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. The research program of Wmta a.nd Alston addresses the fundamental proces

ctron tra.nsfer, ifonization, and. exqtat:on in :on-a,tom, 1on-1on, and :on-molecu]e

more clea.rly revealed. Winter has foculsed on mtumedxate colligion energies (e.g-
 § jo ton energws for p-He ¥ collmons on the order oi. 100 kilo-electron volis), in which l

ay. ‘electronic states are strongly coupled dunng the colhsxon and a coupled-state

"centra.ted on higher collision enexg;es (mllhon electron—volt energxee), or asyxnmd:rﬁc'
] "s:on systems, for which the coupimg with the pro;ectxle is weaker with, however, i :

: y more target states being couplpd togethe.r 80 that high-order pmurbatxon th ?v

: ; cnbed as set forth in the ongma-l PI°P°531

: In two parallel calculations, Wmter a.nd Alsf.on ha.ve applied the coupled-state T.dd
'l urbative approaches to collisions: between ptotons and neutral heavy atoms,

in 'dezmg the active electron to be xmttally in the K shell. These asymmetric systhjha'

quasx-one-electron systems for whlch the electron—target—oore mteractxon can be

j eled by a one-electron, Hartree-Fock potentxa.l |such as that of Green, Sellin, angd f
Whchor (GSZ)} The one-electron appzo:umatxon is! va.hd because for heavy targets ih"lp

LY
-t LAY

i
P d}fpctronrnucleus interaction domma.tes the electronwelectron interactions; the other

' 't:ons, for the most. part, merely part:ally screen the nucleus ﬁ'om the pmJectxle pad '

]
&
i t e active elecizon. ' S
P15 In the. calculatmn by Wiater, the electromc wa;ve function dunng the collision #a&

»
s

s n expressed in terms of a (double-center) coupled—Sturmlan pseudosta.te basis, {u}

JI

vious: work ‘on purely. one-electzou systems 2! Thzs basis systematxcally approaches

~
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' dompleteness when enlarged, and a.ccounts for the continuum intermediate states wtuch
aue very important in asymmetric colhs:ons Alston was the first to point out that | ‘
. : qeutral targets such as carbon would be expected to be easier to treat in a coupled- tate

apptoa.ch than jonic, C°t targets, sxnce the screening by the otker electzons wea.keng Ghe

lcng-ra.nge potential and fewer basis functzons would then be needed to represent the

H]

Hi mmzatmn and electron-transfer channels. Indeed, Winter has recently shown that fbr

i cmbon targets basis convergence of & few percent can be achieved, particularly mthla

. sﬁtably chosen Sturmian effective nuclear chazge, and generally excellent agreement

wiih experiment? is obtained as well- This work has been published.* [

. The calculated ionization cross sectxons for neon targets also show little basis }
) :

: _ sensxtw:ty, and agree extremely well wzth the experimental results of Rgdbro et al. 31 as

: . idr carbon targets. For electron tra.nsfer, the absolute basis sensitivity is also , X

mmpa.rable to that for ca.rbon targets but the relative basis sensitivity is greater owing '
%
L to the smaller cross section. There is generally very good agreement with the

| i
k
e expet:mental results of Radbro et al for electron tra.nsfer from neon targets, as [ B

LS
FY

C o pﬁ}ewously noted for carbon targets.4 The agreement thh the recently published
f pd:turbatwe results of Alston? is alsoi ivery good for both targets. The coupled—state :
e [s

: rewlts for neon targets have also been published.b ’ ; :

" In the parallel perturbative ca.lculatxon, Als'son has extended5 the distorted strodg- '

' pdtentla.l Borzn (DSPB) approxxmatxon for mner-shell capture in asymmetric colhs:o?s
H ai;-mtermedxa.te energies to 1ncorpcra.te an atomic model potential. Since the active- | :

