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Cross sections of discrete-level excitation of noble-gas atoms in Compton scattering
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The differential cross section in angle and the total cross sections for the excitation of atomic discrete levels
in Compton scattering are investigated. Results are presented for the walemt,(n+1)d and np—(n
+1),(n+2)p levels of the outer subshells of the noble-gas atoms Ne, Ar, Kr, and Xe, covering the range of
the momentum transferred to the atom up to 8 a.u., which is sufficiently large for the calculation of the total
Compton excitation cross sections. Calculations were performed in one-electron Hartree-Fock approximation
and with many-electron effects taken into account in the random-phase approximation with exchange for
monopole, dipole, quadrupole, and octupole transitions. Contributions from higher multipoles proved to be
unimportant and many-electron effects were found to be quite noticeable in the differential cross section, while
almost negligible in the total excitation cross sections. We conclude that the contributions of discrete excita-
tions are comparable to those of the ionization process.
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I. INTRODUCTION understand the relative role played by discrete excitation in
the total atomic stopping power.

In this paper we present results for the discrete-level ex- The main difference between Compton excitation and ion-
citation in the Compton scattering. We study this process irization, originates in the different role played by the electron
both the one-electron approximation and with account obinding to the nucleus. Without a nucleus atomic photoexci-
many-electron correlations. The interest in Compton excitatation is impossible, since a free electron cannot absorb a
tion is motivated to a large extent by the fact that in thisphoton. However, Compton scattering can proceed on a free
process not only dipole, but also other multipole transitionselectron[2]. The information about atomic structure obtained
may be investigated. The Compton scattering has also thigom the Compton process is different from the information
advantage that its cross section is almost independent of thghtained from both photoionization studies and fast electron
incoming photon frequency. This is in contrast to photoion-inelastic scattering since the regions of space that play the
ization in which the cross section decreases very fast with theost important roles in these processes are different. One
increase in photon energy. Compared to inelastic fast elec- should expect that the vicinity of the nucleus, which plays
tron scattering where also nondipole excitations can be studhe key role in high-frequency photoionization, will not be
ied, the Compton scattering has two advantages. First, themphasized in the Compton process. The inelastic electron-
effect of atomic core upon the incoming and outgoing elecscattering cross section is determined by the period of time
trons in their inelastic scattering is usually quite noticeableduring which the incoming electron is reasonably close to the
at least at energies at which the cross section is measurabtarget atom. This period of time decreases with the growth of
This can modify the picture of electron excitation consider-the incoming electron energy and so does the electron impact
ably, particularly for large momenturg transferred to the excitation cross section.
atom. In Compton scattering, the interaction of the incoming The generally small Compton excitation and ionization
and outgoing photons with the core is negligible. Second, theross sections can be overcome only by the increase of the
fast electron inelastic scattering is dominated by the dipoléntensity of the incoming photon beam. Several sources of
transitions, while in Compton excitation these transitions areontinuous spectrum of radiation now exist that generate
even suppressed when compared to the monopole and quagkry intense beams of high-frequency photons, upwto
rupole ones. The largest drawback of Compton excitation=100 keV. They were used recent[,4] and, without
studies is its small cross section. doubt, will be used in the future to study Compton ionization

For He, starting fromu=6 keV the Compton scattering and excitation. Also, it has been demonstrated recently that
cross sectionr(w;) becomes larger than the photoionization in order to obtain accurate enough calculated results even for
cross sectionr,(w;) [1]. The same is true for the excitation the total accurately measured Compton ionization cross sec-
process. For heavier atoms the corresponding lowest value @bn [5,6], simple versions of the one-electron approxima-
w; for which o(w;j)=0,(w;) increases rather fast with the tions are insufficient; the nonlocal nature of the one-electron
growth of Z. Starting from some energy; at which o(w;) potential has to be taken into account. This is why in this
=o0,(w;), it is the Compton ionization that determines the paper we use the Hartree-Fock nonlocal potential for the
total-energy loss by a photon while interacting with an atomone-electron approximation.
atw=w,; . Therefore, it is of interest to study the relationship  Recently Compton one-electron and two-electron atomic
between the Compton excitation and ionization cross sedenization were investigatel@—13|. The main focus was on
tions of a given electron subshell of an atom in order tothe He atom, but some analytical formulas valid for any atom
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and ion were also obtain¢8—10]. Expressions were derived fie|d, r; andp; are theith electron’s coordinate and momen-
and calculations performed for the ratio of double to singletym, respectively, while is the speed of lightatomic units
ionization cross sectiorf§,10,17 in He, particularly at high  are used throughout this paper,=e=7% =1, with m, being
incoming photon energies. However, very little has beenpe electron mase its charge andi the Planck constant
done about Compton excitation, particularly of atoms thatrhe cross section for inelastic or Compton scattering of a

