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We present calculations of cross sections and rate coefficients for the dissociative recombinajidonisH
initially in v =0-6 vibrational levels, together with rate coefficients for the competing electron-induced vibra-
tional deexcitation. We used the multichannel quantum defect theory with a second-order treatmen of the
matrix, and show that electronic interactions dominate not only the dissociative recombination but also the
vibrational relaxation induced by slow electrons. Most of our rate coefficients for dissociative recombination
are in good agreement with the measurements at the TSR storaggSritgohn et al, Phys. Rev. A62,
032713(2000]. On the contrary, our rates for vibrational deexcitation, close to former results obtained by
R-matrix calculationgB. K. Sarpal and J. Tennyson, Mon. Not. R. Astron. S2&3 909 (1993], are smaller
by up to one order of magnitude than the experimental values which are deduced from the time evolution of the
vibrational populations, measured by the Coulomb explosion imaging method.
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[. INTRODUCTION usually seen as the dominant reaction path for slow electrons
colliding with molecular ions:

Controlling the rotational and vibrational populations of
molecular ions is a long-standing problem in various types of e (g)+H, (v)—H+H*(e), ()
ion sources or ion-containing environments such as merged . . o ) )
beams, ion storage rings, or fusion devices. On the otheéfheree is the relative kinetic-energy release of the dissoci-
hand, knowing rates for dissociative recombination and rovi2ting atoms. While the DR of HD in a given vibrational
brational excitation or deexcitation of molecular ions in coldlevel (especially the lowest one,=0) has been extensively
plasmagin particular, interstellar plasmgsiue to collisions ~ Studied experimentally3], and used as a test case for storage
with surrounding electrons, is crucial for our understandinging measurements, it has not been so for the homonuclear
of the ongoing chemistry and the local temperature. It igon H," which does not decay radiatively to the ground
especially so for homonuclear ions which are not subject tdevel. Only recently relative values for the DR rate coeffi-
fast radiative decay, since they have no permanent dipoleients of thev=0—6 vibrational levels have been measured
moment. at the TSR storage rin®2,4], and absolute values were de-

A recent experiment has been performed at the TSR stoguced from the measurement of the:0 absolute DR cross
age ring[1] in which rate coefficients for vibrational deexci- section.
tation of |-|2+ ions by slow electrons could be deduced from Although rotational transitions surely take place simulta-
the time evolution of vibrational populations. We have madeneously with vibrational ones, we concentrate here, as in the

a theoretical study of this procefalso called “superelastic €xperimental analysis, on vibrational effects. We mainly
collisions” (SEQ], show that the vibrational transitions involved in SEEq.

(12)] are in fact dominated, in the H case, by strong indi-
rect electronic couplings. The rotational effects, already in-
corporated in dissociative recombination calculatiphs7],
will be discussed for superelastic collisions in a later paper.
wherev andv’ stand for the initial and final ion vibrational Sarpal and Tennysdi8] have calculated vibrational exci-
levels, ance ande’ for the initial and final energy of the free tation and deexcitation rate coefficients for the low vibra-
electron, respectively. Vibrational excitatigm’>v in Eq.  tional levels of B in collisions with slow electrons by us-
(1)] could also be studied in the same set of calculations, buing the R-matrix method. They found rate coefficients of
these endothermic reactions are not possible for the low er8.5x 10 8 cm®s ™! for the v=1—0 transiton and 2.0
ergy range of the incident electron considered here. X107 cm®s™ ! for thev =2—1 transition for thermal elec-
We simultaneously obtain the rate coefficients for thetrons at a temperature of 100 K. Using the multichannel
competitive reaction of dissociative recombinati0PR),  quantum defect theor¢gMQDT) with a first-order perturba-
tive treatment of the electronic coupling, Nakashietaal.
[10] also studied DR and SEC of the molecular hydrogen
*Electronic address: valery.ngassam@ppm.u-psud.fr ion. The SEC rate coefficients which may be roughly de-

e (e)+H, (v)—e (e")+H, (v, v'<v, (1)
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duced from their cross-section values are in the same range

as those of Sarpal and Tennyson, or smaller. Regarding other > @KU, =—tann,Ui,, a=12,...N, (4
molecular ions, to our knowledge, SEC have been only stud-

ied for N,*, by Gubermar{11] who used a second-order with eigenvalues— = ! tanz, and unitary eigenvectors
MQDT approach similar to the method used in the presenu,,. In the preceding equatiom,andj are indices labeling
paper. the reaction channels, aridlis the number of channels in-