: b b
' electron—target-core interaction in a multx-electron target can be described to good ‘ :

| f appto:nmatxon by a local potential, the DSPB theory is first extended by mcorporatmg

n the analytic, one-electron model potentxa! noted above. The atomic potential is used‘ :

: fuq'ther to obtain an initial-channel d:stortlon potential which allows for the screemng of
; .' the K shell by the outer shells and for; the mterplay of the projectile and the off-ener%y

: ahell electronic scattenng motions. This dxstort:on componeat is an essential mgredle{ni

\ .

oy ———n s

4/17

e o e ot A § SO AryE A =7 S T e s iy i

Wt e e rmratens et g

D L T IR P T PPU S ST DU RV




MAY 3@ ’95 12:085 WILKES BARRE
aE
i |

— "‘"‘_—_:U
N
[
o

Ve

oftthe DSPB amplitude in compa.rzson thh the original, undistorted SPB amphir.udé,8
Nnotha' extension of the initial study involved evaluating the amplitude more '

[ FEEE
. agcurately using a less restrictive pea.kmg appro:umatxon in the integration over | . '

o S T r—r——. i ey s igen nm e

momentum of the product of the amphtude for vxrtual ionization of the electron anz# the
i ﬁna.l bound state, only components t;ansverse to the projectile direction are neglecte‘dﬂ
'.Cil:;t"nparison with experiment for ﬁrof;':ns on carbon, neon, and argon shows exc:ellent;ii

agreement 10 Very good agreement thh the coupled-Sturmian-pseudostate results 'F’ of -

AT o ——— e pT— O3, (TP SRR

Wmter is also obtained for the carbon and neon cases in the intermediate energy ra.nFe It

PP

Off-shell effects in the mtermedlat&state scattermg, which are crucial in a stronk-
pdtentxa.l approximation and are neglected entxrely in the impulse approximation, are

found to be much smaller than in the:undistorted SPB theory. 9 Moreover, the SPB

v s s . g et

reeults show different magmtude effects for different targets as well as strange
osdlla.tory behavior not tied directly to any physical source. Consistent with the
mcteasmg importance of target nucleat screenmg by the nonactive electrons, the

scxeenmg effects in the DSPB tesults mcrease umformly as the impact energy decreases. l

_-K“T_‘._-‘_ I

Fma.lly, the DSPB amplitude, in its use of distorted waves and short-range mtera.ctxopg f :
. -and'unllke the undistorted version, is forma,lly well behaved, thus validating ; :
a.pproxunate evaluation of it. This wotk has been pubhshed.5 - i ;
: Thxrdly, Winter has considered the simpler (1 e., purely one-electron) collisional ’ {
: sydeem p-He™ in greater detail. Ptevzously, he and others had determined only i Bt
mtegra.ted cross sections for electron transfer.2'11 The coupled-state results of Wmteri
wete noted to be stable with respect to basis size to within 10%, and there was general
-; agxeement of the coupled—state cross sections with the experimental results. A more ;

exahtmg test of theory is therefore apptopna.te Cross sections differential in scatterm{g -

. e

gle are now being determined expenmenta.lly for the fizst time at the University of
Grdssen by Salzborn and v:.o—workers.12 To test theory against these anticipated
expenmental results, differential cross sectlons have been calculated in the eikonal

g
:
!

PP earh o =ity A Ak e A e T Y, -

¥ | |
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. approa,ch using two independent methods Fu-st as described in the original propos.%l a
Siurmza.n—pseudostate basis has been: used to determine the transition coefficients in (the
&konal expression for the scattering amphtude—the same basis was used previously 1 ko
: ot?ta.m the integrated cross section.? Secondly, xn a calculation which goes beyond the

- omgma.l proposal, 13 a triple-center, atomxc-state bmxsu has also been used. The . i 9{

| ageement between the resulting two sets of dxﬁerentlal cross sections is rema.rkably |

| : gdod generally to within 10% or better, over the range of (center-of-mass) energies '5

: comndexed from 4 to 25 keV for forward sca.ttenng angles. - This work has been B

