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The asymmetry of Compton Profiles (CPs) measured with a 60-keV 2 4 1 Am source on an Al 
monocrystal, cut along [111], is reported for three different geometrical resolutions. It is found that 
the geometry of the spectrometer has a substantial effect on the asymmetry of the CP. The better 
the geometrical resolution the smaller the asymmetry of the CPs. 

Key words: Compton profile; Compton asymmetry; Geometrical resolution; Compton spectros-
copy; y-ray spectroscopy. 

1. Introduction 

It is a well e s t ab l i shed e x p e r i m e n t a l fact t h a t n e a r l y 
all m e a s u r e d C o m p t o n prof i les s h o w a s ignif icant re-
s idua l a s y m m e t r y , r egard less of the relat ive ene rgy -de -
p e n d e n t co r r ec t i ons t a k e n in to c o n s i d e r a t i o n , s u c h as 
the C o m p t o n sca t t e r i ng cross-sec t ion , a b s o r p t i o n a n d 
mul t i p l e sca t te r ing . 

H o w e v e r , a c c o r d i n g to the i m p u l s e a p p r o x i m a t i o n , 
wh ich is the t h e o r y app l i ed fo r t he i n t e r p r e t a t i o n of 
the C o m p t o n sca t t e r i ng e x p e r i m e n t s a l m o s t exclu-
sively, the o b t a i n e d C P s s h o u l d be symmet r i c . 

Severa l w o r k e r s in the pas t h a v e t r ied to inves t iga te 
the or ig in of th is a s y m m e t r y . C o o p e r et al. [1] h a v e 
e x a m i n e d the c o n t r i b u t i o n of t he air sca t t e r ing in the 
tail of t he r e so lu t i on f u n c t i o n a n d h a v e r e p o r t e d t h a t 
its inf luence o n t he prof i le was ins ignif icant . 

H o l t et al. [2], in a n inves t iga t ion of this a s y m m e t r y , 
suggest t h a t the i m p u l s e a p p r o x i m a t i o n is n o t val id 
w h e n a 2 4 1 A m s o u r c e is used, a n d they c o n c l u d e t h a t 
f u r t h e r q u a n t i t a t i v e w o r k is needed . 

Ine las t ic sca t t e r ing wi th in the sou rce (self-scat ter-
ing) h a s been inves t iga ted by M a n n i n e n et al. [3] fo r 
60-keV 2 4 1 A m a n d by Ro l l a son et al. [4] fo r 1 9 8 A u , 
5 1 C r a n d 1 9 2 I r . M a n n i n e n et al. suggest t h a t t he a s y m -
met r i ca l p a r t of t he d e t e c t o r r e s p o n s e f u n c t i o n m u s t 
be r e m o v e d wi th a r e s o l u t i o n - d e p e n d e n t d e c o n v o l u -
t ion scheme [5] in o r d e r t o a c c o u n t for the v a r i a t i o n of 
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the r e so lu t ion func t ion ac ros s the C P . O n t he o t h e r 
h a n d , Ro l l a son et al. sugges t a m e t h o d of c o r r e c t i o n 
a n d app l i ed it t o thei r m e a s u r e m e n t s . T h e y f o u n d a 
res idua l a s y m m e t r y of a b o u t —1.5% of J(O), the m a x -
i m u m value of the C P , t h a t is n o t yet exp la ined a n d is 
i n d e p e n d e n t of the sou rce energy . 

D e s p i t e all the effor ts m a d e unt i l n o w , t he a s y m m e -
try of the C P r ema ins a n d c a n n o t be exp la ined a n d 
r emoved . 

In the p resen t w o r k , C P m e a s u r e m e n t s f r o m a 60-
keV 2 4 1 A m source on a n Al m o n o c r y s t a l , cu t a l o n g 
[111], a re o b t a i n e d w i th th ree d i f ferent geome t r i ca l 
r e so lu t ions (GR). T h e inf luence of the geome t r i ca l res-
o l u t i o n o n the a s y m m e t r y of the C P is inves t iga ted 
a n d discussed. 