On the experimental side, superelastic collisions were firsyolved in the calculation. The eigenvalugg and the eigen-
demonstrated to be efficient for the vibrational cooling ofvector elementd);, are used in a frame transformation to
H," ions in the TARN-II storage ring12]. But values for build the channel coup!ing coefficients for the MQDT treat-
the SEC rate coefficients could only be deduced in a latefent of DR and SEC, i.e.,
experiment on the Heidelberg storage ring TSR, where the
vibrational populations could be monitored in time by the Cpa=> Uy olv|cog mu(R)+ 7,10 g, (5)
Coulomb explosion imaging method. Through a simple ki- v’
netic model for the evolution of the vibrational population,
assuming that transitions withv <—1 can be neglected,
Krohn et al. [1] have deduced SEC rate coefficients which
are higher by about one order of magnitude than the avail- Spa=2 Uy o(vlsif mu(R) + 7,]lv" )k, (7)
able theoretical values. v’

In the following sections, we will first sketch the theoret- .
ical approach used in the present calculations, and then com- Sda=Uda SIN74, ®
pare our results with the available experimental and theore{ynere;, andy’ designate the vibrational states of the mo-
!cal ones, with a qhscu.ssmn of t.he SEC .mechanlsm and itgcyar ion,d the dissociative channel, and the integration
influence on the vibrational cooling of 4 ions. (---)r is over the internuclear distance. Note that the nona-

diabatic radial coupling between two ionization channels,
andv’, is introduced here through thedependence of the
Il. THEORY guantum defect. Indeed, a constant quantum defect would
A. The MQDT formalism cancel all nondiagona}_#v.’ te_rms from Egs(5) and (7),
and thus decouple the ionization channels.

The so-called two-step MQDT as applied to dissociative The |ast step of the MQDT treatment is the construction
recombination[13] and electronic autoionizatiofl4] rests  of the asymptotic scattering matrix and the calculation of the
on a quasidiabatic description of molecular stgfesd, where  ¢ross sections. We follow the method of Seaftb] as first
two classes of electronic statésonoexcited and diexcited, applied by Nakashimat al.[10] to the treatment of DR and
respectively are defined. The short-range electronic interacye|ated processes. The matricéands are used to build the
tions between states of different subspaces are then sortegeneralized” scattering matrix which involves the whole

out as an electronic coupling operar which couples the  set of channels, open or closed, for ionization or dissociation:
ionization channelgattached to the ground-state ion core

open and closed, to dissociative ones in the case of DR, or to C+iS

core-excited ionization channe(sr Rydberg serigsin the X=55 ©
case of electronic autoionization. From the operafora

short-range reaction matrix K( matrix), solution of a Then, the usual scattering mati$is calculated by elimina-
Lippmann-Schwinger integro-differential equatidd7] is  tion of the closed channels:

built:

Cda: Uda COS7,, (6)

1
S=Xoo~ Xoc

——X¢o- (10
K, (3) ch_e—Zlﬂ'V co

K=V+V

E_ HO
The indexo (c) means opericlosed channel blocks. The
parametersv,=1/\2(E,—E), analogous to the effective
where Hy is the Hamiltonian operator excluding the elec- quantum number of a Rydberg level, are defined for each
tronic interactionV. In the case of weak coupling a pertur- closed channel with threshold enerigy higher than the total
bative solution of Eq(3) can be obtainefi13,16. The en-  energyE.
ergy dependence of the coupling can often be neglected since Finally, for the initial ion levelv and for a multiplicity

the electronic coupling is mainly built at short distance,ratior between the ion and dissociative states, the cross sec-
where the external electron is strongly accelerated by th@ons are given by

Coulomb attraction and thus insensitive to small differences
in kinetic energy. We have recently shown analytically that in T I

— 2
this case, the perturbative series of E8). converge at sec- Tdv ™5 §|de| (11
ond order[18]. To be cast into the MQDT framework, the
resultingK matrix is diagonalized: for dissociative recombination, and by
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Tr ) plings. We use here the same data as for the study of HD
Tvrv=o §|Sv’v| (12 gissociative recombination by Schneidetral. [6]. Most of
these data were extracted fraab initio molecular structure
for superelastic collisionsu( <v). calculationg21-26, completed byR-matrix [9,27—-33 and

