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DISCLAIMER

This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California.
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Summary of the Research Progress lMeeting of Deceﬁber 22, 1949

Henry P. Kramer

. B ) Radietion Laboratory, Department_of Physics
~ University of California, Berkeley, California

" February 14, 1950

Transition Curves in Lead. X-Rays Causing Nuclear Reactions.

1. Experimental, Karl Strauch.

In order to measure the resonance energies for various nuclear mutations
induced by,xfrays, a series Qf foils of different materials were sandwiched
between lead plates (see Fig. l)_and exposed to the x-ray beam_from the synchro»

" tron at meximum energies of 335 Mev and 214 Mev. The activitiés indﬁced in the
foils were counted and recorded as functions of the thickness of léad.preceding
the foil as shown in Fig. 2 for the reaction Cu63(Y,n)Cu62. Table 1 shows the
relative yields, peak energies, and total cross secticns'felative to carbon for

"'a number of materisls for which cross sections have been measured.

" Two nuclear pfocésses are of importance in an attempt‘to interpfet transi-
5ltioﬁ'curves. Photons of all energies produce positron-electron pairs with.a
fre@uénby fhat is a function of their energy. LElectrons that aré formedfthrbugh
‘pair pfoaﬁction:aré capable of again releasing photons by bremsstrahlung.

The transition curve of Fig. 2 can be discussed in terms of these processes.
The initial branch with négative slope is indicative of the prepohderénce of -
absorpfion of 20 Mev x-rays over the creation of additional 20 Mev photons by
the combined action of pair production and bremsstrahlung. Thésé twé processes,

however, with increasing thickness of lead tend to create a supply of photons

‘that ‘exceeds the number that is lost by absorption with the result that; after
passing through a minimum, thé curve rises. As the thickness of lead increases
still'fﬁrther, & gradual depletion of potential 20 Mev photons is observed so

that after passing through a maximum the transition curve decreases exponentially.
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The srea under the transition curve is of importance since’ it'is the datum
that is used to calculate the average énergy for the mutation. Therefore, a
comparison of therratieefOfﬁthe;areeefﬁnﬁé?'ﬁhé?iﬁéhéitibﬁ'ﬁﬁfﬁe%ﬂﬁenw2l4,Mevf
and 335 Mev as obtained experimentally and theeretically constitutes an impor-
tant check of the validity of the ﬁheory;

Cu c
Theoretical 1.55 1.50 -

Experimental -~ 1.51  1.43
The relative yields noted in Table 1 show the surprising result that the

Zn(y,pn) cross section is larger than the Zn(y,2n).

I1. Theoretical. Leonard Eyges.

If one accepts the hypothesis that the nuclear reac@iens which were dis--
cussed in Part I.are caused by photons whose energies in each case fal}-into a
narrow band of energies, then, after having determinedrthe,charaeteristic_energy
of incitation of the reections, one can employ shewer theory in calculating the
transition curves. A transition curve depicts the variation with thickness t of
abeprber of Y{wg,w,t) the number of photons of energy w in a.beam of ma;imum
enefgvao.. It is calculated by.accounting fo? the various ways in which_phepqns
of the desired energy w can arrive at a thickness t. In making this account one
must employ the probability @(Ejw)(see Fig. 3) for t*he creation of a photon of
energy w by an electron of energy E through the mechanism of bremsstrahlung.
And in the calculation of the number of electrons. of appropriate energies. one
must know the probability v (Ejw) (see Fig. 4). of creation of. electrons by pair
production -and the decrease in the energy'pf_electrons by,ionization.. The math-
ematical techniques that were availatle made it neceseary to approximate the. . -
true picture of events by one where average values are used for phe energies of
glectrons and phetens that initiate production of photons by bremsetrahlgng and

of electrons by pair production.




UCRL=-575
Page 5

This simplification has little effect on the resﬁlts of calculations when
one is dealing with the initial downward branch of the transition curvé whe¥e
onlg a small amount of multiplication and diminution of energy has taken place.

Ultlmately, the use of such average values has the effect of widening diver-
gence between experimental and calculated results. In the computation of w, the
meen excitation energy, for the reaction Cub3(y,n)Cuf? the error that is intro-
duced by using average energies for the initiating particles may contain a con-
tfibution of 5 percent from the bremsstrahlung function and 35 percent from the
pair production funcﬁion.

The mean excitation energies for the reactions was obtained by equating the
areas under the expérimental transition curves to a formula containing the quan-

tities w and wp as variables:

area under curve =

f‘” .38 (J A(WO 2}

Y (wo,w,t) dt = ~
o o (w) <1+,79——~ 29(;?—) +)

Here o (w) represents the abscrption coefficient for photons and > = 7 Mev, the

critical energy.

The initial minimum of the transition curve can be calculated fairly éccu—

rately by means of the equation

Yo (wo,w,t) = e s (w)t [l + £ (wo,w) t2 + :!
The mean energy that induces the reaction Cu63(f,n)Cu62 was found to be
~20 Mev. This result agrees closely:with the experimental findings of

other investigators.
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o, Tablel o
Réiative Energy ;

Yield (Mev) - oRel.
1.0 30
14 20
17 (20)
11 21
1.0 32
3.2 34

1.0
9.2
(n)
7.7
1.1

3.0

=,(~G‘(E) dE
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Cu63(Y,n)Cu62
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Fig. 2 t Thickness of lead in
shower units
% (E,w) ﬁ = 335 Mev

E =20 Mev,

10 percent of area
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Fig. 3
Cross section for Bremsstrahlung

(E,w)
70. percent of area
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. Fig. 4
Cross section for pair production