» pubhshed 14 L 3

.. The fourth calculation goes beyond the original proposal to determine cross sectlpns

. ioﬂ electron-transfer in collisions between protons and alkali atoms such as Na or K. E[t

¥ is ?collaboratxon of Winter and Ashok J am, who has recently joined our group here aft

.. Peap State. For Na targets, not only have electron transfer cross sections been |' 3

' deim'mmed but also cross sectxons for: target excitation and jonization. The present |

f . 8tudy is pa.rtly in response to a surge of expenmental interest® in the H* + Na system

- Th goal of the present theoretical study is'to understa.nd fully the collisional dynam:cs
'of ihe H¥ + Na (3s or 3p) system in the low-to-lntermedxa.te-energy regime. We ha.ve: |

’ employed the two-center coupled-Sturm:a.n-pseudosta.te approach recently developed ’ :
o and apphed to several quasi-one-electron systems by Winter®6 (the first ca.lculatxon '
. ':dembed in this progress report). A total of 70 states (43 on Na and 27 on H) are

l
i
'_ :mcluded in the treatment of cha.rge-transfet {up to n=4, I=2), ta.rget excitation (up ‘o o

: ~iz='4 1=2), and ionization (direct ancl capture to the continuum) chaorels. In the |
Pl o
: -,pzesent energy regime, all three channels (capture, excitation and ionization) are ; "

. Zat.raﬁgly coupled; therefore, a careful choxce -of the Sturmian basis set and analytic ' .

. -Hau!ree-Fock potential is important. Convergence tests at various stages of the
; icaldulatzon were carried out in order to estimate the accuracy of the final cross sectxons ,f:

5"f(ll'.!% for capture and excitation, 25% for ionization). From the initial analysis of

[

e e e
e R e
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g. o $lculated S.mplitudes, it was found (':h'a.t. the pzéaédt intcgfal cross sections
| - =2 HeS) HeP) Na(ss-»ap) oIID) | 101) 0 s

capr Tcap - v Teap Tegp v ezc : ' % ion

’ i ! &nment parameter for Na(3$5 — 3P) compa.te very well with the available
. eﬁpenmental data, 23 well as with prevzaus theoretical results. For all of the above

H tities, comparison between 'cheory and a:penment shows as good or better
;‘ r:emcnt than the earlier coupled-state ca.lculatlons 16,17 There are no measuremehts
a#za.xlable far oy, in the lower enetgy (1-20 keV) region, where oy, may be
cHa:actenzed by resonance behavior.! Howevet, a ‘comparison with the corr&spondmg
efectron-Na. ionization measurements; plotted wzth respect to projectile (electron and
pmton) velocity, reveals tha.t the present o tesults are in good agteement w:th ‘
e%benment Tlns p-Na work has been subnntted for pubhcatwn
. An additional coupled-state ca.lculatxon has _]ust been completed for the related
ﬂ¢2+ + Na collisional system This collision is more difficult to treat, since more- h:ghly
e#txted projectile-centered states are degme;rate with the initial state. A T4-state
cé.lculatxon has been found satlsfactory The resu.lts of this calculation for electron :
txﬁnsfer, target excitation, and xomza.tzon ha.ve been fpund to agree well with |
e:;penmental results,!¥ and wxll shortly be wntten up for publication.
' . The fifth calculation, as descnbed in the original proposal, extends the previous
- j WIOH. by Wmter of the exczta.tan of hehum by high-energy protous (and anti-
‘ » F pRétons). 20 Dye to programming hmata.tzons, that. calculation treated only the

e:lata,tmn of the lowest doubly excited state (232)15 the lowest smgly excited states 1:5'
aﬂd 21P, the 1S and 1Pionization channela and the coupling among these states and

- M using Sturmian bases which .;dxacre_,t:ze the ionization contu;uum. The omzt_ ec:i i

i Sdnwbly excited state (2s2p)! Pis now being iﬁclu&ed' this state has the largest double} .

