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Dynamical coupling effects in the vibrational excitation of H, and N, colliding with positrons
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The coupling between angular momenta during low-energy collisions of slow positrons as projectiles on
simple diatomics like Kl and N, is analyzed from the point of view of its effect on vibrationally inelastic
processes and on possible decoupling schemes that can help to simplify calculations. It is found that the strong
decoupling between rotational and vibrational degrees of freedom implied by the well-known infinite-order-
sudden approximatiothere used within the vibrational close-coupling-rotational-infinite-order-sudden scheme
discussed belowis not valid for positron scattering at low collision energies in spite of its low excitation
efficiency for the vibrational degrees of freedom of the target molec[B49050-29407)06201-X]

PACS numbdis): 34.90+q, 34.10:+x

[. INTRODUCTION patterns of behavior across series of atomic and molecular
targets.

The measurement of total inelastic-scattering cross sec- In particular, even if one limits the analysis to the low-
tions for positrons is currently one of the major thrusts in theenergy range below Ps formation and to situations where the
experimental study of positron collisions. Ten years ago, foimolecular electronic degrees of freedom are not involved in
instance, our only information on the relative size of inelasticthe excitation processes, the wealth of possible transitions
cross sections, over a fairly restricted range of energies, hd#@at can occur between rotational and vibrational levels of
been deduced from positronium Ps formation fractions inmolecular targets can still provide a formidable challenge for
dense gases measured in positron lifetime experinfdits the theoretical models and have actually been carried out
The first direct observations of inelastic-scattering processe@nly for a very limited set of exampld3—9]. An alternative
were made by identifying the scattered positrons in the meaheoretical scheme has been pursued for thendlecule by
surement of their time of flighf2,3]. More recently, how- Armour, Baker, and Plummgda0].
ever, because of the advances in positron beam techno|ogy, In order to extend at least the computational OptiOﬂS that
and of the attendant increase by two or three orders of magan be open to exploratory studies directed at guiding experi-
nitude of beam intensities that can be used, the direct mednental analysis, we study in the present work some of the
surements of cross sections for Ps formafiéhand atomic  Possible dynamical approximations that can be used to ana-
[5] and moleculaf6] ionization have been made possible by lyze vibrational excitation processes in positron collisions
sensitive nontiming methods. The very recent surge of interwith simple targets like Hland N,. We have recently carried
est on positron use for medical imaging has also markediput a similar study for rotational excitations &' -CO, col-
increased the range of possible applications of the more irlisional processef9] and compared it with available results
tense sources. for electron-CQ inelastic collisions, thereby discovering

On the other hand, much work still remains to be done orinarked effects on inelasticity that are induced by simply
the very wide variety of inelastic processes that can be obchanging the sign of the projectile charge, as already sur-
served in atomic and molecular systems even below th@']ized by the theoretical studies on elastic cross sections
threshold of Ps formation. For example, experimental datall].
on positron impact excitation of specific electronic states is In Sec. Il we report in detail our computational model
still sparse and it is almost nonexistent for excitations ofwhile the actual results are summarized in Sec. Ill. Our con-
molecular rotational and vibrational degrees of freedom. N&lusions are finally discussed in Sec. IV.
measurements can be found on molecular dissociation by
positrons still. Furthermore, with the advent of intense posi- Il. THEORETICAL MODEL
tron sources and the production of intense positron beams it
should become possible to measure differential inelastic To describe the scattering of positrons by a vibrating mol-
cross sections with high-energy resolution. Until this predic-ecule in its electronic ground state one has to solve the fa-
tion becomes reality, however, we still have to rely on com-miliar Schralinger equation
putational modeling of many of the above processes and on
the general shape and values of theoretical inelastic cross (H-BE)¥=0 (1)
sections, integral and differential, in order to start to discern

subject to the usual scattering boundary conditions. Here
andV¥ are the total Hamiltonian and the total wave function
* Author to whom correspondence should be addressed. FAX: 399f the positron-molecule system. The expansion of this
6-49913305. Electronic address: FAGIANT@CASPUR.IT Hamiltonian and of the wave function in terms of the mo-
On leave from Department of Theoretical Physics, Indian Assolecular Hamiltonian and of the molecular eigenfunctions de-
ciation for the Cultivation of Science, Jadavpur, Calcutta 32, Indiapends on the coupling scheme one decides to employ. In a
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body-fixed (BF) vibrational close-couplingBFVCC) ap- {xo(rel R)|Vp-mo|(rp e ,R)|xo(re/R))
proximation the total Hamiltonian can be written [d2]
= Vi(r|RIP,(FyR) ®)

