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Final-state electron-electron interaction in Compton scattering

J. A. Soininen, K. Ha¨mäläinen, and S. Manninen
Department of Physics, POB 64, University of Helsinki, FIN-00014 Helsinki, Finland

~Received 24 April 2001; published 10 September 2001!

We introduce an analytic approximation for the spectral function, which describes the final-state electron-
electron interaction in the nonresonant inelastic x-ray scattering process. We show that a relatively simple
expression is adequate to characterize the excited state. We have evaluated the spectral function for various free
electron densities and momentum transfer values and discuss the final state effects in the light of some recent
high resolution Compton scattering experiments. It is shown that the observed smearing of the Fermi edge at
relatively low incident photon energies can mostly be associated to the final state effects due to the finite width
of the spectral function.

DOI: 10.1103/PhysRevB.64.125116 PACS number~s!: 78.70.Ck,71.10.Ca,71.15.Qe
fe

ro

it
te
o
th
o
te

ity
s

er
e
d
th
im
th
in
re

IA
I
h

try
a

ro
a
x

ra
in
if

the
n-

heir
e to
lly

t
file
felt
n-

one
the

tion
re-
the
and
ons

ion,
nd

e-
iso-
am-
n
gas
p-
,

rly
ts
ns.
el
the
igh
of
nd
c-

at
ive
al-

he
-

I. INTRODUCTION

Within the impulse approximation~IA ! the cross section
of inelastic x-ray scattering at the high momentum trans
limit ~the so-called Compton regime! is directly related to the
electronic ground state wave function via the Compton p
file J(pz) defined as

J~pz!5E E dpxdpyr~p!, ~1!

wherer(p) is the ground state electron momentum dens
andpz the electron momentum component along the scat
ing vectorq. The IA assumes that the energy and the m
mentum transfers are large enough in order to treat
ejected electron as a free noninteracting particle. M
Compton scattering experiments have been interpre
within this picture using a correlated momentum dens
Within this picture the Compton scattering technique offer
unique spectroscopic tool to directly access thegroundstate
electronic properties of solids. Due to the advent of mod
synchrotron radiation sources with powerful insertion d
vices, novel crystal spectrometers have been constructe
improve the momentum resolution. The resolution and
statistical accuracy have been considered to be the only l
tations when the experimental results are compared with
theory. However, in many cases there have been unexpla
differences implying that the experimental profiles a
broader than the theoretical ones.

Several theoretical efforts to study the accuracy of the
have been made. It is quite clear, for example, that the
starts to break down for the tightly bound core electrons. T
so-called ‘‘Compton defect,’’ which refers to the asymme
and the shift of the Compton profile, is a good example of
IA failure. Mendelsohn and Biggs1 and Bloch and
Mendelsohn2 calculated the shift for theK andL shell elec-
trons by approximating the final state of the ejected elect
as a continuum state in a central potential. Gasser
Tavard3 calculated corrections to IA by making a series e
pansion of the Born operator. The resulting overlap integ
involved the displacement of the recoiling electrons dur
the collision. It turned out that this leads to a peak sh
towards lower energy transfers for thes electrons but it can
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be of either sign for thep electrons. Bergstromet al.4 used a
relativistic second-orderS-matrix calculation within the in-
dependent particle approximation to estimate the error in
IA as a function of the incident photon energy. They conce
trated on the strongly bound electrons and compared t
results with experiments that used coincidence techniqu
isolate the desired shell contribution from the inelastica
scattered spectrum. Issolahet al.5 calculated the inciden
photon energy dependence of the Be core Compton pro
using a quasiconsistent-field approach for the potential
by the outgoing electron. A comparison with the experime
tal data, measured at two different incident energies,
below and one above 10 keV, gave better agreement than
impulse approximation.