( iaqlgta.tzon cross section, and a comparison thh expenmenta.l results?! for this state |

4#1'4'}“1& be less armbiguous. [This state may. also have some effect on the (25%)18 cross

3 :segﬂxon.”] Tests show that a (symmetnzec}) (mn‘po,’l)ll’ Sturmian basis with n, n’ g 3 '
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. ' (a.nd a Sturmian effective charge Z= 2) y:elds a value of —0.66 a.u. for the (232p)1P‘ 3
: . edergy, not far from the exact value =0. 69 quoted in Ref. 22. The scattering progra.én
38 uow being modified to include this doubly excited state. At least preliminary .

' : sc#termg results will be obtained by the end of this contract year. Due to possible

: aiii'ﬁigtﬁty in the integrated experimental &oss sections,?3 as noted in the original | .
; ‘ pmposa.l, it may be necessary to make a comparison between theory and experiment {at

: .th;feriilevel of cross sections differential in electronic energy. On the other hand, a

‘ com parison among integrated theoretical cross sections2212h jg meaningful, since thi |

‘ 2 hf'dtxmes of the doubly excited states grea.tly exceed the collision time.

"Ina pro;ect on the contribution of the internuclear potential to electron capturetat,
[

: foma:d scattering angles, Alston has compared the multiple-scattering approach thlﬁun- b

o a second—order Faddeev appro:nc;rnatmnz6 with the etkonal approach. 27 At high unpapt

| velocxtxes in the forward scattering d:rect;on, the Born approximation, including terms
E thtough the second-order in the mtemuclea.r potential, gives no such contribution, dde
: fthe destructive interference of the partxal amplitudes, even for the differential crosF

: seetlon 28 However, a contribution of the interauclear potential does appear in the __

: expenmenta.l differential cross sectxons 29 Generally, it is thought that this contnbuqxon
: can ‘be included using an elkona.l version of the amplitude obtained by a Bessel l R
- ttd.nsform of the electronic amplitude: thh the phase factor b2 2PZT/? jncluded, whexie b

: .18 ?the impact pa.rameter, v is the veloclty, and Zp and Z ave the prOJectlle and ta:get

3 ' mmlea.r charges.
‘ . The Faddeev approximation effectzvely replaces two-body potentials with transxﬁlon
| . m;tnce.s Consequently, the mtemuclear contribution arising from the tepresentatxoxi of
the genera.hzed Thomas mechanisms does not vanish and indeed agrees with expenment
' qu?te well at high energies. Relative to the eikonally transformed cross section, the :
_ Faddeev result gives the proper momentum transfer dependence at large scattering

- _a.ngles. Comparisons have been ma.de: between the Faddeev and eikonal approaches f(")r}

[

. | .
.g o -
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[

et gt o = g

At e e e



' mf.aa *95 12:@87 WILKES BARRE

_..__..-U_,

C
N
[N

LN
. 3
. : .
. HEN .
v .

i~ s

l

i
o : ‘ i
' N pioton—hydrogen and proton-helium colhsxons at impact velocities of 5 and 10 times ihe

P

e e = =]

- respectwe orbltal velocities of the ta.rget electron. These velocities correspond
appro:umately to the intermediate- a.nd high-velocity colhsxon regimes., The 5’Sn‘ﬁ°T“,"
N ﬁndmg in the high velocity case for both systems is that the magnitude of the e:kon;l-'.