In order to compare our results with experiment, the thedinear algebraic methofB1,32 results. More recent calcula-
oretical cross sections are convoluted with an instrumentaions by Tennysof33] and by Sanchez and MartjB84] pro-
function to simulate the experimental conditions. In the casevide data for many excited states of,Hbut the internuclear
of storage ring experiments, the convoluted rate coefficient range of these calculations is too short to be used in DR
can be obtained by averaging over an anisotropic Maxwellcalculations.
ian distribution of electron velocities: Besides the first (Ro,)? 1E$ doubly excited dissocia-
tive state[9,22-29, the lowest Rydberg states of six differ-
ent series with excited 2, ion core {3 [32], Mg,
[31,32, 3% [32], °Il,, [32)) are involved in the calcula-

. . . tions. Also included are the second Rydberg states of these
where o (V) is the calculated cross section as a function Ofseries[SO 37.

the center-of-mass velocityandvy is the detuning velocity  These dissociative states should convedigbatically at
at the center of the velocity distribution. The function |5rge internuclear separations to unstable excitecabd H'
f(vg,v) is the product of two Maxwellian functions given in giates. However, in ouquasidiabatic representation, they

a=<V0'>=f ffa(v)vf(vd,v)dv, (13

Ref. [20]. converge either to H(=1)+H(n=2) (the lowest states of
2 s, 13, M1, symmetry, or (the lowest states of 1,
m mv{ [ m 9 .
f(vg,v)= exr{ — ) symmetries and the second Rydberg states of the other sym-
27k T, 2kTe, ) ¥V 2mkTy metrie$ to the limit H(n= 1)+ H(n=3) which lies just be-
m(V)—Vg)2 low thev =5 vibrational level of the 5" ion ground state.
X exp< - T) : (14 The 'Y states couple with do” and “so” partial
el

waves of the incident electron. The couplings are much
larger for thed partial wave, but the wave plays an impor-
tant role in the resonance interference pattern due to the in-
jrect DR proces$6]. The other dissociative states were as-
umed to couple to a single partial wave of the incident
electron. All the electronic couplings strongly depend on the
nuclear distancek but are considered to be constant with
respect to the electron energy. We thus performed a second-
order calculatior[16] of the K matrix that is exact in this

The MQDT treatment of DR and SEC processes requiresase[18]. All the cross sections and rate coefficients reported
data for potential curves of the ion ground state and the relbelow have been calculated for incident electron energies
evant doubly excited states of the neutral molecule, as wellanging from 10° eV to 100 meV with a step size of
as for theR-dependent quantum defects and electronic coul0 ° eV.

wherem is the electron masg is the Boltzmann constant,
andv, (v)) the electron transvergéongitudina) velocity. In
our calculations, these temperatures are those given b
Krohn et al. [1] in the TSR storage ring, namelkT,,
=12 meV andkTg=0.1 meV.

B. Molecular data
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TABLE I. Rate coefficients for dissociative recombination of electron temperatuyeAll results are then normalized with

H,™ with electrons of near-zero kinetic energy. respect to the rate for the=1 state and the relative rate
coefficients obtained from this normalization are compared

Theory (this work) Theory[10] Experiment 4] with the experimental values in Fig. 2. The errors on the

v 1078 cmPs™? 108 cm’s™t 107 % cm’s™t experimental absolute values for>0 in Table | (last col-

0 147 231 187015 umn) are much larger than for the relative values of Fig. 2.

1 17.16 18.1 18.711.2 This is due to the large error bar_on the measurement of

> 5.16 1.34 15395 =0 rate relative taw=1 (Fig. 2), since the absolute values

3 961 198 188115 for v>0 are all deduced from that for the=0 initial ion

4 9.17 3.26 9.96.3 level [2]. . "

5 37.10 84 57 In all results presented in Table I, the rate coefficients are

6 65.65 11880 much larger for the initial leveb=1 than forv=0. This

behavior which is clearly displayed in Fig. 2 is due to a
better overlap of the excited vibrational wave functian (
=1) with the dissociative one. We also notice a sharp in-
lll. RESULTS AND DISCUSSION crease in our calculated DR rate coefficient and the measured
A. Rate coefficients for dissociative recombination one atv=5. This is attributed to the opening of new disso-

