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Abstract

A multi-hit detector system has been developed capable of measuring the complete momentum vectors of all ionic

fragments after the dissociation of complex molecules induced by photon, electron or ion impact. The fragments are

collected in an electrostatic ®eld and detected with a position-sensitive micro-channel plate detector using a fast timing

delay-line readout. The detector has a position resolution better than 0.2 mm and can resolve fragments with arrival times

separated by at least 5 ns in time. We illustrate the features of this new detector with ®rst measurements for the collision

process He1� �N2 ! He0 �Np� �Nq� � �p � qÿ 1�eÿ and the complete momentum pro®le of all reaction products. A

momentum resolution of 10 a.u. perpendicular to the beam derived from the time-of-¯ight (TOF) and 20 a.u. perpen-

dicular to the beam derived from the position on the detector have been obtained using a room temperature target system

for nitrogen molecules. An angular resolution of �5° is obtained. Ó 1999 Elsevier Science B.V. All rights reserved.

1. Introduction

The study of the molecular fragmentation has
been established as an important tool in the ®eld of
physics and chemistry to investigate the dynamics
of a molecular dissociation process. The kinemat-
ically complete detection of the correlated emis-

sion of fragments in the dissociation process of a
molecule yields direct information on the molec-
ular structure.

Depending on the number (n) of ®nal fragments
there are 3n� 1 (including the Q-value of the re-
action) kinematical parameters for each fragmen-
tation process. Because of momentum and energy
conservation the number of independent parame-
ters is 3n� 1ÿ 4 � 3nÿ 3. In order to obtain
complete information on the kinematics of the
fragmentation process thus 3nÿ 3 momentum
parameters have to be measured.
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Most of the experimental investigations in the
past studying such fragmentation processes were
performed with the molecular target at rest in the
laboratory system. For these investigations di�er-
ent techniques such as time-of-¯ight (TOF), elec-
trostatic angular spectrometer systems and ion±
ion coincidence techniques were exploited to
measure the kinematics of the molecular fragments
[1±6]. The information on the dissociation process
is derived from the kinetic energy and emission
angle of the detected fragments. Another inter-
esting technique was used by Vager et al. [7]. Here
a fast (MeV) molecular beam from electrostatic
accelerator dissociates in a thin foil or in gas;
collision fragments are fast in the laboratory frame
and can easily be detected down-stream with spe-
cially developed multi-particle position and time
sensitive detectors [8,9]. Through detection of po-
sition and TOF of the Coulomb-exploding frag-
ments, the stereochemical structure of the
molecular ions constituting the incident beam can
be deduced. This technique to study the molecular
structure is called the Coulomb-explosion tech-
nique. The Coulomb-explosion technique has been
successfully applied to study the structure of
molecules that are di�cult to study using the tra-
ditional photon spectroscopy techniques because
of the extremely weak emission or absorption
lines. However, the energy of the Coulomb-ex-
ploding fragments in a foil is in¯uenced by addi-
tional e�ects such as wake forces, electron
screening, multi-scattering etc., which complicates
the derivation of dissociation energies and an-
isotropies from the data thus its application is
sometimes limited.

The most recent experimental approach to
study fragmentation processes of molecular targets
utilizes modern multi-hit detection capability. In
the most frequently used version all ionic frag-
ments are projected by an electrostatic ®eld onto a
single not position sensitive detector. This multi-
hit detection systems is only capable of measuring
the TOF di�erence between the fragments arriving
on the same detector. That means from these
measurements only the momentum components in
one dimension namely the direction of the ex-
tracting electrostatic ®eld can be derived, provid-
ing important but non-complete information on

the total momentum balance in a multiple molec-
ular fragmentation process [10±12].