ﬁBFVCC:fJ(rp) +Y)el(re) +Y)vib( R) +Vp-m0|(rp e, R)1 (2) A NP MNP

f;md theC’s of Eq. (5b) are the usual Clebsh-Gordan coeffi-

cients. The vibrational wave functions of the molecule can
be obtained first by solving the following differential equa-

wherer , is the positron coordinate measured from the cente
of mass of the systenn, collectively denotes the molecular
electronic coordinates, aridl is the internuclear set of coor-

dinates of the molecule)(r) is the kinetic-energy operator tions:
for the impinging positron,;,(R) and$(r.) are the vibra-
tional and electronic Hamiltonians, respectively. d?
Vomollpfe.R) represents the positron-molecule interac- grz F2ule,~e(R)]1 4,(R)=0, (7)

tion. It is to be noted here that in the BFVCC scheme the
rotational part,.(R) from the full Hamiltonian is neglected
because of the BF frame that is being employed. The wavevhere w is the reduced mass of the molecule a{R) is
function of the BFVCC representation is now expanded as electronic energy providing the potential that supports the
different nuclear geometries as vibrational bound states. The
BVCC N 1 R solution of the coupled Equatiof¥) subject to the usual

WEEE= xo(rel R); (RO 1 (Fp) (T ) Yia(Tp), asymptotic boundary condition gives tfie matrix TQ,’VO,O

' ®) and from it we can get the partial integral vibrational excita-
tion cross section using the following expression:

where x,(r¢/R) is the ground-state electronic wave function
parametrically dependent dR, ¢, is the vibrational wave
function of the molecule, and labels the vibrational quan- o(vo—v)=
tum number. Y,A(Fp) denotes the angular part of the posi-
tron wave function| is the orbital angular momentum of the
positron, andA is the projection of along the internuclear

; |T/V\|,Vo|o|2' (8)

o

RoNIE!

; . L When the energy of the incoming positron is such that the
axis A=I-R. In the BFVCC scheme this quantity is a good gnergy spacing between rotational levels is only a small frac-
quantum numbefconstant of motiop u,, ., (rp) is the ra- i of the total energy, then the molecule is considered to be
dial part of the positron wave function, wheglo) denotes nonrotating and the BFVCC scattering cross sections can be
the particular initial channel that has been selected. considered to be exact. We should also point out here that,
Using now Egs(2) and (3) in the Schrdinger equation even if there are resonance phenomena present in collision
(1) one gets the corresponding BFVCC coupled differentialprocesses, this method can still give reasonably good results
equations [13]. Equation(4) for the BFVCC method states that the
vibrational motion of the molecule and the angular momen-
A tum of the positron are coupled via thé;’v,l,(rp). It there-
V'vVo'o(rP) fore becomes less transparent to understand which of the
coupling, either the vibrational or the one via the angular
_ A A momentum, is more effective in driving a particular scatter-
_ZV,EI, VV"V’v"(rp)uV"’]Vo'o(rp) (4) ing process. The possible understanding of the relative im-
portance of the different couplings during the dynamics can
be achieved more directly if one introduces an approximate
scheme that has been used quite extensively for the local
interactions in atom-molecule collisiofd44-164 and then
A _ ) Aoy o compares the final results by using both this latter method
Vit (fo) ; (uRIVATeIRI b0 (RGN, and the BFVCC coupling scheme. This approximate cou-
(58  pling scheme goes under the name of rotational-infinite-
order-sudden(lIOS) approximation[14]. It essentially as-

d> 1(1+1)

