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Absolute inclusive and exclusive cross sections for ionization ofddd He by Compton scattering are
presented and analyzed. The exclusive cross section for ionization of one electron, leaving the second electron
in the ground state, is 20% smaller for Hhan for He. Furthermore, the exclusive cross section for ionization
with excitation to the first excited state is seven times larger fotttén for He. However, at high energies the
inclusive Compton cross sections for both ldnd He are within 1% of two times the Thomson cross section
for elastic scattering of a free electron, even when ground-state correlation is accurately included. A general
analysis based on quasielastic scattering is applied to both shake and correlated calculations.

PACS numbsg(s): 32.80.Cy, 33.20.Rm, 33.60.Fy

I. INTRODUCTION second electron. In this paper, we report calculations of ab-
solute cross sections for ionization excitation of Hby
Multiple electron effects have been widely studied in pho-Compton scattering, compare to corresponding absolute
ton impact ionization of atomgl—3]. For double ionization cross sections for He, and present a detailed analysis.
as well as for ionization excitation by Compton scattering Our analysis makes use of the concepteatlusiveand
and by photoionization, the multiple electron effects usuallyinclusivecross sections, which has been used extensively for
dominate[3], especially in interactions with weak photon scattering by charged particld8,21], but has not been
fields. Most theoretica[4-13 and experimenta[14-18  widely applied to scattering by photons. In exclusive cross
studies have been carried out for the helium atom at higlections the final state of all of the electrons is specified,
photon energies where multiple electron effects are relativelyyhile the final states of all but the so-called active electron
easy to evaluate. For transitions of only one electron, a singlgre summed over in inclusive cross sections. Both exclusive

electron model is usually adequ?ti_for t%tall cross Sec"_'ogénd inclusive cross sections can be measured experimentally,
[1-3,19,2Q. However, accuracy of this model can be variedy, 4 the inclusive cross sections are generally easier to ob-

for different types of cross sections, different atoms and phoéerve since only the final state of one electron needs to be

ton energies. In this paper, we illustrate and analyze the rOI8etermined. Often, inclusive ionization cross sections are in-

of ml.”.t'ple electron effects in _smgle and multiple electron sensitive to multiple electron effects, while exclusive cross
transitions for Compton scattering. We analyze and compare

absolute cross sections in"Hwhere multiple electron ef- tsr? ctions etlre d_thute feni;')\;ﬁ r;[oldtgzﬁe effegii]s .HC.JEN can

fects are strong, with He, where correlation effects are mod- ese contradictory tren 0'de AISO, When IS It heces-

erate. sary to distinguish between multiple electron effects and cor-
H~ has two bound electrons, like He. But unlike He, in rélation effects? We address these issues here.

H~ correlation is required to obtain a bound state, where the N this paper, we also apply the idea of quasielastic scat-
outer electron sits at around four Bohr radii from the nucleud®ring to unify analysis of cross sections for exclusive and
with the inner electron at one Bohr radius. Thus one mighinclusive cross sections. To our knowledge, such an analysis
expect multiple electron effects to be different in He and H has not been previously applied to multiple electron transi-
Theoretical results for ratios of ionization with excitation andtions. In quasielastic scattering, cross sections for inelastic
double ionization to single ionization for both Compton scat-scattering, such as Compton scattering, are expressed in
tering[6] and for photoionizatiofil1] have been obtained in terms of cross sections for scattering of free electrons, e.g.,
the limit of high photon energies for both He and HHow-  Thomson scattering. In an uncorrelated effective single elec-
ever, no absolute cross sections are available forsé that tron model, shake terms are used to estimate multiple elec-
direct comparison of cross sections with other systems is ndton effects by a simple change in electron screening of the
possible. Also, little has been done to analyze the ionizationaucleus during the collision. Sum rules are used to relate
excitation results. There has been no thorough discussion afoss sections for Compton scattering to elastic scattering by
relations between cross sections for excitation to specifithe target electrons. However, when correlation, i.e., a mul-
states and total cross sections summed over final states of ttiple electron effect beyond simple shake, is included, these
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sum rules do not apply. Nevertheless, analysis in terms ahe n level specified. Inclusive cross sections are summed

guasielastic scattering is still valid. over the final states of any electrons whose final state is not
specified. In our case, the inclusive cross section is summed
II. METHOD over all states of the second electron. This corresponds to