Very recently ®rst results have been reported
using a position-sensitive multi-hit detection sys-
tem, which yields information on the complete
momentum balance in molecular break up. The
position information is obtained by using a wedge-
and-strip (W-S) anode [13,14] or a pixel read-out
system [15,16]. A detector with a W-S anode can
have a position resolution better than 0.1 mm and
a time resolution of the ®rst arriving charged
fragment of better than a nanosecond. However,
for multi-fragment detection the system is not
ready to separate the second arriving fragment for
about 200 ns from the pulse the ®rst fragment
has generated, since the charge collection from the
W-S anode by standard electronics needs about
this time. A pixel detector has a much faster multi-
hit response for parallel read-out of the pixels for
the fragments. It can resolve particles which arrive
within a time interval longer than the electronic
time resolution of typically 10 ns. However, the
position resolution of such a pixel detector is
limited by the pixel size of typically (1±2) mm.

In this paper we report on a position-sensitive
multi-hit detection system (PMDS), which is based
on a very fast delay-line position read-out. A
multi-channel-plate (MCP) detector equipped with
a delay-line-anode can have a position resolution
better than 0.1 mm. Two fragments which arrive
with a very short time di�erence on the detector at
di�erent positions can principally be detected as
known from the pixel detector [15,16]. This system
can only detect the second fragment only if the two
detector signals are separated in time by more than
10 ns due to the current limits of fast timing elec-
tronics. From the measured TOF and position of
all the emitted fragments this new detection sys-
tems provides a detailed insight into the momen-
tum balance of the fragmentation process. By
applying high extraction voltages the emitted
fragments can be projected on the detector in a
wide solid angle of virtually 100% from 4p.

The PMDS developed in this work was tested
with the diatomic break-up process of N2 mole-
cules in capture collisions with 200 keV He1�-
projectiles. The fragmentation of N2 was chosen to
demonstrate the e�ciency and high resolution of
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the multi-hit system, because N2 explodes into
similar charged fragments such as two N1� or two
N1� ions (see the reaction channels in Eqs. (8)±
(10)). These fragments arrive on the detector
within very short time di�erences. Thus this case is
helpful for testing the limits of the two-pulse time
resolution of the system. The charge-exchanged
outgoing He0 projectiles were detected in triple-
coincidence with the Nq� two fragments by a po-
sition-sensitive channel plate detector providing a
precise timing for the collision.

2. Experimental set-up

The schematic of the experimental set-up is
shown in Fig. 1. The experiment was performed at
the 2.5 MeV Van-de-Graa�-accelerator at the In-
stitut f�ur Kernphysik der Universit�at Frankfurt.
The incoming 200 keV He1� beam was collimated
to a beam spot of less than 0.05 mm2 by two pairs
of collimators. The He1� beam intersected a dif-
fusive N2 beam (300 K) e�using from a hypoder-
mic needle. The resulting ions and ionic fragments
from the collision process were accelerated by an
electrostatic ®eld (400 V/cm) over 20 mm before
they drifted in a ®eld-free region 40 mm toward the
channel plate detector. The lengths of the drift and
acceleration regions were chosen to ensure time-
focusing geometry [17,18]. In front of the recoil-
ion detector, the ions were accelerated by about 2
keV over a 2 mm gap onto the MCPs. The scat-
tered and charge exchanged He0 projectiles were
detected downstream by another position-sensitive
channel-plate detector. The main He1� beam was
de¯ected after penetrating the target and dumped

into a Faraday cup. The vacuum in the beam line
and scattering chamber (without gas target) was
typically 2� 10ÿ8 Torr. With infusing N2 target
gas (target pressure about 3� 10ÿ5 Torr) the
pressure in the scattering chamber was slightly
above 10ÿ7 Torr. Thus, the ratio of the charge-
exchanged beam resulting from the interaction
with the rest gas to that from the interaction with
the target gas was less than 1/10. The detected
projectiles provided the zero-time signal, i.e. the
time when the fragmentation occurred accompa-
nied by capture into the projectile. The uncertainty
in the time zero resulted mainly from the time
resolution of the detector and the intersection
length of the target with the He1� beam and it was
typically 2 ns.

