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5 Departamento de F́ısica, UFJF, MG 36036-330 Júız de Fora, Brazil
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Abstract. We have produced slow metastable H(22S1/2) coming from the dissociation of cold H2 induced by
electron collisions. The experiment consisted of a supersonic jet of H2 crossing electrons produced by a high
intensity pulsed electron gun. The neutral fragments were detected through electric field induced Lyman-α
radiation and their velocities were measured by time-of-flight (TOF) technique. The main characteristics of
our experiment are the low molecular temperature, the long flight path and the small well defined collision
and electric field regions. They give rise to precise velocity measurements and, consequently, to good spectra
resolution. We have performed a careful analysis of the electron-molecule collision kinematical effects in
order to identify which vibrational levels can be involved in the transition. Our results also explain the
origin of the TOF peak widths. Relative probabilities to produce these levels have been deduced.

1 Introduction

Although the H2 molecule has been studied for a long
time, several of their ro-vibrationals levels are not com-
pletely known yet and are the subject of recent research,
see reference [1] and references therein. Regarding the ap-
plied point of view, the processes of excitation, emission
and fragmentation of molecular hydrogen plays an impor-
tant role in astrophysics and plasma physics. For instance,
the determination of the Saturn atmospheric structure,
such as the H and H2 mixing ratio, also requires the
knowledge of accurate excitation, emission and dissoci-
ation cross sections of H2 by photons and electrons [2].
Moreover, the emission from molecular hydrogen is an
important diagnostic probe of the peripheral regions of
high-temperature fusion plasmas [3]. The dissociation of
molecular hydrogen has also been theoretically investi-
gated. An extensive study of the doubly excited states
of H2 converging to the H(n = 2) + H(n′ = 2) limit
has been performed [4]. The calculations furnished poten-
tial energy curves for all internuclear distances. Recently,
the competing decay channels of photoexcited long-lived
superexcited H2 molecular levels have had their absolute
cross sections measured from the ionization threshold of
H2 up to the H(12S1/2)+H(n = 3) dissociation limit [5].
The inverse process, the formation of H2 from collisions
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of two H(22S1/2) atoms, has been object of study, both
theoretically, for atoms at thermal temperatures [6] and
experimentally, at low temperatures [7].

In the 60s, Leventhal et al. [8] observed the time-of-
flight (TOF) distribution of H(22S1/2) atoms produced by
H2 dissociation and showed the existence of two groups,
one with energies centred at about 5 eV and other with
energies centred at about 0.3 eV; these two distinct groups
of metastable atoms have been called fast and slow frag-
ments. In Figure 1 we can recognize the origin of each
group. These atoms have been studied from this pioneer
article of 1967 [8] to recent years. The slow H(22S1/2)
atoms, in which we are interested in the present work,
are formed by the dissociation of H2 molecules excited into
bound vibrational levels of singly excited electronic states.
The singly excited states can dissociate in H(1s)+ H(nl)
while the doubly excited states can lead to fast metastable
twin hydrogen atoms. The fast H(22S1/2) atoms have been
investigated in our previous work [9].

In this article we report the measurement of slow
H(22S1/2) atoms coming from the dissociation of cold H2

molecules once excited by electron collisions. The exper-
iment is described in Section 2. A theoretical analysis of
the kinematical effects is carried out in Section 3, with the
use of relevant Newton diagrams for the two processes in-
volved: (i) electronic excitation and associated molecular
recoil, (ii) dissociation of the excited molecule. In Section 4
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Fig. 1. (Color online) Rough schema of the potential energy
curves of the H2 molecule, as a function of the internuclear
distance, illustrating the origin of H(22S1/2) atoms. The fast
atoms are originated in repulsive doubly excited states while
the slow ones originates from bound singly excited states.

we present and compare the experimental and the simu-
lated time-of-flight spectra to ascertain the origin, with
respect to the molecular frame, and the width of each
peak. We left our conclusions to Section 5.

