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Abstract. A spectrometer for recoil ion momentum measurements has been built for studying electron
impact ionisation and dissociation of molecules. The apparatus is described in detail, highlighting its
capabilities, as well as differences in design from the ones already in use elsewhere. Momentum spectra
of ions resulting from 1300 eV electron impact on CO2 are presented. We observe a broad momentum
distribution for the dissociative ionisation reaction leading to the formation of C+, and two momentum
groups in the CO+ and O+ channel. By recording multiple ions arising from the same dissociative ionisation
event, we also demonstrate the formation of fragment pairs O+:CO+, C+:O+, and O+:O+.

PACS. 34.50.Gb Electronic excitation and ionization of molecules; intermediate molecular states (including
lifetimes, state mixing, etc.) – 34.80.Gs Molecular excitation and ionization by electron impact – 39.90.+d
Other instrumentation and techniques for atomic and molecular physics

1 Introduction

In the last decade, Recoil Ion Momentum Spectroscopy
(rims) has come up as a powerful tool in collision stud-
ies. Here, besides identification of the recoil-ion species,
the recoil momentum vector is completely determined.
The idea behind this technique is simple [1,2]. Consider
a well-localised and nearly stationary ensemble of target
atoms or molecules, ionised by charged particle impact
or by absorption of a photon. A uniform electric field
guides the ions and electrons formed in the reaction to
a position (x, y) on the plane of a detector placed perpen-
dicular to the applied electric field, following a flight of
duration t from the instant of the reaction. The motion
of the fragments is completely determined by their initial
position, the momentum balance in the reaction, and the
electric field. Provided the (x, y, t) information is simulta-
neously registered event-after-event, it is possible to map
(x, y, t) onto the three components (px, py, pz) of the frag-
ment momentum. This method also enables one to do a
kinematically complete measurement of all fragments, giv-
ing us unprecedented information on multi-fold differen-
tial cross-sections. Momentum spectroscopy offers various
advantages over conventional spectroscopy, which can be
seen by the wide variety of successfully tackled ion-atom
collision, (γ, 2e) and (e, 3e) problems. [3–6]. Similar tech-
niques have been successfully implemented for studying
fragmentation of molecules. (See [7,8] for comprehensive
articles.)
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Over the last one-and-half years, we have built a mo-
mentum spectrometer for studying molecular reactions.
The spectrometer uses the electron-ion coincidence tech-
nique for ion time-of-flight measurement and the delay
line anode method of encoding the position of arrival of
ions on a large diameter channelplate. The spectrometer
is now fully functional and a few test experiments have
already been undertaken. The design of the apparatus, its
capabilities and overall specifications are discussed, fol-
lowing which, momentum spectra of ions resulting from
dissociative ionisation of CO2 are presented.

2 Description of the apparatus

2.1 The ion source

An ion source with a small spatial extent and a low in-
ternal temperature is essential for obtaining a good mo-
mentum resolution. The primary goal is achieved by hav-
ing a target-projectile crossed-beams geometry. Usually, a
cold supersonic gas beam with very tight collimation is
employed, thereby achieving excellent momentum resolu-
tion. It is not possible, however, to generate supersonic
beams of all gases or liquids. Moreover, if the momenta
to be measured are sufficiently larger than the thermal
spread of the gas molecules, a supersonic beam is not a
must. With these considerations, our set up uses an effu-
sive beam from a capillary of inner diameter 0.15 mm and
length 12 mm. A target density of about 1013 cm−3 is ob-
tained. Besides effusion from the capillary, it is possible to
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flood the vacuum chamber through a 6 mm aperture, far
away from the ionisation volume, while maintaining the
net flow rate. The usefulness of this mode of operation
will be made clear later.

Ionisation of the effusive gas is brought about by elec-
tron impact, and the electron beam has a focal spot diam-
eter of 0.7 mm at an energy of 1300 eV. The electron gun
employs electrostatic focusing and deflection, and an indi-
rectly heated cathode, as found in cathode ray tubes. The
gun can be operated in the energy range 600–1900 eV. A
8 cm deep Faraday cup biased at +30 V is used to collect
the electrons. In addition to the electron beam, an excimer
laser at 308 nm, or an excimer-pumped dye laser (visible
wavelengths) can also be used to ionise the target, or po-
larise and align a molecular target. The ionisation volume
for various target-projectile combinations ranges between
1–3 mm3.