. _data for ionization where all events in which ionization oc-
~ We have calculated total Compton cross sections for iongyrs are included. We call this total single ionization. If the
ization as well as ionization excitation of Hand He using  glectrons are uncorrelated, then the transition probability for
accurate correlated ground-state wave functions. These crogise second electron is not affected by what happens to the
sections for Compton scattering arise from &feterm in the  first electron, and the probabilities for all possible outcomes
Hamiltonian for an atom in the weak field of a photon, wherefor the second electron sum to unity. For uncorrelated sys-
A is the plane wave vector potential of the photon field. Thetems, these inclusive cross sections may be described by a
cross section for Compton scattering within the lowest-ordeone-electron model.

relativistic quantum electrodynamics is given [[&3], In this paper, we distinguish between the terms “multiple
electron” and “correlation.” The main difference between
- :j d docompton these terms occurs in shake, where transition of a second
Compton q dqg electron may occur due to a change in the electronic screen-
ing of the target nucleus that occurs due to a change in the
_.2 Of) 2% 212 electron-electron interactions. Thus, we regard shake as a
—rof dq( .)|ef -g mult . i
i ple electron effect. Shake is uncorrelated because it is
5 expressed as a multiplicative part of the transition probabil-

, (1) ity. The term “multiple electron” includes both shake and
correlation. Our exclusive ionization-excitation cross sec-

. tions are largely due to multiple electron effects. Our inclu-
where|f)=|k) describes a two-electron final state with ansive cross sections for total single ionization summed over
unbound electron of momentuky q is the magnitude of the the exclusive cross sections are well described in terms of a
momentum transferfone could a|ternative|y use energy single effective electron. This appears to be Contradictory.
transfer, the scattering angle of the photon or some othérlowever, the multiple electron effects effectively disappear
variable, andw; andw; are the energies of the incident and because the multiple electron shake probabilities sum to
outgoing photons. unity in the inclusive cross section. This sum rule, which
Our initial wave function is taken as a correlated configu-holds for ionization-excitation cross sections approximated

ration interaction function, expanded in terms of SturmianPy uncorrelated shake terms, does not hold if the exact cor-
wave functions[10,12], namely, related terms are used. We shall develop this point system-

atically in the analysis section beginning with the one elec-
tron model, adding shake terms, and leading an analysis in

< [ G S expnd-ily
j=12

P\ S (FN,S > s 2+ ,S >
|'>_; CiLémim(T ) ¥y (F2) + 4aim(F2) Y (P ], terms of quasielastic scattering including correlation.
2
- _ Ill. RESULTS
where y5(N)=Anp'e "2LISE () YY(Q), p=2ral(l , .
+1), ais a scale parameter arg, is a normalization con- The results of our correlated calculations of exclusive

stant. At high photon energy, we expect the final sfiteo  cross sections for ionization of one electron with the second
be weakly dependent on multielectron effects. Then weelectron remaining in the ground state are shown in Fig. 1. In
choose the uncorrelated limit that consists of a linear combiour calculations, we expandg@2] the initial ground-state

nation of a hydrogenlike wave function for the bound statewave function in 20 Sturmian terms for He and 35 terms for

. iy - Cc,- the ground-state energy. Our calculations were done for pho-
ejected electron, namelM)—|k)—(1/\/§)[¢n|m(r1) P (r2) ton energies ranging from 2 to 60 keV. The lower limit is