2 2
drp s

2
+KkSpu

with

N 20"+ /n 11 N sumes that the relative velocity between target and projectile
NUNES ST (O A A) (0 0 O)’ and the nature of their interaction allows one to make the
(50) following dynamical assumptions:(i) that the energy losses
during inelastic collisions produce final wave vectors that are
and rather close in magnitude to the initial wave vectftise

energy suddeES) approximation, and further that (ii)
) the recoupling of relative angular momenta during callisions
ki,=2(E—e¢,), (50 does not occur and therefore the centrifugal momeritusn
conserved during each collision. This is the centrifugal sud-
€, being the energy of theth vibrational state. V, is ob- den (CS approximation[15]. The corresponding RIOS
tained from the following expression: Hamiltonian can now be written as follows:
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10+1) j(j+1) (AAMC) because of the fixed valug implied by the CS
HRS=H(rp)+ ———+ 57— F Delre) approximation discussed before.
2rp Using the BFVCC HamiltoniadEqgs. (1) and (12)] one
+Vpmol TpTesR), (99 how gets the BFVCC-AAMC's new approximate set of

coupled differential equations:

wherel_andj_correspond to initial, arbitrary choices for the 2
z dc  ly(lg+1) N

eigenvalues of andj. —— > k'i u'o (rplfp)
The inclusion of the vibrational hamiltonia,,(R), as in dry o "ro
Eqg. (2), will yield the further approximation called VCC-
RIOS[17]. The latter rewrites the BF wave function in the =2> VEV,(rp|Fp)u'°(rp|Fp) (13
following form: v !

_ with
WERVECRIOS (1 R) 2 hu(RU,,,,(Tolfp)
vwr<rp|Fp)=§ (S, (R)VA(T[R)[ ¢, (R)P(Fp),
(14)

where the as yet unknown, radial coeﬁ|C|ent§Vo are NOW  where the coupling now acts at each fixed relative orienta-
parametrically dependent on the relative orientation of theion, Fp. The asymptotic solutions of the BFVCC-AAMC
impinging positron with respect to the fixed molecular axiscoupled equations(13) for the positron wave function
of the diatomic targef16]. This can be explicitly related to ;'o (r,|f,) give the parameter-dependerfixed-anglé

the BFVCC radial coefficients of E¢3) by writing vivg PP | R

T-matrix elemenfl'vo, Vo(rp). The previous BFVCO -matrix

uf,’,,’yolo(rp)z(l’D|u'y°,(rp|Fp)|I0D>, (1)  elements can now be obtained under the BFVCC-AAMC
approximation by using the following relation:

X(rpH)Yia(fp), (10

wherel, is now the initial value of the positron relative_an-
gular momentum and it is equivalent to the constant value
(an arbitrary choicerequired by the CS part of the 10S } ) _ o _
approximation and defined in Eq9). In other words, the Equation(15) is obtained by combining the asym_ptot|c parts
angular averaging indicated by E@.1) produces the radial Of the BFVCC and of the BFVCC-AAMC's positron wave
functions of the BFVCC equations using the solutions of thefunctions. _

scattering problem at fixed relative orientations, thereby in- T0 understand more clearly the difference between the
cluding the(l,l") coupling only after the dynamics has been BFVCC and BFVCC-AAMC'’s method one can further pro-
solved for a set of separate, adiabatically decoupled angul&eed as follows. ILet us consider EG-5 and expand the
momenta. This approximation therefore suggests that a more-matrix elemenfl ?  (r) as

simplified form of the BFVCC solutions could be achieved °

by introducing an adiabatic angular momentum coupling lo 2 I .

scheme AAMCS) on top of the more exact BFVCC expan- TV,VO(rp):E hv,vo,LPL(rp)' (16)

sion of Eqg.(3). This means that in the new RIOS approxi-

mation the BFVCC form of the positron wave function Then we get
O

oo =(10IT2, (10D (15)

vl,volo

u, wo'o(rp) is separated in terms of a part that depends on

the relative value of the Jat_:obi angle of the_ poﬂtron vyith the TE' ” => D|hIV°,, LPL(Fp)|IOD>=E hl,,OV g1y,
molecular bondRr, i.e., a fixed-angle funct|om1wO(rp|rp) oo T Yo C Yo

and an angular paiY, D(Fp) . In more precise terms this de- (17)
coupling can be expressed via the angular averaging given Whereg,_(ll o) is defined in Eq(5h).