2.2 The ion extraction and drift arrangement

The backbone of the momentum spectrometry technique
is the extraction of ions by a uniform, linear electric field
over a large volume. A few methods of achieving this ap-
pear to have been established. Our design generates a uni-
form field by co-axially stacking 12 thin aluminium rings,
equally spaced, in a potential divider arrangement.

The rings have outer and inner diameters of 200 mm
and 100 mm respectively, and are 2 mm thick. Counting
away from the central plane, we label the top rings t1 . . . t6
and the bottom rings b1 . . . b6. The distance between the
t6 and b6 rings is 220 mm. The b2 ring (30 mm below the
central plane) and the t6 ring (110 mm above the central
plane) have high transmission meshes on them, creating
a uniform field over a cylindrical volume of 100 mm di-
ameter and 140 mm height (see Fig. 1). Rings b3 . . . b6 are
grounded, and are redundant in the present arrangement.
Immediately above the t6 ring is the drift region for ions,
defined by a 100 mm diameter tube terminated at the top
by a high transmission wire mesh and held at the same
potential as the t6 ring. The drift length of 220 mm, in
conformity with the Wiley-McLaren condition (d = 2s),
nullifies the effect of the spatial spread of the ionisation
region on the time of flight resolution [9].

The potential divider arrangement comprises a resis-
tor chain (200 kΩ each) having a low temperature coef-
ficient and tight nominal value tolerance. The measured
values of the potentials on the rings are within 0.1% of the
notional values. The uniformity of the electric field E , as
estimated by computer simulation, is better than 1 in 103.
The central plane of the stack is at zero potential, and the
electron, laser and molecular beams all lie and intersect in
this plane. The overlap volume is quite well centred in the
extraction volume, as will be seen later. The extraction
field accelerates the ions vertically upwards and the elec-
trons downwards. The field strength ranges from 15 V/cm
to 80 V/cm. This field is much stronger than that em-
ployed in momentum spectrometers for atomic collisions
(typically 5 V/cm), thereby leading to a poorer momen-
tum resolution. However, strong fields are essential here,

Fig. 1. The momentum spectrometer built for studying molec-
ular fragmentation. The stack of rings for field generation is
clearly seen. The compensation ring, discussed in Section 3 is
not shown here. The thick horizontal dashed line indicates the
plane of the e-beam and molecular beam.

in order that the energetic dissociating fragments can be
collected.

2.3 The ion detector

The ion detector consists of a chevron configuration chan-
nelplate with a delay line anode, suitable for rapid position
resolved measurement of ions with an estimated resolution
of 250 µm and counting rate of about 1 MHz. It has an
active diameter of 76 mm. The detector is a commercial
design, purchased from Roentdek GmbH. The position
encoding is briefly discussed here, details can be found
in [10]. The delay line is a bare copper wire wound across
opposite edges of an insulating plate. Two crossed pairs
of delay lines, isolated from one another, give a 2-D grid.
An electron shower (from the back of the channelplate)
on this grid causes image-charge pulses to travel to the
ends of the wires, giving four pulses for every particle hit.
The signals from the channelplate as well as the delay line
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anode are fed to non-inverting preamplifiers with a gain
between 50–100, and are constant fraction discriminated
to generate nim standard timing pulses. x and y position
information is obtained by timing the signals from the two
ends of one delay line against each other. The signal from
the primary electron shower of the channelplate is used to
time the ion arrival. Ion detection and collection efficiency
issues are discussed in Section 5.

2.4 The electron detector

The electron detector is a 40 mm diameter channelplate.
The use of a channelplate for electrons sometimes leads to
ion feedback to the ion channelplate, causing distortion of
the image on the ion channelplate. To obtain a satisfactory
performance, the electron channelplate has to be moved
away from the reaction volume, and a weak barrier poten-
tial has to be arranged to suppress the ion feedback. With
the increased distance, electron focusing become neces-
sary, which we achieve by introducing a grounded cylinder
as shown in Figure 1. The focusing cylinder also reduces
stray electron pick-ups. Electron trajectory simulations
show that electrons with energies upto 22 eV are collected
with 100% efficiency.

2.5 Vacuum and gas handling

The spectrometer is housed in a stainless steel vacuum
chamber of diameter 300 mm and height 570 mm, with all-
metal joints. Four pairs of cross-ports in one plane permit
mounting of the electron gun, the Faraday cup, the laser
beam windows and the gas jet. The chamber is pumped
by a single 520 lit/s turbomolecular pump backed by a dry
scroll pump. The ultimate pressure, achieved after bake-
out, is 5 × 10−9 mbar.