The need to incorporate the electron-electron correla
into the calculation of the momentum density in the interp
tation of the Compton scattering data became obvious in
analysis of the experimental results on copper by Bauer
Schneider.6 They stressed that the band structure calculati
within the local density approximation~LDA ! do not yield
the correct momentum density. They used a correct
which was based on the model developed by Lam a
Platzman,7 to treat the electron correlation in the inhomog
neous electron gas. Since then this correction, which is
tropic in the momentum space, has been referred to as L
Platzman correction. Already earlier, Lundqvist and Lyde8

had also applied a sophisticated inhomogeneous electron
treatment to calculate the momentum distribution and Com
ton profile of the interacting conducting electrons in lithium
and sodium and compared the results with the ea
experiments.9 The statistical accuracy of the experimen
was, however, too low to make any quantitative conclusio
Pandey and Lam10 applied an interacting electron gas mod
and took into account the core-orthogonalization and
electron-ion interaction to quite successfully explain the h
momentum tail in the experimental Compton profile
sodium,11 measured using 22 keV x rays. Takada a
Yasuhara12 calculated the momentum distribution of the ele
tron gas using an effective-potential expansion method
different free electron densities. They made an extens
comparison with the other methods in terms of the renorm
ization factor which is related to the size of the jump at t
Fermi break. More recently, Kubo13 calculated the momen
©2001 The American Physical Society16-1
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J. A. SOININEN, K. HÄMÄLÄ INEN, AND S. MANNINEN PHYSICAL REVIEW B 64 125116
tum density for lithium and sodium metals using GW a
proximation~GWA! ~Ref. 14! obtaining a result that was in
relatively good agreement with the experimental Li results
Schülke et al.15 However, later GWA works by Schu¨lke16

and Eguiluzet al.17 seem to agree with the results obtain
using LDA and Lam-Platzman correction but disagreed w
the experimental results. Filippi and Ceperley18 used a
pseudopotential quantum Monte Carlo simulation to cal
late the directional Compton profiles for lithium. The
claimed that correlation can only be responsible for ab
30% of the discrepancy between the theory and the exp
mental data. Stutzet al.19 measured the Compton profiles
disordered alloys Li12xMgx and compared the experiment
results with the theoretical ones computed using
Korringa-Kohn-Rostoker coherent-potential-approximat
LDA . The agreement between the theoretical and the exp
mental Compton profiles improved as the Mg concentrat
increased. However, the heights of the peaks in the sec
derivative showed different qualitative behavior as a funct
of the concentration, the theoretical ones decreasing as
Mg concentration was increased whereas the experime
ones remained more or less independent of the a
concentration.19 These results seem to indicate that the o
served experimental smearing of the momentum density
not be fully explained by the underestimation of the grou
state correlation effects.

At the moment it is possible to have a momentum reso
tion of about 0.02 a.u. in the Compton scatteri
spectroscopy,20 which means that detailed information on th
Fermi surface, for example, can be obtained~Fermi momenta
are of the order of 1 a.u.!. Recent experiments with thi
resolution21,22have shown, however, that the sharp details
the Compton profiles~or in its derivatives! have been
smeared significantly more than expected on the basis o
experimental resolution. Additionally, the smearing depe
on the incident energy, unfortunately in such a way that
effect is larger at lower energies~around 10 keV! where the
highest resolution x-ray spectrometers operate. A jelli
model for including the final state interactions in Compt
scattering was proposed by Schu¨lke et al.15 and it could ex-
plain most of this additional broadening in the case
lithium.22 The observed broadening was found to be mos
due to the fact that the final state electron’s spectral func
has a finite width. In this work we introduce an analytic
model for the spectral function, which can be used to anal
the Compton scattering results. Its importance at differ
incident photon energies and momentum resolutions is e
mated in the case of simple metals~Li, Be, and Na!. Some
previously unresolved discrepancies between the theory
experiments are reconsidered in terms of the spectral fu
tion.