[Ea. 1D)]. The BFVCC coupled equationg) and (5) have shown

Using this expression in Eq3) for the BFVCC total 4t the orbital angular momenta of the positron motion are
wave function, one therefore gets the BFVCC-AAMCS total oo ypled through the angular part of the effective potential

wave function defined now as in E¢LO) which, for a di- gJ(11"). This geometric factog (") represents the effec-
atomic molecular target, reads tive coupling between the positron angular momenta and the
electronic angular anisotropy of the charge distribution of the
BFVCC-AAMCS_ lo - molecule. Thus, in the BFVCC equation this geometric fac-
lﬁ'o —Xo(fe|R)EV ¢”(R)UV'Vo(rp|rp) tor acts dynamically during the scattering processes. On the
. . other hand, the BFVCC-AAMC's coupled differential equa-
X(rp) " “Yin(rp). (12)  tions (13) and (14) show that in this approximation the an-
gular momentum of the positron is no longer coupled via the
Here we have considered that, under the fixed nuclei apfull effective potential of Eq(5b) and therefore we are now
proximation, the sun®|I0){I0/=1. The additional acro- obtaining radial scattering solutions that are uncoupled with
nym now stands for adiabatic angular-momentum couplingespect to the angular momenta that are, in turn, treated as
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separate constants of motion. However, one still has the vi- [ll. COMPUTATIONAL RESULTS

brationally coupled equation as in the BFVCC treatment dis- . .
cussed before. The effect of the geometric fagigfll ;) on The present calcula}t|0ns were carrl'ed out for theaid .
the scattering cross section appears now to be modified iz Molecules, for which various earlier results, and their
the BEVCC-AAMC’s scheme and does not act dynamicallyco_mpar'son with measu_rements, have been obtained before
during the actual collision process but only in an adiabatid!Sing the FNA decoupling schenj@8]. The target wave
way by remaining fixed during each trajectory. In summaryfunctions were obtained from Slater-type orbital O’s) and

we could say that in the BFVCC scheme the vibrational mo-Gaussian-type orbitalGTO's) basis set expansions, using
tion of the nuclei, via the electronic motion of the molecule, the self-consistent fieldSCH results of Ref[20] for the H,

is dynamically coupled to the motion of the positron while in molecule and computing new GTO expanded SCF wave
the BFVCC-AAMC's approximation only the vibrational functions for the M molecule[21]. The considered nuclear
motion remains still coupled dynamically to the motion of geometries were appropriate to include target vibrational lev-
positron. The complex recoupling of angular momenta beels up tov =4 for both molecules, i.e., involved an energy
tween the molecule and the projectile is now treated insteadpan of 1.88 eV for Hand of 1.13 eV for N. The ensuing
adiabatically for eaclh value[14]. A comparison of the re- static interaction, in its single-center-expansi®&CE form,

sults using these two different coupling schemes can help uscluded\,,,=22 for H, and\,,,=26 for N, and the corre-

to better estimate the strength of the effect of the vibrationasponding symmetries for the scattering positron that were
motion of the nuclei and the coupling strength of the rota-kept in its expansion went up ta]=4, g andu components,
tional motion of the molecule on the positron dynamical an-for both systems. The correlation-polarization interactigp
gular momentum. was further taken into account by using a density functional
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model for short-range dynamical correlation effef®s18| (top and bottom in the figujecoupling potentials between
and the perturbation expansion dipole polarizability coeffi-the initial vibrational levelv =0) and the excited levels with
cients in the long-range region. The actual de-tails of they=1, 2, and 3. The same coupling matrix elementsXer2
method have been discussed befi#8] and we will there- andA=3 are shown in Fig. 2, in both cases for the iiHo-
fore not repeat them here. Suffice it to say that we havelecular target. The same potential couplings are shown for
employed the version of th¥, interaction that was modi- the N, molecule in Figs. 3 and 4.
fied for positron projectilegand called these PCQRand For both targets we can see the followirtg. The Av =1
gave reasonable results for atomic and molecular targetsouplings(0—1 transition) invariably show the strongest ef-
[18,19. The ensuing coupled equations included an expanfects across the whole radial range in which they act. The
sion of positron partial waves up tg,,,=15 for H, and upto  couplings between levels withv>1 are invariably smaller
| max=17 for N,. Thus, the coupled equations to be solvedand die much faster as, increases(ii) The couplings for
[Eq. (4)] went up to a maximum of 40 for Hand of 45 for A=0 also show(in the 0—1 case the presence of a strong
N,. In the integration radial range, ., was equal to 118, barrier in the region just outside the nuclei, abové.0a,
for H, and to 19@,, for N, and the equations were solved by from the center-of-mass position, while the=1 compo-
numerical quadrature of the corresponding Volterra equanents show a much smaller effect. No highercontribu-
tions[9,18]. tions, however, show the presence of such strong effi@ot.

