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Simultaneous transfer ionization in a positron-helium atom system
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The simultaneous electron capture and the ejection of another electron by which a doubly charged He ion
and a Ps atom are produced in a single collision between a positron and a He atom is investigated theoretically.
The angular distributions of the Ps atom as well as of the ejected electron are studied in the low-and
intermediate100—500 eV energy regime with respect to the threshold energy for the transfer ionization
process. The electron-electron correlation effect which mainly governs such two-electron transition processes
has been taken into account in both the initial and final channels. The fully differential cross sections for
different dynamics reveal some structures which are to be verified by the future experiments.

PACS numbdis): 34.70+e, 34.90:+q

[. INTRODUCTION sections only. However, though the experimental data exist
mainly for some complex noble-gas atoms, we have chosen
Recently, studies on the electron-electron correlation effor our first work, the helium atom to be the target, since the
fect in different collisional processes are finding increasindatter is the simplest system to be studied for two-electron
attention from both theoretical and experimental physiciststransition processes. From the experimental point of view, it
Particularly the two-electron transition processes, e.g.is much easier to measure the data of total cross sedfions
double ionization(DI), double capturgDC), simultaneous the process concerngethan for the differential ones, while
excitation ionization(El), transfer ionization(Tl), etc., in  the reverse is true from the theoretical point of view. In the
multielectron atoms are mainly governed by the electronpresent work we have studied the fully differential cross sec-
electron correlation effect. The role of electron correlation intions for the simultaneous TI process in a positron-helium
the context of different atomic collisions has been emphaatom system. As a first step we have considered the case
sized by several authofd—6]. Various theoretical models when the Ps atom is formed in the ground state only although
have been proposed to account for the electron-electron cothere is a probability that the Ps may be formed in excited
relation effect(arising due to Coulomb interactions dif- state as wel[10]. To our knowledge, the present work is the
ferent ways for studying the above-mentioned two-electroriirst theoretical attempt for such a Tl process by positron
transition processes. impact. Theoretically, the transfer-ionization process can oc-
In the present work we study the simultaneous captureur mainly through the following two possible mechanisms.
(transfej and ionization of the two target electrons of a he-In one case the positron can interact with one of the electrons
lium atom, commonly known as transfer ionizatiofl) in of a He atom to form a Ps atom while the other electron is
which the incident positrong(") captures an electron from ejected due to the electron-electron correlation effect. An-
the He atom while the other electron gets ionized simultaother possibility is that the positron interacts with both the
neously, i.e., electrons independently by turn, causing the formation of the
Ps atom as well as the ejection of an electron. The latter
e"+He—(e'e)+e+He"". (1)  process is a second-order process since it involves two suc-
cessive binary collisions and should be treated in the frame-
For heavy-particle impact, e.g., in a proton-helium colli- work of a second-order theorfe.g., second Bopn The
sion, a number of differential measuremefdagular distri-  present prescription has been formulated on the basis of the
butiong [7—-9] have been performed on the simultaneousfirst mechanism.
transfer and ionizatioiTl) of the two bound electrons re-
sulting in the production of a fully stripped Fié ion. How- Il. THEORY
ever, for a light projectile, the first differential measurement
was reportedl10] for the Tl process in a positron-argon atom
collision, where one of the electrons from the outermost shel
of the argon atom is captured by the incident positron to - m
form a positronium aton{P9 while another electron gets T =(¥r (0 r2 ) Vil#i(rar ra). @
ionized in a single collision. This measurement has stimuThe total HamiltoniarH of the system is written as
lated us for the present theoretical study. Later, some other
measuremenid 1,12 have been reported for the double ion- Zy Zy Z; 1 1 1
ization (DI) of some noble gases /" impact where both H=Ho+ rL T, T3 T1p r_13+ [ ©)
the direct ionization as well as ionization with Ps formation
(i.e., TI) cross sections have been measured. The latter exvhereZ,=2 is the charge of the target He atom.
perimentg 11,12 refer to the measurements of the total cross  The full kinetic energy operator is given by