+ Yrnim(T'2) t/fE(Fl)]- At high incident energy, the total cross determined by the classical Compton thresholds and the up-
section for Compton scattering is dominat&8] by large  per limit by relativistic effect{23]. The cross sections be-
momentum transfeq and large electron momentuknThese come small at low photon energies due to the classical
wave functions have given results in good agreement witlihresholds for Compton scattering—2.59 keV for He and
experiment for the ratio of double to single ionization of He 0.44 keV for H . Differences inw¢ and w; included in Eq.
for both Compton scatterindl0] and photoionizatioh12]. (1) lead to a slow decrease of the cross sections with increas-
The cross sections we evaluate from E%. specify the ing photon energy shown in Fig. 1.
initial and final states of both electrons in the system. These At high photon energies, the Compton cross section for
are called exclusive cross sections. Below we present resultsnization with the second electron left in the ground state
for exclusive cross sections for Compton ionization in whichbecomes proportional to the Thomson cross section for scat-
one electron is ionized and the other is either in the groundiering of a free electron. As seen in Table | and Fig. 1, the
state or excited to a specifitlevel. The corresponding ex- ratio of Compton to Thomson scattering is about 1.6 in, H
perimental data must exclude excitation to levels other thamwhile in He it is close to 2. This difference between the H
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' " T " ' " T ] the second electron to excited states as discussed below.
Similar differences betweenHand He have been predicted
for photoionization11-13. We emphasize that in the limit

of weak photon fields considered here, the exclusive
ionization-excitation cross sections for-1 are entirely due

to multielectron effects.

Both exclusive cross sections for ionization with excita-
tion ton=1 andn=2 and inclusive cross sections summed
overn are given in Table | for both H and He. The uncor-
related results use a simple shake model described below to

o (cm?)

1 find the ionization-excitation results. For the uncorrelated
Experimental results \ N case, the inclusive cross sections sum exactly to twice the
o Mireee) free-electron result as detailed below. Our results for the cor-

0 10 20 30 40 related exclusive cross sections for ionization excitation are
Photon energy (keV) in agreement with relative percentages given earlier by Suric

et al. [6]. Within our numerical accuracy of about 1%, our
FIG. 1. Total cross sections for Compton scattering of He andnclusive absolute cross sections are equal to twice the Th-
H™. The full lines represent our correlated calculations of exclusiveomson cross section for the uncorrelated case. When corre-
cross sections for ionization of one electron with the second electation is included, the inclusive total ionization cross section
tron remaining in its ground state. The dashed lines represent totg||s slightly below the value of twice the free electron cross
Thomson scattering of a photon by either one or two free electrongection for both He and H The effects of correlation are
at rest. The data are from Samsetnal. [14]. less than 1% in the inclusive total ionization cross sections
- _ for bothH™ and He.Effects of correlation are much larger
and He ratios is reduced when a sum over the excited stat@$ exclusive cross sections than in inclusive cross sections in

of the remaining electron is included. In the HCompton to  poth H- and He We explain this, in part, via multielectron
Thomson ratio increases from 1.56 to 1.94 when excitatioyym rules in Sec. IV B.

to then=2 level is included and is 1.95 when excitation
throughn=>5 is included. Summing through=5 in He in- IV. ANALYSIS
creases the high-energy ratio from 1.89 to 1.95. We estimate
excitation to all bound levels above=5 to be about 1%
and double ionization to be about 0.8% in both End He. As noted in the Introduction and illustrated by our nu-
We do not understand why the exclusive cross sections famerical results, inclusive cross sections are often well-
ionization with excitation abova=2 are so similar for such described by a one-electron model. In the one-electron model
different atomic targets. If the multielectron effects are re-there is a useful one electron sum r{i&3], which we later
moved from our calculations, then the exclusive ionizationextend to multielectron sum rules in shake terms, and also
cross sections without excitation, correspondingntel in  relate to quasielastic scattering. In a one-electron target,
Fig. 1, are the same as the inclusive cross sections for singleereafter ignoring the factor ot/ w;) in Eq. (1), we oper-
ionization and at high energies are numerically very nearlyate to the left and to the right WitA2=(A) . (,&) and obtain
twice the cross section for Thomson scattering for a photon2, 3],

from a free electron for both Hand He. A small remaining

difference, well less than 1%, is probably due to Raman dUcOmpton_ dereel
scattering as we discuss below Ef). In our best calcula- dq  dq '
tion with accurate correlated initial states, ks about 20%
smaller than He, relative to Thomson scattering. This is
shown in Fig. 1. This large difference is due to excitation of

