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AN ANALYTICAL EXPRESSION FOR THE EFFECTIVE SOLID ANGLE 

OF A RECTANGULAR COLLIMATOR FOR THE PASSAGE OF FRAGMENTS 

Abstract: 

FROM BREAKUP PROJECTILES* 

A. C. Shotter 

Physics Department 
Edinburgh University 

A. N. Bice and Joseph Cerny 

Department of Chemistry and 
Lawrence Berkeley Laboratory 

University of California 
Berkeley, California 94720. 

July 1980 
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An analytical expression is given for the effective solid 

angle of a rectangUlar collimator that is used ~s the defining 

aperture of a detection system for recording an excited 

projectile which breaks up into two fragments. Values given by 

the expression are compared to values from a calculation based on 

Monte Carlo methods. 

*This work was supported by the Nuclear Physics and Nuclear 
Sciences Divisions of the U.S. Department of Energy under 
contract No. W-7405-ENG-48. 
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1. Introduction 

In certain experimental investigations the outgoing nuclei 

from a nuclear reaction can be excited to energies above particle 

breakup thresholds; these nuclei can then break up, usually into 

two fragments. More often than not, the best way to record such 

events is to detect in coincidence the breakup fragments arriving 

in separate counters. However, it is sometimes experimentally 

expedient to record the two fragments in the same detector system 

as .for example in the (12C,BBe) reaction. l If the detector 

system is a 6Ex E particle telescope then these events may be 

identified by their special mass identification signals; for the 

B 
above example the two ex's from Be would be recorded as a 

7Li • If such a procedure is followed then it is important for 

cross section estimates to determine the effective solid angle of . . 

the collimator. In this paper an almost general analytical 

expression is derived for the effective solid angle of a 

rectangular collimator in terms of the laboratory kinetic energy 

of the projectile before breakup and the center-of-mass kinetic 

energy E between the breakup fragments. 
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2. Detection EfficIency 

The breakup kinematics for the situation considered is 

shown in fig. 1. The center-of-mass velocity of the decaying 

projectile is denoted by vc. The velocities of the two 

fragments in the center-of-mass frame are vI' v 2 ; their masses 

The total laboratory energy of the projectile is 

denoted by E and the center-of-mass energy E. ·Conservation of 

In the following, it is 

assumed that the breakup fragments are emitted isotropically in 

the center-of-mass system. The locus of the vectors vI' v 2 

are therefore spheres with radii vI' v 2 as indicated in the 

figure. 

The geometrical location of the collimator with respect to 

the source of particles is shown in fig. 2. The,source of 

particles is point 8 which is separated from the collimator center 

by a distance d. The collimator is a rectangle with sides 

(2a) x (2b); the plane of the colI i rna tor is perpendicular to the 

vector 80. 

The situation that occurs wh~n a projectile is emitted from 

8 such that the vector V intercepts the collimator at x,y is c 

shown in fig. 3. The radius of the breakup sphere corresponding 

is given by r = vld/vc ' 
::e:~ (~ :2)da(tm:h:)c~~~~ma::: ::::: 

ml E 
of the vector vI may 

be a~ywhere on this sphere. However, if the particle ml is to 

pass through the collimator then the vector vI must be located 

on that part of the sphere corresponding to the projection of the 
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rectangle 2x x 2y onto the sphere. (This assumes the projectile 

rays are parallel to SO.) If this is so, and vI > v 2 then 

both particles fil and ffi2 will enter the collimator. The 

probability that this will occur is ~(x,y)/2nr2) where A is the 

~ projected surface area onto the sphere. The total of such events 

is then obtained by integration of this probability for all 

q 
f ) 

I 

directions of Vc over the collimator area(2a x' 2b). 

The area A may be found by integration to be: 

A(x,y) = 4r (Y tan-
l
( 2 2

x 
2 1/2) + x tan-

l
( 2 2

Y 
2 1/2) 

(r -x -y ) (r -x -y ) 

-1 ( yx . )) r tan . 2 2.2 1/2 
r(r -x -y) . 

(1) 

provided r2 > x 2 + Y 2 

The probability A(x,y) should then be integrated over x 
2nr2 

and y to yield the total probabilityP that any projectile with 

vector vc,located anywhere over the rectangle, will be recorded. 

This probability is given by: 

2a 2b 

P(a,b) - 1 - 4ab Uf 
o 0 

A(x,y) 
2 

2nr 
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Integration of A(x,y) yields the following expression for P(a,b) : 

p,(a,b) = 7T: Q (13(1+a
2
,)tan-

l 
[ 2

13
2 l/~l 

u.1J (l-a -(3) ~ 

2 -1 [ a 1 + a(l+13 )tan 2' 2 1/2 
(l-a -13 ) 

2 Q t -1 [ al3 1 (1-. ",2)1/2 (2+a
2

) - alJ an 2 2 1/2 - u. 3 
(l-a -13 ) 

where a = (a/r.), 13 = (b/r). 

v 
I , 
t ' 
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3. Results 

As a check to the accuracy of this expression, numerical 

calculations were also undertaken. These calculations simulated 

breakup events and tested whether any particular pair of bre~kup 

fragments passed through the collimator. It was again assumed 

that the breakup fragments were emitted isotropically with 

respect to the rest frame of the decaying projectile. Typically, 
. 6 

for each P(a,b) calculated, ~lO breakup events were sampled. 

In fig. 4 a comparison between the results from the two methods 

is shown. It is seen there is reasonable agreement between them 

for different collimator configurations. The small disagreement 

between the two methods probably arises from the finite sampling 

of the Monte Carlo calculation. 

The analytical expression, eq. (1)" is only valid under the 

d ·· 2 2 b 2 
can 1 t 10n r ~ a + • For situations outside this limit an 

analytical expression may still be computed for P(a,b) but the 

expression becomes more complicated than given by eq. (2) and 

will change for different relative sizes of a, b, r. However, 

h d ·· 2....... 2 b 2 . ff" 1 1 t t e can Itlon r , a + IS su lClent y genera. . a cover 

most experimental situations. 

The analytical expression eq. (2) can be compared with the 

numerical calculations of Menchaca-Rocha
2 

for the specific case 

8 
of Be breakup. Such a comparison indicates that the two 

calculations are in agreement within a few percent. 
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Figure Captions 

Fig. 1 Kinematic breakup cone. 

Fig. 2. Geometrical arrangement of the collimator. The center 

of the eollimator is point Ot the half-width and half-height 

are a and b, respectively. 

Fig. 3. The breakup sphere at radius r. 

Fig. 4. The analytical function P(a,b) for a normalized breakup 

sphere of projected radius 1.0, for a square collimator' 

(a = b) and a rectangular collimator b = 2a~ The circles 

denote values from a Monte Carlo numerical calculation for 

comparison. 
) 
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Fig. 1 
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