The prior form of the transition-matrix element for the Tl
process(l) is given by
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1 1 1 with N;=1.6383,\,=1.4096,\,=2.2058,A.=0.242, and
Ho=—-5Vi-5V3-5V5 (4 Co=—0.6054.
In view of Egs.(2)—(5), the perturbation interactio; [in
wherer {, r,, andr are the position vectors of the incoming EQ. (2)] in the initial channel is obtained as
electron and the two bound electrons “2” and “3,” respec-
tively, with respect to the target nucleusy,=r,;—r,; ro;

=r,—Trg; F13=r,—r3. The initial channel wave functiop, V- Z 1 1 o
in Eq. (2) is chosen as Yry orpp rgs
$i(ry,ra,r3) =expiki-ri)ei(ra,ra), 5

Equation(7) shows that the perturbatioy vanishes asymp-
totically (for r;—o0 andr,,r finite).

In the present model, the projectile is assumed to interact
only with one of the bound electrons to be transferred while

wherek; is the initial momentum of the incident particle and
¢i(r,,rg) is the correlated wave functigd 3] of the ground-
state helium atom given by

@i(r5,T3)=Ni[€XP( = Nal 2= Npl3) +eXp—Aplo—Nal3)] the ejection of the other electron is supposed to be caused by
the electron-electron correlation effect. The final-state wave
X[1+Cpexp—ANcrz3)] (6)  function ¥ in the present prescription is chosen as
f p p p

W (ry,ro,rz)=expliks- R)exp(—N¢|ri—ro|)Mgexpliks-rz) 1F1(ias,1;—i(Ksrz+Kks-r3))

X(2m) ¥y 1F 1 (iag, 1= (Kar 3+ Ky 12))Moz F 1 (i @aa, 15— (Koal 23+ Koz T23)), (8)

where a,=—(Z—1)/K,, az=—2Z/Ks, azz=1/12Ky3, |Ky has been evaluated numerically. The fuligiple) differential
=|k¢/2|, kpa=(kp—k3)/2, R=(ry+ry)/2, and M; cross sectiofTDCS) for this Tl process is given by
=exp(ma/2)['(1—ia;) with j=2, 3, or 23;\; is the bound-

tate parameter for the ground-state Ps atom is g kik
if—o% r ground-s S and is given by dgo/dEzdﬂldQZZMf ks T, 2. (10)
=0.5. K
The construction of the present final-state wave function |
takes account of the fact that the ejected electmo first In order to have an idea about the importance of the final

attains a continuum state of its parent nucléds” ion) and  channel correlation as well as some other higher-order ef-
then by virtue of the 1/, interaction, is finally captured by fects, we have also calculated the first-Born cross sections
the incident positron to form the positronium at¢Rs inits  for the present Tl process in which the correlation effect in
ground state. In the present prescription, the electronthe final channel is neglected while the same initial channel
electron correlation effect which mainly governs the simul-correlation is retained. The corresponding expression of the
taneous two-electron transition, has been taken into accouamplitude is given by
in both the initial and the final channels. The Ps atom could
also be formed in the excited state.g., &,2p) though the Z
probability of such a process is expected to be much lower. Tir=\ Wi (r1.r2.rg) r, r_lz_ I1a ‘/"(rl'rz ra) ),
However, the present work concentrates only on the forma- (11
tion of a ground state Ps atom.

The excess energyE(—Ey,) in this transfer-ionization Wherey; is given by Eq.(5) and
process is shared by the two outgoing partiockesand Ps. In
the TI process the energy and momentum exchange occurs W =exp(ik;- R)exp(—\¢|ry—ro|)(2m) ~¥Mj
between the projectile, the electron to be captured, as well as . . L
the other bound electron that is ionized. Thus the energy X expliks ra) 1F1(las ;=i kel ks 13))
conservation relation for the process concerned is given by (12

K212+ € ye=K2I2ui+ K512+ € ps, (9)  with az=—2Z/ks, R=(r;+r,)/2, andM 3= exp(ras/2)[' (1
—iag).

