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The double ion storage ring DESIREE has been used in combination with position and time-
sensitive detectors to study the mutual neutralisation of N+ with O− at 40 meV collision energy.
Several previously unassigned spectral features observed in a recent single-pass merged-beams ex-
periment at 7 meV collision energy [Phys. Rev. Lett. 121, 083401 (2018)], were also observed in
the present experiment. It was found that neutralisation channels of the first metastable state of the
cation (N+(1D), τ ≈ 256 s) could explain the majority of these features, while the second metastable
state (N+(1S), τ ≈ 0.9 s) was not found to contribute significantly. The branching ratios into the
different electronically excited states of N were determined and found to be in good agreement be-
tween the two experiments. Theoretical calculations using the multi-channel Landau-Zener model
were found to yield good results for a number of channels, but could not describe some observed
contributions, possibly due to the presence of other processes not accounted for in the model.

I. INTRODUCTION

In the Earth’s upper atmosphere, where particles are
constantly exposed to UV radiation and number densities
are low, ionic species exist in what can be described as
a cold plasma. In this unique chemical environment, the
primary ions are oxygen and nitrogen, and charge reduc-
ing reactions involving these species determine many at-
mospheric phenomena [1], such as ultraviolet equatorial
night-glow [2], local heating [3], and isotope fractionation
[4]. While plasma ionization and electron-ion recombi-
nation reactions involving atmospheric species have been
studied extensively in the past [5–8], mutual neutralisa-
tion (MN), i.e, charge transfer between two oppositely
charged ions, has not been equally well-studied. Techni-
cal limitations have often restricted experiments to cross
section/reactivity measurements in the high collision en-
ergy regime, i.e. Ec.m. > 1 eV [9–11]. Although such
studies are useful for testing theoretical models, they are
generally not relevant to the media where these reactions
primarily occur, such as in planetary atmospheres, in-
terstellar molecular clouds, and cool stellar atmospheres
[12].

The mutual neutralisation of N+ with O− has been
intriguing for a long time, due to its high reactivity and
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large number of reaction pathways, and is attributed to
be the first system for which ion-beam MNmeasurements
were performed [13]. In the first experiment, dating back
to 1968, the ion beams were merged into a straight in-
teraction region using magnetic deflectors, and a neu-
tral beam detector was employed to monitor the prod-
ucts. Since these initial investigations, apparatus for
studies into this type of reactions have remained largely
the same, though technical improvements in the 80s and
90s have been made in regard to increasing the signal
to noise ratio. Peart and co-workers [14], significantly
improved this ratio by implementing single particle de-
tectors, which allowed for the use of smaller currents
and effectively reduced space-charge interactions. Subse-
quently, they implemented time-of-flight-based detectors
[15], which allowed the discrimination of neutrals formed
by MN from those arising from collisions with residual
gas, further reducing uncertainties. These improvements
allowed for estimates of the cross section as a function of
the collision energy over a wide range (>1 to 100 eV).
However, it took close to another 25 years before the re-
action was successfully studied in the low collision energy
regime. This was achieved in a state-of-the-art merged-
beams apparatus developed at UCLouvain, in which two
time- and position-sensitive detectors were used in coin-
cidence to determine the three-dimensional spatial sepa-
ration between the products [16].

Since MN reactions involving atomic ions are largely
exothermic, they may result in electronic excitation of
the formed neutrals, and the excess energy is distributed
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FIG. 1: Schematic of the experimental setup of the double electrostatic storage ion ring DESIREE.

into the two products as kinetic energy. The measured
separation between the products can therefore be used
to identify the initial and final states of the reaction, and
branching ratios can be determined from the distribution
of these neutrals on the detector. As MN reaction rates
do not solely depend on the exothermicity, but also on
several other factors such as long-range interactions be-
tween electronic states at their crossing point [17, 18],
they are difficult to model accurately. For a complete
understanding of the MN process, collision-energy de-
pendent reaction data on the product branching ratios
into the open channels is therefore crucial.

In the reaction of N+ and O−, the excess energy allows
the nitrogen to either capture the electron into the 3p-
subshell (with one of the following LS terms):

N+(3P) + O−(2P) →



N(3p 2Po) + O(3P) + 0.96 eV
N(3p 2Do) + O(3P) + 1.08 eV
N(3p 4So) + O(3P) + 1.09 eV
N(3p 4Po) + O(3P) + 1.24 eV
N(3p 4Do) + O(3P) + 1.33 eV
N(3p 2So) + O(3P) + 1.48 eV

,

(1)
or into the 3s-subshell (with one of these LS terms):

N+(3P) + O−(2P) →
{
N(3s 2P) + O(3P) + 2.40 eV
N(3s 4P) + O(3P) + 2.75 eV

.

