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Summary of the Research Progress Meeting of December 22, 1949 

Henry P. Kramer 

Ra_diation Labor~tory, Department of Physics 
University of California, Ber~eley, California 

· February 14, 1950 · 

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

I. Experimental. Karl Stra~ch. 

In order to measure the resonance energies for various nuclear mutations 

induced by x~rays, a series of foils of different materials were sandwiched 

between lead plates (see Fig. 1) and exposed to the x-ray beam from the synchro-

tron at maximum energies of 335 Mev and 214 Mev. The activities induced in the 

foils were counted and recorded as functions of the thickness of lead pre.ceding 

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 sections 'relative to carbon for 

a number of materials for which cross sections ·have been meastired. 

Two nuclear processes are of importance in an attempt to interpret transi

tion curves. Photons ~f all energies produce positron-electron pairs with a 

frequency that is a function 'of their energy. Electrons that are formed thrbugh 

'pair production are capable of again releasing photons by bremsstrahlung. 

The transitiort curve of Fig. 2 can be discussed in terms of these processes. 

The initial branch with negative slope is indicativa of the preponderance of 

absorption of 20 Mev x-rays over the creation of additional 20 Mev photons by 

the combined action of. pair production and bremsstrahlung. These two 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 'tl:iat; after 

passing through a minimum, the curve rises~ As· the thickness of lead increases 

still further, a gradual depietion of potential 20 Mev photons is observed so 

that after passing through a maximum the transition CUrve< decreases exponentially. 
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The area under the transition curve is of ·Jkp'orta.h·ce since it .. is the datum 

that is used to calculate the average energy for the mutation. Therefore, a 

comparisoil: of the -rati~s of the' ar~a·~ .·un'der •th~ (tf::a.rtsiti:~Ii '·cw:Ve1s· .{or ,214 .Mev, 

and 335 Mev as obtained experimentally and theoretically constitutes an impor-

tant check of the validity of the theory: 

Theoretical 

Experimental 

Cu 
1.55 

.. 1.51 

c 
1.50. 

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). 

II. Theoretical. Leonard Eyges. 

If one accepts the hypothesis that the nuclear reactions 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 determined the characterist~c energy 

of incitation of the reactions, one can employ shower theory in calculating the 

transition curves. A transition curve depicts the variation with thickn~ss t of 

absorber of y(w0 ,w,t) the number of photons of energy win a. beam of maximum 

energy w0 • It is calculated by accounting fo~ the various ways in wh~ch photons 

of the desired energy w can arrive at a thickness t. In making this a9count one 

must employ the probability ¢(Elw) (see Fig. 3) for the creation of a photon of 
. . 

energy w by an electron of e~ergy E through the ~echanism of bremsstrahlung. 

And in the calculation of the number of electrons. of appropriate energies one 
' . ' . . 

must know the probability '\I (Elw) (see Fig. 4) of creatio,n of. electrons by pair 

prod~ction and the decrease in the energy of electrons by ionization •. The math-

ematical techniques that were av~ilable made it necessary to appro~imate the: ·• ·. 

true picture of events by one where average values are used for the energies of 
. . . ~ . 

electrons and photons that initiate production of; photons by br~msstrahl~g and 

of electrons by pair production. 
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This simplification has little effect on the results of calculations when 

one is dealing with the initial downward branch of the transition curve where 

only a small amount of multiplication and diminution of energy has taken plac'e. 

Ultimately, the use of such average values has the effect of widening diver-

gence between experimental and calculated results. In the computation of w, the 

mean excitation energy, for the reaction cu63(y,n)cu62 the error that is intro-

duced by using average energies for the initiating particles may cqntain a con-

tribution of 5 percent from the bremsstrahlung function and 35 percent from the 

pair production function. 

The mean excitation energies for the reactions was obtained by equating the 
. . . 

areas under the experimental transition curves to a formula containing the quan-

tities w and w0 as variables: 

area under curve = [ "; (w 0 ,w, t) dt = 
0 

.38 

"( w) w 

Here cr- (w) represents the absorption coefficient for photons and ~ = 7 Mev, the 

critical energy. 

The initial minimum of the transition curve can be calculated fairly accu-

rately by means of the equation 

( ) -cr(w)t [ ?. J Y0 w0 ,w,t = e 1 + f (w 0 ,w) t · + ••• 

The mean energy that induces the reaction cu63 (y,n)cu62 was found to be 

...- 20 Mev. This result agrees closely· with the experimental findings of 

other investigators. 
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Table 1 
' 

- -; d ~: r. ~ ., 

Relative Energy 
Yield (Mev) c • 

1.0 30 

14 20 

17 (20) 

11 21 

LO 32 

3.2 34 
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cr'Rel. = J cr (E) dE 

1.0 

9.3 

(n) 

7.7 

Ll 

3.0 
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214 Mev 

exponential decrease 

Fig. 2 t Thickness of lead in 
shower units 

10 percent of area 

Fig. 3 
Cross section for Bremsstrahlung 

70 percent of area 

Fig. 4 
Cross section for pair production 
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