Gas is introduced into the chamber either through
a capillary, intersecting the path of the electron beam
(crossed-beams operation), or through a large aperture
far away from the electron beam (flooded operation). The
switchover is effected by two all-metal control valves, that
are fed through an all-metal fine control needle valve. Once
the needle valve is set, the gas leak rate remains constant
irrespective of the mode of operation. A pressure gauge
monitors the pressure in the stagnation volume between
the needle valve and the control valves. In the crossed-
beams mode this pressure is about 10−1 mbar, and in the
flooded mode it is about 5 × 10−3 mbar. The valve and
the connecting tubing are kept warm to reduce undesired
condensation and clogging.

2.6 Data acquisition

Data acquisition for the momentum spectrometer is based
on six timing signals: one from the electron channelplate,
one from the ion channelplate and four from the delay line.
The ion channelplate signal serves as a master start for
every event, triggering five channels of a time-to-digital

convertor (LeCroy 133MTD). The first four channels are
stopped by the delay line signals, giving the ion position.
The fifth channel is stopped by a delayed electron chan-
nelplate signal, giving the ion tof. The tdc has a 500 ps
resolution, and a 32 µs range. Digitised outputs of the five
channels are read event after event, and stored as a list
on a computer disk. The event rate for the present mea-
surement is around 250 Hz, but it is possible to go upto
about 1.2 kHz with all channels active.

3 Optimisation of the spectrometer

There are three aspects to optimisation of the spectrome-
ter: tuning the electron beam for proper overlap with the
gas beam, locating the overlap correctly w.r.t. the spec-
trometer axis to obtain proper position and tof spectra,
and filtering out events that may lead to erroneous mo-
mentum analysis.

3.1 Electron beam — gas beam overlap

The electron beam can be swept in the transverse direc-
tion by electrostatic deflectors. At the focal spot the sweep
is about ±20 mm. The focal length can also be varied be-
tween 150–200 mm from the exit aperture. At the energy
over which the gun is operated, the earth’s magnetic field
does not seriously affect its behaviour. Nevertheless, the
gun itself is enclosed in a mu-metal cylinder and is aligned
approximately along the horizontal component of Bearth.
Care is taken to eliminate magnetic materials in the vicin-
ity of the spectrometer. Coarse tuning of the beam is done
by observing the beam spot on a fluorescent screen, and
fine tuning is done on the basis of the time-of-flight and po-
sition spectra. An atomic gas (e.g. argon) is used for this
purpose, so that there is a negligible momentum width
of the ions. It is important to ensure that the overlap of
the electron beam and the molecular beam occurs within
about 0.5 mm of the axis of the spectrometer in order
to obtain high coincidence efficiency. The position of the
overlap along the extraction axis is equally critical, in or-
der to meet the time-focus condition, d = 2s.

Since the electron beam enters the spectrometer nor-
mal to the extraction field, it suffers a deviation. A
1300 eV beam suffers a deviation of 4–20 mm at the target,
for extraction fields between 15–80 V/cm. Even with the
extraction field on, it is possible to position the beam on
the target, by changing its entry angle. However, this leads
to a large number of secondary electrons due to the beam
grazing the extraction ring. Furthermore, the beam is not
properly collected by the Faraday cup. To get around this
problem, we have introduced a ring electrode, which par-
tially compensates for the effect of the extraction field on
the e-beam. This ring has inner diameter 80 mm and outer
diameter 190 mm, and is placed between the central plane
and the b1 ring. It provides an upward acceleration to the
e-beam twice during its transit through the spectrometer.
By tuning the compensating electric field and the beam
entry angle, it becomes possible to transport the beam
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Fig. 2. Trajectory of a 1300 eV electron beam through the
extraction stack with the compensation ring. The extraction
field is 50 V/cm, and the compensation ring produces an op-
posing field of approximately the same magnitude. Distances
are in mm.

without loss to the Faraday cup, while simultaneously in-
tersecting the gas beam, as seen from a computer simula-
tion (Fig. 2). To minimise the distortion of the extraction
field due to the compensation field, the inner diameter of
the t1 and b1 stack rings is reduced to 40 mm. The unifor-
mity of the extraction field around the ionisation volume
remains unaltered to within 1%, while the effective open
area for transport of ions remains unchanged.

