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The use of Compton scattering in the determination of electronic structure has grown consider-
ably in the last two decades. With the advent of synchrotron radiation it has become possible, even 
with good resolution, to measure several single-crystal orientations to determine three-dimensional 
electron momentum distributions. Although most of the earlier work has been directed to low-Z 
materials, in the last few years medium and high-Z metals have also been investigated with this 
technique. In this paper we present a review of these studies on heavier metals with particular 
attention to the difficulties encountered. Compton profile measurements from techniques based on 
energetic ion beams are also considered briefly. 
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I. Introduction 

T h e use of C o m p t o n sca t te r ing in the d e t e r m i n a t i o n 
of the e lec t ron ic s t r u c t u r e of a ma t e r i a l h a s g r o w n 
c o n s i d e r a b l y wi th in t he last t w o decades . T h e use of 
s y n c h r o t r o n r a d i a t i o n h a s m a d e it poss ib le to s tudy 
sys temat ica l ly , even wi th g o o d reso lu t ion , several 
s ingle-crys ta l o r i e n t a t i o n s a n d to d e t e r m i n e three-
d i m e n s i o n a l e lec t ron m o m e n t u m d i s t r ibu t ions . T h i s 
h a s been d u e to the fact tha t , wi th in the f r a m e w o r k of 
the impulse a p p r o x i m a t i o n , the non-relat ivist ic double -
differential C o m p t o n cross-section is p r o p o r t i o n a l to 
the C o m p t o n profile, J[pz), which is the pro jec t ion of 
the e lec t ron m o m e n t u m densi ty a long the direct ion 
of the sca t ter ing vector. C o m p t o n profiles can thus 
p rov ide a useful test of ab-ini t io electronic s t ruc ture 
theo r i e s [1]. Ex tens ive expe r imen ta l a n d theore t ica l 
w o r k h a s been ca r r ied o u t on l o w - Z ma te r i a l s c o m -
pr i s ing s imple meta ls , ion ic crystals , s e m i - c o n d u c t o r s 
a n d 3 d t r ans i t i on meta ls . Excellent review p a p e r s cov-
e r ing these resul ts a re ava i lab le [ 1 - 4 ] . In the last few 
years such invest igat ions have been ex tended to heavier 
meta l s . 

In th is p a p e r a review of these s tudies is p resen ted . 
P a r t i c u l a r a t t e n t i o n h a s been pa id to t he difficult ies 
e n c o u n t e r e d in the i n t e rp re t a t i on . N e w e r t echn iques 
to d e t e r m i n e C o m p t o n profi les f r o m h igh-energy ion 
col l is ion a re a lso briefly cons idered . 
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II. Studies of 4 d and 5 d Meta l s 

T r a n s i t i o n me ta l s h a v e a lways received cons ider -
ab l e a t t e n t i o n b e c a u s e of the i r in te res t ing p rope r t i e s 
a n d i m p o r t a n c e f r o m a t echno log ica l p o i n t of view. In 
the m o n u m e n t a l review p a p e r of C o o p e r [4] the tab le 
of C o m p t o n s tud ies of t r a n s i t i o n m e t a l s s h o w s only 
N b [5], P d [6], C e [7], a n d L u [8] a m o n g s t the h i g h - Z 
metals . Since then the s i tua t ion has changed consider-
ably. A m o n g the 4 d metals , in 1985 T o m a k et al. [9] re-
p o r t e d the C o m p t o n prof i le for po lycrys ta l l ine N b 
m e a s u r e d by us ing 59.54 k e V g a m m a rays a n d inter-
p r e t e d the i r d a t a in t e r m s of t he R e n o r m a l i s e d F ree 
A t o m (RFA) m o d e l . T h e r e a f t e r , S h a r m a et al. [10] p u b -
l ished d a t a o n po lyc rys ta l l ine Ag a n d obse rved tha t 
t he R F A m o d e l fo r 4 d 1 0 5 s 1 s h o w e d be t t e r ag reemen t 
wi th thei r m e a s u r e m e n t t h a n the o r t h o n o r m a l i z e d 
L C A O a p p r o a c h . 