2 Experiment

By using the experimental set-up schematically pre-
sented in Figure 2 and already described in refer-
ence [9], we have measured time-of-flight distributions of
H(22S1/2) metastable atoms produced by dissociation of
H2 molecules through electron impact. The H2 molecu-
lar jet and the electron beam intersect each other at a
right angle. The molecular hydrogen beam is produced
by a continuum (CW) Campargue-type supersonic nozzle
source [10], which allows a relative velocity spread of the
order of 0.01, well defined initial molecular states and high
target density. The measured mean velocity of the hydro-
gen molecules in the supersonic jet is 2.7 km/s [11]. The jet
has rotational temperature of about 1 K and vibrational
temperature of about 10 K. Because of the expansion, es-
sentially all hydrogen molecules are on the ro-vibrational
levels v = 0, with J = 0 or J = 1 [12]. In the collision
region the H2 beam has approximately 3 mm of diameter
and the flow is 1022 molecules per steradian per second,
which corresponds to (2.3± 0.2) × 103 molecules per mi-
crosecond per cubic millimeter at the collision volume.
The vacuum in the collision chamber was maintained in
the range 5×10−7 to 1.2×10−6 torr by a 2000 L/s diffusion
pump.

Fig. 2. Schematic view of the experimental set-up.

The electron beam was pulsed and the pulse duration
could be chosen in the range of 0.2 to 2 μs. The electron
energy is given by the difference between the potential
of the filament and that of the interaction region, which
has to be grounded in order to avoid the disappearance
of H(22S1/2) atoms through the coupling with radiative
H(22P1/2) states.

Different from our earlier work, in the present exper-
iment we have used only one detection system, that was
placed at 230 mm from the collision region. This distance
precludes the arrival of excited H(22P1/2) atoms since, be-
cause of their lifetime of few nanoseconds, they decay after
traveling only a few millimeters, even in the case of the
fastest fragments. The detection of the H(22S1/2) atoms
occurs by quenching the 22S1/2 and the 22P1/2 states of
the atoms, so that they can decay to the 12S1/2 state emit-
ting a Lyman-α radiation (1216 Å) which is detected by
a channel electron multiplier.

The beginning of the electron pulse sets the start of our
time-of-flight measurement. Pulses from the detector are
separately pre-amplified and amplified by standard NIM
electronics. After discrimination from electronic noise, the
signals are fed as stop pulses of a “FAST ComTec” time
analyser card.

3 Collision kinematics

In order to identify the molecular vibrational levels of the
singly excited states related to the slow H(22S1/2) peaks
present in our experimental spectra, we present a theoreti-
cal study of the inelastic collision between an electron and
a H2 molecule followed by its subsequent dissociation. In
addition, we determine the relative importance of the kine-
matical parameters on the peak resolution as a function
of the fragments time-of-flight. The calculations are per-
formed in two steps: first we analyse the electron-molecule
collision, in their plane, and the possible recoil angles of
the excited H2 molecule; second, we considere the molec-
ular dissociation and the possible fragmentation angles of
the neutral atoms pair. Even if the fragmentation is as-
sumed to be isotropic in the molecular frame (CM), this
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Fig. 3. (Color online) The Newton diagram representing the
electron-molecule collision. The origins of the coordinate sys-
tems are represented by Olab and OCM. vCM is the system
centre of mass velocity vector, vH2 and ve− are the initial lab
velocity vectors, uH2 and ue− are the initial CM velocity vec-
tors. The final molecular velocity vectors are, in the lab, v′

H2 ,
and in the CM, u′

H2 . The later is defined by an azimuthal an-
gle φc (not shown), referenced to uH2 , and θc. As the electron
energy is 120 eV, which represents an electron velocity much
bigger than all other constraints, its lab and CM velocity vec-
tors could not be entirely shown in the figure.

property does not remain in the laboratory frame (lab)
where the experiment is performed. Thus, one important
aspect to be considered is the transformation of CM to
lab variables, both systems expressed here in spherical co-
ordinates. By the Newton diagrams we can compute final
velocity vectors as a function of initial velocity vectors
using energy and momentum conservation.

In the first step, involving the electron-molecule colli-
sion, the CM system moves with the velocity and direction
of the electron-molecule centre of mass velocity:

vCM =
mH2

mH2 + me−
vH2 +

me−

mH2 + me−
ve− . (1)

with mH2 and me− representing the molecule and the elec-
tron mass, respectively, and vH2 and ve− their known lab
velocities. The initial and final velocities transform from
CM to lab frame as follows

vH2 = vCM + uH2 ve− = vCM + ue− (2)
v′

H2
= vCM + u′

H2
v′

e− = vCM + u′
e− ,

where uH2 and ue− represent the CM velocities and the
primed variables represent the final velocities. These rela-
tions can be easily visualized in the Newton diagram from
Figure 3. Replacing equation (1) into (2) and using the
relative velocity

g = vH2 − ve− , (3)

we find

uH2 =
me−

mH2 + me−
g, ue− = − mH2

mH2 + me−
g. (4)

We have equivalent results for the final velocities u′
H2

and u′
e− as a function of the final relative velocity

g′ = v′
H2

− v′
e− .

