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1 Introduction over the last couple of years, although no detailed

] ) ] ] calculations have been carried out. The new mecha-

The long storage times in heavy ion rings makfisy is called the tunneling mode and is based on
them excellent tools to study intramolecular procysn_adiabatic couplings between the inner wall of

esses. Depletion of excited vibrational levels byhe gissociative state (%) of H. and the ionic po-
radiative decay and well defined collision energ¥antial curve. :

are the main advantages in studies of molecular ion
- electron collisions [1,2,3]. In the last year the ex-

+

H . +
periments concerned the following aspects of elec-,uT 0 Da\o(:'au\%
tron - molecular ion interactions: absolute crossi H,Di "%,

. . . g . . R ®%ee. 9o
sections for dissociative recombination (DR) as well = 0%

as dissociative excitation (DE) and kinetic energy.2  10°
release in DR process. The study of product statég
distribution in DR of diatomic molecular ions has 8
been successfully initialized by means of a methodg  *°
of translational spectroscopy. o=

2 Dissociative recombination o001 001 01 ! 10

2.1 Cross sections Energy (eV)

The molecular group has recently performed a pRgure 1. The absolute dissociative recombination rate
study of the [ ion, which is an heavy isotopomerCoefficients measured for,HiHD" and O
of H,” with the same electronic structure. Th¢ H

) . . Nevertheless, it is expected that the tunneling
ion has been recently detected in two interstellar g . .
mode should be less efficient for, Dhan for H',

clouds [4]. and is believed to play the cent[al role irt1>ecause doubling the mass of the ion should reduce
the chemistry of these natural plasmas. Thiesaga drfelmatically the rate of quantum tunneling through

has been previously described elsewhere [5], so tr}ﬁe barrier. One of our purposes was to check this

a brief overview will be given here. For the so- L o g e
called DR direct process to occur efficiently, a fapredlctlc_)n and the efficiency of the, lissociative

vorable curve crossing is needed between the io r%combmatlon has effectively been me+asured to be a
and the dissociative potential curves; this is not th(‘:f*1Ctor of four smaller then the one of HAnother

case for the DR of a cold.Hon. To account for the point was the search for a field effect which was
. :

. . . . . previously found to influence some Canadian meas-
manifold experimental evidences of its DR hig ! . :
- urements [6] on H; some highly excited Rydberg
efficiency at low energy, a new theory has emerge
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states involved in the recombination process wege'A state excitation energy of 2.25 eV which is in
field ionized during their passage through an elegood agreement with an electron spectroscopy
trostatic deflector. We did not observe any evidenameasurement by Katsumata and Lloyd [8].

of field effect in our [ study. A three-dimensional, position-sensitive imaging

Very recently, we have also looked into an ion ofletector has been used to measure the atomic limits
particular atmospheric interest;'NFor instance, its and vibrational features of the DR process with N
dissociative recombination is believed to be respow vibrational distribution of ions produced in the
sible for the escape of atomic nitrogen fragmentsollow cathode source JIMIS has been found to be
from the Martian atmosphere, when their kinetiw=0 (55%), v=1 (23%), v=2 (13%) and v=3 (10%).
energy is sufficient. Due to their lack of any dipole
moment (infrared inactive molecules), vibrationally 3 Dissociative excitation
excited ions produced in a conventional source do
not relax in the storage ring prior to the recombindn the dissociative excitation process an electron
tion measurements. Nevertheless and thanks to texcites an ion to a repulsive ionic state and thus
new operating JIMIS hallow cathode source, weesults in dissociation. An alternative pathway is
were able to produce relatively cold'Nons. This when a doubly excited neutral state is formed which
has been confirmed by the dissociative excitatiotinen autoionizes to the vibrational continuum of the
data (threshold location) as well as by the 3D inground state ion. Both mechanisms of DE have been
aging data (see below). Our results are in perfestudied in CRYRING for'HeH [9] and D mo-
agreement with most of the other experimental rdecular ions. Absolute cross sections measured for
sults, which indicate a fairly high efficiency for the
dissociative recombination of slightly excited,”N 2000 ' I I ' I
ions. An accepted value of the corresponding ra )
coefficient at room temperature would be 2.10 D+"D
cm’ s”. Contrary to the H case, the direct DR proc- > ]
ess is quite efficient for Ndue to the presence of
different dissociative routes in the vicinity of the
v=0 level.

2.2 Imaging spectr oscopy D +°P

500 -

The kinetic energy release in the dissociative re
combination process was measured ¥deD" for . | . | . | .
incident energies between 0 and 15 eV [7]. It wa %_0 4.0 8.0 12.0 16.0
found that the He(fs-D(n=2) channel completely Projected distance [mm]

dominates at zero electron energy. The data are

agreement with MQDT calculation that predict theFigure 2. The distribution of projected distances between
dissociation route via € state, leading to the tWo nitrogen atoms following DR of N

situation that the asymptotic state D(n=2) totally . _ o
dominates. At collision energies above 10 eV, marfpe (He+H) and {He+H) disscociation channels

channels leading to excited He atoms were find $#how step rises at energies corresponding to vertical

contribute and a strong angular anisotropy of thgxcitation energies from the ground state to the ex-
dissociation products is observed. cited ionic states (19 and 30 eV, respectively). The

peak found in the‘de+H) channel is due to an
The imaging spectroscopy has been used fdectron capture to Rydberg series converging to the

measure the kinetic energy release in dissociatifisst excited & and AX" ionic states, that then
recombination of OH It has been found that theautoionize. This finding has been confirmed by the

metastable A state is populated in the beam eveHﬁeoretical calculations by Orel and Kulander. In the
after the storage time of 10 s. Unfortunately, calc 2S¢ 3f g both dls_soclzlatlon channils (coEtalnmg

lations give a lifetime of 0.1s which disagrees com[-)2 a?] Id f resr]pe((:j'glve y) seem to avbe ¢ (al4sar\r/1e
pletely with our statement. Our measurements petlh[:esl old for the |rlc<a<;t ex(;:r_[atl?]n ;a oult ev.
mitted to calculate a new experimental value of then€ |0W energy peak found in the Ehannel at an
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energy of 8 eV arises probably as a result of a cormeparation of fragments according to the beam axis.
petition between dissociation and autoionization ofo measure the difference in time of arrival there
the resonant neutral states formed in the electrame a number of gold strips evaporated on the rear
capture process. side of the last MCP. By fast electronics it is possi-
ble to measure the time difference from pulse from
separate strips (fast preamplifier and constant frac-
D*+D, | tion discriminator (CFD) and analog to digital con-
verter (ADC)).

8.0E-17

The spatial resolution of the camera is 160 um as

4.0E-171- DD, + | best and the time resolution is about 300 ps.
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4 Development of an imaging detector
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