The DR rate coefficients obtained by convolution over anC'atlve states converging to the H£3) asymptotic limit

. . . NG and is absent from the pioneering results of Nakashéire.
anisotropic Maxwellian velocity distributiofEgs. (13) and [10] where only the lowestS " dissociative state was in-
(14)] are shown in Fig. 1 for the ground and the first excited luded y g
vibrational levels ¢=0 andv=1) of the H," ion. Also ~ ©19€%
shown are DR rate coefficients for the same levels, recently
measured at the TSR storage rify4]. Forv=1 (as for
higher vibrational levelsno absolute value was measured, Superelastic collisions and dissociative recombination be-
but relative rate coefficients were derived using Coulombing competitive processes, their cross sections are obtained
explosion imaging measurements at near-zero collision erin the same calculation and expressed in terms of matrix
ergy. Most of the experimental and theoretical absolute valelements of the same scattering mat(i®). The competition
ues are in good agreement at very low electron kinetic enbetween the two processes shows up in the shape of the
ergy, and forv =0 this holds until about 10? eV. Rydberg resonances due to temporary capture into bound Rydberg
resonances appear at a higher energy and the differences altates, as shown, for example, in Fig. 3 for the case of
served there might be due to the lack of rotational structure=1 initial ion level. These resonances, which appear as deep
in the calculation. windows in the DR cross section due to a strergl direct

In Table | we present our calculated and the TSR meaprocess, appear mostly as peaks in the SEC cross section.
sured DR rate coefficients for the seven lowest vibrational We also note that the two processes have the same order
levels o =0-6) ate=10°eV. Also shown are the rate of magnitude, which could be an indication that SEC, al-
coefficients calculated by Nakashireal.[10] (convoluted  though being a transition between vibrational states, is
with an isotropic Maxwell-Boltzmann distribution at 100 K mainly driven (like DR), by electronic interactions which

B. Rate coefficients for superelastic collisions
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FIG. 2. Relative rate coefficients of dissocia-
tive recombination for different vibrational levels
(normalized tov=1). Experimental values cor-
respond to near-zero kinetic-energy electrons,
while our rates are calculated for 10eV.

.
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indirectly couple the vibrational states via the doubly excitedtheoretical resultsthird column obtained with theR-matrix
states. To check this interpretation, we have computed SE@ethod[8]. Also shown(fourth and fifth columnsare the
cross sections after artificially removing the radial vibra-rate coefficients extracted by Krohn and co-workgtsd|
tional couplings, by neglecting th& dependence of the from the measured time evolution of the vibrational popula-
qguantum defects in the calculation of the channel couplingions. The results presented in the fourth column were ob-
coefficients [Egs. (5)—(8)]. The resonance energies andtained using the DR rates of Nakashireaal. [10] (third
shapes are changed but the order of magnitude of the crosslumn of Table ) for the kinetics(see the following sec-
sections remains the same as in the actual calculations witiion), while those of the fifth column are obtained using re-
all the interactions taken into accou(®ig. 4. Moreover, cent DR rates measured by Krolpd] (fourth column of
although generally smaller fgdv|>1 transitions, the cross Table I). They are both larger than the theoretical values by
sections do not follow théAv|=1 propensity rule which up to one order of magnitude. For the most recent and reli-
holds for purely vibrational transitions. able experimental valudgast column of Table )| the ratio

The rate coefficients for superelastic collisions were therto our calculated rates fakv =—1 SEC varies between 2
obtained, as for DR, by convoluting the SEC cross sectionand 12. To help analyzing this discrepancy, we will simulate
with an anisotropic Maxwellian velocity distributiofEgs.  the time evolution of vibrational populations for these vari-
(13) and (14)]. These rate coefficients, given in the secondous sets of rates, since the experimental values were deduced
column of Table I, are in reasonable agreement with formefrom such simulations.