φd

θd

Fig. 4. Three dimensional Newton diagram representing the
H2 dissociation. v′

H2 is the centre of mass velocity of the two
atoms system, u′

H is the CM final velocity of the H(22S1/2)
atom, and v′

H is this velocity in the laboratory frame. The
molecule and the electron initial velocities are also shown. For
better visualization the graph is not at scale.

Considering the energy conservation in the collision
process, we can write

1
2
μg2 =

1
2
μg′2 + ΔE (5)

with the reduced mass μ = mH2me−/(mH2 + me−) and
ΔE representing the electron kinetic energy transfered as
potential energy to the molecule, i.e., the difference be-
tween the excited state energy in the Franck-Condon re-
gion and the zero point energy which corresponds to the
vibrationless level of the ground electronic state, as shown
in Figure 1. Using equation (5), the modulus of the final
CM molecular velocity yields:

u′
H2

=
me−

mH2 + me−
g′ =

me−

mH2 +me−

√
2 (Eavailable−ΔE)

μ

(6)
where Eavailable = 1/2 μg2.

The possible final CM molecular velocity vectors de-
scribe the surface of a sphere with radius u′

H2
centred at

the terminal point of the CM velocity vector vCM. The
recoil of the molecule is defined by the direction of u′

H2
,

given by the angle θc between uH2 and u′
H2

and the az-
imuthal angle φc referenced to uH2 . In our case of an in-
elastic collision, u′

H2
< uH2 , as can be seen in Figure 3.

Using the possible values for ΔE, i.e., the singly excited
vibrational energy levels, which are given in the literature,
the recoil of the H2 molecule, v′

H2
, can be directly com-

puted using vectorial algebra for definite angles θc and
φc.

In the second step, we consider the isotropic dissoci-
ation of H2 molecule in the molecular frame. The centre
of mass velocity of this system is v′

H2
, which direction is

defined by the recoil of the H2 molecule. The atoms pair
final velocities have the same modulus and opposite di-
rections with respect to the molecule’s centre of mass. In
the Newton diagram of Figure 4 we show only a H(22S1/2)
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atom, as the other atom of the pair, the H(12S1/2), is not
measured. The relationship between the lab and CM ve-
locity vectors v′

H and u′
H is:

v′
H = v′

H2
+ u′

H. (7)

The modulus of u′
H is calculated from the theoretical ki-

netic energy of the H(22S1/2) in the CM, EH, given by

EH =
ΔE − D

2
, (8)

where D is 14.68 eV [13] and represents the dissociation
energy of the singly excited states, i.e., the energy differ-
ence between the asymptotic limit of the excited molecu-
lar level and the vibrationless ground electronic state, as
shown in Figure 1.

Assuming that the dissociation is isotropic, the possi-
ble vectors u′

H describe the surface of a sphere with radius
u′

H centred at the end of v′
H2

and defined in the molecular
CM frame by the angles θd and φd. The direction of v′

H
in the lab frame is defined by the detector’s position; it
involves different possible combinations of the molecular
recoil and the dissociation angles.

4 Analysis of TOF spectra and the origin
of the slow H(22S1/2) atoms

We have varied the electron energy in a range between
9 eV and 200 eV, which encompasses both the thresh-
old for the production of slow and fast H(22S1/2) atoms.
The slow atoms have been detected for all electron energy
range, but the fast peak has appeared around 36 eV, as
expected. The time-of-flight spectrum for three electron
energies are presented in Figure 5. In our following analy-
sis we have used the 120 eV spectra, that corresponds to
a typical energy where the relative intensities of the peaks
does not vary. In Figure 5 we also show the energy spec-
tra in the molecular CM frame. The transformation from
TOF to EH is discussed in reference [9]. The counting rate
is calculated using that

N(TOF )dTOF = N(E)dE. (9)

The good resolution obtained was due in part to the use
of a supersonic jet that produces a beam of H2 molecules
with cold internal degrees of freedom. For a thermal jet
or gas cell, the kinematical effects explained hereafter
would not be visible because the thermal movement of
the molecules broadens the velocity distribution [14]. In
our case, with Mach number of the order of 10 and with
low internal temperature as mentioned before, the initial
velocity vector and the levels involved (v = 0; J = 0, 1)
were well defined. The good resolution was also a result of
our experimental constraints, as the well defined collision
region and the small solid angle of detection.