II. THEORY

The nonrelativistic interaction Hamiltonian between
electron system and an external electromagnetic field is

He2p5(
i

S 1

2
a2A i•A i1api•A i D , ~2!
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where the summation is over the electrons in the systemA i
is the photon field operator anda the fine structure constan
Within the first order perturbation theory the operatorpi•A i
is responsible for the absorption and the emission proces
and the operatorA i•A i for the scattering processes. Neglec
ing the absorption and emission contributions, the dou
differential cross section for the non-resonant inelastic x-
scattering can be written as

ds

dVdv2
5S ds

dV D
Th

S~q,v!, ~3!

where (ds/dV)Th is the Thomson scattering cross secti
and S(q,v) the dynamic structure factor, which depen
only on the momentumq and the energyv transferred to the
system in the scattering process. Assuming that the IA
valid, the dynamic structure factor is related to the Comp
profile in the nonrelativistic limit regime as

SIA~q,v!5J~pz!/q, ~4!

wherepz5(v2q2/2)/q. It was pointed out in Refs. 15 an
22 that at the high momentum transfer regime a good
proximation for the dynamic structure factor would be

S~q,v!5
2

nE2v

0

dEE dp

~2p!3
A~p,E!A~p1q,v1E!,

~5!

where the single-particle spectral functions have been u
for the final state hole,A(p,E), and for the final state elec
tron,A(p1q,v1E), andn is the average electron density o
the system. The spectral functions can be written using
single particle Green’s functionG(k,E) as

A~k,E!5
1

p
uIm G~k,E!u. ~6!

Two approximations have to be made to obtain the sim
expression given in Eq.~4! for the dynamic structure factor
~i! The energyE in the spectral function for the electron
replaced byp2/2, i.e., the scattering is assumed to take pla
from a well defined quasiparticle and contributions to t
scattering from plasmarons,15 for example, are neglected.~ii !
The final state electron is assumed to be a free and n
interacting particle, in which case the spectral function si
plifies to a delta functionA(p1q,v1E)5d„v1E2(p
1q)2/2…. Using these two approximations and the fact th
for v@Ef

r~p!5
2

~2p!3n
E

2v

0

dEA~p,E! ~7!

the IA limit @Eq. ~4!# for the dynamic structure factor i
obtained. In the following we will show how the use of th
spectral function for the interacting final state electron mo
fies this simple expression.

The dynamic structure factor within the approximation~i!
becomes
6-2
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FINAL-STATE ELECTRON-ELECTRON INTERACTION . . . PHYSICAL REVIEW B64 125116
S~q,v!5E dpr~p!A~p1q,v1p2/2!. ~8!

From this expression, although it can be used once the
mentum density of the system is known, it is not clear h
the final state spectral function modifies the dynamic str
ture factor. The role of the spectral function in Eq.~8! be-
comes more apparent if one realizes that its shape at the
momentum regime changes quite slowly but its position f
lows closely the quasiparticle behaviorvpeak}k2/2. By de-
fining a new function, which is the spectral function on
energy scale shifted by2k2/2 we obtain

S~q,v!5E dpr~p!Ã~p1q,v2p•q2q2/2!, ~9!

where Ã(k,E)5A(k,E1k2/2). Because for largeq the
shape of the spectral function in Eq.~9! changes rathe
slowly as function of momentum, we can approximatep
1q'q in the momentum argument to obtain

S~q,v!5E dv8SIA~q,v8!Ã~q,v2v8!. ~10!

As a result, we can see that the IA-based dynamic struc
factor should be convoluted with the spectral function. T
means that the final state effects determine the intrinsic r
lution at which the Compton profile or the momentum de
sity can be measured. This internal smearing depends on
momentum transfer in the scattering process and there
also on the incident photon energy used in the experime

In order to estimate the final state effects it is essentia
calculate the spectral function. We take the Eq.~10! as a
starting point for studying how the final state spectral fun
tion effects the validity of IA. Since the excited electron
Compton scattering has a very high kinetic energy we w
approximate the effects of the electron-electron interac
on the ejected electron using a simple free electron gas b
model. This model can serve as a good estimate for th
effects. It should be noticed that the only relevant quan
describing the free electron gas is its densityn, which also
determines the Fermi momentum (kF) and the plasmon en
ergy (vp). The electron gas density is more commonly ch
acterized by the dimensionless parameterr s associated to the
electron-electron distance according to the formular s
5(3n/4p)1/3.