T I T I T I T T T
102 —
-- Electronic couplings only
— Electronic and vibrational couplings
Electr d vibrational coupling g
N/-\ E
g ]
Q
E/w»u |
Q
'5?3 FIG. 4. Superelastic collision cross section for
2 1 H,™, v=1 calculated withfull line) and without
§ (dashed ling vibrational coupling.
O [
10+
E [y ] g
18 . 1 . 1 N 1 . 1 . -
1075 0.02 0.04 0.06 0.08

Collision energy (eV)
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TABLE Il. Rate coefficients for superelastic collisions of,Hwith electrons of near-zero kinetic

energy.
Theory (this work) Theory[8] Experiment1]
v—v’ 108 cms?t 108 cnmPs? 108 cms?t Experiment{4]
1—-0 4.47 8.5 60 398
2—1 16.95 20.0 120 7616
2—0 3.15
3-2 9.61 220 12326
3—1 6.73
3—0 1.70
43 27.20 240 146 30
42 2.605
4—1 3.78
4—0 1.07
5—4 103.21 440 21842
5—3 16.36
5-2 1.85
5-1 2.58
5-0 0.91
6—5 79.91 - -
6—4 31.35
6—3 6.27
6—2 1.12
6—1 1.81
C. Time evolution of vibrational populations total number of molecules in all the vibrational states, to

yield the evolution of the relative populationiy,(t) of the

Following the numerical approach of Krole al.[1], we . .
ibrational states:

used our rate coefficients from Tables | and Il to simulate the’
time evolution of the population of the first six vibrational

states of H" in collision with slow electrons. There was no N (1)

restriction to a particular type of vibrational transition in our P, ()= ———. (16)
computation, except for the absence of vibrational excitation E N,/ (t)

since the collision energies considered are always less than o

one vibrational quantum(w=0.27 eV in ). The popu-
lations of the six vibrational states are solutions of a system

of coupled differential equations: Figure 5 shows the time evolution for three different

simulations, together with the experimental measurements

dN,(t) ) I (dotg. The full lines are obtained using our theoretical rate
at | @ort 2 aggc |Ne?N, () coefficients (second columns of Tables | and) land the
vy dashed lines are obtained, as in Ré&f, using the larger SEC

, rate coefficients fitted by Krohet al,, and the smalletfor
+ D) aledngnN, (1), (15  v=2) DR rate coefficients of Nakashinea al.[10]. Clearly,
v'>v our calculated rates for various processes lead to a much
slower time evolution of the relative populations than mea-

3 . sured in the TSR storage ring, especially for the decay of the
where n,=6.1x10° cm 3 denotes the electron density v=3 andv =4 vibrational levels.

(which is constant during the measurements, owing t0 the | order to check the effect of vibrational transitions with
injection conditiony 7=0.027 the ratio between the elec- |Av|>1, for which we obtain substantial ratésee, e.g., 3
tron cooler length and the ring circumferenceyr is the .1 4 .2 5.3 64 in Table I), we have calculated the
absolute dissociative recombination rate coefficient for initialjme evolution obtained with our rate coefficients for DR and
vibrational levelv, and aggg’ is the superelastic collision for Av=—1 transitions, but setting to zero all the rates for
rate coefficient from tov’ (v’ <v). N,(t) is the number of |Av|>1 superelastic collisions. The results, shown by the
molecules in the vibrational state at time t, with initial dotted lines in Fig. 5, are farther away from the experimental
valueN,(0) taken from experimentL]. The numerical solu- evolution than the full lines, but the effect is small. The
tions of this differential system are then normalized to therelaxation of H* ions is thus dominated by th&v=—1
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vibrational transitions, for which the calculated rates are todion overlap$ as well as to the size of electronic interactions
small to reproduce the fast decay observed in the storager to contribution of higher electronic partial waves, not yet
rings. included. This is even more true for superelastic collisions
The effect of dissociative recombination on the time evo-than for dissociative recombination. Indeed, in a first-order
lution of vibrational populations has been assessed in tWwe@alculation with open channels orﬂWirect" processe$, the
ways. First, comparing the fourth and fifth columns of TablepR cross section is roughly proportional to the square of the
II, which differ only by the values used for DR rates in the fit Rydperg-valence interaction integrated over the nuclear mo-
of the SEC rates, shows that the faster DR used foruthe {ion[13], while the SEC cross sections vary as the product of
=2 levels in the last columfexperimental values of Table I, o such quantities, i.e., roughly as the fourth power of the
rather than those of Nakashineal. [10]) allows to fit the  pyyherg-valence interactidii0]. Although the indirect pro-
time evolution with rates folv =—1 transitions lower by  .oss involves a complex channel mixing with a less predict-

about a factor of 2, by accelerating the decay ef2 levels. able dependence on molecular data, the SEC cross sections