2. Experimental Procedure 

It is well k n o w n [6] t h a t the G R is a f u n c t i o n of the 
p r i m a r y energy, the sca t t e r ing angle cp a n d the unce r -
t a in ty of the sca t te r ing ang le ±A(p. In th is w o r k t h e 
G R is a l te red by c h a n g i n g the sca t t e r ing ang le (p a n d 
the u n c e r t a i n t y ± Acp fo r a given p r i m a r y energy . F o r 
this r e a s o n t w o di f ferent co l l ima t ion sys tems h a v e 
been used, based o n a 300 m C i 2 4 1 A m disc source , in 
c o n n e c t i o n wi th the e x p e r i m e n t a l s e t -up descr ibed in 
[7], resu l t ing in th ree di f ferent G R s . T h e first G R 
( G R 1 , Fig. 1) c o r r e s p o n d s t o a c o l l i m a t i o n sys tem t h a t 
has a m e a n sca t te r ing ang le of 170° a n d a F W H M of 
2°, equ iva l en t to 28 eV of ene rgy s p r e a d o r 0.04 a.u. of 
m o m e n t u m [7]. T h e o t h e r t w o G R s ( G R 2 a n d G R 3 , 
Fig. 2) c o r r e s p o n d to a co l l ima t ion sys t em t h a t h a s a 
m e a n sca t te r ing angle of 160° a n d a F W H M depen-
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Fig. 1. Layout of the Compton spectrometer for (p = 170°, corresponding to GR1. 
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•3 Ci d i s c s o u r c e ( A m 2 4 1 ) 

Fig. 2. Layout of the Compton spectrometer for cp = 160°, corresponding to GR2 and GR3. 
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den t o n the s o u r c e - t o - s a m p l e d i s tance . T h e G R 2 co r -
r e s p o n d s to a d i s t ance e q u a l to 18 c m resul t ing in a 
F W H M of 3°, wh ich is equ iva len t to 85 eV of energy 
s p r e a d o r 0.13 a.u. of m o m e n t u m . T h e G R 3 cor re -
s p o n d s to a d i s t ance e q u a l t o 12 c m resul t ing in a 
F W H M of 5°, wh ich is equ iva l en t t o 132 eV of energy 
s p r e a d o r 0.21 a.u. of m o m e n t u m . 

All C P s were m e a s u r e d wi th the s a m e de tec t ing 
sys tem. T h e p u r e - G e so l id-s ta te d e t e c t o r h a s a reso lu-
t ion of 357 eV F W H M at 59.54 keV g a m m a - r a y en-
ergy. 

T h e s a m p l e s used were t w o a l u m i n i u m m o n o c r y s -
ta ls cu t a l o n g the [111] d i rec t ion , wi th a d i ame te r of 
2.5 c m a n d th icknesses of 1.0 m m a n d 3.2 m m , respec-
tively, p u r c h a s e d f r o m M e t a l C rys t a l s Ltd. , C a m -
br idge . T h e s igna l - to -no i se r a t i o as well as the geome t -
rical a n d to ta l r e so lu t i on for each expe r imen ta l 
a r r a n g e m e n t a re s h o w n in Tab le 1. 

T h e r a w d a t a of all m e a s u r e d spec t ra , af ter back -
g r o u n d s u b t r a c t i o n , were co r r ec t ed fo r ene rgy-depen-

den t C o m p t o n c ross -sec t ion a n d a b s o r p t i o n in the 
sample . F o l l o w i n g the d e t e r m i n a t i o n of t he p e a k of 
the C P , its a s y m m e t r y w a s o b t a i n e d by s u b t r a c t i n g 
the h igh -ene rgy side •/( + ) f r o m the low-ene rgy side 
J ( —) of e a c h co r r ec t ed C P a n d expressed in pe rcen t -
age of J{0). 