The spectral functionA(k,E) for an electron gas is given
by

A~k,E!5
1

p U ImF 1

E1m2k2/22S~k,E1m!
GU , ~11!

where m is the chemical potential. We use Hedin’s14 GW
approximation for the self-energyS(k,E). As usual, the self-
energy is separated into two parts

S0~k,E!5SHF~k!1Ss
0~k,E!, ~12!

where SHF(k) is the energy-independent Hartree-Fock e
change potential and the energy dependence of the
energy is included inSs

0(k,E). Following Ref. 23 we have
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used the notationS0(k,E)5S(k,E1E0), whereE0 is the
shift in the chemical potentialE05m2kF

2/2. When the self-
energy is evaluated with the help of the Lindhard dielect
function ~from now on referred to asG0W0), the final state
electron’s spectral function shows a double peak struc
where one peak is due to the quasiparticle excitation~‘‘main
peak’’! and the other is due to the quasiparticle-plasmon p
excitation ~‘‘satellite peak’’!. In order to approximate this
effect we use a simple plasmon-pole model dielectric fu
tion

ImF 1

«~k,E!G52pvpd~E22vp
2!, ~13!

wherevp5A3/r s
3 is the plasmon energy for the free electro

gas. The advantage of choosing such a simple dielec
function is that an analytic result can be derived for the GW
self-energy~see appendix of Ref. 24!. The final state elec-
tron’s self-energy (q.kc1kF , wherekc5kf@A112vp /kF

2

21# is the plasmon cutoff momentum! in this approximation
can be given in the terms of the Euler’s dilogarithmic fun
tions Li2 ~Refs. 25,26!

Ss
0~k,E!5

vp

2pk
@Li2~a2!2Li2~2a2!1Li2~2a1!

2Li2~a1!#, ~14!

wherea65qc /(A2(E2vp1 id)6k). In Ref. 24,qc was set
to be equal tokc , but we will use it as a free paramete
which is adjusted to give the best approximation for t
G0W0 spectral function for the final state electron. Li2 satis-
fies a wide variety of identities that enable us to evaluate
function only for small arguments using a seri
expansion25,26

Li 2~z!5 (
n51

`
zn

n2
, uzu,1. ~15!

However, for the large momentum transfer case~and within
the typical energy range of interest! usuallya2.1 anda1

,1, and the following expression can be used:

Ss
0~k,E!5

vp

pk
@2x2~a2

21!2x2~a1!1p2/42 ip/2 lna2#,

~16!

wherex2 are Legendre’s chi functions. The singularity ass
ciated to the electron-plasmon coupling is included in the
term of Eq. ~16!. These two terms~assumingqc5kc) also
give the large-k asymptotic behavior of the on-shell sel
energyS0(k,k2/2) mentioned in Ref. 8. For small argumen
x2 has a series expansion25,26

x2~z!5 (
n50

`
z2n11

~2n11!2
, ~17!

that converges rather quickly. To approximate the value
the chemical potential we need to evaluateE0
6-3
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5S0(kf ,kf
2/2).14 By introducing y65A2(E6vp7 id) the

energy-dependent part of the self-energy can be written24

Ss
0~kf ,E!5

vp

2pkf
FLi2S qc

y22kf
D1Li2S 2qc

y21kf
D

2Li2S 2qc

y12kf
D2Li2S qc

y11kf
D G . ~18!

