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Single and double electron capture in N*+H, collisions at low impact energies
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We presentab initio calculations of cross sections for single and autoionizing double electron capture in
collisions of N* with H,, for impact energies between 0.2 and 10 keV/amu. Calculations have been carried
out by means of a close-coupling molecular treatment using the sudden approximation for rotation and vibra-
tion of the diatomic molecules. Since the molecular states involved are infinitely excited, a configuration
interaction method, with a block-diagonalization procedure, has been employed to evaluate potential energy
surfaces and dynamical couplings.
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[. INTRODUCTION evaluate single electron capture cross sections. Accordingly,
a model potential treatment was applied t6'NH, in a pre-
Electron capture processes in ion-molecule collisions argious calculation of our grouf®] including the two-electron
important reactions in the interaction of solar wind with interpretation, and assuming that the two target electrons are
cometary and planetary atmosphefesy., [1]) and fusion  equivalent(see[10—12). This approach is usually known as
plasmas(e.g., [2]). In particular, N*+H, collisions have  the independent electron approximati@ng., in[13]) or in-
been studied in both experimental and theoretical Worksdependent particle modéPM) (e.g., in[14]). An extension
Photon emission speptrosco[ga4] and transl_ational energy of the IPM was presented ifil5], where the equivalent-
spectroscop}5] experiments have been carried out, and, as @jectron interpretation was used to evaluate the Hamiltonian
general conclusion of these works, the most important propatrix elements rather than the transition probabilities,
cesses at impact energies around 1 keV/amu are the singj@,ih allows extension of the range of applicability of the

electron captur¢SEQ method to lower energies; this technique was applied to
N°*+H, collisions in Ref.[16].

Although IPM treatments are appropriate to evaluate
single electron capture cross sections, in general, they cannot
accurately describe two-electron procesgsse, e.g.[17]
and references thergjrand therefore it is difficult to justify

N5*(152) + Hy(X 12g)—>N3+(1323I3I N+HTHHT the application of the IPM when those processes are sizable;

(2)  this is the case of ion-Hcollisions when double electron
capture reactions are significant. However, for some particu-
reactions. However, the cross sections for the ADC reactiotar collisions(see[15] and[18]), single and double electron
(2) were not directly measured in Rgb]; these were as- capture take place through independent mechanisms, and the

N®*(18%) +Hy(X '3 5)—N** (1s’nl) +H, " (X 237),
1)

with n=3,4, and the autoionizing double captyfDC)

sumed to be equal to those for formation ofN1s22l), IPM vyields accurate cross sections for single electron cap-
which is the main product of the postcollision autoionizationture, although this can be checked only by comparison with
of N3" after reaction(2). all-electron calculations. The fact that only IPM calculations

Previous calculation$6,7] for this system employed a have been carried out for®Nl+H, collisions, even though
one-electron approach, where the “active” electron moves irreactions(2) are expected to be competitive will), is
the effective potential created by the nuclei and the remainmainly due to the difficulty of evaluating potential energy
ing electrons; i.e., the N and I-U cores. In particular, the surfaces and dynamical couplings for the states of interest.
pioneering work of Ref[6] employed a model potential for- The ab initio calculation of cross sections for reactiofis
malism, and a similar treatment, with pseudopotentials, wagnd(2) is the main objective of the present paper.
used in[7]. While an effective potential description of the ~ An important difference between collisions of singly
electron interaction with the N core is a good approxima- Charged iongsee a recent example in Rgf9]) and those of
tion, a similar treatment for the interaction with the open-multicharged ions with K is the presence of infinitely ex-
shell H,* core is more questionable. In this respect, the calcited states in the energy correlation diagram. In the particu-
culation of Ref.[8] for H* and Bé® collisions with lar case of N*+H, (see Fig. 1, the energy of the entrance
H, showed that a two-electron interpretation of the transichannel N*(1s) +H,(X ') lies above the four Rydberg
tion probabilities, not performed in Refs,7), is required to ~ series N*(1s*2snl;1s?2pnl) +H" +H* and
N**(1s22s;1s%2p) +H, " (n\) (see Fig. 1, and the main
electron capture channelsN**(1s?31)+H,"(1o)] are
*Present address: Instituto de Estructura de la Materia, CSIC, Se&lso infinitely excited. Therefore, the molecular description
rano 123, Madrid-28006, Spain. of SEC involves transitions between states whose energies
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Entrance channel _ wherer;y, riy1, andr;y, denote the distances from electron
N**Qs’)+ H, (X' 5})

