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He+N, collisions at 1.0 keV
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He’+N, collisions are studied at an energy of 1.0 keV and in an angular range from 0.2° to 2°. Time-of-
flight techniques are used to identify the dominant collision processes. Electronically elastic collisions are
found to dominate the scattering for angles out to 1.3°. Ii4H¢, H,, and G collisions the electronically
elastic processes were found to be weak beyond the smallest angles, in sharp contrast to the present results.
Excitation of N, (a 1Hg) is found to be the dominant small-angle inelastic process. Our results also show
excitation of N* (A 2I1, andB 231) but at most very weak excitation of the, N(X 22;’) ground state. The
excitation of an electron from thesd, molecular orbital of M is found to be generally quite specific and takes
place primarily through a transition to an}, orbital. [S1050-29478)01402-4

PACS numbdrs): 34.50.Gb, 34.96:q

INTRODUCTION THE EXPERIMENTAL RESULTS AND CONCLUSIONS

Experimental studies of collisions at low keV energies The small-angle direct scattering in HeN, is studied at
P 91€S5 beam energfe=1.0 keV. The basic experimental tech-

gengrally _shoxv t(r;_at the eIec_tromcalLy eIasFlc chgnn$l ISniques are outlined in Reff1] and[2]. Briefly, He" is gen-
ominant in the direct scatteringio change in projectile erated in an ion source floated at 1.0 kV. The ions are ex-

charge stateat small angles. In recent workl,2] Oano tracted, focused, and then pass between two small plates
collisions with N, H,, and G molecules the electronically \yhere the beam is “chopped,” by an electric field, for time-
elastic processes were, however, found to be weak beyorgt.flight energy measurements. The beam is mass analyzed
the smallest scattering angles. As examples in termsthe  and then enters a charge exchange cell containing He gas,
reduced scattering angle-E#, the beam energy scatter-  and resonant electron capture generates &tidam at 1.0

ing angle, the inelastic channels were found to dominate thekeV. Residual Hé ions are deflected and a collimated®He
collisions for values greater than 0.2, 0.2, and 0.3 keV deeam enters the target,Nas cell. After scattering through
for N,, H,, and Q, respectively. Such low keV energy col- an anglef it traverses a 4.2-m-long flight tube to a detector.
lisions occur in the aurorg3] and since the underlying The arrival time spectra are then acquired at each scattering
theory is complex it is useful to have a simple model appli-angle. Since the direct scattering does not involve a change

cable to the basic interactions. in charge state, the incident Hbeam provides the energy
The unusual weakness of the elastic scattering found witkeference from which the states are identified.
H® was consistent with a modgl,2,4 attributing inelastic The angular distribution and energy spectra of the scat-

processes to the excitation of intermediate ionic states durintgred Hé are studied in an angular range from 0.2° to 2.1°
the collisions. If ionic states are excited, they could populatd2.5° for the energy spectraFigure 1 shows spectra at an
the observed inelastic channels via surface crossings and aléfergyE= 1.0 keV and scattering angles @ 1.5° and(b)
because they lie close in energy to them at large interparticlé-3°. The peak labelef results from electronically elastic
separation. Since the ionic forces are attractive, the projecollisions. On the basis of Gilmore’s potential energy curves
tiles would also be scattered through smaller angles, as irffor N, [5] and assuming that the collisions involve “Franck-
deed was found in theHtases. To test this simple model we Condon” transitions, the peak labeldl at an energy loss
are studying H&+N, collisions. He provides a limiting case near 9 eV can be attributed to HeN, (X '= ;) —He’+N,
because it has the largest energy differetatanfinite sepa- (a 1l'Ig). The excitation of N (w*A, ora’ '3 ) cannot be
ration) between the ionic and incident channels and only auled out but an analysis of all our results shows that these
single (HE +N,) intermediate ionic state. The He-N,  states are only weakly excited. Although there are low-lying
intermediate state can be neglected since ktea quartet triplet stategA 33 andB 3Hg), which would result in en-
state. H&+N, collisions have not been investigated in detail ergy losses near 8 eV, in the Franck-Condon region, these
to date but they are both of theoretical and practical applieére not excited by the singlet He projectile in accordance
interest. with the Wigner spin conservation rule. The rule requires the
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FIG. 1. Energy spectra fromi=1.0 keV energy H&+N, colli-
sions at angles ofa) 1.5° and(b) 2.3°. PeakA results from elec-
tronically elastic collisions. Ped& having an energy loss near 9 eV
is attributed to H&+N,"* (a 'II,). PeakC contains contributions
from H+N, (A 21, and B 23 ). The structuregD andE) at
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FIG. 3. The differential cross sections for both the “summed”
(A, B, C, D, andE) and theA, B, C, andD processes.