: diiferentxal cross section beyond 0.8 Inra.d is, to good precision, a factor of 4 smaller.
: than the Faddeev result (which xmplxes a factor of two difference in the a.mphtudes).i
: The source of this discrepancy appazently denves from the Faddeev approach mclud;ng

e TR byt e e yeea STy = fhveama -

L hpo separate, constructively xnterfenng channels correspondmg to the two generahzeﬂ

l.
T

E Thomas mechanisms (where, in one, a.n electron-pro;ectlle collision is followed by a ;. ;

M o semaey e on

| : pgo;ectxle—target nucleus collision and, in the other, a projectile-target nucleus colhswn

' "mlfollowed by an electron-target nucleus colhaon) The eikonal approach contains oply
| ] the single standard two-step mechanism. At the lower velocity, the results agree fa.lfly

i we!l although there are significant unexplamed differences in the 0.3-0.7 mrad regmxi

i vrhere, however, there is appreciable cancelatmn between the first-order Born term apd :;

- the second—order term. This work ha.s been submitted for publication.30 |
. ‘' In the DSPB theory, the exact scattenng state is approximated by the product of a ‘ '

: .' :d:lBtOrted-wave projectile scattering state based on the projectile-target-core Coulomb

. mi‘.eractmn and the short-range (screened) interaction of the passive electrons, and aj i

. wave packet of electronic off-energy-shell scattering states in the strong target field
N (representmg the virtual ionization of the electron).’ Whether this DSPB scattenngl f
: X gthte retains the normalization of its exact .counterpart bears generally on the vahdlt;y of t
x the approximation itself, for it has been shown in the undistorted version of the theory f
; . (SPB) that the large modification of the unpulse approximation cross section by the {sc- P :
. called off-shell factor results dxrectly, alao in a concomitant loss of scattering state ; :
, ~'n¢rmahzatlon—the theory needs to be renormalized. In 2 near-the-energy-shell : (o
' appzomma.txon the off-shell states in the wave packet are approximated by contmuum

.
., states with momenta centered about the outgomg projectile’s momentum and with a,i .
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l ] i dis nbutxon determined by the final bound state, In this approximation, whsch is the%
'- ne as was used in the SPB a.nalysxs, it i is found that the loss of normalization in tl:*e’

. P B theory is very slight: on average, 0.1. percent for Ar, 3 percent for Ne, and 4
nt for C over the whole apphcahle mtezmedxate emergy range. Only at very Bmma

: .‘ = txes at-the Kmit of apphca.bxhty of the pettuxbatxve approach does the

g 'tude larger, up to 70% for. protons on C at the low-energy s:de of the peak in the |

miure cross section.3! This work has been 'submitted for publication.32

R o

1, l! Alston s study of inner-shell capture by a hght pro;echle at intermediate energ:es
H‘contmued with an investigation, usmg the DSPB approxzmatwn, of the effect on -

" capture of screening from the outer atbrmc shells (outer-shell screemng) stng thq
.: .noted model potential’ and K—shell energxes ca.lculated from it using Wmter 8

' ! ’ ian progra.m, a-series of calculatwns for aeoond-row atoms was performed to .

? 'are capture cross sections for targets along 1soe1ectromc sequences (e. g for the

- W%&’ conﬁguratzon, fxom Be through Ne“") and sequences mvolvmg vazious sta,ges o
: ! ﬁﬁﬁtmn of & speczes (cg., Ne through Ne"’) Sca.lmg the capture cross sections and :
i{‘uﬂiﬁo& mergy using the known. pianeowave Bomn a.pproxxma.tlon scaling relatxonshxp fot

ez ption™ 33. aljows factoring of the vxrtqal mmza.txon component of mner-shell capture,

-:-':} teveahng the changes in the’ ptdcess aleng a sequence due to outer-ghell

i g For the isoelectronic sequences, the! K-shell Slater-sc:eened charge is used
]

T & for t.he ionization-state sequences, ﬁhe lmtza.l-ﬁnal bound-sta.te energy difference i is
W‘ ‘Generally, it is found that the scaled captute €ross sectxon decreases when the |

' kﬂiai iscreemng is less diffuse, i.e., when: the outer orbztals are more tightly bound. A

ming of. the capture cross sectioniis mpOrtant in the modeling of fusion plasmas. .