N (3s3d) + HZ i to the three nuclei.
N*(3s3p) + HY The molecular wave functions are obtained using a self-
N™(3s)+ HY' | N¥(30) + Hidlo,) consistent field SCH-configuration interactioiCl) method
N"@3p) + Hi(lo,) by means of the programeLb [23] and employing a basis
, | NG+ Hidg) y N“(2p)+ HY' + & set of Gaussian type orbitaldn a first step, a SCF calcula-
i tion is performed to obtain the molecular orbitahOs) of

—_— the NI—|27+ system. We have increased the molecular charge
N*(2p) + H;(n3) . i .
BT N (28 HE + o in this step to ensure that the unoccupied M@lkexcept the
1 e i psiiridiceeree - 9rOUNd MO are good approximations to the orbitals of N
and H" in the limit R— .

A configuration interaction is then carried out. For singlet

N**(2snl) + HE
—————7—| N* @9+ Hi@)\)

N"(2s2p)+ Hy' states the configurations have the form
N*(2s) + Hi(1g,)
N*(2s')+ HY 1 . .
=— + : (4)
P \/§[||§1§1§k§||| |[€16161&d 1]

FIG. 1. Qualitative energy diagram of the asymptotic energies of
the NH,>* quasimolecule. where & are MOs, || || denotes a Slater determinant, and
lie in the ionization continuum. To calculate the potentiaIWhere’ to reduce the size .Of the Cllspace, we have applied
energy surfaces and dynamical couplings, we have enf€ frozen core approximation in which the ground M&)(
ployed, as in previous work for Bé and C** collisions 'S always doubly occupied. To evaluate the wave functions
with H2’ [20,21], block-diagonalizatioBD) technique$22] for the entrance channel and the main exit channels, whose

where the molecular states are obtained by diagonalizing theotential energy surfaces are infinitely excitege Fig. 1,
matrix of the electronic Hamiltonian in a basis from which W€ have applied the block-diagonalization technique, origi-

the configurations that asymptotically correlate with then@ly proposed in24], and applied to Multicharged ion col-
states of the Rydberg series are excluded. The main diffefiSions with H in Refs.[20] and[21]. In the present case,
ence between the asymptotic energies of Fig. 1 with respe{® €mploy the method to remove the molecular states disso-
to those of the previously studied*C+H, and Bé* +H, C'?Eng , 33 R*;” into thgse of the+ Ryglberg ,enes
systems is that the energies of the ADC statedV (1s°2snli1s“2pnl)+H,™" and N'* (1s°2s;1s%2p)
N3*(1523131") lie below that of the entrance channel, which +H, " (n\), which is carried out by diagonalizing the matrix
in principle allows for sizable transitions to these states. Irof the projected Hamiltonia® Hge P with
practice, this means that the entrance channel of the collision 5 N
is a high-lying root of the secular equation even though the B
BD procedure is applied. P= 1_22 ,22 | ) (. )

The paper is organized as follows: The details of the mo-
lecular calculation and the dynamical method are presente@hereN is the number of MOs. The matrix representation of
in Sec. Il. Our results are shown in Sec. Ill and the mainPH, P is obtained by removing from the Cl space those
conclusions are outlined in Sec. IV. Atomic units are usedconfigurations in which the MO, with k=2,3,4,5 are oc-
unless otherwise indicated. cupied, where the limits of these MOs, Rs~x are, to an
excellent approximation, thes2and 2p orbitals of N**.