A yea r la ter , the e x p e r i m e n t a l C o m p t o n profi le for 
va lence e l ec t rons in P d was r e p o r t e d by the a u t h o r ' s 
g r o u p [11]. T h e m e a s u r e m e n t s were m a d e by scat ter -
ing 59.54 k e V y-rays, a n d theore t i ca l ca lcu la t ions 
we re ca r r i ed o u t us ing the R F A m o d e l a n d the A P W 
m e t h o d . A c o m p a r i s o n of c o m p u t e d a n d m e a s u r e d 
prof i les is s h o w n in F i g u r e 1. As seen, n o n e of these 
c a l c u l a t i o n s is in c lose a g r e e m e n t wi th t he exper iment . 
T h e A P W values show large differences in the low-
m o m e n t u m region ( ~ 0.2 e/a.u. at p, = 0). Wi th in the 
R F A mode l , best ag reemen t was ob ta ined when 
0.3 ± 0.1 e lec t rons were assigned to the 5 s band . This 
va lue of 5 s b a n d occupancy c a m e o u t to be in r emark -
ab le ag reemen t with the conc lus ions of d H v A studies, 
b u t even in this case the theoret ical values differed 
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RFA 4 d 9 , 7 5 s ° ' - E X P T . 

D-O-O RFA 4 d 9 5s' - EXPT. 

R F A 4 d 8 5 S 2 - E X P T . 

O - O - O A P W — E X P T . 

x - x - x F R E E A T O M 4 d ' - E X P T . 

1 E r r o r 

Fig. 1. Difference (AJ) profiles for valence electrons in polycrystalline Pd. The theory has been convoluted with the RIF 
(from [11]). 

from the measurement particularly in the region 
around 1 a.u. This, perhaps, was the single case where 
the data were explained better by the crude RFA 
model than by the APW model. Gamma-ray Comp-
ton profile measurements and an RFA calculation 
were carried out for Rh, too [12]. When compared 
with two theoretical calculations based on Hubbard's 
exchange scheme [13] and linear combinations of 
Gaussian orbitals (hereafter called LCGO) [14], the 
data showed relatively better agreement with the 

LCGO calculation. In the case of the RFA model the 
agreement was not good at all. 

Although in all the above-mentioned cases the sam-
ples were polycrystalline sheets, perhaps it did encour-
age theorists to think of these metals also with respect 
to their Compton profiles, and soon theoretical 
Compton profiles for the valence electrons along the 
three principal directions in the cubic metals Nb [15], 
Mo [16], Rh [14], Pd [17], and Ag [18] were published 
by the group of Callaway. They employed the self-
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Fig. 2. Difference between the direc-
tional Compton profiles J l i X - J x j 0 . 
The experimental result is given by 
circles and the statistical error bars 
are shown at some points. The solid 
line corresponds to the L C G O 
model and the dashed lines to the 
APW calculation (from [24]). 

consis tent f o r m of the L C A O m e t h o d in which the 
wave func t ion was e x p a n d e d in to a set of i ndependen t 
G a u s s i a n orbi ta ls ; relativistic effects were, however , 
neglected. In a n o t h e r w o r k , P a p a n i c o l a o u a n d co-
w o r k e r s c o m p u t e d C o m p t o n prof i les us ing the elec-
t r o n w a v e f u n c t i o n s f r o m the i r sca la r re la t ivis t ic self-
cons i s ten t A P W m e t h o d [ 1 9 - 2 1 ] . In t he case of N b , 
the re a re n o recent e x p e r i m e n t a l resu l t s o n single-
crys ta ls fo r c o m p a r i s o n w i th the d i r ec t iona l an i so -
t ropics . As m e n t i o n e d by J a n i et al. [15], the i r resul t s 
for the a n i s o t r o p y a l o n g the [100] a n d [110]-di rect ions 
were a p p a r e n t l y in g o o d a g r e e m e n t wi th t hose of 
W a k o h et al. [5], b u t de ta i l ed c o m p a r i s o n wi th indi-
v idua l va lues cou ld n o t be d o n e b e c a u s e n o a p p r o p r i -
a te t ab le of d a t a was p r e s e n t e d by t h o s e a u t h o r s . W i t h 
respect t o the a n i s o t r o p y d a t a of A l e x a n d r o p o u l o s 
a n d Reed [5], n o t co r r ec t ed fo r i n s t r u m e n t a l reso lu-
t ion a n d on ly a l o n g the [100] a n d [110]-direct ions, t he 
L C G O va lues were larger , b u t the p o s i t i o n s of m a x -
ima a n d m i n i m a were f o u n d t o m a t c h qu i t e well. 
N o t e w o r t h y in this c o n t e x t is t he c o m p a r i s o n wi th the 
recent A P W ca lcu la t ions of P a p a n i c o l a o u et al. [19], 
where it w a s obse rved t h a t in the t w o ca l cu l a t i ons the 
overal l genera l f ea tu res l ike t he p o s i t i o n of the wiggles 
in the a n i s o t r o p y curves were a l m o s t ident ica l , b u t 
t ha t for smal l va lue of pz t h e L C G O va lues were 
smal ler t h a n these A P W resul ts , w h e r e a s fo r la rge p, 
the t r e n d w a s reversed. T h e s e a u t h o r s c o u l d n o t f ind 
any r e a s o n fo r this d i s c r e p a n c y a n d sugges ted t h a t the 
difference could possibly be d u e to different a p p r o a c h e s 

