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Very recently yields of a number of photon-induced spallation
. . , 1
residuals have been experimentally determined in our Laboratory (')

51y, 55un, M@tre (91.68% °Ore) ana °°

for Co targets, by using the
activation method and y-spectroscopy.In ref.(1)the yields, expres-
sed as mean cross sections per photon, GK ,in the energy range

0.3 GeV-1 GeV, were successfully analysed wmainly in terms of charge-
dispersion curves. For the sake of conciseness the reader is refer-
red to (1) as far as experimental conditions of exposures, target
thicknesses, detection techniques, monitoring devices and the erro-
rs involved in the measurements are concerned.

Mass-yield distributions of more than 100 spallation products
were obtained, which showed the well known pattern of spallation,
i.e. an exponential decrease of the yields with increasing number
AR of emitted nucleons (AA = At- Ap’ At

bers of the target nucleus and product nucleus, respectively), and

and Ap being the mass num-

identical yield distribution curves which fitted fairly well the
experimental points for different Ap at fixcd charge numbers Z.
Also we found quite similar values of the slopes K of the

yield-surface ridges, regardless of the target masses. The measured

values were, in fact, K = 1.31 for 51V 55M

natFe, and 1.33 for 59Co and, by taking into account the error that

, 1.33 for n, 1.32 for
affects such measurements, the conclusion was reached of a substan-

tial constancy of K within the mass range investigated, which is

rather limited.



The slope K of the yield-surface ridge represents the decrea-

se of yield per unit increase of AZ and can be expressed as

_ 1/ AZ

!

where 091 and °p2 are the yields of two different products equal-
ly displaced from, and on the same side of, the B-stability valley,
(2.~ Zoq) = ZoqT Do

, and sz being the charge numbers of target, first spalla-

and AZP represents the difference (Z,~ 2

Ze 1%

tion product chosen, and the second one, respectively (Zp1 > sz,
since K is always nigher than unity).

Clearly K is a very useful parameter in evaluating the rate
with which the yields of spallation residuals decrease with increa-
sing AZ ( and, consequently, AA) for a given target nucleus.

Several multiparameter analytical functions have been propo-
sed up now (2_6) to calculate the cross section of any spallation
product as a function of At , AO ,Zp , bat no use of K has been

o

made, at least directly.

The aim of this work was to search for a rather simplified
formula which included K among the other parameters.

In view of this, the mean cross sections of ref.(1) have
been multiplied by the factor ( K )AZ, with K = (1.32 + 0.02) and
AZ = Zt - Zp .This procedure brought all the parabolas of the dif-
ferent mass-yield distributions at fixed Zp up to the same hori-

zontal level. Then we have plotted the quantities o¥* = EK (K)AZ

versus (Ap - AS) in a semilog graph. The difference A_ - A



represents the distance of the mass number of the spallation re-
sidual from the mass number As at the centre of the stable valley
for Z2 = Zp .As a first approximation, we used for AS the experimen-
tal peak values of the mass-yield distribution curves of ref.(1).
In doing this we considered only product nuclides with AA > 2

and AZ > 1 and analysed, thus, 96 mean cross sections per photon

in the energy range 0.3 GeV - 1 GeV.

51V, 55Mn, natFe, and 59Co o* experimental data were

All the
found, in this way, to lie very nearly on a parabola and therefore
we assumed, for this peculiar yield distribution, the following

expression to be valid

2

(2) 0¥ = B exp {~- C(Ap - A)T ).

S

A least-squares analysis has been carried out in order to

determine the parameters B and C, by putting eq.(2) in the form

(3) Ino* = 1nB - C(A, - a) %,
which simplified a good deal the calculation, since it establishes
a linear dependence of lno®* on the quantity (Ap - AS)Z.
By successive iterations we got
(4) B = 1100 * 25 ,
(5) C = 0.250 * 0.005
and a coefficient of correlation r = -0.98, which confirmed the

.

original assumption of a linear correlation between 1no¥ and

2
(Ap - A"



In the course of the analysis we were also able to find the

following relation between the parameter B and the target mass

number At
(6) B =aAo. ALl = ag
E'N 't N
with
(7) a=4.26 + 0.09
and
(8) EN = 258 ub ,
SN being the mean total cross section of the interaction of

photons with a free nucleon, whose value has been taken from the

paper of Damashek and Gilman (7). The product AtE in eq.(6) re-

N

presents the mean total inelastic yield of the y-nucleus interac-~
tion.
Finally, we deduced a Z-dependence of A_ of the type

(9) AS = (2.27 £ 0.07)2 - (2.20 + 0.09) .

The latter expression gives values of A which are compared,

b=l
in table I, with similar ones obtained by means of different assum-—

4,8 1,9

ptions ( ) and with others experimentally determined (

) .
As one can See, very good agreement is found among calculated and

experimental AS values, with the exception of those reported in

ref.(4).

From the above reported considerations, eq.(2) may now be

rewritten as

3 R - - 2
(10) 0l ale ao,, exp{ C(Ap As)

}



In fig. 1 the trend of Géalc is shown as a function of

(Ap~— AS) .For the sake of comparison, the experimental o* values

are also reported. The FWHM of the parabola is about 3.3 (Ap - As)

s

units with a maximum of 1100 ub. The estimated errors in Zalc
range between 10% and 50%.