As a check of the accuracy of the calculation, we compare
A. Molecular calculations in Table | the values of our molecular energies in the limit

Th tential ; d molecul ¢ R—o with the spectroscopic valueg5] for N** and
€ potential energy surfaces and molecular wave Tuncys-+ ions, and with accurate calculatiof6] for the au-

tions of the Nh&5+ quasimolecule are expressed in terms Oftoionizing states of K. Cuts of the potential energy sur-
the following relative nuclear coordinates: The distance from;as for w=60° are plotted in Figs. 2, 3, and 4 for
the N'* nucleus to the center of the H-H internuclear aRs, ~1.0, 1.4, and 1.7 a.u., respectively. EXCéptc,f(#O or 90°,

the H-H internuclear distange and the angler between the o gystem hag, symmetry. Since the entrance channel of
vectorsR andp. Calling the set of electronic coordinates g ¢ojjision transforms liké’, and only transitions to states
the molecular wave functiong;(r;R,p,«) are approximate ot the same symmetry are allowed, we have included only

eigenfunctions of the clamped-nuclei Bor-Oppenheimeaes ofa’ symmetry in Figs. 2—4. An important detail of
electronic HamiltoniarHgie{ 1R, p, @): these energy curves is the sharp avoided crossings atRarge

IIl. METHOD

4 1 7 1 1 between the energy of the entrance charigad) and those
Heed l[Rp,a)= >, | —2V2— —— — — — of the states dissociating into®N+H"+H™ in the limit R
i=1 2 Fin  Tie  TiHz —oo, This sharpness is due to the fact that at laRjthe
4 4 1
+> > —, e o
i=1j<i Tjj The basis set is available from the authors upon request.
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TABLE I. Calculated differences of the energiéis a.u) of
several atomic states from that of N1s?3s), compared with the
spectroscopic valud®5] for N** and N*, and accurate calcula-
tions [26] for the autonionizing states of*N.

State Present work Rdi25]
N**(1s°3s) 0 0
N**(1s23p) 0.0994 0.0989
N**(1s23d) 0.1320 0.1289
N4t (1s%4s) 0.6834 0.6842
N**(1s?4p) 0.7241 0.7244
N**(1s24d) 0.7384 0.7369
N4*(1s%4f) 0.7410 0.7378
N5t (1s?) 1.5172 1.5180
State Present work Rdi26]
N3t (1s23s?) —1.2345 —1.2328
N3*(1s23s3p) —1.0986 —1.0834
N3+ (1s23s3d) —1.0969 —1.0908

system has approximatel@,,, symmetry, and the avoided

45

-46.0

5

PHYSICAL REVIEW A9, 012705 (2004

3
K
é -46.5
W 1
1
1
\
\
470\ ~ .
’
\ Vi
\ ey
| N (3s)+H,'(Io) |
I 1 I 1 I 1 I 1 I 1
2 4 6 8 10 12
R (a.u.)

FIG. 3. Energies of théA’ electronic states of the NFI™ qua-

crossings between the energies of states of different approxi-
mate symmetry ¥-I1, 3-A, etc) are very narrow. In prac-

tice, the states

involved

in narrow crossings exhibit

simolecule forp=1.4 a.u.

= (@ (R)[d(Ri 1)), (6)

o-function dynamical couplings between them, and the couypere R, andR. ., are two adjacent points of the grid of

plings of these states with the rest of the states change vey
rapidly in the avoided crossing region. Therefore, it is more,
convenient to employ a diabatized basis in the dynamicaﬁ
calculation, where the avoided crossings become crossing\év
as shown in Figs. 2—

structed by applying

4. The diabatic states have been coa

a techniqu@7] that is based on the

Mternuclear distances. Whes?

" i+1] is larger than a given

hreshold value, we define two diabatic staggsand ¢,
hose energies cross between the poRtsand R, ;. In
tdition, the sign of the delayed overlap allows us to ensure
that the sign of each molecular wave function is the same at

: . all grid points.
evaluation of the delayed overlap matrix elements: gndp
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FIG. 2. Energies of théA’ electronic states of the NFI" qua-

simolecule forp=1.0 a.u.