Among the singly excited states, we are interested in
those that produce the pair H(12S1/2)+H(22S1/2). As dis-
cussed in 1972 by Misakian and Zorn [15] and by Sharp
in 1971 [16], in this energy range, between 15−20 eV
in the Franck-Condon region, only the E, F 1Σ+

g , a3Σ+
g ,

Fig. 5. H(22S1/2) time-of-flight and energy spectra measured
after the dissociation of H2 molecules by electrons with 36 eV,
86 eV and 120 eV. The time resolution is limited by the channel
width of 128 ns. The graphs (a) show the fast peak near its
threshold and in (c) we enumerate the experimental slow peaks
referred hereafter.

B′1Σ+
u and e3Σ+

u states lead directly to the H(12S1/2) +
H(22S1/2) dissociation limit. However, they showed that
these states cannot be the main source of slow H(22S1/2).

On the other hand, the states B′1Σ+
u and e3Σ+

u are
known to mix with the D1Πu and d3Πu states. So the
slow H(22S1/2) atoms probably come from the predisso-
ciation of these vibrationally excited levels. According to
the references cited above, the d3Πu is more important
near the threshold, while for higher excitation energies
the most important contribution is from the D1Πu. The
structure expected in the spectra was first observed by
Mentall and Gentieu [17] in a photodissociation experi-
ment. But, in this case of one photon excitation, the state
d3Πu is forbidden and the peaks were compared with the
D1Πu.

Furthermore, it was shown that the B′1Σ+
u mixes with

the B′′1Σ+
u [15,18] and with the D′1Πu [15,19], which

were recently recalculated by Glass-Maujean et al. [20,21].
Their work shows that B′′1Σ+

u is in fact the double well
state B′′B

1
Σ+

u . According to these authors these states
predissociate into H(12S1/2)+H(n = 2). For the D′1Πu

the contribution comes from the vibrational levels up
to v = 8 and for the B′′B

1
Σ+

u the coupling occurs at
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Fig. 6. (Color online) Simulated TOF spectra (red line) performed for excitation with 120 eV electrons to the vibrational levels

(enumerated in the graphs) of the states D1Πu, d3Πu, D′1Πu and B′′B
1
Σ+

u . (a) Simulation for small H2 recoil angles (θc from
0◦ to 10◦). (b) Simulation for large H2 recoil angles (θc from 170◦ to 180◦). The experimental spectra are shown for comparison.

small internuclear distances, where only the internal well
is important.

To assign the vibrational energy levels involved in the
predissociation process and to estimate the outcome of the
kinematical effects in our spectra, we have simulated by
a Monte Carlo method the time-of-flight distribution of
the fragments that could arrive at the detection region.
We have used ΔE values given in the literature for the
following states D1Πu [13], d3Πu [16], D′1Πu [16,20] and
for the inner well of B′′B

1
Σ+

u [21]. Considering that the
dissociation represented in Figure 4 is isotropic, we have
randomly varied the angles θd from 0◦ to 180◦ and φd

from 0◦ to 360◦. As we did not have information about
the electron impact parameter, we have done a systematic
study of the possible recoils of the molecule and compared
the simulated spectra with the experimental one.

The angle θc, shown in Figure 3, and the azimuthal
angle φc define the recoil of the molecule. When all pos-
sible angles were taken into account in the same Monte
Carlo simulation, the structure of the experimental spec-
tra was not reproduced. There was superposition of the
peaks, forming only one broad peak without any struc-
ture. Accordingly, we concluded that the possible molec-
ular recoils are not homogeneously distributed.