3. The multi-hit-delay-line-anode detector

The recoil-ion detector consists of a two MCPs
and a delay-line-anode. The MCPs provide signals
well separated from noise that can be used as a
timing signal for the arrival of the recoil-ion on the
detector. The position information is obtained
from a delay-line-anode [19±21]. The delay-line-
anode is composed of two crossed double wire
planes spirally wound over a copper plate where
they are held with ceramic holders ®xed on the
edges of the copper plate in order to isolate the
wires from one another and from the copper plate.
The distance is about 1 mm between the wire
planes and 1 mm between the copper plate and the
near wire plane. Each wire plane consists of a pair
of wires with nearly 0.5 mm distance to separate
them from each other. A slightly di�erent potential
is applied to the positive-signal wire (p-signal wire)
and the negative-signal wire (n-signal wire). The
two wire planes are rotated by 90° with respect to
each other in order to provide the position of an
ion in two dimensions (see Fig. 2). The electron
avalanche produced by an ion hitting the MCPs
passes through the wires of the anode. Two signals
are produced from a short drop of the voltage on
each delay line wire when the electron avalanche
passes. The time of the occurrence of the signal on
each end (arrival time) is measured relative to the
event signal from the MCPs. The x- or y-positionFig. 1. Experimental set-up.
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of an ion can be measured in two ways from the
delay-line-anode (for example x-direction):
1. Through measuring the time di�erence on the

delay line between the two x-signals obtained
from opposite ends of the delay line.

2. Through measuring the time of a signal from
one end of the x-delay-line relative to the abso-
lute time of the event signal from the MCPs.
In order to obtain a position resolution better

than 0.1 mm, a time resolution better than 50 ps is
required in measuring the time of the signals on
the ends of the delay-lines. This was achieved by
applying di�erent voltages to the p-signal wire
(+700 V) and the n-signal wire (+500 V). The
di�erence of the electronic signals from the wire
ends of each pair of the delay line in one dimension
is ampli®ed using a fast di�erential preampli®er. A
time resolution better than 50 ps was obtained
from the signals at each end of the x- and y-delay-
lines using di�erential ampli®ers. The total delay
time over the whole delay-line structure was about
30 ns. Thus for 50 mm diameter active detection
area a position resolution better than 0.1 mm is
feasible.

Since only Time to Digital Converters (TDCs)
with a single-hit capability were used, it was nec-

essary to insert a fast switch device which directs
signals consecutive in time from one output to
separate TDC-stop inputs. Thus a delay-gate sig-
nal is created from the ®rst pulse (5 ns delay and 1
ls gate). The direct signal and the delayed gate
signal are created from the ®rst pulse. The direct
signals and the delayed gate signal are fed into a
logical ``And'' gate ``overlap coincidence''. From
this unit one obtains a timing-signal for the second
pulse. More similar circuits can be added to allow
the processing of a third and fourth multi-hit. The
time to resolve two consecutive signals is presently
limited to 5 ns. This limit comes from the limited
pulse length because of the electronic modules
used.

The delay-line detector and the delay-line wire
system can in principle detect and separate the
signals of two recoil-ions impacting the detector in
a very short time di�erence within the limited time
resolution of the system (50 ps) if they impact at
di�erent positions. Whether the TOF and position
for both fragments can be determined, depends
only on the electronics used. With commercially
standard fast timing modules we were able to
separate recoil impacts, which were separated by a
time delay of more than 5 ns.

If two recoil-ions hit the detector within 30 ns
(i.e. the total signal processing time on the delay
line), the x- and y-delay-line signals of the two
particles interfere with each other. However, the
sum of the corresponding arrival times for each
ion on opposite ends of a delay-line is constant for
a true event, because the delay line has always a
constant length for each signal pair. This infor-
mation can be used to sort the signals of all the
particles according to their arrival time and thus
their position on the detector can be identi®ed.

A schematic of the electronic set-up of the
multi-hit-detector-system is shown in Fig. 3 for the
detection of the two Nq�-fragments in a triple
coincidence with the He0-projectile. The signal
from the MCPs is processed by a fast timing am-
pli®er and a constant fraction unit providing the
digital signal of the arrival time of an ion on the
detector. A ``coincidence signal'' of the ®rst recoil-
ion with the projectile provides the start signal of
the data processing. The position of an ion is
obtained by measuring the time di�erence between

Fig. 2. Two position planes and the function principle of the

delay-line-anode. The delays is obtained just from the length of

the wire turns. The Clocks represent time measurements.
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the signals from x- and y-delay lines relative to the
start signal from the MCPs. The time and position
of the second fragment is obtained from coinci-
dence circuits as described in the previous para-
graph.