FIG. 4. Energies of théA’ electronic states of the NPI" qua-

simolecule forp=1.7 a.u.
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In Figs. 2—4, there is a sizable variation wighof the (3) The sudden approximation for rotation and vibration
potential energy surfaces corresponding to the ADC stategyf the diatomic molecule, which assumes that the initial rovi-
they decay as p/asp increases because of thé Hi™ Cou-  prational wave functionyo(p)Y,u(p) does not appreciably
lomb interaction. This entails a variation in the position of change in the time interval in which the electronic transition
the (avoided crossings with the energy of the entrance chantakes place. One expandis in the form
nel (e.c); in particuéag, thze croising+between the e.c. curve
and that of the (3s°)+H"+H" takes place atR —,1 p i
=95 a.u. forp=1.0 a.u., aR=6.5 a.u. forp=1.4 a.u., and FrpD=p Naule)xolp)exril)
at R=5.5 a.u. forp=1.7 a.u.; in the last case the avoided ) ) [t ,
crossing is wider and has not been diabatized. Similar effects x EJ: 3(t;p) qu(r,p,R)ex;{ _'fo €jdt
can be noted for the energies of the other double capture
channels. A consequence of thisdependence of the ADC ©)
potential energy surfaces is that the identification of the SE

. . . . 2 + .
channels dissociating into (1s41)+H," (1og), which =1.4 a.u. for H(X '2;)] in the molecular wave functions

IS relatlveily easy at shopt (see Fig. 2, becomes very diffi- . expansion(9), one obtains the familiar Franck-Condon
cult at p=1.7 (Fig. 4) because their energies show many(FC) approximation

avoided crossings with those of the ADC channels. In prac- In the expansio9), exgiU(r,1)] is a common translation

tice, this makes it very cumbersome to include molecularf 4. th lculati h
. ith A (41 + H.* in the dvnamical cal- actor (CTF) [28], and in the present ca culation we have
iﬁ;;ﬁorrelaﬂng with N (41) +H, y employed the CTF of Ref29]. The expansion coefficients
L . I . a;(t;p) are obtained by substituting expansi@ in Eq. (7).
J
The main mechanism for SEC, indicated by the electronlqzor fixedp and for each nuclear trajectory these coefficients

energies of Figs. 2—4, involves transitions from the entranc% ; . . .
. - . re solutions of the system of differential equations
channel to the low-lying states correlating with13l) y q

+ H2+(10'g) atR=4-5 a.u., where the corresponding ener- g J

gies pseudocross. Since the crossings at IRrgee traversed id_tl: E ak< piexpiu )‘ Hejee— i E

diabatically, the main transitions to the ADC states take place K

at R<3.0 a.u. In the illustrations of Figs. 2—4, we have also t
XeX[{_iI (8k_8j)dt,

C%/\/hen p is fixed at the equilibrium H-H distancépg

Prexpiv )>

rp

drawn the energy of the state that diabatically correlates with
the dissociative single electron capture staté’ (8s)

+H, " (1oy); this shows avoided crossings with those of the . . : .

ADC states, and furnishes a mechanism whereby they can b'lgwe cross section for transition to a given electronic channel
depopulated. IS [30]

. (10

B. Dynamical method Uf(U):(47T)7lf dbf d;)J’ dpxdlas(=; po) — 8l 2.

The method employed in our dynamical calculation has (11)

been explained in previous work of our group. Its main as- uat f th . . . f
sumptions are as follows. Evaluation of the orientation averaged cross section of Eq.