where w; is the reduced mass in the final chanrel, k3, R
andk; are the respective wave vectors of the incident posi-
tron, ejected electron, and the scattered Ps atemy and
e psare the binding energies of the ground-state helium atom We have computed the fulligriple) differential cross sec-
and the Ps atom, respectively. The transition amplitude isions (TDCS) for the simultaneous transfer and ionization
finally reduced 14,15 to a three-dimensional integral which process in a positron-helium atom collision in which the

IlI. RESULTS AND DISCUSSIONS
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FIG. 1. Angular distribution of the Ps formation in the transfer S o i
ionization (T1) against the Ps scattering angle in atomic units ~ FIG. 2. Same angular distribution as in F'g' 1 for the fixed
(a.u) for different incident positron energie). Ejected electron  €j€ction anglef,=90° with two different incidene™ energies k)
energyE,=5 eV, ejected angl@,=4°, azimuthal angles ar¢,  and two different ejected energiesEy). Dashed curve,E;
—=0° and ¢,=180°. Dashed curveE;=125eV; long-dashed =150eV andE,=5 eV, long-dashed—dot curv&,;=150eV and

curve, E;=150eV; solid curve,E;=175eV; long-dashed—dot Eb=25.93eV; solid curvef;=250eV andE,=5 eV; and long-
curve, E;=250eV; and long-dashed—double-dot curvg;  dashed curvel;=250eV andE,=59.27 eV.

=300ev. ing incident energy. In contrast, in the backward direction

the distribution is higher for lower Ps energy. This angular

transferred electron forms a Ps atom in its ground state withehavior of the Ps distribution is quite physical as was also
the incident positron while the other electron is ionized in anoted in a pure transfer process].
single collision. Both the dynamics of the Ps atom and the In Fig. 2 we have demonstrated another Ps angular distri-
ejected electron have been studied. The corresponding Boisution in the TI process at an ejection angle=90° for two
cross sections have also been studied by settingnd 3 incident energie$E; =150 eV andg; =250 e\) and two dif-
equal to zero in Eq(8). In the present work the incident ferent ejected energie®) for E,=5 eV and(b) for equal
energy of the positron varies from the threshold energy toselocity of the two outgoing particleg.g., the Ps and the
~500 eV. The threshold energy for transfer is determined byjected electrorwith ¢, ¢, the same as in Fig. 1. Figure 2
the ionization energies of He and Ps and is given byeveals one interesting feature in all the curves, i.e., the oc-
Ewn(T) = Eion(He(1s)) — Ejon(Ps(1s)) = 24.59-6.8= 17.79  currence of a double peak, one at a very small afigit0°—
eV, while the threshold energy for the transfer ionization15° and the other at around-50°-659, depending on the
(T1) is given byEy(T1)=17.79+54.4=72.19 eV, since the incident as well as ejection energies. Further, regarding the
second ionization energy of He is 54.4 eV. position of the peaks, it may be noted that with increasing

Figure 1 displays the angular distribution of Ps formationincident energy E;) (with fixed E,,) the peak positions shift
following the transfer-ionization process against the Ps scatowards a lower scattering angl@,). In contrast, with in-
tering angle 6, for different incident energies E; creasing ejection enerdy, (for fixed E;) the positions of the
=125-300eV) while the ejected electron ener@)(and  peaks shift towards a larger angle.
the ejected angle are kept fixed Bf=5 eV and 6,=4°, Figure 3 displays similar Ps distribution as in Fig. 2 but
respectively. The azimuthal angles are fixedpat=0° and for two other ejection angles,=45° and§,=180° while
$,=180°. As is evident from Fig. 1, all the Ps distribution keeping E,, fixed at 5 eV. The double-peak structure has
curves show a forward peak at around 10°—20° and a dipeen noted for these two ejection angles also. However, for
around 58°-62°, depending on the incident energy. In the Th,=180°, the qualitative nature of the curves are somewhat
process the excess energy is shared by the two outgoing patifferent from that forg,=90° or 45°(see Figs. 2 and)3In
ticles, the ionized electron and the Ps in unknown proporthe former case ,=180°); instead of two distinct peaks
tions. Since the higher incident energ¥;) for a fixed (obtained forg,=90° and 45y, the curve starts from a maxi-
ejected energyH,;,) corresponds to a higher value of Ps en-mum at zero angle and then, following a minima, a distinct
ergy, it appears from Fig. 1 that the higher the Ps energy, itpeak occurs at aroun@-33°—359. The depth of the minima
distribution is more and more favored in the forward direc-becomes more and more sharp with increasing incident en-
tion, i.e., the peak occurs at a lower anglg)( with increas-  ergy. From Figs. 1, 2, and 3 it may further be inferred that