P L L R O ‘e
At o v 6 s 10 e 282
} bt par AT

ot
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RS ﬁotlexpenmental data on these systems

N kh:!ée to the converged Hartree-Fock laveI (nea.r HF) 1s used for the initial 1s state of

SR
} { did the screening of the other eIectron. The oorreapondmg two-body sca.ttenng

Z MAY 3@ ’95 12:83 WILKES BARRE
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; iy iﬂu work a collaboration of Alston and Moms, ha.s been submltted for publication
‘ L A furtha: study of outer-shell: sa'eemng for boron through ﬂuonne atoms

> ; pnsmg calculatwns of capture from the posmve—lon, neutral, and negative-ion f
i : MAh given species (e.g., C*, C, and C )i 1s in progress. The surprising finding is th
: "&?pn just above the high energy side of the pea.k in the capture cross section down

‘ idbﬂdaugh the low energy side, the nega.tzve-lon cross sectxon, although somewhat sh:ﬂ:ﬁdi:
ib&n ‘the pomtwe-zon cross section, is- a.b:nost of the same magnitude. Thereis a’ neeq, :

.

P ; In another project, Alston has deVeloped a mod:ﬁed second-order Faddeev

4 oxzma.tmn for application to elecﬂron capture at Iower lmpact velocities. The

'_ ed a:ﬁplitude has been applied tlo-pz;ojtons-qn: h,elium at the intermediate energy Q

bi %e target: electrons). the good agreement with expenmentse and with the results
!af e two-state atomic expans:on37 o£ Lm and Soong bas been found A wave functi

, ' 38 Consistent with thxs, in the eled.romc pa.rt of the full amplitude, the
ﬁ#ﬂractlon of the active electron wzth the ta.rget nucleus and the other electron i is ;
‘ &epbesented by a sum of potentials wh.ich derlves from the electron-nucleus attractlon

;;vely low, the initial and final electromc scattenng states are corrected for a loss qf ;
lm‘tahza,txon arising from off-shell sca.ttenng effects 31 1t is shown that at this en¢rgy ';
’:ﬂ!‘ alnphtude representing the electron-target-lon scattenng is not approxunated well |
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Ty b; an amphtude derived irom 2 Coulomb potentxal thh an effective (screened) cha.we
lﬁi the evaluation of the free Green functxon appea.nng in the ampbtude, terms

ad atxc in the bound-state momentum va.nables a.re reta.med39 since the Thoma.s

ble sca,ttermg mechamsmxplays ameghg;ble xole at 293 keV, a linear approxzmat jon

] i
: } i been submxtted for publi¢cation. 40

31 | :
3 g In; 2 separate project, Alston has ma.de an- uutza.l study of electron capture in iop-
q‘lblecule colhaxons at high impact velocxtues usmg protons incident on molecular - |

energ;es considered (2. 5 ‘and 10 MeV), owing. to the short collision times involv

:_: mtemuclear coordinate’s onentahon and ma.gmtude do not have time to vary | |
3 :'Arecxably and can be assumed ﬂxed 'I'he 'I‘homas double-scattering mechanism i qm

n—atom collisions#? appears as a seeonda.ry maximum in the d:ﬁ'erentlal cross

5 selctmn at 0.054". Since this angle'is detenmned by the first collision with the proje

’ i t#e peak locat:on is not altered whed a hydtogen molecule is the ta.rget In the s

’ on, however, the electron can scatter off exther molecular nucleus, resultmg in
l

-t g g,
MRt e

l#ﬂ:‘fenence of amplitudes, with the one:utatmn of the molecule playing, possibly,
q’nportant zole. How the Thomas mecha.msm is mod:ﬁed in collisions of protons. wi
s?ht;ally onented hydrogen molecules a3 opposed to bydrogen atoms, is of particula

uﬁetesﬁ because the signature of thm mechamsm is a secondary maximum in the cr

lh_n ﬂﬂ&l

t:.on—slnce a prom.ment featuxe of the cross sectxon can be tied to a specific
‘ sm, the interplay of:this mechanism w;th the dxﬁ:act:on effects due to
ttenng from the two nuclei of the molecxﬂe can be more cleanly investigated.