(1) The impact parameter methagee, e.g.[17]), in (12) requires one to solve the system of differential equations
which the position vectoR of the incident ion with respect (10 for several orientations of the vectprwith respect to

to the target molecule follows straight-line trajectorigs e nuclear velocityo. Along the trajectory, the angler
—b+wvt with constant velocityy and impact parametes. between vectorR andp changes, which in practice requires

The remaining degrees of freedom are treated quantum mé&valuation of the molecular wave functiog in a grid of
chanically, by means of the wave functidn(r,p,t). ¥ is a values of this angle, and the ensuing two-dimensional inter-
solution 01,‘ the equation w polation of energies and couplings. A simplification of this

procedure has been studied in previous W&®&—37, where
9 we have shown that a good approximation to the orientation
(Hi—la )\P(r,p,t)=0 () averaged cross sections is given by an “isotropic” approxi-
mation, where the molecular wave functions of expans®n
, are assumed to vary little with, and one employs the mo-
with d/dt=v- Vg, lecular data calculated for an intermediate valbetween
45° and 60°). In this work we have used this “isotropic
approximation witha=60°. Explicitly,

rp

Him— ——v24H (8)
i 2,LL p elecy

—27| bP(b)db
andHoecis defined in Eq(3). oi(v) Wfo ((b)

(2) A close-coupling expansion in terms of the molecular

wave fgnctions(pj , Which are approximate eigenfunctions of _ J' dpng blas(%; p,a=60°) — 5| 2db. (12)
Helec With energye; . 0 0

012705-4
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FIG. 5. Radial couplings between the entrance channel and the FIG. 6. Rotational couplings between the entrance channel and
states correlating with £ (3s,3p)+H,"(1oy) and N**(3s?)  the states correlating withN(3s,3p) +H, " (10) and N'*(3s?)
+H*+H*, for p=1.4 a.u. andv=60°. The inset shows the peak +H"+H", for p=1.4 a.u. ancdv=60°.
of the coupling between the entrance channel and the state correlat-

ing with N°*(3s%) + H* + H™. N**(3s,3p) +Hj (1oy) in the wide avoided crossing &
=4 a.u., and where the corresponding radial couplings of
Fig. 5 show relative maxima. Transitions from the entrance
The transitions between the molecular states are induceghannel to the state correlating with®N3s?)+H" +H*
by the nonadiabatic, or dynamical, coupliigee Eq.(10)],  are the main mechanism of the ADC process; these transi-
which can be expressed é=ee, e.g.[18]) tions take place in the neighborhood of the avoided crossing
atR=2.37 a.u., mainly induced by the tail of the radial cou-
> pling between these states. In turn, the rapid variation of the
e.c. wave function in this region leads to an abrupt change of
5 the radial couplings with the SEC states.
_ U_tM” b_UR_. +0(v?) (13) The structures of the most important rotational couplings
R ' [Eg. (15)], shown in Fig. 6, are related to the avoided cross-
ings of Fig. 3. In particular, the avoided crossing Rt

C. Dynamical couplings

< d’jquiU)’ Helec_la

> +AL(R,a,p) (14)
a,p

>+A“(R a,p), (15) IIl. RESULTS

The translation factor introduces terms proportionabtp ~ =3.5 a.u. between the energies of the states correlating with
which have been neglected in the present calculation. Tha**(3p,) +H," (o) and N*(3p,)+H, (loy) vyields
terms proportional to, M;; andR; ;, are, respectively, the the abrupt changes of the e.qx3and 3-3p, couplings.
modified radial and rotat|onal coupllngs which have theThe e.c.-3? avoided crossing @&&=2.37 a.u. leads to sharp
forms peaks in both radial and rotational couplings. An avoided
crossing atR=2.00 a.u., between the energy curves of the
¢J entrance channel and the highest SEC state correlating with
¢ 3R N**(31)+H," (Log), which is d|ff|cult to notice in Fig. 3,
causes the changes of the e.e>and e.c.-P, couplings in
and this region.
<¢. ]
R In a first step we employed the FC approximation and a
WhereAR % are the corrections due to the common trans|abaS|S set that includes 17 states with the fO”OWIng correla-
tion faCtor to first order i . tions in the limitR—x (see Fig. ¥ the entrance channel
As an illustration, we show in Fig. 5 the most important that correlates with R +H,(X '2); the six states that
radial couplinggEq. (14)] for p=1.4 a.u. The main mecha- correlate with MJr(C-EI)-i-H2 (10'9) six states correlating
nism of the SEC reaction involves transitions from the en-with N37(3s3l1)+H"+H™; one state correlating with
trance channel to the molecular states dissociating intt**(3s)+H,"(10y,); one state correlating with N (4s)
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FIG. 7. Total cross sections for reactioh): Calculations: —, FIG. 8. Impact parameter times transition probabilitiesvsr
present FC calculation, [6]; K, [7]; IPM, Ref.[9]; IPM-SEC,  SEC into N*(n=3) (full line) and ADC into N'*(3s3l) (dashed
Ref.[16]. Experimental results# , [3]; O, [4]; W, [5]. line), calculated using the FC approximation and for an impact