(2)
Interestingly, de Ruette et al. [16] discovered that about
30% of the reactions actually favour a very different path-
way, namely:

N+(3P) + O−(2P) → N(2s2p4 4P) + O(3P) + 2.16 eV,
(3)

i.e, the nitrogen ends up in a core excited configuration.
While these experimental results were of high quality,
performed with well collimated beams in a high-vacuum

environment, the authors also reported the presence of
metastable ions in their beams, which gave small but
significant contributions in the products-energy spectra.
Such effects are often expected in merged beams experi-
ments, and disentangling these contributions from those
of pure ground-state reactions can be problematic.

At the double electrostatic storage ring DESIREE
[19, 20], these effects can be studied effectively. This
modified merged beams apparatus largely resembles pre-
viously described experimental techniques, with the im-
portant difference being that the ions are not discarded
after a single pass but instead are stored and pass through
the interaction region many times (see Fig. 1), allowing
for radiative de-excitations to take place.

In a recent study [21], the role of metastable ions was
investigated in the MN of O+ with O−. While short-
lived metastable ions were not observed to contribute,
long lived metastable ions (O+(2Do), τ ≈ 3.6 hours [22]),
gave rise to numerous contributions to the product spec-
tra. In the present study, we aim to apply the same
treatment to the MN of N+ and O−. Information on the
metastable contribution is relevant to atmospheric mod-
eling, as photo- and cosmic-ray ionisation processes can
result in the formation of metastable ions [23]. Such a
study also serves as a stringent test of current theoret-
ical models, since calculations involving metastable ions
significantly increase in complexity, due to the increased
number of open reaction pathways and the higher elec-
tronic angular momenta of the reactants and products.
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FIG. 2: (a) Schematic of the merging section and the
measured quantities. (b) Simulation of the voltage po-
tential in the biased region. The gray part of the curve
represents the portion of the drift tube in which the
two ion beams are separated by less than 200 ns in
time. The green bars denote the physical size of the
drift tube.

II. METHODS

Experimental procedure

For the present experiment, N+ is produced from an
electron cyclotron resonance (ECR) ion source fed with
molecular nitrogen as a source gas. The N+ beam is
extracted from the source and accelerated to 7.00 keV.
The O− ions are produced from a TiO cathode using a
Source of Negative Ions by Cesium Sputtering (SNICS),
and accelerated to 7.00 keV. The quoted beam energies
are based on measurements of the actual acceleration
voltages on the ion-source platforms. Once the ions of in-
terest are mass selected and injected into the apparatus,
the ions retain these velocities, and are stored in rings by
the use of deflectors and quadrupole ion-optics. These
ion-optical elements are distributed differently among the
two rings, in a what can be described as a ”symmetric”
or ”asymmetric” arrangement (see Fig. 1). This design
permits the merging of ion beams with different energies
into a common straight section, in which charge trans-
fer takes place. In this region, the oppositely charged
ions approach one another at relative velocities of about
20 km/s. In order to achieve the lowest collision en-

ergy possible, a section of the merged region is biased
by a voltage of 470 V. This accelerates and decelerates
the cation and anion beams, respectively, such that their
relative velocity in the interaction region is close to zero.
The resolution of the product kinetic energy release spec-
tra is related to the length of this biased section, which
can be controlled through the selection of one to seven
drift tubes. The neutral products formed in the reac-
tions are detected by a triple-stack microchannel plate
based detector with a phosphor-screen anode [24], from
which the resulting fluorescence light is guided by an op-
tical beam splitter to a time-sensitive detector (PMT)
and a CMOS-based camera. The event rate is generally
low (0.1-1 counts/second), as small ion beam currents
are used (typically a few nA), with few false coincidences
arising from collisions with residual gas particles or from
dark counts in the detectors.
Recently, a set of movable apertures were installed in

order to control the beam overlap as well as limit the
transverse velocity spread of the interacting ions. These
are placed at the entrance and exit of the merged sec-
tion, as seen in Fig. 2(a), and have diameters ranging
from 2.5 to 25 mm. As in previous experiments, pick-up
electrodes at the entrance and exit to the merging region
measure the beam positions, and two Faraday cups are
used to measure the ion currents at the end of the stor-
age cycle. This allows optimisation of the overlap of the
two ion beams, as the apertures are controlled, by mon-
itoring ion-beam currents and ion-beam lifetimes. The
exit aperture is then removed to allow neutrals to be de-
tected, while the entrance aperture is kept in place, as
shown in the figure. This new implementation leads to a
significant improvement in the signal to noise ratio, and
in a reduction of the transverse velocity spread of the
ions with a concomitant decrease in the collision energy,
as evidenced in the recent work on the MN of Mg+ with
D− [25].

Data evaluation

The separation between the two particles, r, as illus-
trated in Fig. 2(a), is a measure of the kinetic energy
release, EK , through the relationship:

r =
(
r2∥ + (v∆t)2

)1/2

≈
(
2(EK + Ec.m.)