fo r the g e n e r a t i o n of w a v e f u n c t i o n s a n d d i f fe ren t 
n u m b e r s of rec iproca l la t t ice vectors used in t he t w o 
ca lcu la t ions . Th is thus r ep resen t s an e x a m p l e w h e r e 
C o m p t o n prof i le m e a s u r e m e n t s , pa r t i cu la r ly o n s ingle 
crystals , w o u l d be va luab le t o test the t w o a p p r o a c h e s . 
Recent ly , it h a s been sugges ted by W a k o h a n d co-
w o r k e r s [22] t ha t the L a m - P l a t z m a n c o r r e c t i o n 
w o u l d , in general , c o n t a i n b o t h i so t rop ic a n d a n i s o -
t r o p i c t e rms , the la t ter a r i s ing due to b a n d - s t r u c t u r e 
effects. I t w o u l d there fore be in teres t ing t o ca l cu l a t e 
the L a m - P l a t z m a n co r r ec t i on in o rde r to see h o w 
i m p o r t a n t this c o n t r i b u t i o n is in this meta l . N o n e of 
the a b o v e p a p e r s r e p o r t e d o n this cor rec t ion . S h a r m a 
et al. [23] h a v e m a d e a c o m p a r i s o n of the L C G O 
va lues w i th the i r po lycrys ta l l ine d a t a on N b , M o , a n d 
Rh. It w a s obse rved t h a t the L C G O values s h o w e d 
cons i s ten t ly be t t e r overal l ag r eemen t t h a n the s imp le 
R F A m o d e l , b u t there r e m a i n e d differences, l a rge r 
t h a n t he expe r imen ta l e r ro r s , in the region u p t o 2 a .u . 
To o u r k n o w l e d g e there a re n o m e a s u r e m e n t s o n 
single-crystals of M o a n d R h to c o m p a r e with. M a n -
ninen a n d P a a k k a r i [24] have measured the C o m p t o n 
prof i les for Ag a long the th ree pr inc ipa l d i r ec t i ons 
us ing 59.54 k e V g a m m a - r a y s a n d c o m p a r e d these re-
sults wi th t he t w o ca lcu la t ions m e n t i o n e d a b o v e . In 
Fig. 2 we r e p r o d u c e s o m e of their results . I t is seen 
t h a t the i r obse rved a n i s o t r o p y is exp la ined b e t t e r by 
the L C G O ca lcu la t ion [18] t h a n by the A P W m o d e l 
[20]. T h e spher ical ly a v e r a g e d e lec t ron m o m e n t u m 
d i s t r i b u t i o n m e a s u r e d us ing a poly-crys ta l l ine sheet 
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a l so s h o w e d very good a g r e e m e n t wi th t he L C G O 
m o d e l . T h i s s t udy has t h u s a l r eady p r o v i d e d a test fo r 
t he t w o di f ferent schemes of ca lcu la t ion . O n t he bas is 
of t he c lose ag reemen t b e t w e e n their i so t rop ic resul ts 
a n d t h e L C G O mode l these a u t h o r s h a v e sugges ted 
t h a t f o r th i s case the L a m - P l a t z m a n c o r r e c t i o n t e r m 
c o u l d b e r ep resen ted by a n i so t rop ic c o n t r i b u t i o n a n d 
t h a t t he effect of the c o r r e c t i o n t e rm ar i s ing f r o m the 
b a n d s t r u c t u r e did no t exceed the e x p e r i m e n t a l e r ro r . 

T h e m e t a l s wi th h e x a g o n a l s t ruc tu re h a v e n o t re-
ceived m u c h a t t en t ion . T h e r e a re n o rigorous t heo re t -
ical ca lcu la t ions , p e r h a p s b e c a u s e of the complex i t i e s 
i n t r o d u c e d by the c o m b i n a t i o n of un iax ia l s y m m e t r y 
a n d t w o a t o m s in the un i t cell. T h e on ly r e p o r t e d 
c a l c u l a t i o n is o n Z r (a long w i th Z r H 2 ) a n d a s s u m e s a n 
f.c.c. s t r u c t u r e [21]. E x p e r i m e n t a l da t a , howeve r , h a v e 
b e e n p u b l i s h e d on polycrys ta l l ine Z r me ta l by S h a r m a 
a n d A h u j a [25]. They h a d a l so car r ied o u t a theore t i -
cal c a l c u l a t i o n using the R F A m o d e l a n d f o u n d t h a t 
t he R F A m o d e l was u n a b l e t o in te rpre t t he d a t a ; h o w -
ever , o n t he bas is of lowes t overal l d e v i a t i o n s this 
m o d e l s u p p o r t e d a 4 d 3 5 s * c o n f i g u r a t i o n fo r the 
me ta l . T h i s resul t was surpr i s ing ly in g o o d a g r e e m e n t 
w i th t he 4 d b a n d o c c u p a n c y as e s t ima ted by J e p s e n et 
al. [26] in the i r L M T O ca lcu la t ion . A C o m p t o n prof i le 
s t u d y of C d h a s recent ly been pub l i shed [27], T h e 

Table 1. Summary of recent C P studies on 4 d / 5 d metals. 