For our own calculations, which used DR rates much Closanight change significantly with new data without a large
to the experimental ongsee the second column of Table | gﬁect on DR cross sections

we have also performed a test calculation using exactly th (i) Higher orders of th& matrix: In the present calcula-
experimental values for DR raté®urth column of Table)l . 9 o pre:
tions, the Rydberg-valence electronic couplings have been

The effect on the population decay was very srilals than ) SR id in th
10% and unable to reconcile our time evolution with the 2SSumed to be energy independent, which is valid in the
measurements. small energy range studied €0.1 eV). If some couplings

The present theoretical values for superelastic collisioryary Substantially at larger energy, our second-order treat-
rates, although clos@vithin a factor of 2 to previous theo- Ment of the short-range reaction matfig. (3)] would not
retical calculationg8] when comparison is possible, and of be converged 18], and higher-order terms should be in-
the same order as DR rates {0’ cnm®s™ 1), are too small  cluded even for low-energy calculations. We have checked
to reproduce the fast relaxation of,H vibrational popula- however that the largest cross sectignamely, that forAv
tions observed in storage rind4,12]. On the theoretical =—1 transition$, are the less sensitive to such high-order
side, possible reasons for this discrepancy are the followingeffects, and thus the time evolution should not change

(i) Inaccuracies of the molecular data for the high dissonotably.
ciative states, the Rydberg states with excitedrg ion core: (iii) Rotational effects: Including the rotational structure
Indeed, the largest discrepancy between theoretical and eand couplings is certainly the next step in these calculations.
perimental time evolutions in Fig. Besides thex=0 ion  Although rotational interactions are small, it has been shown
level, which accumulates all the discrepancies of the othej7] that for the lightest H molecule they can affect substan-
rates are noted forv=3 andv=4 levels, for which the tially the DR cross sections, at least in the resonance region
contribution of these high dissociative states is important[5,6]. It might hold also for vibrational transitions, even
Cross sections and rates are very sensitive to small displacgrough they are mainly driven by indirect electronic interac-
ments of the dissociative curvéhrough nuclear wave func- tions.
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IV. CONCLUSION in the present calculations, especially rotational couplings,

We have computed rate coefficients for dissociative re_vvh|ch could lead to faster ion decay by electronic collisions.

combination and competitive vibrational deexcitation for thelmproved molecular data—energy of the dissociative states
+ . P ) . and interaction strength with the ionization continuum—may
H, " molecular ion with slow electrons. The dissociative re-

binati Hici btained . d also affect the rates for superelastic collisions with vibra-
combination rate coefficients obtained are in goo agreeme@ibna”y excited ions. It is unfortunate that no direct compari-

with the measurements at the TSR storage fing, in partlpulagon with experimental absolute values for these rates is pos-
the relative values of the rates for successive initial vibra-

. sible.
tional states.

The superelastic collision process is shown to be driven
by indirect electronic interactions between vibrational states,
via the doubly excited states. The rate coefficients obtained We are very grateful to Dr. S. Krohn and Dr. D. Zajfman
here are close to previous theoretical results of Sarpal anfdr stimulating discussions and for providing us with unpub-
Tennyson([8], and are of the same order as the DR ratélished results. V. Ngassam thanks the French Embassy in
coefficients(and often larger But they are smaller by up to  Cameroon for a thesis grant, and O. Motapon thanks the
one order of magnitude than the values extracted from a fit ofwedish International Development Cooperation Agency
the time evolution of the vibrational populations of, H  (SIDA) for a research grant at the ICTP. A. Florescu ac-
measured at the TSR storage ring, within a model restrictelnowledges the financial support of the European Commu-
to theAv = —1 transitions. The present theoretical values donity’s Research Training Networks program, under Contract
not allow to reproduce the fast time evolution of vibrational No. HPRN-CT-200-0142ETR). L. Pichl acknowledges par-
populations measured at the TSR storage ring, even when thial support by the JSPS Grant-in-Aid for young scientists.
transitions with|Av|>1 are taken into account and the DR This work was partially performed in the frame of the coor-
rate coefficients obtained in the same set of calculations or idinated research program “Data for Molecular Processes in
the experiment are used. Edge Plasmas” of the International Atomic Energy Agency

We plan to study the effect of all interactions not included(IAEA, Vienna).
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