3. Results and Discussion 

T h e C P a s y m m e t r i e s for the 3.2 m m th ick s amp le 
a re p lo t t ed in F i g u r e 3. T h e curves A, B, C c o r r e s p o n d 
to the th ree d i f ferent geome t r i ca l r e so lu t i ons G R 1 , 
G R 2 a n d G R 3 , respect ively. I t is c lear ly s h o w n t h a t 
the a s y m m e t r y decreases as the G R is i m p r o v e d . 

P a r a m e t e r s t h a t affect the a s y m m e t r y , such as 
source se l f -sca t te r ing in g a m m a - r a y sources a n d val id-
ity of the i m p u l s e a p p r o x i m a t i o n , c a n n o t exp la in the 
obse rved d i f ferences be tween t he a b o v e curves , since 
the s ame s o u r c e a n d the s a m e sca t t e re r h a v e been used 
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Table 1. 

Exper. Geometrical Total Sample Signal/ 
arrange- resolution resolution thickness back-
ment ground 

(a.u.) (a.u.) (mm) ratio 

GR1 0.04 0.52 3.2 800 
GR2 0.13 0.54 1.0 1000 

0.13 0.54 3.2 3500 
GR3 0.21 0.56 1.0 2300 

0.21 0.56 3.2 7000 

fo r all t h r ee G R s . T h u s w e c o n c l u d e t h a t t he differ-
ences b e t w e e n a s y m m e t r i e s m u s t be a t t r i b u t e d t o the 
d i f fe ren t g e o m e t r i c a l r e s o l u t i o n s of the expe r imen ta l 
a r r a n g e m e n t s . 

T h e a s y m m e t r i e s of C P s fo r the s a m p l e wi th 1 m m 
th i ckness a r e p l o t t e d in F i g u r e 4. I t is o b v i o u s t h a t the 
a s y m m e t r i e s of t he C P s fo l l ow the s a m e b e h a v i o u r as 
wi th the s a m p l e of 3.2 m m th ickness , p r e sen ted in Fig-
u re 3. 

By c o m p a r i n g Figs . 3 a n d 4 it fo l lows t h a t the asym-
m e t r y b e c o m e s la rger as t h e th ickness of the sample 
increases . T h i s is m o s t p r o b a b l y d u e to mu l t i p l e scat-
te r ing a n d c a n be e x p l a i n e d in the fo l lowing way. The 
exis t ing m e t h o d s for c o r r e c t i n g C P s f r o m mul t ip le 
s ca t t e r i ng a r e b a s e d o n t h e a s s u m p t i o n t h a t t he C P is 
s y m m e t r i c a n d t he c o r r e c t i o n f r o m mul t ip le sca t te r ing 
h a s n o s igni f icant effect o n t he a s y m m e t r y . However , 
if it is a s s u m e d t h a t t he s p e c t r u m , t h a t c o m e s f rom 
single sca t t e r ing , h a s a n a s y m m e t r y wi th t he side of 
low ene rgy l a rge r t h a n t h e s ide of h igh energy, t h e n the 
s p e c t r u m of d o u b l e s c a t t e r i n g will p resen t a larger 
a s y m m e t r y b e c a u s e it is a c o n v o l u t i o n of t w o single-
sca t t e r i ng spec t ra . T h e r e f o r e , as the s a m p l e becomes 
t h i cke r a n d t he r a t i o of d o u b l e to single sca t te r ing 
increases , t he s p e c t r u m will p r e sen t l a rger a symmet ry . 