4. Kinematics of the recoil-ion detection after

Coulomb-explosion

Using PMDS-technique the momentum vectors
of all charged ionic fragments are determined from
the TOF (in x-direction) and position (y,z) on the
detector as shown in Fig. 4. The relation between
the total TOF of fragment i (TOFi) with a mass mi

and charge state qi can be calculated from the re-
lation:

TOFi � pxi ÿ p0
xi

F �qi� �
mid
pxi

: �1�

F(qi) is the electrical force on the ion at the
interaction site, p0

xi the initial momentum compo-
nent in the ®eld direction, pxi is the momentum
component in the direction of the ®eld at the end
of the acceleration region and d is the drift length.

If the initial momentum components of frag-
ment (i) �p0

xi; p
0
yi; p

0
zi� are all zero, the fragments

will be detected at �y0; z0� in the center position of
the detector and t0 is equal to the center position
of the corresponding peak in the TOF spectrum of
the corresponding charge state (see Fig. 5). Thus
the deviations (®rst order) in the TOFi i.e.
Dti � ti ÿ t0 and in the position Dyi � yi ÿ y0 and
Dzi � zi ÿ z0 yield direct information on the intial
momentum components �p0

xi; p
0
yi; p

0
zi� according to

Eqs. (2)±(4), respectively.

p0
xi � F �qi�Dti; �2�

p0
yi �

mi Dyi

TOFi
; �3�

p0
zi �

mi Dzi

TOFi
: �4�

Now, we will consider a general dissociation
process of a molecule into n fragments. Assuming

Fig. 4. Kinematics picture of the collision process where the

momentum vectors of projectile, ®rst recoil-ion and second

recoil-ion are presented in Cartesian and spherical coordinates

with the di�erent measured momentum components and angles.

Fig. 3. Electronic set-up of the position-sensitive multi-hit-de-

tector-system. The di�erent shorts mean the following. DA:

di�erence ampli®er, CF: constant fraction, G: Gate and delay

unit, A: coincidence module, FAN: Fan in/out module, D: cable

delay and TDC: time to digital converter.
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that the dissociation process takes place instanta-
neously, the sum of the time deviations and posi-
tion deviations along each axis for all fragments
vanishes because of momentum conservation:

Xn

i�1

ai Dti ÿ Dpxpro � 0; �5�

Xn

i�1

bi Dyi ÿ Dpypro � 0; �6�

Xn

i�1

ci Dzi ÿ Dpzpro � 0; �7�

where ai, bi and ci are the transformation factors
of the time deviation and position deviations into
momentum units, respectively, which are experi-
mentally determined. The change of the projectile
momentum (Dpxpro;Dpypro;Dpzpro) is typically small
compared to the momentum from the Coulomb
fragmentation and can be in a very good approx-
imation neglected. The orientation of the initial
molecule and thus the emission vectors of the
fragments with respect to the projectile direction
can be estimated from the measured momentum
vector components (see Fig. 4).

5. Test measurement: dissociation of N2

To test the spectrometer system and the multi-
hit capability of the detector we have investigated
the fragmentation process of N2 by swift He1�

impact. The major reaction channels resulting
from the collision process are:

He1� �N2 ! He0 �N1�
2 ; �8�

He1� �N2 ! He0 �N0 �N1�; �9�

He1� �N2 ! He0 �Np� �Nq� � �p � qÿ 1�eÿ:
�10�

A typical TOF spectrum (integrated over all
positions) for the ®rst arriving recoil-ion measured
relative to the projectile impact is shown in Fig. 5.
The TOF of an ion depends on q according to���������

m=q
p

. The di�erent peaks result from di�erent
ions or ionic fragments of the molecule (N2). The
fragments (N1�, N2�, N3�, etc.) resulting from the
dissociation of the molecule show a broad TOF
distribution because of the kinetic energy gained
through the Coulomb-explosion (0±120 eV). These
are fragments with a momentum up to nearly 475
a.u. The N1�

2 peak is ``sharp'' because its width
re¯ects mainly the experimental resolution (reac-
tion channel of Eq. (8)). The narrow peak super-
imposed on the wide N1� peak results from
fragmentation of N2 in N1� plus N0 which leads to
low energy ions (reaction channel of Eq. (9), etc.).