are considerably more complicated than He and at relativel}shOton is expressed via the second powepof(f;)/c and
1 1

low energy transferred to the atom. ) S0 >\ D -
The aim of this paper is to fill in the gap by performing an the first power ofA<(r;)/2c~ operators. But the contribution

investigation of Compton one-electron monopole, dipoleof the 5i"E‘(Fi)/_C term to Compton scattering by nonrelativ-
quadrupole, and octupole excitations of outer subshell eledstic electrons is small. o
tronsnp® of Ne, Ar, Kr, and Xe. Thus, we have studied the  For an external electromagnetic field one hagr;)
region of “E'f}“s/ely low energy Er:alnsferred to the target atom= cexp(k-r). Therefore the differential cross section in scat-
@ o Onph(n+)dr O Onpi(ne1yn+2)s:  and @ tering angled() for Compton scattering accompanied by an
=®np-(n+1);(n+2)p OF momentum transferredq, q  atomic transition from the initial statg) to the final state
<8 a.u. For thisw and in such a broad region gfvalues  |f), doj;(w)/dQ can be expressed via the matrix elements
multielectron correlations could be important. Therefore, weys the operator exp(? ;) as
have performed calculations in the best one-electron Hartree-
2
f> )
Here E is the incoming photon energy and is the energy

Fock (HF) approximation and with account of multielectron
transferred to the atom in the scattering proceds;/ @),

correlations in the random-phase approximation with ex-  doit(wi) _(d_(f) E—- oy s <i
changgRPAE). The RPAE has proved to be very effective in dQ /), E T
previous studies of atomic photoionizatiph4] and of in-
elastic scattering of fast electrofiB5].
is the classical Thompson scattering cross section of light

The main features of this section are similar to those ofrom an electror{see[2]) andq is the momentum transferred
our recent paper on Compton ionizatift6]. However, for  to the atom in the process of Compton scatterigk— k'
completeness we will repeat the main points of that papekyit i’ being the outgoing photon momentum. The summa-
The operator that describes the interaction of photons Mith 1ion over final stated is performed preserving the energy

atomic electron.s in the nonrelativistic approximation is 9iVeNeonservatione = E;—E; , whereE, andE, are the energies
by the expression of the atom in the initial state and in the final state, respec-

N - =
2 eiq-rj
=1

II. GENERAL EXPRESSIONS

N tively.
K=E —15»-,&(F-)+i,&2(F») (1) The squared term in Eq2) can be expressed via the
=1 c Y 2c? V) generalized oscillator strengti&0S’y, which determine

. the inelastic scattering cross section of a fast charge particle
where A(r;) is the vector potential of the electromagnetic upon an atonj17]

2

2(1)“ N x> > R > > >
Gri(wfi, )= ra 121 P (ry, oor)expigq-ry) gi(ry, ... ry)dr;
N 2
2w, .
= <i 2, " f> | €
@ |\ =
|
Herei(ry, ... ry) andy(ry, ... ry) are the initial- and 2E w2
final-state atomic wave functions. With the help of E8), 9=—7|1-3g) sind, ®)

Eq. (2) can be presented as
where 0= 6/2 and @ is the scattering angle of the outgoing
dojs(wyi) _( d(r) E—ws 9° photon. Thus, for a given value the angled determines the
Y

dQ dQ E 2wy zf: Gii(@si,9). (4 momentumg and vice versa.