T h e d e t e c t o r r e s p o n s e f u n c t i o n h a s a low-energy 
tail. A s imi la r tai l is o b t a i n e d in the s p e c t r u m of the 
inc iden t b e a m o w i n g t o t h e sou rce self-scattering. 
T h e s e t w o effects m a y i n t r o d u c e a large a m o u n t of 
a s y m m e t r y in t he C P . I n o r d e r t o cor rec t this a s y m m e -
try, t he spec t r a l r e s o l u t i o n f u n c t i o n was m e a s u r e d di-
rect ly f r o m the s o u r c e u n d e r c o n d i t i o n s t h a t m i m i c the 
s a m p l e - t o - d e t e c t o r g e o m e t r y (for the t w o different 
s ca t t e r i ng angles) a n d th i s f u n c t i o n is used t o decon-
v o l v e t he m e a s u r e d s p e c t r a [5, 7]. Final ly , t he decon-
v o l v e d s p e c t r a were s m o o t h e d by c o n v o l u t i o n only 
wi th the s y m m e t r i c p a r t of t he r e so lu t ion f u n c t i o n s [5]. 
T h e final a s y m m e t r i e s , a f t e r t he a b o v e cor rec t ions , are 
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q ( d . u . ) 

Fig. 3. Asymmetry of the experimental C P of aluminium 
(3.2 mm thick) in the [11 Indirection after correction for 
background, absorption and the energy dependence of 
the scattering cross-section. Curves A (open triangles), B 
(dashed), and C (solid) correspond to the GR1, GR2 and 
GR3, respectively. Curves a (filled triangle), b (filled circles) 
and c (open circles) correspond to curves A, B, and C, respec-
tively, followed by an additional correction for the low-en-
ergy tail of the incident beam. 

q ( a . u . ) 
Fig. 4. Asymmetry of the experimental C P of aluminium 
(1.0 mm thick) in the [11 Indirection after correction for 
background, absorption and the energy dependence of the 
scattering cross-section. Curves B (dashed) and C (solid) cor-
respond to GR2 and GR3, respectively. Curves b (filled cir-
cles) and c (open circles) correspond to curves B and C re-
spectively, followed by an additional correction for the 
low-energy tail of the incident beam. 

s h o w n in Fig. 3 w i th curves a, b, c a n d in Fig. 4 wi th 
cu rves b a n d c. 

F r o m Fig. 3, cu rves a, b, c, a n d f r o m Fig. 4, cu rves 
b, c, it is c o n c l u d e d t h a t the cu rves wi th t he bes t G R 
s h o w the smal les t a s y m m e t r y . T h i s is in a g r e e m e n t 
w i t h the conc lu s ion a l r eady d r a w n f r o m Fig. 3, cu rves 
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A, B, C, a n d Fig. 4, cu rves B, C. By c o m p a r i n g curve 
a wi th curves b a n d c in Fig. 3 it is s h o w n t h a t a f te r all 
co r r ec t ions h a v e been m a d e the a s y m m e t r y decreases 
dras t ica l ly as the G R b e c o m e s be t te r , b u t a small 
a m o u n t of less t h a n 0 . 5 % for t he best G R persis ts . T h e 
a b o v e f ind ing sugges ts t h a t the r e m a i n i n g a s y m m e t r y 
shou ld t end to ze ro as the G R t ends to zero , i.e. as the 
sca t te r ing ang le a p p r o a c h e s 180° [6, 9]. F u r t h e r m o r e , 
the "un ive r sa l r e m a i n i n g a s y m m e t r y " r e p o r t e d by 
Rol lason et al. [4] cou ld t h u s be exp la ined in the con-
text of the a b o v e c o n s i d e r a t i o n s . 

4. Conclusions 

T h e exper imenta l resul ts p r e s e n t e d in th is w o r k 
s h o w that the g e o m e t r y of the s p e c t r o m e t e r h a s a 
p r o f o u n d effect o n the a s y m m e t r y of t h e C P . Sma l l e r 
a symmet r i e s on C P s are ach ieved w i th t he i m p r o v e -
m e n t of the geomet r i ca l r e so lu t i on of the s p e c t r o m e -
ter . I t is believed t h a t the r e s idua l a s y m m e t r y t h a t is 
r e p o r t e d in o t h e r expe r imen t s is d u e t o t he f ini te G R 
a n d tends to be zero as t he s c a t t e r i n g ang l e a p -
p r o a c h e s 180°. 
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