In Fig. 6, a two-dimensional spectrum of the
TOF of the ®rst fragment measured with respect to
the projectile time against that of the second
fragment measured with respect to the projectile
time is displayed. The true events are scattered
along diagonal lines resulting from the correlation
in the TOF between the two fragments from the
two-body Coulomb explosion process of the
charged fragments of a dissociating molecule
according to Eq. (4). For the two-body Coulomb-
explosion, the charged fragments explode in
opposite directions because of the repulsive
Coulomb force between the charged fragments
and negligible momentum transfer from the
projectile onto the dissociating fragments. Thus
the sum of their TOFs of the fragments from an

Fig. 5. Time-of-¯ight of the molecular ions and atomic frag-

ments relative to the projectile.
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ion pair relative to the time of the collision mea-
sured by the arriving time of the projectile
weighted to

���������
q=m

p
is constant. The di�erent di-

agonal lines result from the Coulomb explosion of
the molecule into di�erent charge-state pairs as
indicated near each diagonal line in Fig. 6.

The position of the ®rst fragment versus that of
the second fragment on the detector in the y-di-
rection is displayed in Fig. 7. From Eq. (6), it is
easy to derive for a two-body fragmentation pro-
cess that the position of the ®rst fragment yR1 and
the second fragment yR2 on the recoil ion detector
in the y-direction must have a linear relation to
each other. If both fragments are similar i.e. have
the same charge state and mass, the sum of their
positions for example in y-direction must be equal
to a constant (2y0). In a two-dimensional plot of
yR1 and yR2 the correlated fragments must therefore
fall on a diagonal line (see Fig. 7). Within the
limited experimental resolution of the system the
position of the correlated fragments fall indeed on
the diagonal line.

Another important check is the angular corre-
lation of the emitted fragments in the Coulomb-
explosion of the molecule. The emission angle of a
fragment from the dissociation of the molecule can

be calculated from the measured momentum
components. For the two-body fragmentation of
N2 the di�erence between the azimuthal angles
(/R1 and /R2) (see Fig. 4) of the ®rst and the second

Fig. 7. The position of the ®rst fragment against that of the

second fragment on the detector in the same direction along the

y-axis when the molecule explodes in similar charged states.

Fig. 8. The di�erence between the azimuthal angles of the ®rst

fragment /1 and second fragment /2 represented in the range

from 0� to 360�.

Fig. 6. Time-of-¯ight of the ®rst fragment relative to the pro-

jectile against that of the second fragment relative to the pro-

jectile.
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fragments is displayed in Fig. 8. The derived dis-
tribution peaks at 180°. The width at half-maxi-
mum of the peak at 180° in Fig. 8 is �5� which
gives the angular resolution of the system for the
N-fragments.

The resolution of the system depends on several
factors: the dominant contributions are due to the
time and position resolution of the detectors, the
spatial width of the gas target and the ®eld ho-
mogeneity inside the spectrometer. The momen-
tum resolution of the system can be estimated
from Eqs. (2) and (3) for each direction separately.

In the x-direction (®eld direction), an uncer-
tainty of the measured time of ¯ight results from
the time resolution of projectile and recoil-ion
detectors (for each one about 850 ps) and the in-
tersection range of the gas target with the colli-
mated beam. Using a spectrometer with a time
focusing geometry [17,18], the width of 0.2 mm of
the intersection range has a negligible in¯uence on
the TOF of the recoil-ions. For the present ge-
ometry the calculated resolution of the TOF of 1
ns for the fragments of the N2 corresponds to a
momentum resolution of 3.2 a.u. In the y-direction
the measured position is uncertain to 0.2 mm be-
cause of the intersection width of the beam. An
overall position resolution in the y-direction of

0.2 mm corresponds to a momentum resolution of
5 a.u. applying a high extraction ®eld in order to
have a high e�ciency to detect the fragments from
the Coulomb-explosion of N2. In the z-direction,
the target is extended along the beam direction and
thus results in a large uncertainty in Dz. However,
the z0 position (i.e. the center-of-mass between two
Coulomb-exploding fragments) can be calculated
from the detected position on the detector.