062705-3



B. NATH AND C. SINHA PHYSICAL REVIEW A 61 062705

TDCS(au)
TDCS (a.u)
3,

= -
(=] [==]]
QD ~3

2
[==]
j¥=)

: | : ! 1 ] I | ]
30 60 90 120 150 180 30 60 90 120 150 180
681 ideg) 81(deg) -

10

FIG. 3. Same as Fig. 2 with two different ejection angles and the FIG. 4. Same angular distribution as in Fig. 1 for the fixed
ejected energy fixed #&,=>5 eV. Solid curveE;=250eV andf,  positron energyE; =100 eV with different ejected electron energies
=180°; long-dashed—dot curve;=250eV andf,=45°; dashed (E,). Long-dashed curvez,=3 eV; solid curve,E =5 eV; and
curve, E;=150eV and #,=180°; long-dashed curve foE; dashed curveE,=10eV.
=150eV andf,=45°.

for electron emission at high incident energies in the same Tl
when the ionized electron is ejected in the forward directiorprocess and the peak was similarly attribufé¢ito the cor-
(e.g., 6,=4°, Fig. 1 the scattering of Ps in the backward related H -e-e scattering mechanism.
angles is quite significant as compared to that in the forward However, for a light projectiléas in the present casehe
direction. In contrast, for the backward or perpendicular ejecso-called Thomas pedR 7] occurs at a comparatively much
tion of the ionized electrore.g.,8,=180° in Fig. 3 and 90° lower incident energye.g., 150 eV in the present cas©f
in Fig. 2 the Ps distribution is almost negligible as comparedcourse this feature becomes increasingly marked as the inci-
to the corresponding forward angular distributions. dent energy increases. This is also corroborated by the ex-
The double-peak structurdsr shoulder-type structures perimental findings where the differential Tl cross sections
occurring in the Ps distributiofin Figs. 2 and 3 may be have been measured for the ionization of argon atoms by a
attributed to the Thomas double-scatter{ig] mechanism  positron impact{10]. In their measurementsl0] also, the
predicted for charge transfer or transfer ionizafiéi®] prob-  signature of the double peak was noted at a much lower
lems in the case of heavy-particle projectiles in high—energ)irncidente+ energy. Comparing Figs. 1, 2, and 3, it may be
regime. The simultaneous capture and ionization processoted, however, that the double-peak structure is absent for
(TI) may proceed mainly via two mechanisms. Either it canlow ejection anglege.qg., 4° in Fig. 1.
occur due to two independent interactidnscorrelateg be- In Fig. 4 we have plotted the Ps distribution against the
tween the positron and two target electrons in separate eiscattering angled; for a low incident energy &;=100eV)
counters or it may arise due to the correlatede-e scat- and for three different ejected energigs =3, 5, and 10 ey
tering (two successive binary collisiong which thee® first ~ while keeping the other parameters the same as in Fig. 1.
scatters inelastically at one of the target electrons and then iBimilar behavior(as described above for Fig) Is also re-
a second interaction this electron scatters at the other targéected in Fig. 4, i.e., the Ps distribution for higher ejected
electron (through the electron-electron correlatjpiso that — energy which in turn corresponds to lower Ps energy is fa-
finally one target electron is emitted into the target con-vored in the backward direction. The curves for lovigy
tinuum while the other electron forms a bound state with thee.g., E,=3,5€V) in Fig. 4 show a small peak at around
incidente* to form a Ps atom. For heavy-particle impact ~30°—40° scattering angle while for higheE, (E,
also, such correlated projectile-electron-electron scattering=10 eV) the distribution increases steadily with increasing
mechanism leading to Tl is responsible for the narrow pealscattering angle. Figure 4 indicates thatEat=100eV, the
(at a critical angle~0.3 mrad observed 9] in the angular Ps is scattered preferentially in the backward direction for alll
(scattering angledependence of the Hé fraction from the ejected energies. This feature becomes increasingly
single-electron capture reactions irf H He collision at high marked as the ejected enerBy increases. This is probably
incident energie$~200-500 keV. because aE;=100eV and for theE, chosen in Fig. 4, the
The signature of the Thomas peak was also obsgfved available energy to Ps is very low-17.8—-24.8 eV and
in the absolute energy and angular differential cross sectioraccording to the previous discussioffer Fig. 1) the back-
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FIG. 5. Same as Fig. 4 with incident energy fixed Bt Figure 7 exhibits the angular distribution of the ejected