Metal Measure-
ment 

Theory Ref. 

Zr APW for f.c.c. Zr [21] 
2 4 1 Am RFA [25] 

N b - L C G O [15] 
- APW [19] 
2 4 1 Am RFA [9] 

M o - L C G O [16] 
2 4 1 Am - [23] 

Rh - Hubbard [13] 
- L C G O [14] 
2 4 1 Am RFA [12] 

Pd - L C G O [17] 
2 4 1 Am RFA + APW [11] 

Ag - L C G O [18] Ag 
- APW [20] 
2 4 1 Am RFA [10] 
2 4 1 Am - [24] * 

Cd 2 4 1 Am RFA + LCAO [27] 
Ta - RAPW [30] 

2 4 1 Am RFA [33] 
W - RAPW [30] 

2 4 1 Am RFA [31] 
Pt 2 4 1 Am RFA [34] 
Au 2 4 1 Am RFA [34] 

* Measurement on single crystal. 

g a m m a - r a y m e a s u r e m e n t o n a po lycrys ta l l ine s a m p l e 
h a s been c o m p a r e d wi th t he ca l cu la t ions based o n a n 
R F A m o d e l ( 4 d 1 0 5 s 2 ) a n d the o r t h o n o r m a l i s e d 
L C A O a p p r o a c h . T h e a g r e e m e n t was, as in the case of 
Z n , f o u n d t o be sl ightly be t t e r fo r the R F A mode l . 

Before we c o n c l u d e t he review on 4 d meta ls , it is 
i m p o r t a n t t o m e n t i o n he re t w o recent inves t iga t ions . 
M a n n i n e n et al. [28] h a v e m e a s u r e d the C o m p t o m 
prof i le fo r 1 s e l ec t rons in Z r us ing a 59.54 k e V y-ray 
s o u r c e a n d t he co inc idence t echn ique . These resul ts 
e s t ab l i shed t h a t a t least a t m o d e r a t e r e so lu t ion the 
effects of n o n - v a l i d i t y of t he impu l se a p p r o x i m a t i o n 
fo r 1 s e l ec t rons in m e d i u m - Z me ta l s were n o t very 
s ignif icant . I n a n o t h e r e x p e r i m e n t us ing 141 k e V syn-
c h r o t r o n r a d i a t i o n f r o m H A S Y L A B , M a n n i n e n et al. 
[29] s tud ied C o m p t o n sca t t e r ing f r o m the 1 s e lec t rons 
of Ag a n d o b s e r v e d tha t , in t he energy reg ion close to 
t he K - a b s o r p t i o n edge, t he theore t i ca l va lues ba sed o n 
t he impu l se a p p r o x i m a t i o n were in g o o d a g r e e m e n t 
w i th the i r d a t a . B o t h these resul ts have p r o v i d e d con-
s ide rab le c o n s o l a t i o n t o t he expe r imen ta l i s t s a n d c o n -
f idence in t he use of low-energy g a m m a - r a y sources 
(e.g. 2 4 1 A m ) in s u c h s tudies . 

In Tab le 1 we p r e sen t a s u m m a r y of th is w o r k . T h e 
a p p l i c a t i o n of C o m p t o n sca t t e r i ng t o inves t iga te the 
e lec t ron ic s t r u c t u r e in h e a v y m e t a l s of the 5 d g r o u p is 
re la t ively new. P a p a n i c o l a o u et al. [30] r e p o r t e d the 
first t heo re t i ca l C o m p t o n prof i les for the t r ans i t i on 
m e t a l s Ta a n d W us ing e l ec t ron w a v e f u n c t i o n s f r o m 
sel f -consis tent A P W b a n d s t r u c t u r e ca lcu la t ions . 
T h e y inc luded rela t ivis t ic effects, b u t neglec ted the 
sp in -o rb i t i n t e r ac t i on . T h e C o m p t o n prof i les of Ta 
s h o w e d a m o r e p r o n o u n c e d s t r u c t u r e t h a n W, a n d 
a l so the a n i s o t r o p i c s were smal le r for W t h a n for Ta, 
w h i c h were exp l a ined by t he a u t h o r s o n the bas is of 
the t o p o l o g y of t he F e r m i sur faces in these cases. 