It is certainly instructive at this point to observe the be-The coupling strength for the ;Hmolecule is found to be
havior of the coupling vibrational matrix elements describedalways smaller than that for the,Narget, a feature that will
in Eq. (5) over their radial range of action. As an example of effect the final cross sections, as we shall see below.
this we present in Fig. 1 the general shape ofAke0 and 1 In other words, what we see from the above comparison is
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the presence of a vibrational coupling that is at its strongesbnset of its relative threshold. By repeating the calculations
for the (0—1) excitation, that acts over a rather limited rangewithout any coupled channel the overall shape of that cross
of positron distances from the target and that is stronger isection does not change, thus indicating that we are not deal-
the case of Bl molecules than in that of the Harget. ing here with Feshbach-type resonanf22| but with open-

The direct consequences of the relative strength of thehannel resonances induced by the shape of the effective
coupling is shown by the computed partial integral crosspotential. If we observe the coupling potential of Fig. 1 we
sections reported in Fig. 5. The upper part of the figuresee, in fact, that the barrier created by it outside the H posi-
shows the BFVCC results for the,Hnolecule. The coupled tion (=0.7a,) is about 0.5 eV high fot=0 and may be able
equations were also solved retaining up to three closed vito trap the lower partial waves behind it, thereby increasing
brational channels above threshold and they are to be coihe efficiency of the vibrational energy transfer process.
sidered numerically converged within 1% of their values. We A rather similar trend is observed in the case of the N
see there the following behaviofi) The (0—1) excitation  molecule, reported in the lower part of Fig. 5. We see first
process is, as suggested earlier by the coupling potentials, ligat the(0—1) inelastic cross section is here larger than in
far the one with the largest cross section over the wholéhe case of Hbut still very small: the coupled potential of
range of examined energies. The cross sections associatedy. 3 is in fact stronger, thus explaining this effect. The
with transitions to higher levels are much smaller and detransitions withAv>1, on the other hand, are again much
crease as thAv value increasesii) The low-energy behav- smaller than th€0—1) cross sections but still larger for the
ior of the partial cross section for tH@—1) excitation also N, molecule than for the ktarget. Furthermore, the stronger
shows a rather marked maximum for about 0.5 eV above thkarrier in the coupling of Fig. 3 affects now tk@—1) cross
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section even more markedly. The height of the barrier isstate integral cross sections are shown by the results pre-
around 2 eV and we see that only beyond about 2 eV aboveented in Fig. 6. We report there the inelastic cross sections
threshold that excitation cross section decreases after a bro&at H, in the upper part and for Nin the lower part of the
resonant maximum. Here again the maximum is unchangefigure.
by eliminating the closed channels and suggests therefore a If we analyze first the results for the,ltarget we see that
resonant effect due to the actual shape of the coupling pdhe (0—1) cross section is already markedly different from
tentials. the one reported in Fig. 5, obtained there with the correct BF
We have mentioned in the Sec. Il that the BFVCC calcu-angular momentum couplings. The lack of interference terms
lations could be simplified by resorting to a BF form of the now makes the cross sections much larger, both at threshold
RIOS approximation discussed in the context of heavy-and over the whole range of examined energies. The other
particle scattering23]. In that case, the scattering equationsexcitation cross sections withy>1 are also much larger
were solved at a fixed orientation of the potential and theéhan before but still follow the qualitative behavior of de-
coupling between angular momenta was reduced to a suereasing in magnitude asv increases.
over separate, adiabatic solutions for each of the contributing Another difference in behavior between the above cross
partial waves. Thus, the strength of the vibrational couplingsections and the BFVCC cross section is given by the ap-
was kept correctly for the potential part while its angularpearance of strong oscillatory structures near the thresholds
momentum coupling factorEq. (5b)] was strongly simpli- of each state-to-state cross section. This effect is possibly
fied as in Eq(17). due to the artificial importance of potential barriers caused
The effects of such simplification on the final, state-to-by the adiabatic decoupling: for about 0.5 eV above thresh-
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old the (0—1) cross sections are able to be increased byelastic processes since it considers the potential coupling a
shape resonances from each of the adiabgti@lues with-  dominant contribution over the dynamical effects from angu-
out being washed out by the interference terms included itar momentum coupling between the molecule and the im-
Eq. (5b) within the BFVCC approach. Thus, the simplified pinging positron.
angular coupling incorrectly enhances the importance of Such differences in behavior can also be seen from the
potential-dominated effects when the contributing anguladifferences in value of a quantity defined as the average vi-
momenta are treated separately. brational energy transfer