energyE=500 eV/amu.

+H2+(1og); and the two lowest states correlating with ) o
N3+ (3p31)+ H* +H". the IPM-SEC results with theab initio ones at E

. : . =500 eV/amu.
The total cross sections for single capture are plotted in - . . . .
g P P At high energies, the avoided crossingR2.37 a.u. is

Fig. 7 together with the results of previous calculations at th : : - o
FC level and experimental results. Our cross sections ijaversed diabatically, and the ADC transition probabilities

: ; do not show significant peaks B3 a.u., as illustrated in
smgle electron capture show good agreement with the e)ﬁfig. 9 for E=2 keV/amu. The curves for SEC and ADC in
per|mer_1ta| data of Kearn_et _al. (5 an_d reasonable agree- Fig. 9 show maxima in the same regionspindicating that
ment with the photon emission experiments of RE3.and both reactions take place in the same regions of internuclear

[4] for E>200 eV/amu. The usual IPM method is appropri—se arations. Moreover, we have checked that the time evolu-
ate forE=1.5 keV/amu, while the modification of RdfL5] parations. ver, we hav I Vol

(labeled IPM-SEC in Fig. Jfextends this range down
=700 eV/amu. A good agreement at Id@between theab
initio calculation and one-electron treatmep@s?] without
two-electron interpretation was also found [ih5,21] for
C** +H, collisions, and it was explained there as due to a
compensation of errors because the effective potentials wer
fitted to the experimental Hionization potential instead of
to the vertical onéfor fixed p). 20
An illustration of the mechanism of SEC and ADC reac- ~
tions is shown in Figs. 8 and 9, where we have plotted theg
corresponding productsP,(b) obtained in the FC calcula- z 1>
tion. At low E (Fig. 8), the calculation confirms the mecha- <
nism proposed in the previous section: the ADC process
takes place at lovb through transitions aR<<3.0 a.u., in- 1.0
duced by the e.c.& radial coupling(see Fig. 5 in the
neighborhood of the avoided crossing between the corre
sponding energy curves. At these low energies, the mair 0.5
mechanism of the SEC reaction involves transitions at largel
R (=4.0 a.u.), where the couplings between the entrance
channel and the states correlating with?"1s%3l) 0.0
+H; (1og) show relative maxima. On the other hand, the
independent mechanisms of reactiqd$ and (2), deduced
from Fig. 8, explaingsee Ref[15]) the good agreement of FIG. 9. Same as Fig. 8 f&E=2 keV/amu.

3.0

2.5

b (a.u.)
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FIG. 10. Total cross sections for SED and ADC(2) reactions. FIG. 11. Ratioss(3!)/o(n=3) of the partial cross sections for

Lines: present calculations, employing the sudden and FC approxPoPulation of N(n=3) levels in reaction1). Lines, present re-
mations as indicated in the figure. Experimental results for SECSUltS: Experimental results, [3]; ¢, [4].