As r e g a r d s e x p e r i m e n t s , M i t t a l et al. [31] h a v e m e a -
su red the C o m p t o n prof i le of po lycrys ta l l ine W us ing 
59.54 k e V y-rays a n d c o m p a r e d thei r d a t a wi th the 
a b o v e ca lcu la t ions . T h e y a l so r e p o r t e d C o m p t o n p r o -
files ca l cu la t ed o n t he bas i s of the R F A m o d e l . T h e 
a g r e e m e n t w a s n o t g o o d w i th e i ther b a n d - s t r u c t u r e o r 
R F A ca lcu la t ions . A ca re fu l ana lys i s of the v a r i o u s 
c o r r e c t i o n s h a s revea led t h a t in th i s w o r k the mul t ip l e 
s ca t t e r ing c o r r e c t i o n was s o m e w h a t u n d e r e s t i m a t e d 
o w i n g t o a p r o g r a m m i n g e r r o r [32]. W h e n i n c o r p o -
r a t e d cor rec t ly , these d a t a s h o w e d closer a g r e e m e n t 
w i th the b a n d s t r u c t u r e ca l cu l a t i on t h a n r e p o r t e d be-
fore , b u t s o m e differences , b e t w e e n 1 a n d 2 a.u., re-
m a i n e d . S imi lar m e a s u r e m e n t s of C o m p t o n prof i les 
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Fig. 3. The difference of the theoretical profiles [30] convoluted with the RIF of the experiment and the experimental profiles 
for Ta [33] and W [31], 

were ca r r ied o u t for Ta [33], P t , a n d A u [34], F o r Ta, 
the expe r imen ta l d a t a were in g o o d overal l a g r e e m e n t 
wi th the a b o v e t h e o r y (spher ical ly a v e r a g e d C o m p t o n 
profiles); however , a l so here s o m e differences, pa r t i cu -
lar ly be tween 1 to 2 a.u., were seen. I n Fig. 3 we s h o w 
these resul ts fo r b o t h Ta a n d W where , as usua l , the 
differences AJ h a v e been p lo t t ed . T h e theo re t i ca l val-
ues for va lence e lec t ron C o m p t o n prof i les h a v e been 
t a k e n f r o m [30], a n d the co re c o n t r i b u t i o n w a s a d d e d 
p roper ly . These va lues were t h e n c o n v o l u t e d w i th the 
res idua l i n s t r u m e n t a l f u n c t i o n (RIF) . T h e m e a s u r e -
m e n t o n Ta was m a d e wi th the He l s ink i se t -up , a n d 
the numer i ca l va lues can be f o u n d in [33], T h e exper -
imen ta l d a t a for W were o b t a i n e d at J a i p u r . T h e t w o 
difference curves l ook qu i t e s imi lar . T h e r e is a n o b -
v ious b u m p of 1 to 2 a.u. t h a t is b e y o n d t he exper i -
m e n t a l e r ro r s in this region. It m a y be w o r t h w h i l e t o 
p o i n t o u t t h a t in a recent w o r k o n W, R o z i n g et al. [35] 
h a v e obse rved t h a t the sp in -o rb i t c o u p l i n g m a y affect 
the F e r m i sur face (and hence t he e l ec t ron m o m e n t u m 
dis t r ibu t ion) . At p resen t it is n o t c lear w h e t h e r the 

d i s c r epancy obse rved here is d u e to the neglect of 
sp in -o rb i t effects or of the L a m - P l a t z m a n co r r ec t i on 
in the ca lcu la t ion , o r whe the r it h a s ar isen f r o m s o m e 
o t h e r effects. I n the case of P t a n d Au, c o m p a r i s o n of 
the d a t a cou ld on ly be m a d e wi th the R F A ca lcu la t ion , 
s ince n o r i g o r o u s ca lcu la t ions of C o m p t o n profi les a re 
repor ted . T h e agreement , t h o u g h n o t qui te sat isfactory, 
f a v o u r s a 5 d 8 4 6 s 1 6 a n d a 5 d 1 0 6 s 1 con f igu ra t ion fo r 
the t w o meta ls , respectively. As c a n be seen in Tab le 2, 
except for A u these resul ts d o n o t agree with the "5 d " 
occupanc i e s fo r Ta a n d P t r e p o r t e d in the l i t e ra ture . 
T h i s once a g a i n p o i n t s ou t the fact tha t the s imple 
R F A m o d e l c a n n o t be used to in t e rp re t the C o m p t o n 
prof i les of these m e d i u m a n d l a r g e - Z metals . T i m m s 
a n d C o o p e r [36] h a v e recently r e p o r t e d their d a t a o n 
C o m p t o n prof i les a l o n g the th ree pr inc ipa l d i r ec t ions 
in P b us ing 412 keV a n d 59.54 k e V y-rays. I t w a s 
obse rved t h a t b o t h m e a s u r e m e n t s were in m u t u a l 
a g r e e m e n t a n d s h o w e d very little an i so t ropy . T h e i r 
spher ica l ly a v e r a g e d d a t a clearly f avou red relat ivis t ic 
H a r t r e e - F o c k ( R H F ) wave f u n c t i o n s in c o m p a r i s o n t o 
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Table 2. Estimates of 5 d band occupancies. 