=250eV and the solid curve fdE,=10eV; long-dashed—short- €electron for different incident energies but for the fixed
dashed curve,E,=20eV; long-dashed—double-dot curv&€,  ejected energyE,=5 eV) and the fixed scattering angle of
=50eV; long-dashed—dot curvé,=75eV; dashed curvek, Ps (#,=4°). Unlike the angular distribution of the ejected
=88.9eV; long-dashed curv&,=100eV. electron in a single-ionization proce$where two distinct
lobes appeay here in the Tl process the ejection angular
ward contribution dominates over the forward one at this lowdistribution curve (except for the curve aE;=125eV)
value of Ps energy. shows a broad hump in the binary region while in the recoil
Figure 5 displays similar Ps angular distribution for aregion no such structure is obtained. It should be pointed out
higher incident energy §;=250eV) and for different here that in the present model, the ionization of the second
ejected energiesH,=10-100 eV) with fixed ejection angle target electron is mainly caused by the electron-electron cor-
#,=4°. Here also the loweE, (i.e., higher Pscurves are relation effect instead of the projectile-electron interaction as
highly peaked in the forward direction than those for higherin the case of pure ionization. However, the maximum value
Ey,. Unlike Fig. 4(for E;=100eV), in Fig. 5, the Ps distri- of the cross section occurs at the extreme backward angles
bution is significantly higher at forward angles than at ex-(9,=+180°) both in the binary and the recoil regions.
treme backward180°). This behavior again corroborates the Some exception occurs Bt =125 eV (in Fig. 7), where the
fact that since for highef; (250eV) and for thée,’'s shown
in Fig. 5, the Ps scatters with higher enefgg compared to
Fig. 4), the distribution is more favored at small angles.
Figure 6 displays the corresponding first Born residee
Eqg. (11)] for the angular distribution of Ps formation for
different incidente® energy €;=150-300 eV) while keep-
ing other parameters fixgds in Fig. 2. As is noted from the
figure, the first Born curve shows no significant structure,~
instead it falls off almost monotonically with the scattering
angle 6, except for a very small angled(~10°). The first
Born approximation(FBA) cross section decreases with in-
creasing incident energy as is expected physically. Since thi o
Tl process involves a simultaneous two-electron transition in . ! L ! !
which the electron-electron correlation plays the most domi-  -180 -120 =60 0 60 120 180
nant role, the first Born approximation which neglects the 82deg)
higher-order effects aItoge_ther is.not supposed to be valid for FIG. 7. Angular distribution of the ejected electron in the TI
such a process even at.hlgh InCIdent' energy. against ejection angle, in atomic units(a.u) for different incident
To describe the ejection angular distributiffigs. 7-10  ogjtron energiesH,). The Ps scattering angle is fixed @g=4°
we have adopted the conventional notation for a pure ionizaang the ejected electron energy is fixedEat=5 eV. Azimuthal
tion process, i.e., the so-called binary regi@ama pure ion-  anglesg,=0° and $,=0° and 180°. Long-dashed—dot cung,
ization processis represented by the 0°-180° regioth,( =125eV; dashed curveE;=150eV; long-dashed—double—dot
=180°) while the portion 0° to-180° (¢,=0°) represents curve, E;=175eV; long-dashed curveE;=200eV; and solid
the so-called recoil region. curve,E;=250eV.

