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We show an iterative algorithm that allows to obtain accurate Compton profiles J(q) from 
Compton scattering spectra /2(o>2), if the excitation radiation is not strictly monochromatic. It 
requires knowledge of the spectral distribution of the primary radiation (coj, validity of the 
impulse approximation and dominance of a monochromatic part in (CD1) over the polychromatic 
rest. Conversely, the primary spectrum is often experimentally not directly accessible. In such a 
situation it is possible to evaluate the primary spectrum ^ ( c o j from the spectrum of scattered 
photons, /2(a>2), w i th a similar iterative algorithm. We use a scattering target of high atomic number 
in order to ensure that the elastically scattered photons dominate the inelastically scattered ones. 
From the scattered spectrum we get a model for the Compton profile that allows us to separate the 
inelastic part of the scattered spectrum from the elastic part, which, in turn, is proportional to the 
spectral distribution of the primary radiation. 
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1. Introduction 

C o m p t o n s p e c t r o s c o p y h a s b e c o m e a wel l-estab-
l ished t oo l fo r t he d i rec t i nves t iga t ion of p ro j ec t i ons of 
the e l ec t ron m o m e n t u m dens i ty [1, 2] a n d the re fo re of 
the e lec t ron ic s t r u c t u r e of the chemica l b o n d . L o n g -
r a n g e ( > 5 Ä) i n t e r m o l e c u l a r i n t e r a c t i o n s can on ly be 
e x a m i n e d if the m o m e n t u m r e so lu t i on is be t t e r t h a n 
% 0.2 p0 (p0=h/a0=l D u m o n d = 1.99289 • 1 0 " 2 4 

k g m/s). T h i s c a n on ly be ach ieved wi th crys ta l ana ly -
sers. T h e reflect ivi ty of such crys ta ls is very low, 
w h e n c e sou rces of h ighe r in tens i ty a re requ i red . Syn-
c h r o t r o n r a d i a t i o n h a s been used fo r s o m e years wi th 
g rea t success [3, 4]. W i t h c o n v e n t i o n a l , m u c h c h e a p e r 
a n d c o n t i n u o u s l y ava i l ab le sources , o n the o t h e r 
h a n d , h ighe r in tens i ty is a t t a i n e d on ly at the expense 
of a lower degree of m o n o c h r o m a t i s a t i o n . S t r o n g 
y-ray sou rces h a v e a low-energy tai l o w i n g to in te rna l 
inelas t ic sca t t e r ing wi th a n in tegra l in tens i ty of u p to 
severa l pe r cen t of the m a i n p e a k [5]. M a n n i n e n et al. 
[6] a n d Ro l l a son et al. [7] d i scussed this p r o b l e m in 
detai l . I m p e r f e c t m o n o c h r o m a t i s a t i o n of an X- ray 
t u b e is a n o t h e r example . 
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In the scope of t he impu l se a p p r o x i m a t i o n , the 
C o m p t o n prof i le (i.e. the p r o j e c t i o n of the m o m e n t u m 
dens i ty a l o n g the s ca t t e r i ng vec tor ) is d i rect ly p r o p o r -
t iona l to the s ca t t e r i ng s p e c t r u m . This , h o w e v e r , is 
valid only if ideal m o n o c h r o m a t i c exc i t a t ion r a d i a t i o n 
can be a s s u m e d . In Sect. 2 we s h o w a n i te ra t ive al-
g o r i t h m t h a t enab l e s us to o b t a i n t he a c c u r a t e C o m p -
t o n prof i le a lso in t h o s e cases w h e r e the a s s u m p t i o n of 
m o n o c h r o m a t i c exc i t a t i on is n o t val id. T h e a l g o r i t h m 
is app l i cab le if the spec t ra l d i s t r i b u t i o n of t he exci t ing 
r a d i a t i o n - the p r i m a r y s p e c t r u m - is k n o w n a n d if it 
can be subd iv ided i n t o a d o m i n a t i n g m o n o c h r o m a t i c 
p a r t a n d a p o l y c h r o m a t i c r e m a i n d e r . O u r p r o c e d u r e 
appl ies n o t on ly to l ow-ene rgy ta i ls of y-ray sources 
b u t to all poss ib le spec t ra l s h a p e s of p o l y c h r o m a t i c i t y . 