Metal Qes Ö 6 p Qs d 

Ta Lytle [48] _ _ 4.2 
Davenport et al. 0.82-0.89 0.67-0.92 3.51-3.19 
[49] 
Papacon- 0.85 0.36 3.78 
stantopoulos [50] 
Sharma et al. 2 - 3 
[33] * 

Pt Lytle [48] - - 9.2 
Davenport et al. 0.82-0.89 0.67-0.92 8.51-8.41 
[49] 
Papacon- 0.75 0.50 8.74 
stantopoulos [50] 
Mittal et al. [34]* 1.6 - 8.4 

Au Lytle [48] - - 10 
Davenport et al. - - 9.36 
[49] 
Papacon- 0.86 0.25 9.89 
stantopoulos [50] 
Mittal et al. [34]* 1 - 10.0 

Lytle [48]: X-ray measurement. - Davenport et al. [49]: 
Linear augmented Stater-type-orbital method. - Papacon-
stantopoulos [50]: APW method. - * Compton scattering 
(further details are given in [33] and [34]). 

H F w a v e func t ions . T h e a b o v e discuss ion, pa r t i cu -
lar ly o n 5 d t r ans i t i on meta ls , clearly sugges ts t h a t 
t he r e is a l ack of expe r imen ta l d a t a , ma in ly o n single-
crysta ls , a n d a lso t h a t the re is a need for p r o p e r t h e o -
re t ica l ca lcu la t ions , p r imar i ly o n h.c.p. meta ls . F o r the 
h e a v y m e t a l s it will be in te res t ing t o ca lcu la te C o m p -
t o n prof i les wi th a n d w i t h o u t the sp in -o rb i t effects 
a l o n g t he lines of Roz ing et al. [35] in o rde r t o e x a m i n e 
the effects of th is co r r ec t i on in the e lec t ron m o m e n t u m 
d i s t r i b u t i o n . 

III. Experimental Diff icult ies 

H a v i n g p re sen ted a n overview of the p resen t s t a t u s 
of the C o m p t o n sca t t e r ing s tudies o n heavy meta l s , we 
n o w t u r n t o the difficulties e n c o u n t e r e d in these m a t e -
rials. T h e first a n d m o s t ser ious o n e is the low c o u n t -
ing r a t e resu l t ing f r o m the relat ively smal l C o m p t o n 
c ross - sec t ion c o m p a r e d to the pho to -e lec t r i c a b s o r p -
t ion c ross -sec t ion . W i t h increas ing Z , the relat ive 
C o m p t o n in tens i ty decreases rapidly . M o r e o v e r , s ince 
t he m e a s u r e d C o m p t o n cross-sec t ion consis ts of c o n -
t r i b u t i o n s f r o m all e lec t rons , the sol id-s ta te effects re-
l a ted t o t he va lence e lec t rons only a re relat ively small . 
I n a d d i t i o n t o these, the re a re a n u m b e r of o t h e r 
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fea tures , d i scussed be low, t h a t b e c o m e i m p o r t a n t , a n d 
c o n s i d e r a b l e c a r e h a s t he re fo re to be t a k e n in the d a t a 
p roces s ing to o b t a i n rel iable resul ts . 

(i) Elastic scattering. As d i scussed several years a g o 
[9], t he elast ic s ca t t e r i ng c ross -sec t ion increases wi th Z 
a n d t he resul t is a n in tense elas t ic line. W i t h a 2 4 1 A m 
s o u r c e this b e c o m e s a p r o b l e m as the low-energy tail 
of t he de t ec to r r e s p o n s e a n d t he G e K - e s c a p e p e a k s 
o v e r l a p wi th t he C o m p t o n prof i le a n d these h a v e to be 
carefu l ly e l imina ted . T h i s c a n be d o n e by the p roce -
d u r e desc r ibed in [9] a n d h a s w o r k e d r ea sonab ly , b u t 
d e p e n d s o n the n a t u r e of the w e a k source used fo r the 
p u r p o s e . 