3.2 Filtering of the raw position and TOF spectra

The tof spectrum carries the m/q and pz information,
while the position spectrum carries the px and py infor-
mation. Only those events for which both x, y and tof
values are recorded can be used for complete momentum
analysis. This condition typically eliminates about 80% of
the data. A robust momentum analysis is made possible
by the application of two more criteria: the position encod-
ing should be well-defined, and the ionisation event should
have arisen from a small, well-defined reaction volume.

The first criterion is met by the following consider-
ation. The difference between the time of arrival of the
pulses at the ends of the delay line is related to the posi-
tion of the ion hit, while the sum of the arrival times of the
pulses w.r.t. the primary electron shower is a constant for
the delay line. The sum distribution shows a peak with a
base width of 7 ns for a propagation time of 98 ns, besides
some scatter. The distribution is used as a check for gen-
uine events; only those events which fall under the peak
are used. This leads to a further 8–12% loss of events, but a
high-contrast ion detector image (peak-to-background ra-
tio of over 100) is obtained for the fully determined event
list.

The second criterion is met by the following subtrac-
tion procedure. Two acquisitions, one in the flooded mode
and one in the crossed-beams mode, are made for a specific
target and electron energy combination. In the crossed-
beams mode, most but not all, ionisation events take place
in a small volume located approximately on the spectrom-
eter axis. In the flooded mode, ionisation takes place all

along the electron beam trajectory. The difference between
the spectra in the crossed-beams and flooded modes can
be taken to arise from a well-defined volume. It has been
shown that this technique improves the mass resolution of
a tof mass spectrum substantially, if the capillary has a
suitable diameter and aspect ratio [11]. To the best of our
knowledge, this is the first application of the technique to
momentum spectra.

Some caveats are in place while employing the sub-
traction technique for momentum spectra. Subtraction is
only meaningful for distributions, not event lists, so the
momentum distribution of each ion species, in the crossed-
beams as well as the flooded mode, needs to be separately
generated.

The first step is the identification of the ion species,
and its pz = 0 point in the tof spectrum. To this end, the
tof spectrum of an atomic gas like argon is recorded in
the crossed-beams mode. The mean positions of the Ar+,
Ar2+ and Ar3+ tof peaks are taken to be pz = 0 points.
A linear fit of these tof points to (m/q)1/2 provides the
m/q calibration and pz = 0 position for all ion species.

The second step is the setting of a window on the
crossed-beams tof spectrum for the ion of interest. The
same tof window condition is applied to flooded mode
events. We thus obtain a completely determined event
list corresponding to the chosen m/q, for both modes.
The ion momentum components for each event in the fil-
tered list of the two modes are separately calculated and
histogrammed. Finally, the flooded mode momentum his-
togram is subtracted from the crossed-beams momentum
histogram after normalisation for the integrated gas flux
and electron current. The subtracted momentum spec-
trum is taken to be the true spectrum.

4 Results on CO2

All results discussed here are for 1300 eV electron energy
and 60 V/cm extraction field. The gas used here is ob-
tained by purifying commercial grade CO2 through freez-
ing and distillation. The first distillation stage is at 253 K,
at which stage water remains as a frozen residue. The dis-
tillate now contains CO2, N2 and O2. A second distilla-
tion is done at 77 K, in which N2 and O2 are pumped
out and pure CO2 in solid form is obtained. Serious er-
rors can occur in measurements concerning O+ (due to
the contribution from di of H2O) and CO+ (due to its
indistinguishability from N+

2 ) if this care is not taken.

4.1 Momentum spectra of dissociative ionisation
fragments

We first discuss the momentum resolution of our instru-
ment. Throughout this section, atomic units are used for
momenta (one a.u. of momentum is the rms momen-
tum of an electron in the ground state of the H-atom,
in units of |e| = me = � = 1, c = 1/α, and equals
2.04× 10−24 kgm/s). The instrumental resolution for the
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∆

Fig. 3. tof mass spectrum of ions arising from 1300 eV
electron-impact on CO2, after subtraction of the flooded mode
contribution, as explained in Section 3.2.

x (or y) component of the momentum is given by

∆px = m∆x/t

where ∆x is the position resolution of the detector, which
is 0.25 mm in the present case, and t is the time-of-flight.
We find ∆px = 2.1 a.u. for CO+

2 .
The instrumental limit for the momentum resolution

of the z component is governed by the time-of-flight reso-
lution and is approximately given by

∆pz = qE∆t

where E is the extraction field and q is the ion charge.
This works out to be 2.4 a.u.