In s o m e e x p e r i m e n t a l cases, h o w e v e r , the t r u e pr i-
m a r y s p e c t r u m is n o t direct ly accessible, e.g. because 
the r a d i a t i o n is t o o in tense t o be m e a s u r e d by a n 
energy d i s c r im ina t i ng de t ec to r . We s h o w in Sect. 3 
t h a t it is poss ib le t o o b t a i n t he in tens i ty d i s t r i b u t i o n 
of the p r i m a r y s p e c t r u m f r o m a sca t t e red s p e c t r u m by 
a s imi lar i te ra t ive a l g o r i t h m . In t h a t case we use a 
sca t t e r ing ta rge t of h igh a t o m i c n u m b e r t o e n s u r e t h a t 
the elast ically sca t t e red p h o t o n s d o m i n a t e t he inelast i -
cally sca t t e red ones . F r o m the sca t t e red s p e c t r u m we 
o b t a i n a m o d e l fo r t he C o m p t o n prof i le by a n o n l i n e a r 
l eas t - squares f i t t ing p r o c e d u r e t h a t a l lows us t o sepa-
r a t e the inelast ic p a r t of the s ca t t e r ed s p e c t r u m f r o m 
the elast ic pa r t , wh i ch is p r o p o r t i o n a l t o t he p r i m a r y 
s p e c t r u m . 
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2. Accurate Compton Profiles 

For a given scattering cross-section model, the eval-
uation of Compton profiles J(q) is straightforward, if 
strict monochromaticity of the primary radiation is 
assumed and if J(q) is a multiplicative part of the 
cross-section [8]. In most experimental cases mono-
chromaticity is not guaranteed. We here present an 
algorithm that allows us to obtain the accurate Comp-
ton profile also in those cases, provided the spectral 
distribution of the primary radiation 11(0)^ is known *. 

The scattering spectrum I 2 (co2) i s a function of the 
primary spectrum ^(cOi) and the scattering power 

, (o2, <p) of the target; owing to the different final 
states, I2(co2) can be subdivided into an elastic and an 

Therefore, the first correction is to eliminate the 
elastically scattered part of I2(co2) by subtracting the 
correctly weighted /1(a>2): 

= 12(^2) - M W 2 ) Ö O ( « 2 > < P ) ( 2 ) 

= j Jx (coj A((D1,(o2,(p)C((D1,a>2,(p)J{q) dct^ . 

This correction is necessary especially when targets of 
high atomic number are investigated. In practice the 
correction factor is given by the ratio of the dominat-
ing Rayleigh peak in the scattering spectrum to the 
same peak in the primary spectrum. 

Now the crucial point is the subdivision of the pri-
mary spectrum into a dominating monochromatic 
part of energy coj m and a polychromatic remainder, 

H(<*>I) = /?,M 5{O)1 - OJUJ + / ^ ( © j ) , ( 3 ) 

which by insertion in (2) leads to 

/2,incl(ö>2) = /?,m ^ ( » l . m . W2 > <P) A (<°t,m> <°2. <P) -%m) + f h, p(Wl) A > W2 » <P) C{<0lt C02, q>) J (q) d C^ 

with qm being the momentum component calculated from <o1>m and a>2. This can be solved for J(qm), 

I•> - J J^pfrpJ A(o)l,(D2, cp) C{(Q1,W2, cp) J(q) dw1 J(qJ = 
h , m M<*> l .m. <P) C ( C 0 l t m , to2, (?) 

(4) 

(5) 

which can be interpreted as an iteration scheme for the determination of the true Compton profile. The zeroth 
approximation is obtained by neglecting the polychromatic part. Each improvement is calculated by subtract-
ing the polychromatic contributions on the basis of the J(q) obtained up to then: 

J{0)(qJ = 

J{i + 1)(qJ=l2Aael 

2, inel ( « 2 ) 
Il,mM<Ol,m,0)2,(p)C((DUm,0)2,(p) ' 

/ , ;„„i (<t)2) - f /i,p(<ax) Ajoiy ,co2,(p) Cjcü!, co2, <p) J{i)(q) d 
W2> <P) OJ2, (p) 

(6) 

inelastic part : 

I2(co2) = \ I1(a)2)Q(a>1,ü)2,<p)da)1 (1) 

= / 1 ( « 2 ) 6 0 ( « 1 ,<P) + J ' 1 ( « 1 ) Mo> 1 , 0 ) 2 , ( p ) 
• C((ol,o)2,(p)J(q) dWi. 