(ii) Fluorescent X-rays. In t he case of 4 d meta l s , the 
59.54 keV r a d i a t i o n induces K X- rays wi th a cons ide r -
ab ly la rger in tens i ty t h a n t h a t of t he C o m p t o n r a d i a -
t ion . These w o u l d c a u s e p i l e -up effects, wh ich h a v e to 
be min imi sed t h r o u g h t he use of a p i le -up re j ec to r (see 
[24]) o r even s t a n d a r d filters. T h e s i t ua t ion c a n be 
s imi la r for o t h e r m e t a l s a n d m o r e severe w h e n large 
energy w i n d o w s a r e used in t he m e a s u r e m e n t s . T h e 
p r o b l e m a s s u m e s a n ent i re ly d i f ferent d i m e n s i o n if the 
ene rgy of the f luo rescen t r a d i a t i o n h a p p e n s to o v e r l a p 
wi th the C o m p t o n s p e c t r u m . 

(iii) Bremsstrahlung (BS). As the p h o t o n s in t e rac t 
wi th the ma te r i a l , p h o t o e l e c t r o n s a n d C o m p t o n elec-
t r o n s a re p r o d u c e d . B o t h emi t b r e m s s t r a h l u n g w h e n 
they s low d o w n in t he ma te r i a l . T h e a t t e n u a t i o n coef-
ficient increases w i t h Z , a n d so d o e s the c ross -sec t ion 
fo r b r e m s s t r a h l u n g . As a resul t , th is r a d i a t i o n w o u l d 
a lso be m e a s u r e d a n d t h u s p r o d u c e a s a m p l e - d e p e n -
d e n t b a c k g r o u n d . If it ove r l aps wi th the reg ion of 
in teres t , a p r o p e r c o r r e c t i o n h a s to be appl ied . T h i s 
p r o b l e m was rea l i sed long a g o [37] a n d h a s been re-
e x a m i n e d by A l e x a n d r o p o u l o s et al. [38] wi th p a r t i c u -
lar a t t e n t i o n t o t h e low-ene rgy s p e c t r u m f r o m inelas-
tic sca t te r ing . M i t t a l et al. [39] h a v e recent ly e x a m i n e d 
th is p r o b l e m in de ta i l us ing d i f fe ren t schemes of ca lcu-
l a t ing t he spec t ra l d i s t r i b u t i o n of BS. T h e y h a v e a lso 
d e t e r m i n e d theore t i ca l ly t he in tens i ty of BS in the 
reg ion of the C o m p t o n prof i le re la t ive to the C o m p -
t o n in tens i ty fo r a n u m b e r of 4 d a n d 5 d me ta l s fo r 
59.54 k e V y-rays. T h e resul ts a r e in teres t ing. F o r M o , 
Ta a n d W the BS t o C o m p t o n r a t i o s a re 0 . 0 5 % , 0 . 6 % 
a n d 0 . 7 % , respect ively. H e r e t he c o n t r i b u t i o n s a re 
on ly d u e to p h o t o e l e c t r o n s . C lea r ly fo r the a c c u r a t e 
d e t e r m i n a t i o n of C o m p t o n prof i les in 5 d me ta l s a 
c o r r e c t i o n for BS w o u l d be necessary . W h e n h ighe r 
ene rgy y-rays a r e used , even C o m p t o n e lec t ron con t r i -
b u t i o n s w o u l d h a v e t o be cons ide red . T h e biggest 
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problem in this correction is the lack of availability of 
accurate photoionizat ion and C o m p t o n cross-sec-
tions for different shells at the desired energies. 

(iv) Impulse approximation (IA). As pointed out ear-
lier, the validity of the impulse approx imat ion is the 
basis on which a C o m p t o n profile is deduced f rom the 
energy spectrum. In heavier metals, the IA may not 
remain valid for some of the inner electrons because 
the electron binding energies may not be much smaller 
than the recoil energy. Fo r 60 keV y-rays, the 1 s elec-
trons do not contr ibute to C o m p t o n scattering in 
most of the 4 d and other heavier metals. F o r the 
1 s-electrons in Zr these effects were insignificant [28]. 
A method to estimate quanti tat ively the effect of such 
a correction for 1 s, 2 s and 2p-electrons has been sug-
gested recently by Holm and Ribberfors [40]. Accord-
ing to it, the first-order correct ion produces a maximal 
error, in percent of J(0), of 20s/q, where e is a measure 
of the binding energy Enl for the (nl) shell given as 
e = rc(2m|£nl|)1/2 and q is the m o m e n t u m transfer. 
This correction produces an asymmetry in the profile. 
However, the correction term has opposi te signs for 
2 s and 2p-shells and leads to some cancellation ef-
fects. F o r the case of Ag, Mann inen and P a a k k a r i [24] 
have estimated this error to be about 0.016 e/a.u. at 
J(0). The above formula may perhaps be invalid for 
L-electrons in 5 d metals, as the criterion for the above 
formula demands e / q ~ 1, which is certainly not true 
for these cases. We must, however, ment ion that an 
asymmetry has been observed in the case of W and 
other metals that cannot be explained on the basis of 
an asymmetric L-shell contr ibut ion. We are studying 
this in order to see how much of the observed asym-
metry can be accounted for by this effect. 

