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i o - Very recently, Levinge;(l) has analysed the Saclay

data (2) on total photoabsorption cross sections of lead in the

energy range 35-106 MeV by ﬁsing his modified quasi-deuteron
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model. In the present work, this analysis is reviewed and
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extended to the cross section data of lithium, beryllium,'éarbon,
oxigen, aluminium and calcium in the energy range 40-150 MeV

obtained in recent years by the Mainz group (3). It is shown
. 5 .
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. that the available cross;section data (2’ ) provide physical
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evidence for an -increase of the Levingér's factor L with increa-
sing mass number, in accordancé with the assumption made in a
_previous paper by us (4). |
In its simplest form, thé Levinger's model (5) describes
a photonuclear reaction by the iﬁteracfion between the incoming
'_photon and correlated neutron-proton pairs (quasi—déuteron), and.
.such a mechaﬁism of interaction leads to a total nuclear photo-

absorption cross section given by

@ "c;d(ey) - ¥ og(E))

In this equation, cd(EY) is the total photodisintegration cross
section of a free deuteron (6), NZ is the number of neﬁtron—
proton pairs in a nucleus of'ﬁéss number A, and L is a constant
(the so-called Levingér's factor) which represents a measure of
" the relative ﬁrobability of two nucleons being near each other
in a complex nﬁcleus compared with that of a free deuteron. For
a given nucleus, the'}atio LNZ/A'can be thought of as the effec-
tive number of deutéron—liké structures which take place in the

primary photointeraction.

. In the original version of his model, Levinger (5)
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deduced L = 6.4 by using a nuclear radius of 1.4 Al{s fm. Later,
he found (7) L =8 fot a_nucleus of tadius parameter x = 1.2 fm.
On the other hand, several experimentai investigations have
indicated values.of L not well defined (see table Il. In addition
a constant value L =10 (téken’as.being independent of A) has
been assumed throuéhout Monte Carlo calculations of photon-induce'

1z, 13) aiming to study,

1ntranuc1ear cascades in complex nuc1e1 (
in a systematlc manner, (y,nucleon), (Y,spallatlon), (y,fission)
and other photoreactions at-intermediate energies.

‘ Such a varlety of L-values which emerge from both theo-
ret1ca1 and experlmental considerations led us to return at the
original Lev1nger s quasi-deuteron model ( ) in order to search
for a dependence of L on the mass number A. We noted that the:
vaiues 6f L are strongly dependent on the nuclear radius parame-

ter 2,. We have assumed, following Elton (14), an A-dependence

ofllr.o according to

(2) | ng = 1.12 + 2.35872/3 _ 2.0747%/3 g

from which the following equation for L has been deduced (4):

(3) ‘ ' | ; - L = 0N§7 A2 28 )
The L values obtained in this way have been qu1te adequate in
analysing intermediate-energy (y,n) reaction cross sections of
12 238U (4.15

nuclei ranging from ). At present, in our

C up to
systematic study of the ylelds of true d1rect (y,n) and (y,p)
reactlons at intermediate energies ( 6), we have changed from

eq. (3) inte
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the results pf'the Mainz (3) and Saclay (2) experiments on total
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W ;',;:' ‘1f; 2.1 £n (1.34)

to take into account the condition L = 2 for a deuterium target

(values of L calculated from this equation, however, do not differ

"significantly from those obtained from ed, (S)j. We shall see

that the above assumption of an increase of L with increasing
mass number as expressed by eqs. (3) and (4) is consistent with

photoabsorption cross sectidns.of,lithiﬁm, béryllium, carbon,
bxigen, aluminium and calcium in the_energy range 40-150 MeV,
and lead from 35 to 106 MeV photon energy, respectively.

- The data for lead have been recently fitted by the

Levingerfs modified quasi-deuteron modél,(l) which gives a total

“absorption cross section for the nuclear photoeffect as

° . -
/

) . opggE) =L cd(EY)expg-v/EY) :

The one-parameter factor exp(-D/EY) was introduced by Levinger

into his original cross section formula to take into account some

damping effects of the cross section oad(Ey) due to Pauli blocking

of final states for the neutron and/or proton emitted from the
quasi-deuteron at incident phéton energies comparable to, the
Fermi énergy in the nucleus. By assuming L = 8, Levinger (1) has
derived D = 60 MeV as the best vaiue for the damping parameter,
which fits rather well the‘Saclay data (2) on the total photoab-
sorption cfoss-sectiqn in lead. '

In the ﬁresent analysis, use has been made of eq. (5)