A. One-electron model

<f|e—iEf'FeiEi'F|i>|2

_dTrree 1 g g2
_d—qu'e [ 3

TABLE I. Exclusive and inclusive cross sections for Compton scattering in He andTHese cross
sections are given in units of the cross seciigp,. for scattering of a free electron by a photon. Nonrela-
tivistically, this is the Thomson cross sectian,..=6.65x 10~ 2° cn?. The factor of 2 corresponds to the
number of electrons in these two electron targets.

Correlated n=1 n=2 Sum h=1-5) 20t ree
H™ (20 keV) 1.56 0.38 1.95 2
He (60 keV) 1.89 0.05 1.95 2
Uncorrelated Shake n=1 n=2 Sum(all state$ 20¢ree
H™ (20 keV) 1.33 0.66 2 2
He (60 keV) 1.98 0.008 2 2
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In Compton scattering the final state is in the continuumsectiong 1-3]. We use the one-electron model as a starting
Here o4, iS the nonrelativistic Thomson cross section for point for analysis of exclusive cross sections in the next two
scattering of a free electron by a photon. The total Thomsosubsections.
cross section from EqJ) in the nonrelativistic limit where

w¢=w; averaged over photon polarizations and summed

over momentum transfers iSO’free:(87T/3)r(2):6.65 . ] ) ] ]
X10°25 cn?, where ro=a?a,=2.818<10 2 cm is the A simple modell for mclydmg multielectron effects is Fhe
classical electron radius. This cross section does not deperifake model, which modifies a one-electron model with a

on the size of the atomic target, but rather on the classicdtroduct of quasi-one-electron, uncorrelated probabilities for
electron radius. final-state rearrangement due to a change in electron screen-

Using conventional definitions for Rayleigh, Raman ing. The uncorrelated total scattering wave function is con-

Compton, and Thomson scattering, the total cross section foféntionally defined as a product of independent one-electron
a (v,y') reaction may be written as wave functions. Only in this case may one extend the one-

electron sum rules to include simple shake effects due to
rearrangement in the final state due to changes in electron

B. Simple shake model

d daground d d screening[22]. Then the one electron sum rule of E&),
> 29 __ state | > ., > b modified for N electrons as explained above, may be ex-
T dq dqg bound dq  free dq tended to multielectron sum rules by using the identity
states states
dO'Rayleigh doraman d‘TCompton do'inelastic_ dofree 2
= =N 1—|Fela
N .
do e do}
=3 —gq KrleT iy =2 ~4q LIFai@l]
AL IS ST < I 2 PSpa
dq T k2 T axe
dU'free_ ! do'jfree 2
=~4q 9o Thomsod dd g =2 ~4q 1 IFa@
where 3¢|f)(f|=1. The elastic scattering factor is defined KL kg2
o X k2, 6
as, Fe(q)=(i|€'?"|i). The elastic term may be separated L[J Ef Ko o0 ©

from the inelastic term, namely,

do  de dow o do Where{qbf’.k} anpl{qsr} are complete sets.of atomic eigen-
inelastie | Z_free  “Telastic_ T Treer k. (q)|3, states with different electron screeninf], so that
dg dq dq dq (p/ M)+ 8, . Here, 1-|Fe 4,(9)|? is an average value of
) the 1-[F. | ot ‘
the 1—|Fe,,j(q)|2. By completenessS P, «&=1 for each