ß0(ö)2,<p) is porportional to the Thomson scattering 
cross-section, A(a)1,a>2, (p) the absorption factor and 
C(co1, co2, (p) • J(q) a cross-section model containing 
J(q) multiplicatively. The momentum component q is 
a function of both a>l and co2 (and, of course, of the 
scattering angle <p, which is a constant parameter of 
the traditional isogonal experiment). 

* We use h = 1 throughout the paper. 

This procedure is repeated until self-consistency of 
J(q) is achieved. 

The experiment yields the spectra as vectors of dis-
crete data points, and therefore the integral becomes 
a sum. The correction of the J(q) is best carried out 
from the high-energy end downwards, since there is no 
anti-Stokes part with a>2 > a>1 in the Compton spectra 
of targets in the electronic ground state. Thus the J(q) 
vector is improved continuously even within each iter-
ation cycle, similar to the tail-stripping in the process-
ing of high-energy y-ray spectra. This "stripping" 
strategy contributes significantly to the fast conver-
gence. 

The algorithm was implemented as a FORTRAN-77 
program under the operating system VMS. It has been 



354 W. Schütz et al. • Compton Scattering Experiments with Polychromatic Radiation 

40 50 

E/keV 

60 

Fig. 1 a. "Synthetic" primary spectrum consisting of a domi-
nating peak at 60 keV and a second line at 52 keV of 40% 
intensity (solid line), and the resulting scattering spectrum, 
calculated on the basis of a Gaussian shaped Compton pro-
file (dashed line). 

E/ keV 
Fig. 2 a. "Synthetic" primary spectrum consisting of a domi-
nating peak at 60 keV and a low-energy tail of « 40% inten-
sity (solid line) and the resulting scattering spectrum, calcu-
lated on the basis of a Gaussian shaped Compton profile 
(dashed line). 
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Fig. 1 b. The resulting Compton profile at different stages of 
the iteration: 0th approximation (•), result of 1st ( + ), 2nd (*) 
and 3rd ( x ) cycle, final result (o). 
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q /a.u. 
Fig. 2 b. The resulting Compton profile at different stages of 
the iteration: 0th approximation (•), result of 1st ( + ), 2nd (*) 
and 3rd ( x ) cycle, final result (o). 

tes ted by the fo l lowing p r o c e d u r e . S t a r t i n g f r o m a 
G a u s s i a n - s h a p e d m o d e l C o m p t o n - p r o f i l e J(q) oc 
exp ( — 0.03 q2) a n d a g iven p r i m a r y s p e c t r u m , we cal-
cu l a t ed the r e su l t ing sca t t e r ing s p e c t r u m o n the bas is 
of a p a r t i c u l a r s ca t t e r i ng c ross -sec t ion . We chose t he 
m o d e l of R i b b e r f o r s [9] wi th s o m e sl ight s implif ica-
t ions . B o t h spec t r a were c o n v o l u t e d wi th a realist ic 
r e so lu t ion f u n c t i o n . 

F i g u r e 1 a s h o w s a " s y n t h e t i c " p r i m a r y s p e c t r u m 
cons i s t ing of a d o m i n a t i n g p e a k a t 60 keV a n d a sec-

o n d line a t 52 keV ( 4 0 % intensi ty) t o g e t h e r wi th t he 
c o r r e s p o n d i n g sca t te r ing spec t rum. In Fig . 1 b the re-
sul t ing C o m p t o n prof i le is s h o w n at d i f fe ren t s tages of 
the i t e ra t ion . O n e clearly sees the o v e r - c o r r e c t i o n o n 
the l o w - m o m e n t u m side of t he C o m p t o n prof i le in t he 
first s tep of the i te ra t ion , b e c a u s e the J(q) d e t e r m i n e d 
in the z e r o t h a p p r o x i m a t i o n is s t rong ly a s y m m e t r i c . 
A n a l t e rna t i ng sequence of J(l)(q) fo l lows, wh ich , 
however , converges rapidly . Af te r five i t e r a t i on cycles 
the re is n o s ignif icant c h a n g e left. T h e o b t a i n e d 
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E/keV 
Fig. 3 a. The differentially-filtered scattering spectrum of a Pb 
target with a dominating Rayleigh peak from the AgKax line, 
a broad Compton band mainly caused by the AgKax radia-
tion, fluorescence lines of the filter materials Ru (negative) 
and Rh, and a rest of the bremsstrahlung background. 