The achievable resolution is obtained by combining
the instrumental width with the thermal width for CO2

molecules, which is 12.4 a.u. at room temperature. It is
thus clear, that in the present set-up, the achievable res-
olution is limited purely by the thermal width. It should
however be noted, that the resolution of the z-component
alone is higher, since the effusion of the gas molecules is
perpendicular to the z-axis. For CO+

2 , the pz half-width is
found to be 4.3 a.u. while for the total momentum p the
half-width is 14 a.u.

Figure 3 shows a time-of-flight spectrum of ions arising
from ionisation of CO2. The width of the CO+

2 peak may
essentially be taken to be the limit of mass resolution. The
fwhm of the CO+

2 tof peak is 9 ns, while the modal time-
of-flight is 8245 ns. This gives a mass resolution M/∆M =
458. For a given ion peak, the shape of the peak may
be approximately taken to be the distribution of the pz

component.
Figure 4 shows the x-y position spectra of three major

fragment ions: C+, O+ and CO+. Except for a change of
scale, these spectra are essentially the corresponding px-py

spectra. We see clearly that the overall features of the
three momentum components are similar for the fragment
ions, suggesting a more or less isotropic fragmentation.

Fig. 4. Position spectra of the three main fragment ions arising
from 1300 eV electron-impact on CO2, obtained by filtering
of raw data and subtraction of flooded mode contribution, as
explained in Section 3.2.

Fig. 5. Momentum distribution of C+, O+ and CO+ ions aris-
ing from 1300 eV electron-impact on CO2.

Momentum spectra (scalar values) for C+, O+ and
CO+ ions at 1300 eV electron impact are shown in Fig-
ure 5. As would be expected, the C+, O+ and CO+ ions
formed by dissociative ionisation carry large momenta as
compared to CO+

2 . Two distinct groups are seen in the
momentum distributions of CO+ and O+. The two mo-
mentum peaks occur around 10 a.u. and 90 a.u. for CO+,
and around 14 a.u. and 90 a.u. for O+.

For O+, the peak at low momentum is stronger, indi-
cating that there are channels other than two-body break-
up leading to O+. Occurrence of the second peak at the
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same momenta for both CO+ and O+ indicates, that the
same molecular-ion state leads to those O+ and CO+ ions
which comprise the second peak.

The kinetic energy release (ker) corresponding to the
two modal momenta are 0.1 eV and 5.9 eV. This is based
on the assumption that most of the CO+ and O+ arise
from two-body break up. This ker is comparable to typ-
ical electronic energy level separations in small molecu-
lar ions like CO+

2 . Thus, these structures could be due
to dissociation from different electronically excited states
of CO+�

2 . There may also be a partial contribution from
dissociation of CO++�

2 . The latter contribution can be sep-
arated by the ion-ion coincidence method described in the
next section.

The C+ ion shows a single broad peak. It is likely that
C+ is formed either from a bent-mode vibrationally ex-
cited state of CO+

2 or sequential break-up of a multiply-
charged CO2 ion. The tiny C2+ peak has not been mo-
mentum analysed due to poor statistics.

4.2 Ion-ion coincidence

Several dissociative ionisation channels are open in the
present collision system. We note here a few, which have
CO++�

2 as an intermediate state.

CO2 + e− → CO++�
2 + 3e− (1)

CO++�
2 → CO+ + O+ (2)

→ C+ + O+ + O (3)
→ C + O+ + O+. (4)

At E = 1300 eV, the energy transfer to the target is small,
and the cross-section for the above reactions is low [12],
even lower than that for double ionisation of CO2. We have
been able to observe these reactions, and the fragment ions
are recorded in an ion-ion coincidence. The same spec-
trometer configuration is employed, but the tdc is oper-
ated in a multi-hit mode, triggered by a common electron
start. Only tof information is stored. The spectrum of
two ion stops is plotted as a tA vs. tB contour plot (Fig. 6).
The scatter along the forward diagonal is an effect of occa-
sional double-pulsing in the electronics. We see a clear set
of contours corresponding to flight times of CO+ and O+,
indicative of the two-body break-up (Reaction (2)). The
elongation of the contour along the tA + tB = 0 diagonal
indicates breakup into two large momentum fragments.
The maximum kinetic energy obtained from the extent
of this contour is 8 eV for O+ and 4.5 eV for CO+. The
C+:O+ pair is also observed at lower intensity. The shape
of this island is consistent with the fact that this ion pair
can arise only from a three-body break-up. In addition,
we also observe a coincidence between two O+ ions. They
form an asymmetric island in the tA vs. tB plot, and one
concludes that they are emitted with large momenta (only
pz is recorded here) in the forward-backward directions.
The kinetic energy obtained from the forward-backward
tof difference is 9.0 eV. At lower collision energies, Tian
and Vidal [12] have observed several ion pairs.