O, [3]; O, [4]; |, [5]. Experimental cross sections for AD@&,

[5]. Os,p,d

YVs,p,d— 013, ) (16)

tion of the close-coupling coefficients suggests that ADC is . ) ,
now a two-step process through the SEC channels. At thedéh€re o is the total cross section for formation ofNn
energies, although the mechanisms are not independent, th:e3). in the SEC rgactlon, andsp q are the partial cross
populations of the ADC channels are relatively small, and sections for formation of A(3s,3p,3d) in the same reac-

accordingly, the SEC transition probabilities are not strongl A%E,oﬁvﬁllﬁeteﬁnldn tgr?e:gmio%f ;hfezlrjr?edrinb:m);ﬁr?ﬁe“%&-
modified by the transitions leading to ADC, thus explaining 9 9 9 g

erimental and calculated curves, some discrepancies can be
the rea;onable agreement of IPM ar]d IPM-SEC cross se¢jioq at both low and higle, which are probably due to
tions with the experimental ones in Fig. 7. In this respect,

imilar di . | din Red Qimitations of our calculation. In particular, atE
similar discussion was recently presented in Red] to ex-  _ ¢ keV/amu, the calculated population of*N3p) is

plain the workings of the IPM approach for Het  |5rger than that of K (3d), which might be due to the lack
H; collisions. _ _ ~of N**(n=4)+H," channels. AtE<200 eV/amu, the in-

~ We have also carried out non-FC dynamical calculationgrease of the experimental total cross section in Fig. 10 is
in the frame of the sudden approximation. We have checkegiopaply a consequence of transitions between vibronic
that the cross sections of Fig. 7 do not appreciably changgtates, which are not accurately taken into account by the
when the two N*(3p3l) states and the state correlating vibrational sudden approximation; this can also cause of the
with N**(4s)+H,"(1oy) are not included. Therefore, in already mentioned differences between theory and experi-
these calculations we employed a 14-state basis resultingient for total cross sections at I (Fig. 10.

from removing from the previous basis set these three states,

which, as mentioned _above, are difficu_lt _to inclu(_je it_xr IV. CONCLUSIONS
>1.4 a.u. Cross sections calculated within the vibrational
sudden approximation for SEC inta*\(3I) and ADC into We have presented aab initio calculation of SEC and

N3*(3s3l) are plotted in Fig. 10, where they are comparedADC cross sections in collisions of Nl ions with H, at
with those from the FC calculation and the experimentalimpact energies between 0.1 and 10 keV/amu, by applying
ones. In general, relatively small changes are observed b#hie sudden approximation for vibration and rotation of the
tween the two calculations for SEC, while the comparisondiatomic molecules. The energy range where our calculation
with the experimental values for ADC is slightly better for is accurate is limited by the approximations employed. At
the sudden approximation calculation than for the FC oneslow energies E<100 eV/amu), the sudden approximation
A more stringent test of the calculations is provided byfor vibration probably causes the discrepancy with photon
comparison of the calculated partial cross sections for SE@mission measuremerj#] between 100 and 200 eV/amu. At
with the photon emission measurements of RE8s4]; this  higher energies, the main limitation of our treatment is the
comparison is shown in Fig. 11, where we plot the ratios truncation of the molecular basis set, and, in particular, the
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lack of states correlating toN(41) +H, " (10y) in that ba- <1 keV/amu for SEC into K"(n=3) and ADC. We have

sis. Although we obtain good agreement with the experimenalso found good agreement with the data of RES$and[4]

tal total SEC cross sections Bt=10 keV/amu, the trunca- for the branching ratio of § 3p, and 3 levels of N**

tion of the basis set limits the validity of our calculation of formed in the SEC reaction, in the energy range<(22

SEC partial cross section <5 keV/amu. <6 keV/amu.
With respect to the comparison with previous calculations

that used the IPM approach, our cross section for SEC agrees

with the IPM values fole>2 keV/amu, and the agreement

extends tde>700 eV/amu for the IPM-SEC method of Ref.

[15]. Our results also show good agreement with the recent This work was partially supported by DGICYT Project
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