C o m p t o n prof i l e is the s a m e as the or iginal G a u s s i a n -
s h a p e d o n e w i th in full n u m e r i c a l accuracy. F i g u r e s 2 a 
a n d b s h o w the s ame resul ts fo r a p r i m a r y s p e c t r u m 
cons i s t ing of a single line w i th a n exponen t i a l low-
ene rgy tai l of « 4 0 % integra l in tensi ty . In c o m p a r i s o n 
t o the 6 - 1 0 % tai l of a 2 4 1 A m y-ray source [5], th is is 
a wor s t - ca se s t u d y tha t p r o v e s convergence a lso u n d e r 
u n f a v o u r a b l e c i rcumstances . 

3. Determinat ion of the Spectral Distribution 
of the Primary Radiation 

O f t e n , h o w e v e r , the p r i m a r y s p e c t r u m 11(co1) is n o t 
d i rec t ly m e a s u r a b l e . In th is sec t ion we p resen t a re-
l a ted a l g o r i t h m t h a t a l lows us t o o b t a i n Il(coJ f r o m 
the s c a t t e r i n g s p e c t r u m of a t a rge t of h igh a t o m i c 
n u m b e r . In s u c h a case t he sca t te r ing s p e c t r u m is 
d o m i n a t e d by t he elastic p a r t a n d is the re fore nea r ly 
p r o p o r t i o n a l t o ^ ( c o j ) . T h e inelast ically sca t t e red 
p a r t of t he s p e c t r u m , however , m u s t be s e p a r a t e d . 

In t he fo l l owing we shal l d e m o n s t r a t e the de te r -
m i n a t i o n of t he different ial ly f i l tered s p e c t r u m of a 
w ide - focus X - r a y tube wi th Ag a n o d e f r o m a sca t t e r -
ing s p e c t r u m of a P b ta rge t . T h i s m e t h o d of m o n o -
c h r o m a t i s a t i o n , which was i n t r o d u c e d by Ross [10] 
a n d cons i s t s in f o r m i n g t he dif ference be tween a R u -
fi l tered a n d a Rh-f i l tered s p e c t r u m , enables us t o sep-
a r a t e t he AgKocj l ine ou t of t he t u b e spec t rum, b e c a u s e 

E/ keV 
Fig. 3 b. The resulting primary spectrum obtained by the 
simple iteration scheme. 

E/keV 
Fig. 3 c. The resulting primary spectrum obtained by the im-
proved iteration scheme. 

the R u K a b s o r p t i o n edge lies b e t w e e n the A g K a 2 a n d 
K a t l ine. F i g u r e 3 a s h o w s the sca t t e r ing s p e c t r u m 
wi th a d o m i n a t i n g Rayle igh p e a k f r o m the A g K a j 
line, a b r o a d C o m p t o n b a n d m a i n l y caused by the 
A g K a x r a d i a t i o n , s o m e f luorescence lines of the filter 
m a t e r i a l s R u (negat ive) a n d Rh , a n d a rest of the 
b r e m s s t r a h l u n g b a c k g r o u n d ( a b o v e A g K a x ) o w i n g t o 
imper fec t m o n o c h r o m a t i s a t i o n b e c a u s e of the 1.1 k e V 
energy di f ference b e t w e e n the R u a n d R h a b s o r p t i o n 
edges. 

T h e e l im ina t i on of t he inelas t ical ly sca t t e red p a r t is 
based o n a n o n l i n e a r l ea s t - squa re s fit of the sca t t e r ing 
s p e c t r u m . We use G a u s s i a n - t y p e f u n c t i o n s fo r the 
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Rayleigh and fluorescence peaks, a polynomial back-
ground and a sum of Lorentz ian funct ions of higher 
degree for the C o m p t o n b a n d : 

^Unel.m W ~ X hp, i 
^liqm(co2)k-

lCf+qm(co2)2]1' 
(7) 

