivcz S(A) x
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where:

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

S(A) projection operator which retains only those
terms satisfving the selection rules for electric
or magnetic transitions of multipole order L;

A) 2)

R( and remaining parameters are defined in ref.

Experiments (3-7)

comparing photo and electrodisinte-
gration of nuclei have been reported. These experiments were
carried out before the distorted wave treatment of virtual

(2)

photon spectra was available.

For light and medium weight nuclei the results of these
experiments could be explained, in the plane -wave avproach, by
assuming a mixture of E1l with up to 12% E2 contribution. For

high Z the required E2 contribution was of the same magnitude or

higher than the El. A reanalysis of the above data with a




(8)

distorted wave treatment showed that thev can be explained
assuming only El transitions. For some of these experiments
only 3 or 4 points were measured. The measurements near the
threshold show, in general, disagreement with the predictions
of both plane and distorted waves treatment.

With the aim of extending data to compare with the
theoretical predictions, we carried out measurements of photo
and electrodisintegration in some light and medium weight nu-

clei. The reactions studied are: a) one neutron emission from

12 19 35

CI F' Cl' and 65

Cu and b) two neutrom emission from63Cu.

2. Measurements and Analysis

We used the three-foil stack method, for comparing
the electro and photodisinteqration cross-sections, first des-

cribed by Brown and Wilson(3)

. In this method, a heam of mo-
noenergetic electrons strikes, in succession, a front target,
a radiator for producing a known breméstrahlunq spectrum,and
finally a back target as identical as possible to the front
one. The foil thicknesses are chosen so that the activity Nl’
in the front target,is mainly due to electrodesintegration,
while that of the‘back, NZ’ is caused bv electrodesintegration
and photodisintegration in approximately equal amounts. Negle-

cting the corrections due to the finite thickness of the stack

the ratio ( Nz-Nl)/N1 would give directlv the relative photo.

to electrodisintegration yields (v, /Y ).




The electron beam was provided by the Linear Accele-
rator of the Instituto de Fisica da Universidade de Sao Paulo.
The electron beam passed through a SEM (secondary emission mo-
nitor) before striking the targets placed in a vacuum chamber.
For each bombardment the SEM current was recorded in a time
sequenced scaler (TSS) so that acurate corrections for the de-
cay during bombardments could be made.

The activities of the targets were measured by detecting
in coincidence the enerqgy-selected annihilation radiation in
two Nal scintillation counters. The targets were often inter-
changed and counted in the same system. The coincidence pul-
ses were stored in a multichannel analvser operatinag in TSS,
so that the desired initial activities could be obtained by

analysis of the decay curves into their components.

For 12C and 19F we used Teflon (CnFZn) targets and
for35Cl we used PVC (C3H5C1) targets, which also furnished da-
ta on 12C. For 63Cu and 65Cu we used natural Copper tarqgets.

27

The radiator was " Al with a thickness of.546 q/cm2(2.28x10-2R.L.)

3 3

The targets were tvpically 5 x 10 ° R.L. for PVC, 2 x 10 ° R.L.

3

for Teflon and 5 x 10 ° R.L. for Copper.

In correcting for the finite foil thickness we have

used the methods described by Barber:(s)

Rexn = YBr/Ye = R(El - (l/2)At) =

(1/2)tt + t
t, +t

=r'/ 1- R £ ™ )

t
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t r
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Nl(El) = activity (or vield) per electron induced in the first
target foil
N2(El) = activity (or vield) per electron in the target which

is behind the radiator
tt, tr and tf = thickness in radiation lenghts of the target,
radiator and material upstream from the foil
stack, respectively
At' Ar = electron enerqgy loss by radiation and collision in
the target and radiator, respectively
< 62 > w mean square scattering angle of the electrons in the
radiator.

In order to determine the correction term D=8(N1+N2)/3E1

a polynomial of degree n, Pn(Ei) was adjusted to the experimen

- [] ey -
tal (N1+N2) data. Then, D =P n(El) = dPn(El)/dEl' The uncer

tainty in D was evaluated as:

n -1
i n LU (7)



where:

i=1

Hij = error matrix for the coefficients of PQ

The n chosen was the one which gave the best x2 with a non~

oscilatory solution for the fit. In all cases 2 < n g 4.

3. Results and comparison with theory

Figs. 1 to 5 shows the ratios of photo to electro-

2

disintegration presented in units of (Zi ror%), Zr being the

atomic numbher of the radiator, r, the classical electron radius

and Nr is the number of atoms/cm2 in the effective radiator.

In these units the ratios are called F and hecome independent

of Nr' The errors are a statistical combination of estimated

errors incurred in separating the decav curves into their cons
tituent activities and from uncertaintv in the corrections.
The largest contribution to the total error comes from the
uncertainty in D. For a few points near threshold the uncer-
tainty in D was as high as 100%, decreasinqa typically tovabout
10% in the steep part of the yield curve.

The ratios predicted by theorv are evaluated from:
E
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where ¢ is the thin target bremsstrahlung intensity spectrum

produced in the effective radiator.

In order to compare our experimental data with theory
we assumed that the measured photo cross-sections were excited

entirelv by electric dipole. The curves labelled FpW and FDW

in Figs. 1 to 5 were evaluated from the expressions:

e
dw
E, w,2.) —
(E1) _ 2 2 Jo o, W) ¢ (Ey,w,2.) &
Flow = (Nr/Zr r, Nr) S (9)
e
El dw
. oy(w) Now (El,w) —
rE,~m
o, 6 (B w,z) T
(El) — 2 2 J O
Filow = (N /2. r N.) - (10)
e El
oy(w) NDW(El,w,Zt)%g
Jo
where, N?é is given in expression (3) ,¢ is the Schiff bremsstrah-
lung spectrum for intermediate screeninq(g), GY is the measured

El

photo disintegration cross—-section and NDW

is given by an ana-

lytical expression which fits the calculations of Gargaro and

Onlev(z) for )X = E and L=l (10)

El _ E1 -5 1/3
Now (El,w,zt) = Npy (El,w)+w [}.29x10 exp(1.245Zt "OSZElﬂ x

X (E2+me)/(E1+me) - (11)




where zt is the target atomic number. In evaluating

expressions (9) and (10) we have used, for oy, data available
in the literature (11714)

The dashed curve in each figure,with its respective
xz, is the result of fitting a polvnomial to experimental data.

For 12C, fiqg.l, pr and FDW are almost the same and

experimental data is compatible with both. For the other nuclei
studied, figs. 2 to 5, experimental data are in good agreement

with the distorted wave predictions for electric dipdle transitions.
This can be seen by the x2 values of the DW curves, which reflect
how well the theoretical predictions fit the measured points( no

free parameters adjusted).

4. Conclusions

From the presented data and its analvsis we can conclude
that the DW calculation, based on the formalism of Gargaro and
Onley, explains the experimental results, assuming photoabsorntion

through El1 transitions, even near the threshold.
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