L . . . Ill. CROSS SECTIONS IN HF AND RPAE
Compton scattering is of interest at high energies, so one
has the limitationws;/E<1. Neglecting terms of order In the Hartree-Fock approximation the Compton scatter-

o /[E<1, one obtains the following relation: ing cross section simplifies considerably, because the expres-
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sion Eq.(3) that enters Eq(4) reduces to <S|I§R(w“ ,q)|t>=(s|ex;(id~?)|t>
Ol )= o fd)s(r)exmq SPGIGH i n,s§,>F _szp

200, 0 (K [Br(,q)[n")(n"s|U[K't)

(10
Here ¢4(r) and¢,(r) are HF wave functions of one-electron
states with energies; and ¢, respectively, andB(q) Here, as in Eq(7), <F(>F) denotes occupietvacani

=exp(q-r). The expression for the Compton scattering cross!'”: states,e, are the one-electron HF energidss|U|kt)

section in HF follows from Eq(4) and is given by (ngV|kt) =(ns|V|tk); while #»—0 andn,=1(0) for k
<F(> F). The procedure of solving this equation is de-

doue( o) (do) E— o, scribed in details [14,22. Note that contrary to

—aa " lda 2 E gsiwii,q). (7)  B(q), Bg(w,q) is a nonlocal operator, which corresponds
Wi st . , .
cl to two space coordinatesandr’ instead of only oner, in

Here the summation is performed over all one-electron stateg(q)'
with energiese; (for s) and ¢; (for t), which satisfy the
energy-conservation restrictios; = w; + €; . IV. DETAILS OF CALCULATIONS

The next step in our consideration of Compton scattering
is to take into account many-electron correlations in the
RPAE framework. This approximation has been applied ver

successfully to photoionization studifs4]. It gave quanti- but they can have different total momentamThis is why

tatively a good_ descri_p_tion of the cross sectiqns, including Bne has to solve Eq10) separately for different multipoles.
number of their specific features, such as giant resonances) 4o so. let us use the well-known expansion

(GR) in the absolute cross sections and interference reso-
nancesIR) in the partial ones. The RPAE is still very suc- "

cessful in describing new experimental data in this field, e.g., -

data on photon absgorption bF;/ iodifE8], on nondipole cor- ’ expliq- ) Z (2L+1)j(qr)P(cosg). (11)
rections to the photoelectron angular distributions in noble

gases[19].and on the generalized oscillator strengths for’HerejL(qr) is the spherical Bessel functioR, (cos?) is the
e.g., Ar discrete excited level20] (the data[20] are de- Legendre polynomial, and is the angle between the vectors

scribed in[21)). dr. Separating th lar parts of th lectron HF
To obtain the Compton scattering cross section in RPAE\?v:\?e ;unciair: IﬂgmgeEac?_'nglu) Zrn?jagzr?ormagnaenzlsgcg{;
. R . i
V\{e replaceg?t(wﬂ ) by GAS‘(w“ ). The latter is expressed the integration over angles in the matrix elements in By.
via the matrix elementés|B(wy; ,q)[t) of the Compton op- .\ c1aaq ofge(,q) partial one-electron GOSgn, 1 (@,0)
eratorB r(@si,q) in the RPAE framework. In order to obtain -5 pe introduced, witH’ within the limits |L—I|<I’

Br(wsi ,0), an integral equation has to be solved. This equa<| +].

E

Discrete excitations are characterized by their energy, an-
yqular momentum, and spin. Using the Compton scattering
operator considered above, only singlet states can be excited,

tion can be presented symbolically [d<)] Equation (8) for Bg(w,q) with the help of Eq.(11)
A . A . A decouples into a system of independent equations for
Br(w¢i,q)=B(q) + Bgr(ws; ,q) x(ws;)U. (8) partial contributions, with given angular momentum