I c p i and Ci are the parameters optimised by the least-
squares fit, qm is the m o m e n t u m componen t calcu-
lated f rom co, m and co2. This type of funct ion is the 
Fourier t ransform of Slater-type funct ions [11] and 
therefore very suitable to fit the inelastic par t of the 
spectrum. The subscript " m " indicates that the mod-
elling was carried out under the assumpt ion of perfect 
monochromat ic i ty of the exciting pr imary radiat ion 
I,(co,). Division by the scattering cross-section leads 
to a model for J(q) : 

Jmod(q) = •TThiel, m (tt)2) 
(8) 

A.m cp) C(coUm, co2, q>) 

With this model we can eliminate the inelastically 
scattered par t by the following iterative algori thm. 
Insertion of (8) in (1) leads to 

I,{co2) oc I2<el(co2) = I2(co2) - \ I,(co,) A(co,, co2, cp) 

•C(co„co2,cp)Jmod(q)dco„ (9) 

which is the i teration scheme for the de terminat ion of 

I[0)(co2) = I2(co2), (10) 

Ii+1)(OJ2) = I2 (co2) - { I^(co,) A (CO, , co2 ,cp) 

•C(co,,co2,cp) Jmod (q) dco,. 

This procedure is repeated until self-consistency of 
1,(00,) is achieved. Figure 3 b shows the result of the 
iteration. O n e clearly sees that the inelastic contr ibu-
tions caused by the fluorescence peaks of the filter 
material are correctly eliminated. A slight min imum at 
the posit ion of the C o m p t o n - b a n d m a x i m u m results 
f rom the rigid and hence imperfect modell ing of the 
inelastic part . 

We therefore propose an improved algori thm. In 
each iteration only those inelastic cont r ibut ions are 
eliminated that originate f rom non-domina t ing par ts 
of the pr imary spectrum (in our case the fluorescence 
lines and the bremsst rahlung background are elimi-
nated). This is done by subtrac t ion of bo th the elastic 
and inelastic contr ibut ions of the domina t ing line as 
obtained by the least-squares modell ing before the 
i teration: 

iro)(co2)=i*2(co2), ( I D 

I*,{i+1)(co2) = I*(co2) - { /*<'•> (C0i) A (CO, ,co2,cp) 

•C(co,,co2,cp) Jmod(q) dco, 
with 

/!(co2) = /2(CO2)-/^(CO2). 

After convergence is reached (self-consistency of 
J * ^ ) ) , the subtracted contr ibut ions are re-added. In 
this way only the inelastic contr ibut ions of the domi-
nat ing AgKoq line are left. We then repeat the least-
squares fit and obtain an improved model for the 
inelastic part . 

The whole procedure therefore consists of two iter-
ations, one within the other. The outer loop improves 
the model for the Compton profile successively, while 
the inner one removes all inelastic contr ibut ions of the 
non-domina t ing part of the pr imary spectrum on the 
basis of this model. Using this approach, the crudity of 
the original least-squares fit is overcome by sub-
sequent refinement of the model until total self-con-
sistency of bo th Jmod(q) and I , (on,) is reached. 

Figure 3 c shows the result of this improved algo-
rithm. All inelastic contr ibut ions in the scattering 
spectrum are eliminated, and the remaining spec t rum 
consists of the dominat ing A g K a : line, the fluores-
cence lines of the filter materials and the rest of brems-
strahlung background. This is the true pr imary spec-
t rum I,(co,) seen by our target. A further impor t an t 
advantage over the direct measurement of the p r imary 
spectrum th rough at tenuat ing slits or holes is the fact 
that the geometrical parameters are exactly the same 
as in the following Compton scattering measurements . 

4. Conclusions 

It is possible to correct the influences of polychro-
maticity in the primary radiat ion by the presented 
algorithms, which offers an improved evaluat ion of 
C o m p t o n scattering experiments with y-radiation. It 
fur thermore enables one to utilise sources of higher 
flux but lower degree of monochromat i sa t ion for 
C o m p t o n scattering experiments, e.g. the differentially 
filtered Ag radiat ion of a wide-focus tube. The "indi-
rect" determinat ion of an intense primary spectrum, 
on the other hand, is a general method, not restricted 
to the use of X-ray sources in C o m p t o n scattering 
experiments. It can be employed in all s i tuat ions 
where intense y- or X-ray sources are used and thus 
offers a wide field of applications. 
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