where the inelastic scattering is the sum of Compton ancth electron. Thus, th(_a notion that exclusive cross sectipns
Raman scattering. Thus, in the one-electron model, Com#'® Iargely due to multiple elgctro.n effects and t.hat mclusn_/e
ton, Raman, Rayleigh, and Thomson scattering are inte/croSS sections may be descnbed.ln terms ofas_mgle effective
related. Resonant Raman scattering due to the second—orofé?‘i”?m even wi;en TedexthSIt\)/e crosstﬁectlor;ts lare Irela—
>z . . o ively large, is not contradictory because the multiple elec-
Fo 'g‘ g(?:]rgc;tshrogco%i?eeaiggé-grr:)?ecﬂﬂ%li(r%%itvagzsrr:;%rggat- tron shake probabilities sum to unity and effectively disap-
o Y as In ; Y pear in the summed inclusive cross section. Equati®n

tering is often relatively small and it also goes to zero at . . , )

. R = = ~does not hold if the wave functions are not simple products;
large g. In this paper, we are primarily interested in high

photon energies where smadj effects are small. Then then one may use E7) with ((q) #0.

. This simple formula enables one to make an estimate of
Compton scattering from a one-electron atom reduces to Th- AR oo . L
xclusive ionization-excitation cross sections by multiplying

omson scattering of a photon by a free electron. For a targ . : . I
with N independent electrons, a factorNis conventionally %e mtlzluswe cross ggctlomdafree/dq, by shake prqubll|-
ties Pgp ke O specific states. The shake probabilities are

included[24,3] with do,.c/dq in Egs.(4) and (5), corre- I \

sponding to scattering from free electrons. We retain the 0Und from the overlap of initial- and final-state wave func-
1—|Fo/(q)|? term that subtracts off elasti®Rayleigh scat- tions ,kwulrg 2dlfferent screening parameters, i.€Rghake
tering because this is included in the formula for quasielastic™ (¢1"| #)I°. In He, we take both of th&l=2 terms to be
scattering below and because it is sometimes used as tBe same, and use a screening paraneetes/16, in the ini-
simple way to account for effects of elastic scattering, whichiial state|#), ands=0 in the final state{¢;*|. In H™ we
can be large in cases not considered Hdrg4]. The one- take {¢{'}={¢]} (no shakg for the inner electron and
electron model is widely applied to calculate inclusive cross{ ¢} #{¢?Z} for the outer electrofil], with s=0.72 in the
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initial state ands=0 in the final state. In He, the ratio of scattering at smaly. When we remove correlation in our
Compton to Thomson scattering is 1.98 when the remainingnitial-state wave functions, our cross sections exhibit this
electron is left in the ground state. In"Hhe ratio is 1.33 for  behavior and the cross sections for lnd He are numeri-
an electron remaining= 1, increasing to 1.99 when excita- cally equal at largeqg, since doy,.¢/dq is the same and
tion ton=2 is added. Here the outer electron in kends to  |F¢(q)|?>—0. This is a useful test for the accuracy of nu-
stay neam=2, and then=1 contribution acts like shake- merical calculations.

down. This shake estimate of 0.66 for excitation inte2 is When(C(q)#0 in Eq. (7), the cross sections for Hand

a relatively crude overestimate of the more accurate corre-le differ, reflecting a difference in Hand He. In H', flux is
lated calculation of 0.38 fon=2, correct to 0.01 or better, being lost largely due to excitation of the second electron
listed in Table I. For the relative distributions of excited into n=2 of the remaining H atom. In Table | the exclusive
stateqle.g., in ratios of exclusive to inclusive cross sectjpns cross section for ionization with excitation inte=2, which
correlation is required to distinguish between Compton scatis entirely due to multiple electron effects, is seven times
tering and photoannihilation. larger in H™ than in He. This is physically plausible since the
outer electron in H has a radius close to the=2 orbit of

H. A similar effect has been not¢d2,13 in photoionization

of H™. Although C(g) may be applied to either shake or

Scattering from multielectron systems is more complex.qrelation, the specific values f6¢q) can be quite different
than scattering from effective one-electron atoms. Thus it i$ these two cases.