L, Bgrw(w,q). These equations were solved numerically as
Here y(w)=(w—He,) *—(w+H,,) ' describes the is described in [22] giving matrix elements
propagation of noninteracting virtually created electron andnl|Bgc(wsi,q)|el’). With these matrix elements the RPAE

vacancy with the Hamiltoniahl,,; U denotes the combi- Values can be obtained
nation of direct and exchange terms of the interelectron Cou-

lomb potentialV,,=1/[r;—r,|. Equation(8) can be solved SR

L
also symbolically leading to the following expression: Gpar(@fi,0)= 7 |(n||B( (o, @)l )2 (12)
Br(wii,q)= Lq) (9) In numerical calculations we limit ourselves to monopole,
R 11— w10 dipole, quadrupole and octupole 0,1,2,3 transitions. We

calculate gnln,l,(wf,,q) and GnI n,,,(wﬂ,q) in a rather

Nonsymbolically Eq.(8) is usually presented in a matrix broad range ofq values, 9£q<8 a.u. For values of
form that looks more complicated than H), E, E>1000 Ry, one can simplify Eq5), reducing it to
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q=(2E/c)sin(é/2). For small scattering angles it reduces to If several excitation levels are so close together in energy
q=E#/c. Then instead of Eq7) one obtains in HF approxi- that they cannot be distinguished experimentally, the total

mation differential Compton cross section for a given set of such
levels in HF and RPAE can be obtained from E(g} and
e B df’:ll,:n'w,L(‘”fi) do (15 by performing the summation over all the corresponding
Coinnr L (04,Q)= BT S— ATo) ) contributions,
q* o= X G (0.9
:mgnl,n’l’,L(wﬂ .q) (13 R
d HF, I’?’
q=(2E/c)sin 612, S I L(“’)/ ( )
n'l' co,L cl
and in RPAE
q° HF,R
~ = —G, . (o, 18
R ~ _d‘fsl,n'l',L(“’fi) do n |EEwL 20 ™! L0 19
ot (@ Q) =——""q97— FTo) . B
If in experiments the excitation energyis fixed with low
q2 R ~ accuracy, one can obtain the excitation cross section for the
=—=Gp v L(@1i,0). (14 levels by integrating oveq the expressiori18), similarly to

204, Eq. (17) and obtain

Here wy; is the RPAE value of the excitation energy consid-

ered, which in HF approximation is equaldg; . The details aiFRw)= > U:LFrﬁr(;)
and formulas that permit one to determiag can be found mheot
in [22]. c? do
. . . . . HF,R
The relative role of RPAE correlations in the excitation of = 277—2 qu< m) 2_ &, ,W(w q).
an atom in Compton scattering is determined according to E cinl"ewL
Egs.(13) and(14) by the ratio (19
5 dgsl " L(Z)fi) dU:IFn’I’ (o) Using the known expression for the classical Thompson
it L(@f,©f,9) = — / — scattering cross sectiqisee[2))
~ 2 4
_GSI,nrerL(wfivq)/gnl,n’l’,L(wfirQ)- (j_g) :i _1<%) +£(E) (20)
4 ’
15 g c 2\ E] "8lE

If levels with the samenl,n’l" but different values of. ~ ©N€ obtains from Eq(19)
have the energies that cannot be separated in a given experi-

ment, the effective value cﬁ (a) q) is given by

nl, n’l’ 0.016 |- quad.+ mon. [
.......... quad.
HF,R ,— _ HF,R ————— mon.
@, - e w,
gnl,n | ( Q) ; gnl n’l L( q) 0.012 - 7]
Ne, RPAE, 2p-3p
=1.5Ry

2|>3p

dO':Fn',?, (w) I
= EL: L / ( ) @g 0.008
cl

:g iem':nf\]r L(w q) (16) 0.004 :.:_. -“.‘ \ "',. Ty .

where o is the average excitation energy of the group of ~ ®®! ' é — T ' T ' !

levels considered. The cross section for Compton excitatior
of the levels considered can be obtained by integrating Eq.
(16) overd(}, FIG. 1. Differential cross sections, relative to the Thompson
differential cross sectiofDCS), in Compton scattering for mono-
2 do o pole (dot-dashed curyeand quadrupolédashed curveexcitations
T n,l,(w) 27— j <m> §:|'fr;'?|,(w,q)qdq. a7 and their totaksolid curve for Ne 2p-3p transitions, calculated in
E? cl RPAE atwy,3,=1.5 Ry.
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Ne, RPAE, 2p-3d
=1.6 Ry