Using Eqs.~14!, ~16!, and ~18! the spectral function in Eq
~11! can be evaluated. We obtain the best agreement betw
the plasmon-pole~PP! model andG0W0 results whenqc
52.6kc for the electron densities considered here. The
physically large value forqc can be explained by the fact tha
the approximation for the dielectric function given in E
~13! does not have any contribution from the particle-ho
pair continuum and its plasmon contribution does not h
any dispersion. The Eqs.~14! and ~16! are analytical ap-
proximations to the energy and momentum dependent s
energy for the large momentum values. They involve o
elementary functions and functions that in practice c
always be evaluated using series expansions@Eqs. ~15!
and ~17!#.

It is important to realize what is neglected when the d
namic structure factor is approximated with Eq.~10!. As al-
ready mentioned, it does not take into account the contr
tions from the scattering from the plasmarons, which w
neglected when the approximation~i! was made. Addition-
ally, it does not include the electron-hole interaction~the
so-called vertex-corrections!, which were discussed in Re
22. Also the crystal potential can have a small effect on
final state electron, although the final state electron has
netic energy of at least several hundreds of eV. All of the
affect the observed valence electron Compton profile
should, in principle, be included before a quantitative co
parison is made between the theory and the experiment.First
principlesstudies on the effects of the electron-hole inter
tion in non-resonant inelastic x-ray scattering from valen
electrons in moderate energy and momentum transfer reg
have been conducted~see, for example Ref. 27, and refe
ences therein!. However, in this work we are interested in th
high momentum and energy transfer x-ray scattering, wh
is much harder to treat with the same accuracy. This is w
we will concentrate on one specific effect, i.e. how does
final state electron-electron interaction smear the experim
tal Compton scattering spectra. In what follows, we w
present theÃ(k,E) in an energy scale where the zero ener
is set to the center of gravity of the spectral function. In oth
words, we are not looking at the shift and the asymme
introduced into the Compton profile by the spectral funct
convolution.

III. RESULTS AND DISCUSSION

We have extensively tested the PP-model introduced
the previous section for a range of electron densities. T
includes the densities of most of the simple metals that h
been studied using high resolution Compton scattering te
nique, specifically Be (r s51.87), Al (r s52.07), Li (r s
12511
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53.25), and Na (r s53.93). The momentum transfer rang
was chosen from approximately 4 a.u. to 27 a.u. to cover
incident energies that have typically been used for the h
resolution Compton scattering experiments~from 8 to 60
keV!. These are summarized in Table I. As a first and
important step we have compared the results of the PP m
to G0W0. Both methods seem to give almost identical sp
tral functions over the free electron densities and momen
transfer ranges mentioned above. This is emphasized at
different values ofr s in Fig. 1, which shows the compariso
of the G0W0 and the PP model spectral functions for Li (q
55.4 a.u.) and Be (q514.9 a.u.). Small differences can b
observed, but the most important features, i.e., the ove
width and the splitting and intensity ratio of the main and t
satellite peaks are very close to each other. These small
ferences are further diminished in the actual Compton p
files after the convolution according to Eq.~10!. Several tests
confirm that the PP model is accurate within the abovem

TABLE I. Table showing the incident photon energy (v1),
Compton peak energy (v2), scattering angle (u), momentum trans-
fer (q), and momentum resolution (Dpz) for various recent high
resolution Compton scattering experiments.

Experiment Ref. 22 Ref. 21 Ref. 21 Ref. 21

v1 8.17 keV 10.28 keV 29.3 keV 56.2 keV
v2 7.92 keV 9.89 keV 26.3 keV 46.3 keV
u 160° 165° 173° 162°
q 4.2 a.u. 5.4 a.u. 14.9 a.u. 27.1 a.u
Dpz 0.03 a.u. 0.02 a.u. 0.08 a.u. 0.16 a.u