often convenient to use an independent electron model as a gquation (7) suggests two regimes. In the first regime
starting point to understand multielectron systems, and then\l—1)C(Q)<1—|Fe|(q)|2$1- This is the usual regime

to add correlation. This idea is used in quasielastic scatteringnere Compton scattering is nearly thatNfree electrons.
that occurs in inelastic scattering when the excitation energy, tne second regime,|(N—1)C(q)|>1— |Fo()|2=0.

is small compared to the energy of the incident projectilejore. Compton cross sections are dominated by many-
which applies in our case. In the nomenclature of Goldbergeg|qctron effects.

and Watson, the impulse approximation is defined as the

guasielastic approximation for one electii@#]. For quasi-

elastic scattering from a target withelectrons one hg®4] V. DISCUSSION

C. Quasielastic scattering

doinelastic dofree _ The introdgctory idea of a cross section is an area propor-
=N {1—|Fa(q)|?>=(N=1)C(q)}. (7) tional to the size of the target: the larger the target, the larger
dq dq the cross section. For example, the total cross section for,
ionization by fast, but nonrelativistic, charged particles var-
Heredoielastic/dq is the cross section for inelastimostly  jes as the geometric size, i.e., as the square of the radius, of
Compton scattering,Ndoee/dq is the (Thomson cross  the atomic target when the energy of the incident particle
section for elastic scattering df free electrons|F¢(0)|>  scaled to the binding energy of the tar§@ However, pho-
compensates for loss of flux to elastic scattering as explainegn cross sections, even at high energy, do not vary as the
above, andj is the momentum transfer. The teff(q) is the  geometric size of the atomic target. TKeshell photoanni-
relative strength per electron of the many electron effects t@ijlation cross section varies only linearly with the radius of
first order in a BBGKY correlation expansid4], so that  the target atom for photons with high, but nonrelativistic,
the form is correct only foN=2 or when correlation func- energies similarly scaled to the binding enefg}. Photoan-
tions third order and higher are small. In this paper, wherenihilation of a free electron is forbidden by energy and mo-
we consider onN=2, the form is correct. Note that EY) ~ mentum conservation, and consequently the photon tends to
reduces to Eq(5) as modified forN electrons wherC(q)  favor high momentum components of that atomic target at
=0. small distances at high photon energy. The Compton total
Equation(7) may be applied irdifferentways:C(q) may  scattering cross section for ionization of atomic systems
represent either correlation effects or multiple electron efwithout electron correlation depends only on the cross sec-
fects, as distinguished in Sec. Il. For example, in an uncortion for Thomson scattering of free electrons by photons,
related case, the inclusive cross section for total single ionindependent of the size of the atdi®4,25. This Compton
ization may be decomposed so thafq) represents the cross section is proportional to the Thomson cross section
exclusive ionization-excitation cross sectionsiior 1 corre-  multiplied by the number of target electrohs and is inde-
sponding to Eq(6). Alternatively in calculations with corre- pendent of the size, binding energy, shape, and other prop-
lation, C(q) may used to describe all multielectron effects erties of the uncorrelated atom.
(shake and correlatigror C(q) may be used to describe cor-  This simple, relatively featureless picture of Compton
relation effects not included in shake. In this paper, we usecattering breaks down when multielectr@ng., shakgef-
the later interpretation for our calculations that include cor-fects are brought into the pictufé—210]. Using accurate cor-
relation. Thus, Eq(7) is remarkably robust. related initial-state wave functions, we have evaluated
If C(g)=0, then the inelastic cross section for ComptonCompton cross sections for single ionization with the second
scattering is proportional to Thomson scattering by two freeelectron left in its ground state of He and HWith multi-
electrons in both H and He. The factof1—|F(q)|?] acts  electron effects included, the total cross section for single
like a cloaking term that accounts for flux going into elasticionization of H™ is about 20% smaller than for He photon
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energies well above threshold. This is noteworthy since the VI. SUMMARY