(02p—3d

izp-sd

0.001

0.000

4
q(a.u)

FIG. 2. Differential cross sections, relative to the Thompson
DCS, in Compton scattering for dipoleot-dashed curyeand oc-
tupole(dashed curveexcitations and their totabolid curve for Ne
2p-3d transitions, calculated in RPAE at;;.39=1.6 Ry.

_ 2a [(2Elc 1 'qc 2
AR N
1/qc\* _
+() > Eian(wa). (21)
8l E nl'ew,L

Since for a given set of discrete levels the sum in 4)
decreases very fast withgrowth, one can simplify Eq21)
transforming it into the following expression:

0.012 T ' '
------- dip.+oct., 2p-3d
ool AN mon.+quad., 2p-4p
--------- dip.+oct., 2p-4d
o008t ( \ po e
—,
L 0008 | Ne, RPAE .
o=1.6 Ry
0.004 |
0002 i AN N LT
0000 B2 s T 70
0 2 4 ° ?

q(au.)

FIG. 3. Differential cross sections, relative to the Thompson
DCS, in Compton scattering for monopdldot-dashed curyeand
quadrupole(dashed curveexcitations and their totakolid curve
for Ne 2p-4p transitions, calculated in RPAE afyp.4,=1.6 Ry.
The total (solid curve is the sum of the contributions ofp23d,
2p-4p, 2p-4s, and Z-4d excitations. Clearly seen in the figure is
the fact that the @-4p transition dominates the sum.
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--------- dip.
—dip., 2p-4s
0.02 |- 4
Ne, RPAE
0,,5.=1.348 Ry
0,,,.=1.563 Ry
ool f-i % e .

T T
4

q(a.u.)

0.00

FIG. 4. Differential cross sections, relative to the Thompson
DCS, in Compton scattering for dipolepZ3s (dashed curyeand
dipole 2p-4s (solid curve excitations for Ne.

HF,R/ ~3702 Amax q 2 HF.R —
Oni w)74E20-C| 0 qaq it §n|,nr|/(w,Q)
n cw,
3c?
HF,R 22)

E4E2 O™yl

where (. i the upper value of|: for 4>« é,?l;’ff,(;,q)

for a given set of discrete levels’'l’ € w,L vanish. It is
implied thatq,,x<2E/c.

The formula(22) will be used below to obtain the total
discrete-level excitation cross section in the Compton scat-
tering and to compare it to the total classical Thompson cross
section of light scattering upon an electron,= 8/3c*
~2.3755<10 8 a.u. For the cross section 1 a«2.8002
X101 cn?.

Let us note that the contribution of a group of discrete
levels decreases with the growthBRsE 2, while the total
Compton cross section is almdstindependent. This means

0.025 T : : :
mon.+quad.
.......... quad.
eo20- [\ | ____ mon.
.01 .
0015 Ar, RPAE, 3p-4p,
-3 -—
I O, P—l.O Ry
ap
0.010 i
0.005 :
0.000 -
0 6 8

q(a.u)

FIG. 5. Same as in Fig. 1, except that the results are for Ar
3p-4p transitions andvzp.4,=1.0 Ry.
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0.05 T Y T y v y v 0.03 T T T T T T
mon.+quad.
004 b ---—-dip.+oct,3p-3d | ¢ e quad.
B mon.+quad., 3p-5p mrm mon.
......... dlp., 3p_53
0.02 4
o e dip.+oct., 3p-4d
S s Kr, RPAE, 4p-5p
ap s o, . =0.8655 Ry
X nd P
- Ar, RPAE 0.01
o=1.1 Ry ' i
0.01 [ 4
0.00 4 0.00 1
0 2 4 6 8 6 8
q(a.u) q(a.u)