FIG. 1. Spectral functions calculated using the PP model
cussed in the text~solid line! andG0W0 ~dashed line!. The values
for r s andq are indicated in the figure.
6-4
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FINAL-STATE ELECTRON-ELECTRON INTERACTION . . . PHYSICAL REVIEW B64 125116
tioned range of densities. As a function of momentum tra
fer the PP model works well up toq,15 a.u. but for the
very high momentum transfers (q.20 a.u.) it slightly un-
derestimates the width of the spectral function, i.e.,
imaginary part of the self-energy. Due to the logarithm
singularity ~see, for example, Ref. 24! in the imaginary part
of the self-energy the spectral function evolves rather slo
to the well known Lorentzian shape. Only for extremely hi
momenta (q.50 a.u.) the spectral function can be appro
mated with a Lorentzian using the asymptotic limits for t
quasiparticle peak width@see also8 Eq. ~9!#

Im S~q,q2/2!→2
vp

2q
ln~qcq/vp! ~19!

and the quasiparticle shift@see also8 Eq. ~10!#

Re S~q,q2/2!→2pvp /~4q! ~20!

for both of which the next term behaves asq22. However, at
this momentum transfer regime the role of the spectral fu
tion is negligible for the Compton scattering as we will sho
later. The approximation is slightly improved if theG0W0
value for the chemical potential is used. However,
this work we use the PP-model approximation form to
make the work independent of the more laboriousG0W0
approximation.

We have evaluated the spectral function for various e
tron densities and momentum transfers corresponding
some specific experimental setups used for the recent
resolution Compton scattering studies according to Tabl
Since the shape of the spectral function depends only or s
andq it is interesting at first to see the general trend as th
parameters are varied. Figure 2 shows the spectral func
calculated for differentr s corresponding to some free ele
tron like low-Z metals. The momentum transfer ofq

FIG. 2. Spectral functions calculated for various free elect
densities corresponding to some simple metals. The momen
transfer value of 5.4 a.u. corresponds to a typical high resolu
Compton scattering experiment carried out at around 10 keV~see
Table I!.
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55.4 a.u. corresponds to an experimental setup at 10
~see Table I!. It is rather surprising how much the spectr
function changes its shape over such a relatively small ra
of electron densities. The same behavior is observed als
higher momentum transfer values. Based on this one wo
expect that the smearing of the Compton profile and
sharp Fermi breaks in the momentum density would be m
pronounced for Be than for Na, for example.

The other important general tendency is the change of
spectral function as a function of the momentum transfer
a specific system. Figure 3 shows how the spectral func
develops as the momentum transfer is increased for Be
cording to Table I. As the momentum transfer is increas
the spectral function becomes narrower and the weight of
satellite peak reduces. This verifies the expectation tha
higher momentum transfer values the final state effects
come less important. This becomes even more striking w
we convert the spectral function onto the momentum sc
pz , where the Compton profiles are generally presented
shown in Fig. 4. Such a presentation is also very useful w
one wants to estimate the final state effects compared
the momentum resolution obtainable at different incide
photon energies given at Table I. It is obvious that at
low-energy experiments, where the best momentum res
tion of about 0.02 a.u. is obtained, the smearing of
Compton profile due to the final state effects is overwhe
ing and clearly exceeds the experimental resolution. Ho
ever, at the high incident photon energies the spectral fu
tion becomes narrower and the experimental resolu
dominates. It should be noticed that the convolution of
theoretical Compton profile with the spectral function shou
be done~and is done here! on the energy scale according
Eq. ~10!. However, the spectral function does not chan
significantly over the Compton profile and we can quite
liably estimate the smearing effect of the spectral function
plotting it on thepz scale as is done in Fig. 4.

n
m
n

FIG. 3. Spectral functions calculated for free electron density
Be. The various momentum transfer values indicated in the fig
correspond to typical Compton scattering experiments accordin
Table I.
6-5
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J. A. SOININEN, K. HÄMÄLÄ INEN, AND S. MANNINEN PHYSICAL REVIEW B 64 125116
Recently there has been many experimental observat
of anomalously large smearing of Compton profiles, es
cially when looking at the momentum density discontinu
at the Fermi break.15,20,21In many cases this has been attri
uted to an incomplete incorporation of the electron-elect
correlation effects in the calculations of the momentu
density.29–31Since with the model introduced in this paper

FIG. 5. First derivatives of the experimental~circles! and the
theoretical Compton profiles~Ref. 21! with ~thick solid line! and
without ~thin solid line! the spectral function correction for exper
ments carried out at two different momentum transfer values in
cated in the figure. The momentum transfer values of 5.4 a.u.
14.9 a.u. correspond to incident photon energies of about 10 an
keV according to Table I.