16°

DCS (a:u)
3,
»
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FIG. 8. Same angular distribution as in Fig. 7 with different ) ] o
ejected energies and a fixed incident positron en&gy250 eV. FIG. 10. Same as Fig. 7 but for the first Born approximation
Long-dashed—double-dot curveE,=50eV; long-dashed—dot [EQ. (11)]. Long-dashed curvef;=125eV; solid curve,E;
curve, E,=75¢eV; dashed curveE,=88.9eV; and solid curve, =150 eV; long-dashed—dot curvE;=175eV; and long-dashed—
E,=100eV. double-dot curveE;=200eV.

distribution mainly governed by the maximum values of the
curve enhances as the incident energy increases Ug to
o . ; S =200eV (in Fig. 7) while at E;=250¢€V the cross section
other casesin Fig. 7) the magnitude in the two regiofpi- starts decreasing. However, the apparent anomalous behavior

nary and recojlis maximum atf,= *+180°. _ i .
It is well known that the charge-transfer process is domi-Of the;=250eV curve in Fig. 7 may probably be attributed

nant at low incident energy and for the positron-helium aton{'[:0 the following fact. The incident enerdy; =250 eV (in
system the Ps formation cross section was foli@] to be ig. 7) for the TI process is sufficiently high for which the

significant only up to the incident positron energy50 eV contribution of the Ps formation cross section becomes neg-
9 y up P 9 ', ligible [16] and even for the ionization reaction which then

after which the contribution decreases very rapidly. On the ainly controls the T process, this energy is still high so

other hand, the pure ionization process is more important ahat the corresponding restiin Fig. 7) lies below the results

higher |nC|c_Jent energies as compgred to t_he Ps format|08f 175 eV. This behavior occurs in view of the fact that for a
process. Figure 7 corroborates this fact since, as may

noted from the figure, the magnitude of the ejected anguI:,rf"sxe.d gjected energyE(b)+, the probability for the smgle.-

ionization process in ap”-He atom system decreases with
the increase of inciderg® energy[18] in the high-energy
regime.

Figure 8 represents the angular distribution for the ejected
electron @,) for some higher values of ejected energies
(E,=50-100eV) while keeping the incider" energy
(E;=250¢€V), 6, and ¢, fixed. As is evident from Fig. 8,
the magnitude of both the binary and recoil peaks decreases
with increasing ejected energy, as is expected physically.
This feature is also well established in pure single-ionization
processefl9]. Further, regarding the position of the peaks it
may be noted that the pedlioth binary and recailpositions
shift towards smaller ejection angles as the ejected energy
increases. Another interesting feature in Tl which is absent in
pure ionization is the occurrence of two minirf@ne is al-
most around 0° and the other at a higher angiethe recoil
region(in Fig. 8).

Figure 9 displays the sant distribution as in Fig. 8 but
for a lower value ofg, (10 eV) with two different incident

FIG. 9. Same angular distribution as in Fig. 7 with two different €nergies(E; =250 and 500 eYand two different scattering
incident energies and two different scattering angles. The ejecteangles(6,=4° and 45}. In view of the fact that the peak
energy is fixed atE,=10eV. Solid curve,E;=250eV andg,  positions shift towards a larger anglé,} for lower Ey, it
=4°; dashed curveE;=250eV andd,;=45°; long-dashed curve, may be inferred from Figs. 8 and 9 that &g decreasetsay
E;=500eV andd;=4° (results are multiplied by a factor of 10  down fromE,=100eV to 10 eV the recoil maximum shifts

curve shows two distinct lobes in the binary and recoil re-
gion (as in the case of pure ionizatigralthough as in the

00045

0003

TDCSla.u.)

00015

| - ] ]
-180 —120 -60 0 60 120 180
82(deg) '
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exactly to 180°%(see Fig. 9. Figure 9(for lower E,=10eV)
reveals an important feature, a double-peak structure in the
binary region which is absent for the higher ejection energy
(see Fig. 8. It is also noted from Fig. 9 that the signature of
the double peak is more and more marked with increasing
incident energy. In fact we have also computed thedis-
tribution for the same geometry but with another high value
of incident energyE;=1000eV (not shown in the figune
and we have noted this behavior. Figure 9 also indicates that
this double-peak structure has also been found for a larger
scattering anglée.g., 6, =45°). This double peak, as in the T34 I R S N B N ,
case of the Ps distribution, might again be assigned to the 20 40 60 80 100 120 140

+ EbleV)
correlated €"-e-e) Tl procesy7,8].