FIG. 6. Differential cross sections, relative to the Thompson FIG. 8. Same as in Fig. 1, except that the results are for Kr
DCS, in Compton scattering for dipolelot-dashed curyeand oc-  4p-5p transitions andv,, 5,=0.86 Ry.
tupole (dashed curveexcitations for Ar $-3d transitions, calcu-
lated in RPAE atws, 34=1.06 Ry. The totalsolid curve is the  pole levels considered is small for all the atoms investigated,
sum of the contributions of 8-3d, 3p-5p, 3p-5s, and P-4d ex-  just as the difference between the dipole and octupole levels.

citations, which is dominated by thep3d transitions. AII energies presented below are in rydbergs. For Ne one has
w5oan=1.5023, w5 5=1. 4739, w50 =1.6074, w55
that with an increase d the main contribution to the Comp- _2f3£981 whray= 12p53§86 wiaa=1. é’ggg wapaa=1. 6:?755

ton cross section comes not from electron excitation but fl’OrTlU L 3 =1. 6379 ®opas= 1.3481, andUZpAS 1.5635. This is

atomic electrons ionization.
why Flg. 1 presents the total values &, 5)(w,q) and its

monopole and quadrupole components in RPAE for both
V. RESULTS 2p-3p transitions at the same energy,z,=1.5. Figure 2

Our calculations were performed for the outer subshells depicts the much smaller contribution Of the dipole and oc-

discrete transitionsnp—(n+1),(n+2)p, L=0,2, np tupole 2-3d transitions t0£5, s4(w,q). The Energywapsq
—n,(n+1)d [2p-3d,4d for Ne], L=1,3 and np—(n  =1.589=1.6 almost coincides wit,;4,=1.60=1.6 and is
+1),(n+2)s, L=1 in Ne, Ar, Kr and Xe for the momen- Cl0S€ t0w;p44=1.64, on the one hand, amhy4s=1.564 on
tum transferredj<8 a.u. The results are presented in Figs. the other, which makes them difficult to dlstlngwsh This is
1-11, corresponding to NéFigs. 1-4, Ar (Figs. 5-7, Kr ~ Why Fig. 3 presents the sum along with the partial contribu-
(Figs. 8 and ®and Xe(Figs. 10 and 11 tions of the transitions @-3d, 2p-4p, 2p-4s, and Z-4d.

The energy difference between the monopole and quadriV/e see that for alé the contribution of the @-4p transition
dominates, however the contribution of thp-2s transition

0.030 r T r T r T
0.04 r T T T r T
——dip., 3p-5s .
0025 % dip., 3p-4s —dip.+oct.
--------- oct.
0.020 - 0.03 I e dip. T
Ar, RPAE
©,,,,=0.897 Ry
“}’;0015 fE ©,,5=1.062 Ry T 2002 L Kr, RPAE, 4p-4d ]
3 o,,,=0.93 Ry
0.010 -. -
0.005 - - 00 Y ]
0.000 . ot 1 .
0 2 4 6 8 0.00 L . . ) .
q(a.u.) 0 2 4 6 8
N q(a.u.)
FIG. 7. Same as in Fig. 4, except that the results are for Ar
3p-4s (dashed curve and 3-5s (solid curvg and wszpss FIG. 9. Same as in Fig. 2, except that the results are for Kr
=1.06265 Ry. 4p-4d transitions andv,.4¢=0.93 Ry.
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0.08 . : : . - | ; number. Figure 7 presents the results &g, 4(®3pas.0),

_______ :‘l:;-"q”ad- which again, as in Ne, have a clear two-hump structure and
——mon. 1 are even larger tha63p 4p(w g) at almost allg. Note that

§3p 45(®3pas,Q )/§3p 55(w3p53, ) in Ar is greater than the ra-
. tio in Ne, but§3pv4d(w,q) is only a factor of about 2 smaller

Xe, RPAE,5p-6p than &5, 24(w,q). B

oy, ,=0.75 Ry 1 Figure 8 depicts the total value qﬁp,\r,p(w,q) and its
monopole and quadrupole contributions in Kr. Contrary to
the previous cases it is a factor of about 3 smaller than
gﬁpm(w,q), presented in Fig. 9. We infer that dipole excita-
tions can be quite probable in Compton scattering.