FIG. 4. Same spectral functions as in Fig. 3 but shown on
momentum scalepz used for Compton profiles.
12511
ns
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n

is relatively easy to get a good estimate for the spectral fu
tion, it is rather interesting to look into the recent experime
tal results on Li, Be, and Na and see how much of the
served smearing could be explained by the spectral funct

Figure 5 shows the first derivative of the Be Compt
profile measured at two different energy regimes correspo
ing to low and medium momentum transfers.21 The LDA-
based theoretical calculations including the Lam-Platzm
correlation correction convoluted with the experimental re
lution with and without final state effects are also shown
the same figure. At the low-energy~10 keV! experiment the
final state effects are significant while in the experiment p
formed at 30 keV these effects are almost negligible. Ho
ever, the experimental Fermi surface shows a remnant sm
ing, which cannot be explained by the final state effe
discussed here. The remaining differences can be due to
inadequate description of the momentum density of the La
Platzman corrected LDA calculation. They can also be du
the exclusions of plasmaron contributions and the vert
corrections discussed in the previous section. The same
servation is supported by the recent study on Li, where m
but not all of the observed smearing can be explained by
final state effects.22 Additionally, similar conclusions have
been made in connection to a detailed study of the Fou
transform of the Li Compton profileB(r ) measured at dif-
ferent incident photon energies.32

As a final example we look at sodium which is probab
closest to free electron gas system of the examples discu

i-
nd
30

FIG. 6. The predicted smearing effect in the extracted mom
tum distribution function of Na due to the smearing of the expe
mental Compton profile caused by the final state effects. Two
ferent momentum transfer values values of 5.4 a.u. and 14.9
correspond to incident photon energies of about 10 and 30
according to Table I. The momentum density is calculated acco
ing to Daniel and Vosko~Ref. 28!.
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here. Na has an almost perfectly spherical Fermi surface
therefore it is possible to extract the radial momentum d
sity function directly from the experimental data and, mo
interestingly, the Fermi break. The Compton scattering te
nique can, in principle, serve as a unique tool to direc
measure the jump of the momentum distribution function
the break, which will give the so-called quasiparticle ren
malization constantZF . This parameter describes th
strength of the electron-electron correlation and is of fun
mental interest for many-body physics. There are several
perimental studies whereZF has been directly extracted from
the Compton profiles33 or by using fitting procedures assum
ing some functional behavior for the momentum density34

Figure 6 shows how the final state effects could be see
the momentum distribution at two different experimen
configurations. For the 10 keV experiment the smearing
the break is so severe that it would be very difficult to
construct the break directly or even by applying a fit for t
momentum density. At 30 keV the smearing is significan
smaller and the extraction ofZF could be feasible with a
suitable model.
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IV. CONCLUSION

We have studied the effects of the final state electr
electron interaction in Compton scattering in relation to t
validity range of the widely used impulse approximation. F
this purpose, we have introduced a relatively simple,
accurate enough, model for studying the role of the final s
electron’s spectral function. We have used a model spec
function, based on a free electron gas model, to study
effects on the Compton profile and its derivative as a fu
tion of momentum transfer. We found out that in this way w
could explain a large part of the discrepancies found betw
the theory and the experimental results obtained with diff
ent momentum transfers. The remaining differences hav
be attributed to the plasmaron effects, electron-hole inte
tion or to the inadequate description of the ground state m
mentum density.
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