Figure 10 depicts the first Born ejection angular differen-  FiG. 11. Fully differential cross sectio§DCS) following the
tial cross sections in the Tl process for different incidentT| process against ejected enerd,). The Ps scattering angle and
energieq125-200 eV with fixed values ofg,, 6;, and¢,  the angle of ejection both are fixed &;=6,=45°, azimuthal
(as in Fig. 7. As may be noted from the figure, the first Born angles are fixed ap,=0° and¢,=180°, and the incident positron
approximation(FBA) which neglects all higher-order inter- energy is fixed aE;=200eV.

-
3
[

TDCSta.u)

-
[==]]
|

actions is.ungble' to exhibit any strugture as in the case of the IV. CONCLUSION
FBA Ps distribution(Fig. 6). Instead, in the FBA the angular ' -
distribution curve for the ejected electrdfig. 10 rises al- The present work deals with a two-electron transition pro-

; S :
most steadily from the forward directiof®°) to the back- C€SS in ane’-He atom system where two competing pro-

ward direction(1809 in the binary region. In the recoil re- CESSES occur simultaneously, e.g., the formation of Ps and the
gion, however, the peak value occurs at a slightly lowerSiection of another electron. The present model takes proper

R ot . 4 account of the correlation effect in both the channels, and
angle(~95°~170j than 180%(unlike the binary region de-  jonce is expected to give a reasonable result for the fully

pending on the incident energy. The position of the recoilyitterential TI cross sections. For the light projectit(, so
peak shifts towards a lower angle with increasing incidentar as our knowledge goes, there is no other theoretical result
energy. All the FBA curves in Fig. 10, however, maintain for the Tl process in the fully differential level and as such
uniformly the usual physical feature that the cross sectionhe present detailed resultisoth the Ps and ejection distri-

decreases with increasing incidesit energy. butiong are supposed to give some guidelines for future ex-
In Fig. 11 we have plotted the fully differential cross sec- perimentalists.
tion (TDCS) as a function of the ejected energy, for a As far our knowledge goes, the measuremdi-12

particular dynamics, e.g., by choosing the angle of ejectior?va"able so far in the literature for the TI process by positron
(6,) to be identical with the scattering anglé,j of the Ps impact are for some noble-gas systems. Further, all the ex-

and the angle is kept fixed at 45°. The corresponding aziperimental datd10-17 refer to either total-ionization cross

. sections[11,12 or to the single differential cross sections
muthal angles are chosen ég=0° and¢,= 180° while the X ;
o . . . 10], i.e., th h f h
incident energy is kept fixed d&;=200eV. The curve is [10], i.e., the measurements have not been performed in the

I L d exhibi inal K fully differential level which is the subject of the present
almost symmetric in nature and exhibits a single peak aly 4y \we are thus not in a position to compare the present

aroundE,~60 eV and then falls down tB,.=127.8€V. In  oqjjts(quantitatively in any way with the measurements.
fact this value oft,, gives a cutoff Ey) for this Tl process  qualitatively, it may be mentioned that the present study
since at this particulaE; (200 eV), the energy of the scat- more or less corroborates the experimental findifigs12]

tered Ps[200-127.8-threshold energy for TI(72.18)0]  that in the double ionizatiofDI), the Ps channel is strongly
becomes zero. Obviously the value Bf varies with inci-  suppressed in the second ore gap region for some noble gases
dent energ)E; as guided by the energy conservation relation(e.g., He and Newhere Tl is the only open channel for the
[see Eq(9)]. In a similar manner, the same cutoff value canDI process of the target atom. In the present model also, we
be found(for a particulark;) in the triple differential cross- have noted that the present Tl differential cross sections are
section curve as a function of the Ps energy for which thealmost negligible in the second ore gap regien72.2—80

ejected energ¥, goes to zero. eV) at E;=78 eV (not shown in the figure
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