Figure 10 presentsgpvep(;,q) for Xe and Fig. 11 pre-

sentsggp’&(w,q) and ngjS(w,q) for Xe. Again the contri-

6 8 bution of the dipole transition is larger. Clearly, the main

q(a.u.) features in all the Xe transitions considered are qualitatively
similar to those for the other noble-gas atoms.

FIG. 10. Same as in Fig. 1, except that the results are for Xe All the curves fornp—(n+1),(n+2)p excitations have

5p-6p transitions andvs, 6,=0.75 Ry. a common qualitative feature. Namely, each curve has a
strong maximum, which is pronounced mostlygat 1. In all

. . . the curves an additional interesting peculiarity appears due to

is almost as large. Figure 4 prese§§§ as(®@2p3s,0), Which the quadrupole contribution, viz. they have two maxima, one

has a two-hump structure and is even larger #,(©,0)  atq~1 and the second one, which moves from 4 in Ne

at almost allg. Note thatg2p 3s(@2p3s,q) is a factor of about  to g~2, in Xe. All curves fornp—(n+1),(n+2)s have a

5 greater tharf2p 45((1)2,345,q) two-hump structure and the contribution mp—(n+1)s is

Figure 5 presentss, 4(,q) for the Ar 3p-4p monopole much larger than that of thep—(n+2)s. However, the

and quadrupole transmons and their sum. Agam the excital Ieuar\s/tesnf?c;];:err)eg é?ncsci)trgndserggthhgipglz inr?gl(;c%gm?n 5::]
i i i v i ximu

ion energies her 1. n 1. r

tion energies hereog,;,=1.0068 a dw3p4p 0590 are Igcated for the dipole transition at lowerthan that for the

very close, so that the common energy is chosen to b.e equa adrupole. The strength of the latter increases rapidly as we
t0 w3psp=1.0 Ry. Figure 6 presents the sum along with the .\ t00 Ne to Xe.

partial contributions of all the transitionsp33d, 3p-5p, . — .
3p-5s, and 3-4d, which are close in energy. By far the The values of total cross sectloa§|(w) according to Eq.

dominant contribution comes from thep®d transition, (ZRZ) are characterized by the factoﬁs—l_ » which are

which is a direct consequence of the fact that this transitio\,, | ,,=0.2947 for Ne, Aﬂ_ 3= 0.1939 for Ar, A*,_ 4p

proceeds between states with the same principal quantum(0.2779 for Kr, a“dAELs =0.3217 for Xe. For energies
that are of interest for Compton scattering, namely, Eor

bigger than tens of keW¢/E<1, Af <Z and therefore the

0.02

E-'5p-6p

0.01

0.00

0.04 ' ' ' ' ' ' ' discrete-level excitation cross sectlon is much smaller than
......... dip., 5p-6s - the total atomic classical Thompson scattering cross section
——dip., 5p-7s o9'=87Z/3c*.

0.03 - -

VI. CONCLUSION
Pl Xe, RPAE
002 ;i 0,,=0.6726 Ry 1 In this paper we have investigated both differential cross

=0.8083 Ry ] sections in angle and total cross sections for monopole, di-
pole, quadrupole, and octupole excitation of discrete atomic
levels of Ne, Ar, Kr and Xe in Compton scattering. Results
have been obtained in the HF approximation and with many-
electron effects taken into account in the RPAE. However, to
minimize the number of figures, only RPAE results have
been presented, focusing on the relative importance of mono-
pole, dipole, quadrupole, and octupole excitations.
Generally, we have found that the curves for the mono-
FIG. 11. Same as Fig. 4, except that the results are forpcés  pole, dipole, quadrupole and octupole excitations for the
and 5-7s dipole transitions with ws,6,=0.67258 Ry and noble-gas atoms are characterized by maxima and minima as
wsp.7s=0.808 28 RYy. a function ofg. A dominant peak occurs near=0 in the

O 7

001 H

0.00

q(a.u.)
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