
0 2 .60.13
Reprinted from  T h e  R e v i e w  o f  S c i e n t i f i c  I n s t r u m e n t s ,  Vol. 31, No. 5, 578-579, M ay, 1960

Printed in U. S. A.

Optimum Target Orientation in Nuclear 
Reactions Experiments

J o r g e  R o s e n b l a t x  
Comisión Nacional de Energía Atómica, Buenos Aires, Argentina 

(Received January 27, 1960)

C .N .E .A . B i b l i o t  e c a | 
ARCHIVO PUBLICACIONES |

**• ' I

A

T N a recent paper1 the effects of target thickness upon the 
energy resolution of analyzing systems are discussed. 

This is done in terms of a certain quantity, the total energy 
loss in the target, which is made to be independent of the 
depth at which the reaction takes place by suitable orienta­
tion of the target. But one actually measures the energy of 
the emitted particle, and then one should try to compénsate 
two combined effects: (1) its energy loss in the target and 
(2) the way in which the energy loss of the incident particle 
is transmitted to the outgoing one. As we shall presently 
show these two losses cannot be simply added.

We shall use the same notation as reference 1: An (a,b) 
reaction proceeds in a target of thickness t whose normal 
forms an angle a  with the direction of the projectile (a ); 
a is positive when it lies on the same half-plane as 9, angle 
of the emitted particle (b), and negative otherwise. Con- 
sider the reaction taking place at depth y inside the target. 
Then, to a first approximation, the energy E b will be re- 
duced with respect to that resulting from an ideally thin 
target in the amount
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A E b = -------------------+
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where dE/dx  is the energy loss rate. The first term in the 
right-hand member of Eq. (1) represents the energy loss of 
the outgoing particle in the target, while the second stands 
for the effect on its energy due to energy loss of the pro­
jectile. The only difference with Eq. (1) of reference 1 
appears in the factor (dE b/d E a)e, the variation of energy 
of particle b detected at angle 0/unit variation of energy 
of particle a.

If we now write
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we see that the first term in the right-hand member does 
not produce any effect on energy resolution if straggling is 
neglected; it only accounts for a constant correction easily 
computable from the known valúes t, 9, and a. The second 
term is responsible for the energy spread
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which can be made zero if

/=-
COS(9 a) 1 dE b/dx

(dEb/dEa)e dEa/dx
(4 )

The first equation defining / is the same as the corre- 
sponding one in reference 1, but the second is different 
because of the factor (d E b /d E ^ f1- This means that Fig. 3 
of the aforementioned paper, giving the optimum angle a 
as a function of 9 for different valúes of /, is still valid, but 
the determination of / from E b as given by Fig. 4 for 15- 
Mev deuterons is not, at least for light target nuclei. When 
the masses of the target nuclei are much greater than those 
of incident and detected partióles Eb^Ea-j-Q  (Q being the 
reaction energy) and (dEb/dEa)eÔ  1. In such a case no 
correction is needed.

In the general case, however, a correction factor must 
affect the valúes of / obtained from B. L. Cohen’s paper.1 
It can be calculated from the general scattering relations as

/dE b\ _1 E a (mc+ m b)E b+ (m c—m a)Ea+m cQ/a iL b \

\dEa)
, ( 5)
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where mc is the mass of the residual nucleus.
In elastic scattering (Q =0), for instance, the ordinates 

of d curves should be multiplied by E a,/Eh.
The author is indebted to Dr. S. Mayo and Lic. J .  Merlo 

Flores for their useful comments on the subject.
1 B . L. Cohén, Rev. Sci. Instr. 30, 415 (1959).