The ®eld conditions inside the spectrometer are
crucial to the linearity of the momentum measure-
ment in the TOF and position direction. They are
slightly distorted by the non-homogeneity in the
extraction ®eld caused by the needle. This problem
can be easily overcome if a supersonic gas jet [17,18]
is used as the target. Another advantage of using a
gas jet is that one obtains a very small spatial in-
tersection range between the gas target and the
projectile. In this case the momentum resolution
can be improved by more than a factor of 10.

The sum of the momentum components of
both fragments measured in the present experi-
ment resulting from the Coulomb-explosion of
N2 in one direction (px1 � px2 and py1 � py2) cal-
culated from the TOF (x-direction) and the
position (y-direction) is displayed in Fig. 9 (a)
and (b), respectively. From the width at half

Fig. 9. The sum of the momentum components for both fragments derived from the TOF in the x-direction (a) and the position on the

recoil ion detector (perpendicular to the beam direction) in the y-direction (b), respectively.
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maximum a momentum resolution of 10 and 20
a.u. is obtained for the momentum components
measured from the TOF and position in the y-
direction, respectively. The factor of two between
the estimated and measured momentum resolu-
tions results probably from a small non-homo-
geneity in the extraction ®eld.

In the following we are going to discuss in detail
the di�erent parameters that a�ect the e�ciency of
the system. The e�ciency of the detected frag-
ments is in¯uenced by the limited transparency of
the grids (two grids with nearly 95% optical
transmission for each) that they have to cross from
the collision position to the detector. The limited
geometrical e�ciency of the MCPs (two MCPs
with nearly 80% e�ciency for each) which is de-
termined by the channel wall size a�ects the total
e�ciency of the detection of the impacting parti-
cles. Thus the system has a maximum e�ciency of
nearly 58% to detect a single particle because of
the geometrical limits. Detecting an ion pair in
coincidence leads to an e�ciency of 33% and the
detection of three particles in coincidence lead to a
total e�ciency of nearly 20% and so on. Another
factor that a�ect the e�ciency of the MCP is the
energy and the charge state of the impacting par-
ticles because the ionization cross section of the
primary electrons emitted from the walls of the
MCP depends on these parameters. However, a
high voltage (800 V per MCP) applied on the
MCPs provides a saturation electron emission
from the pack side of the MCPs set in Chevron-
order for each impacting charged particle.

The charged fragments are detected generally
with a high e�ciency of a total solid angle of
nearly 4p up to a certain energy by projecting them
on the detectors with high extraction ®elds. How-
ever, the fragments with a high kinetic energy re-
lease particularly these emitted within an angular
range D/ nearly perpendicular to the extraction
®eld are not projected on the position sensitive
detector and one needs in this case extremely high
extraction ®elds. In this case, the fragments are
projected on the detector and detected with high
e�ciency of nearly 100% if their energy is less than
a certain energy value. Beside the strength of the
extraction ®eld and mass of the fragments, this
energy depends on the charge state of the frag-

ments, for example N1� are detected with a high
e�ciency of nearly 100% of 4p solid angle if their
E?6 30 eV (� p?6 240 a.u.) and N2� with
E?6 42:3 eV (� p?6 285 a.u.) for the ®eld and
geometry of the spectrometer used in this test ex-
periment and mentioned previously.

The two-pulse-resolution (10 ns) of the multi-
hit-detector system in¯uence the e�ciency of the
detected fragments. Because the fragments are
separated and sorted into di�erent hits according
to their arrival times, the momentum information
about the fragments that reach the detector in the
dead time is lost. In the case of diatomic molecules,
ion pairs with di�erent charge states arrive at the
detector with a time di�erence longer than the time
resolution needed to resolve two consecutive hits.
In the case of similar charge states the time dif-
ference of the arrival of both fragments on the
detector is very short and depends on the emission
angle relative to the extraction ®eld. Similar
charged fragments emitted perpendicular to the
extraction ®eld arrive at the same time on the de-
tector and in this case the position and TOF are
measured for the ®rst hit and are lost for the sec-
ond hit. This e�ect causes a limitation on the e�-
ciency to detect multi-hit particles with similar
mass and charge state for example in this experi-
ment N1�-fragments were detected with nearly
70% form 4p assuming isotropic angular distri-
bution of the emitted fragments.