The peak widths were well reproduced with slices of
10◦ for θc with φc varying from 0◦ to 360◦. The best
agreement with the experimental peaks position was found
for small recoil angles, i.e., large impact parameter. We
have varied θc from 0◦ to 10◦ and obtained the spectrum

shown in Figure 6a. For comparison, the spectrum ob-
tained for large recoil angles, with θc varying from 170◦
to 180◦, is shown in Figure 6b. These simulations suggest
that small momentum transfers around the minimum re-
coil are mainly responsible for the measured peaks. Their
amplitudes are arbitrary because we do not have infor-
mation about the weight of each vibrational level in the
excitation process. In fact, we expect to extract this in-
formation from our results. We have used 106 particles
excited to each vibrational energy level.

In the following discussion we refer to the peak num-
bers shown in Figure 5c.

According to the results of Misakian and Zorn [15], the
slowest atoms peak originates from the predissociation of
the d3Πu state. This is in agreement with our simulation
from Figure 6a, in which the 4th vibrational level of the
d3Πu state produces the broad and slowest peak. Also ac-
cording to these authors, all other peaks are formed by the
predissociation of the D1Πu state. This is in agreement
with our simulation corresponding to the vibrational lev-
els from v = 4 to v = 12 of the D1Πu state. In addition,
we observed that the first peak seems to be produced by
the overall contribution from v = 8 to v = 12 levels that
are very close, almost in the continuum region.

Figure 6b shows that, for collisions with large recoil
angles, the simulated peaks corresponding to the predis-
sociation of d3Πu state do not agree with the experimental
spectra. For the D1Πu state, the simulation suggests that
the v = 5 to v = 8 levels do not contribute, but we have
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found a good agreement in the region of the last experi-
mental peak (from v = 4), which is not in accordance with
Misakian and Zorn. The v = 9 to v = 12 levels are very
close, almost in the continuum, and in the region of the
first peak.

Further, we have also considered in our simulations
contributions from D′1Πu and B′′B

1
Σ+

u states. We found
reasonable agreement with the experimental spectra for
small recoil angles (Fig. 6a), except for the v = 2 level
of D′1Πu state. However, for large recoil angles (Fig. 6b)
only the v = 2 level of the D′1Πu state, the v = 6 of the
B′′B

1
Σ+

u and the levels close to the continuum seems to
contribute. But it is not reasonable to assure that an iso-
lated vibrational level of each state predissocites. We con-
clude that if these states contribute to the H(22S1/2) spec-
tra, collisions with small recoil angles are also favorable.

The experimental peaks exhibit a broadening due to
contributions of different possible recoil angles of the
molecule. One can notice that this broadening increases
with the time of flight of the atom. As the molecule was
excited into bound vibrational levels with a well defined
energy, ΔE, this indicates that the width of the slow
H(22S1/2) peaks is essentially determined by the collision
kinematics. In all simulations, for a fixed excitation energy,
while the slow peaks were reasonably well reproduced, the
fast one was essentially a single line in our time scale,
meaning that its width was essentially given by the tran-
sition from the ground state of H2 to the repulsive doubly
excited states. The duration of the electron pulse (1 μs)
also generates a small broadening of the peak.

In order to reproduce the area of each peak and to
obtain a quantitative agreement with the experimental
spectra, it is necessary to have good estimates of the cross
sections for excitation and predissociation of all individ-
ual energy levels that we have considered in our simu-
lations. However, slow electron collisions cross sections
even for the total destruction cross section of the sim-
plest molecules with very limited range of energies and
choice of targets are rarely given in the literature. Re-
cent publications report experiments with very slow elec-
trons (1500−15000 K) for plasma applications [22] and
describe the difficulties in obtaining these values experi-
mentally [23].

As all peaks were simulated in the same conditions,
the ratio (Rk) between the experimental (e) and the sim-
ulated (sk) counting rates is proportional to the cross sec-
tion of the corresponding k energy level. Thus, assuming
that the processes occur at small recoil angles (condition
of Fig. 6a), we have minimized the difference between
each experimental peak and its probable simulated con-
tributions in the parameter Rk by using the least square
method, i.e.,

Min
∑

i

(
∑

k Rk · ski − ei)2

e2
i

, (10)

where i sweeps the time-of-flight interval of each ex-
perimental peak. Considering the fluctuations of the
experimental and of the simulated spectra, we obtained
a mean error of 12% for the Rk parameters.