e o ooy s e e, 109 summary, we have caluted and sz excluse
i o and inclusive cross sections for ionization of lnd He via
this unusual case where the larger atomic target has theomnion scattering. We have presented results of calcula-
smaller cross section. The reduction in size is due to multiiong for exclusive ionization excitation for an electron left in
electron gffects; spemflca_tlly,. to a large extent, to the eny,—1 andn=2. Although H is geometrically larger than
hanced simultaneous excitation of the second electron. g the exclusive ionization cross section leaving an electron
Compton scattering and charged particle scattering havg, its ground stater{=1) is smaller for H than that for He.
the same matrix element in the first-order weak-field limitThijs reduction in cross section is due to multielectron effects
[3,26-29. Thus, the analysis used in this paper including theand much of the difference is due to ionization with excita-
quasifree scattering analysis is applicable to scattering byion to the first excited state of the remaining ion. If one
fast charged particles with an appropriate change in the ovesums over all final states of the second electron, one obtains
all free-electron term. The Compton analysis may also behe inclusive cross section for total single ionization. If un-
applied to photoannihilation without retardation where onlycorrelated wave functions are used, this inclusive cross sec-
dipole matrix elements are used. In this case a one-electrdipn is the same as one finds using a one-electron model. In
sum rule, similar to Eq(5), may be applied even for corre- this case, the cross section for Compton scattering may be
lated cross sections. In the dipole limit the troublesome elas€lated to the Thomson cross section for the scattering of a
tic terms may be showfB0] to disappear sincE;=E;. photon from_a free electron. Summing exclusn/_e Cross sec-
Understanding multielectron Coulomb effects in the con-tions dramatically reduces multielectron effects in the result-
tinuum is a significant limitation in analyzing data involving N9 inclusive cross sections. When correlation is included,

more than two charged particles unless very fast particles af@ultiple electron effects are less than 1% for inclusive cross

detected. Compton scattering has the advantage over chargggctions for both He and Hat high photon energies. In

particle scattering that cross sections for fast outgoing eleccontrast, multiple glectron effe.cts are relatively strong in ex-
lusive cross sections, especially when the remaining elec-

trons are relatively large in Compton scattering. In contrasf

S . ron is excited, where multiple electron effects dominate. For
to photoionization, Compton scattering can probe small mo- o ! . .
P pton St 9 P . these exclusive cross sections, simple shake calculations are
mentum components of an initial-state wave function at larg

LG esigniﬁcantly less accurate than calculations with electron
k by choosingk~q. Thus the need to understand unknowncorrelation. The main features of both the inclusive and ex-
effects of Coulomb interactions in the continuum is signifi- clusive Compton cross sections are described by a formula
cantly reduced in Compton scattering. Wave functions mayor quasielastic scattering. This quasielastic scattering for-
also be probed ing, 2e) experiments wherféwﬁ terms also mula may be used to characterize either multielectron shake
dominate, although, unlike Compton scattering the charge@r correlation effects. All sum rules discussed here for mul-

particle cross sections include a Rutherford scattering term diPole operators apply only in the uncorrelated limit. The
1/q* that weights smalg values. results of this paper for Compton scattering by photons are

We note that synchrotron radiation can be used to prob§XPected to be similar to scattering of fast charged particles
the second regime above for various materials including sols!nce the basic matrix elements ar_e_tht_a same, although they
ids [31] and molecule§32] where multielectron effects are are differently weighted. Photoannihilation is also somewhat

usually strong. Since the photon energies and intensities a milar since the basic matrix elements are the same in the
both high in third- and fourth-generation synchrotrons, indiPol€ limit.
outer shells the Compton cross section will dominate the

usual photoeffect that falls off quickly with increasing pho-

ton energy(i.e., asw ™~ ). In fourth-generation synchrotrons, ~ The authors thank L. Young, F. Robicheaux, M. Inokuti,
the brightness may be high enough to induce strong fieldind P. Bucksbaum for stimulating discussions. This work
effects even in Compton scattering. The analysis for strongvas supported by the Division of Chemical Sciences, Office
photon fields, however, are expected to be different since thef Science, U.S. Department of Energy, the NSF, and the
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