The e�ect of the limitation of the e�ciency
because of the two-pulse-resolution is tested by
displaying the transversal momentum of both
fragments in the case of the dissociation of N2 into
similar charged fragments (two N1�) in Fig. 10.
Since similar charged ion pairs are separated and
sorted by the di�erence in their TOF, the fragment
emitted in the direction of the detector arrives ®rst
and the fragment emitted away from the detector
arrives as a second hit. Thus momentum space of
the ®rst fragment (a) shows nearly a semi-circle
which lies in the direction of the recoil ion detector
while the second fragment (b) show an opposite
semi-circle which lies away from the detector as
shown in Fig. 10. The gap in the semi-circle of the
transversal momentum represents the event lost
because of the e�ciency e�ect of the double-pulse
resolution. This e�ect causes a gap of D/ � 30�
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from the complete / range of 180� which causes a
detection a lost of 30% of the emitted fragments
assuming isotropic emission.

6. Conclusions

A position sensitive multi-hit detector system
has been developed to detect all fragments result-
ing from the dissociation of a molecule. The
characteristics of this new technique can be sum-
marized as follows:

1. All charged fragments from a molecular dissoci-
ation process can be projected and detected with
a high e�ciency of nearly 4p solid angle up to a
certain kinetic energy release by applying strong
enough extraction ®elds thus guaranteeing that
the majority of the dissociation events be detect-
ed . However, the detection e�ciency of the sys-
tem is limited by the geometry of the
components of the spectrometer and detector
and the technical e�ects of the electronics men-
tioned previously leading to an overall e�ciency
of nearly 20% for three particles in coincidence.

2. For an event where both fragments are detect-
ed, the momentum vector for each fragment is
completely derived from the TOF and the posi-
tion on the recoil ion detector.

3. The present system has a momentum resolution
of 10 and 20 a.u. (see Fig. 9(a) and (b)) for the
momentum components of N2 fragments to
which a momentum of up to 500 a.u. is impart-
ed in the dissociation measured from the TOF
and the y-position on the detector, respectively.
The angular resolution for the azimuthal angles
of the fragments calculated from the measured
momentum components is about �5� (see Fig.
8). With a cold supersonic gas jet target a mo-
mentum resolution can be improved by more
than a factor of 10 due to the signi®cantly im-
proved position resolution.
This position sensitive multi-hit detector system

is a versatile and powerful technique to study the
structure and the dynamics of the dissociation of
simple and complex molecules in the collision
process with photons, electrons or ions through
measuring complete momenta for all outgoing
charged particles in all channels. The molecular
structure can be studied by measuring the energy,
emission angle and the determination of the elec-
tronic structure of the Coulomb-exploding frag-
ments resulting from the di�erent dissociation
channels of the original molecule. Furthermore,
determining the trajectory of the projectile with
respect to the molecular axis allows the investiga-
tion of the anisotropy of emission of fragments
from the exploding molecule relative to the scat-
tering angle of the projectile [22].

This new technique of the PMDS is not limited
to the detection of charged fragments resulting

Fig. 10. px vs py in a.u. for the ®rst fragment (a) and the second

fragment (b) emitted from the dissociation of N2 into a similar

charged ion pair in this case 2N�.
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from the dissociation of molecules but can be ap-
plied also to the detection of all charged particles
from a many-particle system such as all electrons
ejected in multiple-ionization processes. In this
case, many electrons can be detected with a high
e�ciency of 4p solid angle for soft electrons with
an energy lower than 100 eV and complete infor-
mation about their momenta can be recorded thus
providing a superior method to study the dynam-
ics and correlation e�ects of multiple-ionization
processes and many-particle-systems to a high
possible degree of di�erentiality.
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