First, according to Misakian and Zorn [15], we have
considered that the spectra is formed only by the v = 4
level of d3Πu state for the last peak, while all other peaks
are produced by the predissociation of the D1Πu. In this
way, the k energy levels that contribute to each slow ex-
perimental peak, referred in Figure 5c, are:

1st: v = 8, v = 9, v = 10, v = 11, v = 12 of D1Πu;
2nd: v = 7 of D1Πu;
3rd: v = 6 of D1Πu;
4th: v = 5 of D1Πu;
5th: v = 4 of D1Πu;
6th: v = 4 of d3Πu.

And this leads to the ratios:

energy level (k) Rk

d3Πu, v = 4 1.1
D1Πu, v = 4 3.9
D1Πu, v = 5 3.7
D1Πu, v = 6 5.3
D1Πu, v = 7 4.5
D1Πu, v = 8 1.5
D1Πu, v = 9 1.8
D1Πu, v = 10 2.0
D1Πu, v = 11 1.0
D1Πu, v = 12 1.1

Adding the D′1Πu and B′′B
1
Σ+

u contributions makes
it difficult to deduce any precise information in the region
of the first experimental peak, where many levels near the
continuum seems to contribute. Therefore, we have con-
sidered only the remaining ones. In order to get the total∑

k Rk · sk signal for each peak (2nd to 6th) we summed
up the contributions of the relevant following levels:

2nd: v = 7 of D1Πu, v = 4 of D′1Πu, v = 5 of B′′B
1
Σ+

u ;

3rd: v = 6 of D1Πu, v = 3 of D′1Πu, v = 4 of B′′B
1
Σ+

u ;
4th: v = 5 of D1Πu, v = 2 of D′1Πu;
5th: v = 4 of D1Πu;
6th: v = 4 of d3Πu, v = 1 of D′1Πu.

In this way, we found the following ratios for each state:

energy level (k) Rk

d3Πu, v = 4 0.6
D1Πu, v = 4 3.9
D1Πu, v = 5 3.7
D1Πu, v = 6 2.0
D1Πu, v = 7 0.1
D′1Πu, v = 1 0.8
D′1Πu, v = 2 2.1
D′1Πu, v = 3 4.2
D′1Πu, v = 4 2.5

B′′B
1
Σ+

u , v = 4 1.7
B′′B

1
Σ+

u , v = 5 1.9
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It should be noted that the references [20,21] do not
differentiate if the states B′′1Σ+

u and D′1Πu predissoci-
ate into H(22S1/2) or H(22P1/2), then we cannot conclude
which of the two cases above is more suitable. However,
there is an agreement concerning the 5th peak, which is
formed only by the v = 4 of D1Πu with Rk = 3.9. In ad-
dition, the 4th peak has v = 5 of D1Πu with Rk = 3.7
in both cases. As the states v = 5 of D1Πu and v =
2 of D′1Πu do not overlap, the second one was added to
the fit without changing the weight of the v = 5 of D1Πu.

It is worth to mention that a similar analysis was ac-
complished by Ryan et al. [19] despite their low spectrum
resolution. They used empirical gaussians in energy and
considered all peaks with the same width, in opposition to
our conclusion that the width of the peaks are a function
of the energy (or TOF).

5 Conclusions

The main characteristics of this experiment are the low
ro-vibrational temperature of H2 molecules, the long flight
path and the small well defined collision and electric field
regions. These characteristics lead us to get precise ve-
locity measurements and, consequently, a good spectra
resolution.

If dissociation by laser excitation can achieve better
precision and resolution, electron collisions can excite lev-
els that are forbidden by one photon absorption. More-
over, the dissociation by electron impact enabled us to
evidence aspects that are not present in the laser exci-
tation experiments: we have carefully analysed the colli-
sional constraints, as the recoil angle and its influence on
the peak width.

Using Newton diagrams we have simulated the TOF
peaks generated by the excitation and subsequent dissoci-
ation of all relevant singly excited states. Comparing the
simulation with the experimental results we have inferred
that collisions at large impact parameter are the most fa-
vorable for this H2-electron collision at 120 eV. The sim-
ulation has also allowed us to assign the vibrational levels
of the singly excited states of H2 molecule that lead to
the dissociation channel producing slow H(22S1/2) atoms.
The analysis of the kinematical effects on the peak widths
has showed that the peak broads with the inverse of the
velocity of the H(22S1/2) atoms.

Comparing the simulated and experimental peak am-
plitudes, we have estimated the relative excitation prob-
abilities of each vibrational level predissociating into the
pair H(22S1/2) + H(12S1/2).
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