From eq.(10) one obtains

o‘ =
xcalc

(11) QY

(a5 / (0 F)expi-c(a, - 2%

P
which, by substituting to the parameters a, EN' C, and As the nu-
merical values of eq.(7), (8), (5), and (9), respectively, and by
assuming K = (1.32 + 0.02), gives the absolute mean cross section
per photon (in ub) for the production of the nuclide AP from a
given At , in the energy range 0.3 GeV - 1 GeV.

In eq.(11), C defines the width of each mass-yield curve

at fixed Zp and can be compared with the same parameter found by

Kumbartzki et al. (4) (there indicated as R), whose value is
01 ok

0.29 + 0.07 for °'V and 0.37 + 0.08 for ""'re. Reasonable agree-—
51

V only. On the other hand, we found (1), for

-
the mass-yield distribution curves from °1V, 55Mn, natFe, and 59C

ment is found for
o,
the same widths, as has already been said. Besides, the values
given by Kumbartzki et al. (4) refer to the energy range 1 GeV

-2 GeV.

A good test of the validity of eq.(11) may consist in calcula-
ting the ratios R between experimental and calculated mean cross
sections per photon and their displacements from unity. We conside-

red the set of 96 experimental values of ref.(1) and another set



of 19 values measured by Blilow et al. (9) for 51V in approximately

the same energy range. The result of the calculation is shown in
fig. 2. It has been found that 53% of the experimental cross
sections are reproduced by eq.(11) within a factor 1.25, 80% within
a factor 1.5, anq 95% within a factor 2. Moreover, we compared the
measured yields of 24Na photoproduction from different targets
9,10,11

(19 < 2z, < 29) (

£ ) with those calculated by means of eq.(11),

Fig. 3 allows to compare the experimental values with the calcula-
ted trend for Ap = 24 and Zp = 11. Other measured yields, such as
those of 18F and 22Na from 39K and 40Ca targets (10), seem to be
rather well reproduced by eq.(11) within a factor about 1.5.

All these considerations allow us to consider the five-parame-
ter formula (11) as an useful tool in predicting photospallation
cross sections in the energy range 0.3 GeV - 1 GeV with a fairly
good accuracy for target masses between 50 and 60. Reasonable
good accuracy is also obtained for the range of hasses 39 -65.

The lack of a rather large amount of cxperimental data on
photospallation of heavier nuclei neither permits to check the
validity of eq.(11) for higher target masses, nor it allows any
attempt to find a similar formula which be valid for that mass
range.

In concluding this note we wish to point out that eq.(11) is
some%hat simpler than other formulae, which need for a different
set of parameters for each target nucleus and do not furnish,

however, results better than those here discussed.
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Table I. - Calculated and experimental values of the mass number AS at the centre of the

stability valley as a function of Z.

»

Element Z Calculated (a) Calculated (b) Calculated Experimental Experimental
present work ref.(g) ref.(1)
Ne 10 21.0 20.6 20.5 20.5
Na | 11 23 .1 22.6 22.8 23.0 22.7
Mg 12 25.3 24.6 25.0 25.3 25.0
Al 13 27.5 26.6 27.3 27.3 27.3
Cl 17 36.4 34.6 36.4 36.2 36.2
Ar 18 38.6 3€.6 38.7 38.6 38.4
X 19 40.9 38.5 40.9 40.8 40.8
Ca 20 43 .1 4505 43.2 43.2 43.2
Sc 21 45.4 42.4 45,5 45.5 45.4
\Y% 23 50.1 46.3 50.0 50.0
Cr 24 52.4 48.3 52.3 52.4
Mn 25 54.7 ' 50.2 54.5 54.5
Fe 26 57.1 52.1 56.8 57.0

(a) Values calculated from Z = %(AS - 0.0060AZ/3), quoted in ref.(8).

(b) Values calculated from As = 87 = TZZ, with s = 2.09 and T = 0.0033, gquoted in ref.(4).
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Figure captions

Fig. 1. — Trend of ¢¥* = EK(K)AZ as a function of (Ap - A,). The
circles represent experimental values of o¢* obained from the yields
reported in ref. (1). The curve is the best fit of the experimental

points; its analytical expression is given by eq. (10).

Fig. 2. - Comparison between experimental and calculated cross
sections. The quantity R represents the ratio OK,exp/OK,calc (if
0K,exp Z OK,calc) or OK,calc/ 0K,exp (if OK,exp < 0K,calc)' The

histogram dispays the frequency N(R) relative to each fixed range

of R values. The abscissa has been divided in steps of 0.25 units.

Fig. 3. - Experimental and calculated values of the mean cross se-

ction of 24Na photoproduction from 39K, 40Ca, 51V, 55Mn, natFe,

$9Co, and natCu. Triangles: ref. (1’10
11 9 RS Lind
); star: ref. (7). The straight'gives the trend obtained from

); reversed triangles: ref.

(
eq. (11). The two lines above and below it have been obtained by
multiplying and dividing, respectively, the calculated values by
the factor 1.5, within which lie 80% of th+ oxperimental points

analysed in the present work (see text and fig. 2).
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