This artifact from the RIOS decoupling is seen even more
clearly in the results given by the vibrationally inelastic cross ,

v

sections for the Bltarget(lower part of Fig. 6. The oscilla- )
tory structures in th€0—1) and the(0—2) cross sections go o(v—v")Ag,

now extend for about 1 eV above thresholds and give rise to (AE,)y—0=— , (18)
many more oscillations than in the case of. Hhis is due ,

both to the increased strength of the coupling vibrational Z«O o(v—v’)

potentials in this molecule and to the larger number of partial

waves that contribute to this scattering process, as a conse-
guence of the higher anisotropy of the target potential termswhich describes, from a given initial level, the overall prob-

As a result of the reduced coupling, however, theability of transferring energy into the molecular degrees of
BFVCC-AAMC'’s approximation appears to increase the in-freedom by the impinging positron. In the present example,
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since no experiments are available, we consider the case differences in structure between the two target systems. We
which the initially populated level is the=0. see, in fact, in the lower part of Fig. 7 that the BFVCC
We report in Fig. 7 the results of the present calculationscalculations yield larger values for tAE ) than in the case
The top diagrams refer to the,Hinolecule while the lower of H,: considering the smaller energy spacings in the N
diagrams are for the Nmolecule. The solid lines report the molecule one clearly sees that the partial inelastic cross sec-
(AE,) values from the BFVCC calculations for both systems.tions constitute a larger portion of the total scattering process
In the case of the hydrogen molecule we see that thén the latter molecule than in the former case. Furthermore,
amount of the energy transfer is rather small over the whol¢he presence of low-energy shape resonances appears to af-
range of collision energies: in spite of the large values offect the energy-transfer efficiency in the nitrogen target while
the Ae,,,» energy gapse.g., 1.88 eV for thé\gy,) the trans- it makes little difference for the Hsystem. The decoupled
fers are only of the order of meV, due to the small values ofcalculations produce the results shown in the inset of the
the inelastic cross sections. Their trend as a function of enlower part of Fig. 7. Here one sees that the artificial enhance-
ergy is to steadily increase from threshold upt8.0 eV but  ment of resonant trapping given by the RIOS calculations
never to go above=0.6 meV. The corresponding decoupled drastically affects the efficiency for about 1 eV above thresh-
results(dotted ling are again very different and reflect the old, while becoming comparable with the BFVCC results at
strong oscillations seen in the cross sections from Fig. 6higher collision energies.
They are also larger on the average but follow a similar trend Another interesting comparison is given by the calcula-
with energy. tions of the BFVCC total cross sections that can be com-
The corresponding results for the, Kholecule reflect the pared with the experimental cross sections. Figure 8 reports
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1.2 -

0.8 r

0.4 r

VIBRATIONAL ENERGY TRANSFER (in meV )

0.0 , , . , , , . FIG. 7. Computed average vibrational energy
0.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0 transfer as defined by EqL8) in the main text.
(a) ENERGY (eV) Top, H, molecule; bottom, B molecule. The
solid line refers to the BFVCC calculations while
the dashed linéabove and the insetbelow) re-
e"-N, 45.0 ' — fer to the decoupled AAMC scheme calculations.
7 Quantities in meV and energy in eV.
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such a comparison for the,Hnolecule. The experimental molecule. The measurements are taken from Re#-26.