Fig. 6. Coincidence map of flight time of ion pairs arising from
1300 eV electron-impact on CO2.

5 Further considerations concerning
cross-section measurements

Several factors that may lead to misinterpretation of cross-
section data (momentum-resolved, or otherwise) need to
be looked into, even if absolute values are not desired.
Absolute partial cross-sections for electron impact ionisa-
tion of CO2, upto 1000 eV impact energy, can be found
in [12,13].

The three major issues are (a) loss of high kinetic en-
ergy fragments during transmission (b) bias against low
impact velocity ions in conversion to a signal pulse by the
channelplate detector (c) loss of genuine tof coincidences
due to poor electron collection.

The first of these factors applies especially to light dis-
sociation fragments. The lightest ion in the present exper-
iment is C+. Since the electric fields in the spectrometer
are linear and uniform, a computer simulation of the tra-
jectories of energetic ions gives an excellent estimate of the
cut-off energy. Simulations suggest that with 60 V/cm ex-
traction, all C+ ions upto 7 eV kinetic energy, irrespective
of the direction of emission, are transmitted. The validity
of this estimate is borne out by the fact that the high-
est kinetic energy determined from the momentum spec-
tra of C+ ions is 7.2 eV. Likewise, complete transmission
is achieved for O+ ions upto 8.5 eV and CO+ ions upto
11 eV.

The second factor is addressed by choosing argon as
the target gas and measuring the ratio of the ion yields
Ar2+/Ar+. This ratio is a sensitive measure of the effi-
ciency of conversion of particle impact into a signal pulse
by the channelplate. By varying the channelplate front
voltage, the impact energy of the ions is varied, leading to
a change in the efficiency of detection. Beyond a certain
voltage, the ratio is expected to become a constant. We
are limited in the present set-up to to a front bias of about
–3900 V. All measurements are performed at this voltage.
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For 1000 eV electron impact, our Ar2+/Ar+ ratio is found
to be 0.073, to be compared with 0.047 of Rejoub et al. [14]
and 0.058 of Krishnakumar and Srivastava [15]. This in-
dicates a discrimination in our spectrometer against large
m/q ions.

The third factor is rather difficult to estimate. In a
manner similar to the ion trajectories, electron trajectory
simulations were performed, which show that electrons
with kinetic energies upto 22 eV are completely detected,
irrespective of their emission direction. Electrons with en-
ergies upto 27 eV, emitted in the hemisphere towards the
electron detector, are transmitted completely. Since about
70% of the cross-section at high impact energies is dom-
inated by soft electrons, we may roughly estimate that
fast electrons emitted away from the electron detector,
comprising about 15% of the total electron yield are not
detected in our spectrometer.

6 Summary and future plans

In summary, a momentum spectrometer has been built
and tested. Momentum-resolved measurements of all frag-
ment ions resulting from dissociative ionisation of CO2

have been made. Two distinct momentum distributions
are seen for the two dominant DI channels leading to
CO+ and O+. Coincident detection of two ions arising
from the same event has also been successfully performed.
The CO+:O+ fragmentation channel has been identified
and an estimate of the kinetic energy release has been ob-
tained. A broad kinetic energy distribution is observed for
C+. The ion is also observed in coincidence with O+, in-
dicating a three-body break-up. However, this channel is
found to contribute only weakly to the total C+ yield.

In the near future, measurements on larger molecules
with a view to understanding dissociation pathways are
planned. We also intend to use an excimer–dye laser to
orient the molecules and obtain momentum-resolved cross-
sections for all dissociation channels. Momentum-resolved
ion-ion coincidences will enable us to map the levels of
excited states of molecular ions. To improve the momen-
tum resolution of the apparatus we plan to replace the gas
capillary with a microcapillary array. The possibility of re-
duction of the spatial extent of the ionisation volume will
also be explored. We are also considering the deployment
of a supersonic target beam.

Ion-ion coincidences will be looked into in greater de-
tail. Work has already started on obtaining complete mo-
menta for multiple ion hits (upto 4), as opposed to just
one component reported here. This will help us in precisely
identifying intermediate molecular ion states.
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ment. They also acknowledge with thanks the generous sup-
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