" in order to determine both the L and D parameters by least-squares

fitting the available cross section data cexp(Ey) from the Mainz
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and Seclay experiments. The quantity ln(oexp(E )/od(EY)) has
been plotted egaiqst 1/E_Y ih the energy range 40-150 MeV for Li,
Be, C, 0, Al and Ca, and for Pb from 35 to 106 MeV. For each
nucleus under consideration, the great majority of points lies,
within the current ertofs; on a straight line from which the
values of L and D could be deduced. Except for the case of lead

(for wich D = (61%4) MeV and L ="8.3:0.6, in a quite complete

'agreement w1th the values reported by Levinger ( )), no damping

parameter (0 = O) resulted for the nuclei we considered. This

"is probably due to the small values of the Fermi energies EF

for neutrons and protons in nuclei up to A = 40 (Ep < 30 MeV)

as compared with the range of 1nc1dent photon energies

(EY‘Z 40 MeV). As regards the parameter L, the following velues
ﬁere obtained from our analysis: 5.3%1.2 for Li, 4.5x1.1 for Be,
5 8+1. 5 for €, 6.812.5 for O, 7.3+1.9 for Al, and 7.1+2.9 for Ca.
These L-values, together with the obtained one for Pb, are
plotted in fig. 1 as a function of the mass number. We p01nt out
the remarkable increase of LNZ/A with increasing A. The points
have been treated by a least—equares method to give

T 42.147
(6) S, : Lﬁ'-—-ﬁz——

which compares, for A < 100, reasonably well (a maximum of about
20% deviation) with the L-values deduced from our previous formu-
la (3). For A 2 100, eq. (3) (dashed line in f1g 1) gives L-va-

lues which differ from the present ones (eq,. (6) and solid line)

- by less than about 40% (this quantity referring to 23BU). In

any way, an A-dependence of the Levinger's factor L is well

.
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established from the experiment, and eq. (éj'may be used in the
context of the Levinger'p.modified quasi-deuteron model. There-

fore, we replace formula (5) by the new one

-

e o 1.147
o OmqalEy) = A

[oglEgexp(-o/E) .
with D = 60 MeV for Pb and b =~ 0 far nuclei with A < 40.

| Wefhave compa}ed, in a systehatic(ménner, the -total
ébéofption chss sectibns for the_nﬁclear ph@toeffect calculated

%y means of eq. (7) with nearly 300 experimentally determined

" ‘cross sections By the Mainz and Saclay groups (see fig. 2). -

About 80% of the measured cross sections are reproduced within a
factor of two by the pfoposed formula (7) (this factor droﬁs to
1.3 ih the case of lead). The aéreement between calculated'aﬁd
‘measured cross.  sections might be considered good if one considers
either the large errors involved in individual measurements or
fiﬁctuations of the measuréd cross sections from a smoothed

trend in the whole photon-energy interval (2’3) (the smallness

of the cross sections makes pfecise»méasurements to be very
difficult). Therefore, for photons of intermediate energies (say
150 MeV < EY < 400 MeV); it is very adequate to use the Levinger's

modified formula (eq. (5)) with LNZ/A given by = A1'147‘

in
estimating the contribution coming from the quasi-deuteron me-
chanism of photon absorption to the total photonuclear reaction

-

cross section.
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TABLE 1. - Values of L deduced grom photodisintegrati

on experiments.

Bremsstrahlung

_ Reaction energy MeV)

Nucleus

Ref. ‘

(y.np) - 320

Li-Pb

300

1

%

7

Li .

9.6

1+

2.3

12

c

12.4

+

3.0

40

Ca

8.7

+

2.1

6

"Li

4.5

H

1.0

150-250
(.p) 1000
(a ) Calculated value.
//
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figure Capfions

Effective number of deuteron-like agregates, LNZ/A;
plotted against mass‘number A. The points repfesent
the results by least-squares fitfing the measured |
totél photoabsorption cross sections for Li, Be, C, O,
Al énd Ca in the .energy range 40-150 MeV (3) and for.
Pb'from 35 to 106 MeV (2),'as indicated in the text.
The full line, wﬁose éqﬁation reads LNZ/A = A1‘147, is
the result of a least-squares fii through the célculated

points, and the dashed line is the A-dependence of

LNZ/A assumed previously by us (eq. (3)). For the sake

of comparison, the inserted figure shows the correspon-

ding values of L (points) and the A-dependence
L < 2.1 &n (1.3A) (full line) which has been assumed

very recently by us (16).

Frequency distribution of the ratio between calculatéd
total photoabsorption cross sections according to eq.(7)
and”measured Cross sectioné (2’3). Damping parameters
are: D = 0 for Li, Be, C, O, Al and Ca; and D = 60 MeV
for Pb. .
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