data are taken from Ref24, 25. One sees that the BFVCC Once again we see that the BFVCC res(élid line) are in
calculations agree rather well with measurements, especialyood agreement with the measurements, especially with that
as the collision energy increases. The inset in the figure reset of data that shows what appears to be as a Ramsauer-type
ports more clearly the comparison and indicates that ouminimum below 1 eV: our present calculations follow such
present Ca|Cu|ati0nS indeed C|Ose|y fO||0W the measured dataata rather C|Ose|y and reproduce well the |Ow_energy Cross
even below 1 eV of collision energy. On an enlarged scalesection increase suggested by the experiments. The decou-
shown by the larger plot in the same figure, one can furtheb|ed results from the AAMC calculation&lotted ling are
compare the BFVCC_caIcuIations with those obtained USi”%gain different from the more correct coupling but not as
the AAMC'’s decoupling schemédotted curvé The latter ), aq in the case o, we see, in fact, that the two sets

results are 100 Iarge_at low collision energies and remaify calculations essentially agree with each other above 3 eV
larger than the experiments over the whole range of exam

ined energies. The only interesting feature is that the overaﬁﬂgsggsz;Oretrssgnnogﬁcrgsgﬁﬂep:ssﬁjmcgfoefntgf altr)(z?vc\ilzednlsé 5
shape of the total cross section energy dependence follof! P 9 gy '

rather closely the one given by the BFVCC results. It is als andd2.0 ev ml;[jhe ca?]e ththe AAMC refstljllts. Onhthe Iothelr
interesting to note that the present results constitute one ¢j2Nd. one could say that the two curves follow rather closely

the best agreement obtained thus far between theory and ¢ same energy dependence and also the experimental find-

periments below the threshold of Ps format[d®,18. ings. One should note at this point that the present calcula-
A similar comparison between the present calculationdions show among the best agreement with measurements
and the experimental data is shown in Fig. 9 for the N found thus far byab initio calculations and include for the
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5 § 20 e b positron scattering off 5l Solid line, computed
5 . ‘; BFVCC values; dotted line, decoupled
® 200 Mo Wo Zo s0 W Tse b 70 b se | AAMC's calculations. Experiments, filled tri-
@ ) angles(from Ref.[24]); filled circles (from Ref.
8 [25]). The inset shows only the comparison with
:) the BFVCC calculations.
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first time the contributions from vibrationally inelastic both systems, positron projectiles are rather inefficient in
processes. “heating” the molecular gas.
(i) The presence of shape resonances in the low-energy
IV. GENERAL CONCLUSIONS region above th€0—1) threshold enhar_lc_es thegy, process
only over a rather small range of collision energies and is
In the present study we have carried out close-couplednore effective for M than for the H target. The ensuing
calculations of vibrationally inelastic processes in positronvalues of (AE,) the average energy-transfer indicator, are
collisions with H, and N, molecules. The static and therefore more markedly affected for, fhan for H,.
correlation-polarization interaction has been included via a (i) The angular-momentum decoupling implied by the
local effective potential using PCOP modelifit8,19 and AAMC's approximation shows marked differences in the
the coupling of the vibrational levels has been treated usingartial cross sections, both elastic and inelastic, and produces
two different schemes: the BFVCC equations described ifiinal, total integral cross sections which, fop Hare too large
Sec. II[12] and the decoupling scheme based on the 10Svhen compared with measurements over the whole range of

approximation, defined here as AAMEgQ. (13)]. energies. On the other hand, the results forshow that the
The results of the BFVCC calculations indicate the fol-two approaches are essentially the same above about 3 eV.
lowing. Thus, one sees that the couplings between the positron angu-

(i) The excitation processes yield rather small cross sedar momentum and that of the target via the strongly aniso-
tions over the range of examined energies indicating that, fotropic interactions cannot be simplified as it can occur in the

35.0 T T T T T T T

300 | e'N, i
250 | :

200} | -
FIG. 9. Same as in Fig. 8 but for the,Mol-

ecule. The experiments are shown as filled
& circles(from Ref.[24)); filled squaregfrom Ref.
[25]); filled triangles(from Ref.[26]).
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0.0 1 L L 1 L 1 n 1 1
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case of the weaker van der Waals interactions for which suctest on the quality of the wave function obtained in this work

a method is usually suggest¢d7]. However, as the mol-

[29], as it would also occur with the inclusion of the Ps

ecule becomes such that its density of vibrational states gefermation channel.
higher, we see that the two methods produce similar results 5n, extension of the BEVCC calculations to CO and £0

especially with increasing energy.

systems is currently in preparation and will be reported else-

(iv) The total cross sections that include the vibrationalwhere[zs].
effects show rather good accord with the experimental data

when the BFVCC coupling is employed and confirm the gen-
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