B oA Nrrrie b, et AR Y g
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P 1 The seoond-order Bom ca.lcula.t:on employs 2 near Hartree-Fock wave functlon‘
:ﬂ- the: xmtxa.l bound state of the molecule. Conswtent with this wave function and

dmved from it, a screened electroMa:get-eore (two-center) potential is employed. A
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fr« propagator which is linearized in the bound-atate momentum variables is also
uséd 4“4 The use of a near Hartree-Fock wave function in the molecular case leads to
mete significant changes in the cross section thaa in the (united-atom) p-He case. Ini
the ca.lcula.ted cross sections, the drEEra.ctlon effects are very apparent when the moledule
Js wxented at a nonzero angle to the madent direction in the plane including the . ; "
transverse component of the pro,]ectlle momentum transfer vector. If the molecule 1s{
vrrented perpendxculaxly to this vectoz, then the atomic-like Thomas peak is recoverefl
. a8 at is when the molecule is oriented parallel to the incident projectile direction. {
A more approximate, but more mtmtwe, evaluatmn of the second-order Born ‘ |
aﬂphtude (relying on the momentum transfer being much greater than R) effo;-.ctwel_wr |
sepa.-rata the diffraction aspect of the colhs:on from the Thomas mechanism. It is f‘ :.
shdvm, however, that this a.pproxlma.te amplitude nges a poor representation of the ; :
awa section, being a factor of two to three too low in the forward peak and too high m
the Thomas peak region. A sepa:atlon of the two principal aspects of the capture evelnt
g:vés an inadequate picture of the process-they do not work independently. ,
Expenmenta.l detection of collisions from oriented molecules is under development bys |

i

3 two groups | f : ' P

|

' The cross section obtained from a: beam of protons incident on a gas of hydrogen o
: moﬂecules will consist of a suitable a.ve:age of fixed R cross sections over the onenta.tan
éadtmagmtude of R. In its simplest form, a. ugiform average over a.ll orientations of a4

ereas section calculated at the ethbnum value R, can be performed. The calcula.ted,
: mged cross section at 10 MeV is found to be very similar to the cross section for f.He

molecule oriented along the incident pro;ectzle direction and, at 2.5 MeV, to be of thea -

sa.me shape but 20-30% lower. Fmally, it is to be:noted that a hxgher-order theory th%n
ﬂheisecoud—order Born approximation (e g., the Faddeev approximation) will likely beI
necassa.ry to obtain agreement with expenment. The second-order Born theory ptov:dea

the feonceptual framework but is not adequate for quantitative comparison. This world
I .
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i !b:is been submitted for publication. 45
il
. z ! i&ﬁéx impact velocities using the second-order Born: approxtmatmn 47 The effect on tné

' | Mble colhsmn mechanism, where the ultlmately captured electron scatters off the | °
1 l ipr&aectxle a.nd then another target electron, of descnbmg the ejected electron by mempaf , r |

3af ; Coulomb wave rather than a pla.ne wave is being considered. The amplitude is

i dze‘venfy the feasibility of the method the exa.ct second-order Born amplitude for simjp ;le
.Z' !' faﬂd:xon capture in p-H colllsxons has been evalua.ted using this techmque and the '
mﬁlts compa.red with prevmusly reparted exact results. 49 T4 has, proved possible to

} io‘béh.\n the dxfferentxa.l cross section to an a.ccura.cy of = 10 percent, even at a veloc:ty qf
' '. i ‘I‘Na.u. a.nd in the Thomas peak regxon Thw work i is in progress. ‘

e g eva.luated using adaptive multx-dxmensxonal Monte-Carlo quadrature. 8 In ord«:t%
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In another project, Alston is studymg transfet mmzatlon in 1on-atom colhsxons ag
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