(v) Impurity of primary radiation. The problem of 
spectral contaminat ion in the y-ray source is well 
established [41]. Inelastic scattering within the source 
material (self-scattering) produces an addi t ional low-
energy tail in the spectral distr ibution of the pr imary 
radiat ion. The effect of such radia t ion is to produce 
C o m p t o n spectra shifted in energy and weighted by 
the intensity of the low-energy tail [41]. In heavy 
metals this can produce addi t ional cont r ibut ions 
through large elastic scattering. Several au tho r s have 
considered this problem, and for the case of the Au 
source, a confident correction is now possible [42]. 
A novel scheme based on an iterative me thod has 
been proposed and tested by Schütz et al. [43]. It is 
also designed for overcoming the problem of source 
scattering for Am sources. Having presented the ex-
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perimental difficulties, it is somewhat for tunate that 
when one considers directional differences in C o m p -
ton profiles, several of these problems arising due to 
the impulse approximat ion, BS etc. cancel au tomat i -
cally. Moreover , if the scattering geometry remains 
the same then even the multiple-scattering contr ibu-
tion cancels to a large extent. This way one hopes to 
obta in more reliable data. Coupled with the fact that 
the electron m o m e n t u m density is intrinsically a direc-
t ional property, it is always very impor tan t to measure 
it on single-crystals. It is hoped that this paper will 
s t imulate more measurements in this direction. 

IV. New Techniques 

F o r the sake of completeness we now consider re-
sults f rom other techniques. In the last decade, a new 
method based on proton-electron scattering has been 
developed to determine the so-called ion -Compton 
profiles, which resemble in many details conventional 
y-ray C o m p t o n profiles. The idea is to observe and 
energy-analyse the recoiling electron after an inelastic 
ion-electron encounter . Spies and Bell [44] have used 
this technique to extract valence C o m p t o n profiles of 
Ag and Au. Their results for Ag were found to be in 
agreement with our da ta [10]. They have considered in 
detail the merits and demerits of this technique vis-
a-vis conventional C o m p t o n scattering and concluded 
that because of the absence of any competitive scatter-
ing process this technique is specially suitable for 
heavy elements. They have estimated that owing to 
the combined influence of cross-section and beam 
intensity one can gain a factor of 105 to 106 in the 
intensity, and thus this method holds enormous 
promises for thin samples and clusters where other 
methods would obviously not be applicable. Another 
approach has been proposed by M o w a t [45] and is 
called the method of "kinetic tuning". It involves tun-
ing of Radiative Electron Capture X-rays, produced in 
ion-a tom collisions, across a sharp absorpt ion edge. It 
has been shown that through an elaborate ma themat -
ical procedure, the Compton profile can be extracted 
f rom these data with a m o m e n t u m resolution of 
0.001 a.u. (an improvement of over two orders of mag-
nitude over the y-ray method). The principle of the 
method is well founded [46,47], and it will be interest-
ing to see some results based on this method. Thin and 
gaseous targets are the obvious areas where this tech-
nique would be most effective. 
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Summary 

In this paper a review of Compton profiles have 
been reported for the metals of the 4 d group and for 
two of the 5 d group. However, except for Ag there are 
no measurements on single crystals. For the case of 
Ag, the LCGO model works better than the APW 
method. For other 4d metals the polycrystalline data 
have shown better agreement with the L C G O values 
than with the simple RFA model. For the h.c.p metals 
even theoretical calculations have not been attempted. 
For the two 5 d metals, the RAPW calculation shows 
good agreement with the polycrystalline data, but 
there are obvious discrepancies in the region beyond 
1 - 2 a.u. Here also the RFA model has not been able 
to explain the data. The effects of Lam-Platzman cor-
relations have not been considered, and once accurate 
single-crystal data are available, it will be interesting 

to see how significant this correction is in the heavier 
metals. Problems encountered particularly with the 
use of y-rays from a 2 4 1 Am source are considered at 
depth. Two techniques based on ion-atom collisions 
are also briefly mentioned. It is hoped that this review 
will stimulate work in the area where there is an obvi-
ous need, namely accurate data on single crystals and 
theoretical calculations on h.c.p metals. 
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