(A2, and Nj (B 23). The structure at higher energy
losses(D andE) includes contributions from Heas well as
from the excitation of both the projectile and target where
triplet H&” and N, states may be simultaneously excited.

Figure 2 is a plot of the probabilities, as a function of
scattering angle, for the excitation of processes correspond-
ing to the peaks labeleél, B, C, andD in Fig. 1 (E is not
shown for clarity. The elastic channel is seen to be dominant
for scattering angles§<<1.3° (corresponding also tor
<1.3 keV deg forE=1.0 keV). The differential cross sec-
tions for the “summed” and ‘A,B,C,D"’ channels are
shown as a function of angle in Fig. 3. These differential
cross sections can provide a rigorous test of approximations
used in calculations.

The present results show that the elastic channel is domi-
nant in small angle Hecollisions with N,. In earlier work on

higher energy losses include contributions from excited He as welHe®+D, \H, [7,8] the elastic channel was shown to be domi-
as from excitation of both the Heand N,

nant at the small angles. This was also foyfito be the
case in H&+CO and H8+NO collisions. All these results

total electron spin angular momentum to remain constant in @re consistent with the proposed role of intermediate ionic
collision (very weak coupling between the orbital and spinstates. When compared td’Hthe larger energy difference
angular momenta is assumedhere are a number of states petween the incident and intermediate ionic stéléseV for
that can give rise to the structure near 14 eV, clearly seen ip0 26 eV for Hé—at infinite separationcorresponds to a
the 1.5° spectrum, but an assignment is not possible. Simila#ossing at smaller interparticle distance withigeojectiles.
structure was seen in'H-N, [6]. The data over a range of Therefore weaker excitation at small angles is expected in

angles shows that pea® contains contributions from N
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He"+N, collisions than in H+N,.

The N, (X'¥g) ground state [5] has a
(10'9)2(10'u)2(2(7(_1,)2(20“)2(177'u)4(30'g)2 molecular-
orbital configuration. The dominant electronically inelastic
process(for #<1.5°) in He’+N, results in N (a 1),
which requires a 3, to 1 electron transition. The same
N, state was found to be dominant in the direct scattering in
H™+N, [4]. For H [1], Ar" [10], and He [9] projectiles
where excitation of triplet states of,Ns allowed, the N
(B 3Hg) state (involving again a 34 to a 1w, transition
was strongly excited. The NA 33 1), involving a 17, to a
17 transition, has an excitation energy very close to that of
the B 3Hg state but is weakly excited. The present results
show only weak contributions from the lowest lying,™N
(X 22; ) state. TheX state involves the ionization of a3

FIG. 2. The probabilities for the excitation of processes corre-€lectron from N. Weak excitation of theX state was also

sponding toA, B, C, andD (E is not shown for clarityin Fig. 1.

found with H" [6], He" [9], and H [1] projectiles. Excita-

The elastic channeld) is seen to be dominant for scattering anglestion of the N* (A 211,) state found requires the ionization
less than 1.3°.

of a 11, electron. Collisions leading toN (B 23,) involve
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contributions from two configurationgi) a 3o to 1w, ex- ACKNOWLEDGMENTS
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