µ

)1/2
L

v
, (4)
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where r∥ is the distance between the products on the
imaging detector, ∆t their arrival time difference, and v
is the average velocity of the ions. The center-of-mass
collision energy Ec.m. depends on the applied voltage U
in the drift tube region, and the angle between the ions,
α, according to:

Ec.m = µ

E1(U)

m1
+

E2(U)

m2
− 2

√
E1(U)E2(U)

m1m2
cosα

 ,

(5)
where E1 and E2 are the beam energies, and m1 and m2

the masses of the cation and anion, respectively (in this
case N+ and O−).
In order to achieve the best resolution, a single drift

tube was biased in the present experiment. However, as
illustrated in Fig. 2(b), this results in large fringe field
effects, i.e, the collision energy is high over a significant
fraction of the interaction region. MN events occurring
at these points will therefore have larger separations r,
and this makes it difficult to resolve individual channels.
In order to limit this effect, two processes are performed
during the data analysis. The first is the exclusion of
events with arrival time differences larger than 200 ns.
This confines the range of allowed collision energies, as
illustrated by the gray line in Fig. 2(b), while still per-
mitting detection of all product channels. The second
process makes use of the anisotropy associated with high
energy collisions: As the collision energy increases, the
products’ final velocity vectors are more likely to be along
the beam axis, i.e the v∆t term tends to dominate in the
measured r values. Removing events for which this is the
case thus allows to further account for these fringe field
effects.

In order to extract the product branching ratios, simu-
lations of the r distributions based on these constrains are
performed for each output channel (equation 1-3), and
these are then fitted to the experimental data. These are
then corrected for the kinetic energy release dependent
angular acceptance of the detectors (for more details, see
reference [21]).

Theoretical calculations

Theoretical calculations of the partial cross sections
for electron transfer into the various final states are per-
formed following the method outlined in Poline et al.
[21], which largely follows the method described by Zhou
& Dickinson [26]. The method employs the multi-channel
Landau-Zener model expressed in term of partial waves,
and uses an anion centered asymptotic method to deter-
mine the coupling matrix elements [27]. The polarisabil-

ity of N+ is adopted as α1 = 3.67 a.u. from Éhn and
C̆ernus̆ák [28], while for O−, α2 = 21.59 a.u. is adopted
[29].

The N+ + O− system is special as one of the channels

was found to result in the core-excited configuration state
N(2s2p4 4P) (equation 3). This would normally require a
two-electron process during an MN reaction, i.e the trans-
ferred electron would additionally result in excitation of a
2s electron to the 2p orbital. This was surprising in view
of previous theoretical calculations by Zhou & Dickin-
son [26], which predicted a fairly small cross section for
this particular transition due to the nature of the pro-
cess. However, de Ruette et al. [16] showed that, due to
configuration interaction, this 4P state contains contribu-
tions from several configurations, which means that the
electron transfer can be described as a one-electron pro-
cess. Taking this into account in the calculations yielded
results in better agreement with the experimental obser-
vations [16]. It is therefore necessary in the present study
to compute the configuration mixing between the atomic
states in order to accurately determine the coupling ele-
ments. This is especially true for calculations involving
metastable ions since most low-lying states of interest of
neutral nitrogen are dominated by configurations consist-
ing of the ground state ionic core with an outer electron.
Hence if this effect was to be ignored, neutralisation of
the first metastable state, N+(1D), would be limited to
the following channels:

N+(1D)+O−(2P) →

N((1D) 3p 2Po) + O(3P) + 1.05 eV
N((1D) 3p 2Do) + O(3P) + 1.27 eV
N((1D) 3s 2D) + O(3P) + 2.61 eV

.

(6)
Recent investigation of the role of the long-lived
metastable cation O+(2Do) in the MN of oxygen ions
[21] revealed that a number of O((4So) np/nd) Ryd-
berg channels also had non-negligible contributions to
the spectra, which suggested the presence of core mixing
of the 2Do metastable term in these states. In nitrogen,
the metastable state N+(1D) lies about 1.9 eV above the
ground state, and has a calculated radiative lifetime of
256 seconds [30], which exceeds the storage time used
here, and thus its contributions must also be evaluated
theoretically to compare with experiment.
To achieve this, an appropriate set of initial N+ +O−,

and final N + O channels are included in the model.
Mixing between the different core terms and configu-
rations of N is estimated through multiconfigurational
Hartree-Fock (MCHF) calculations using the ATSP2k
code [31, 32]. Since the aim of these atomic structure
calculations is to provide rough estimates of the mixing
effects between different LS-coupled states in the scatter-
ing calculations, we keep the number of basis states as
small as possible, and also omit relativistic interactions
between fine-structure states of the different terms. For
the range of possible 2s2 2p2 nl configurations, the cor-
relation models are restricted to the interaction within
the configuration itself to facilitate a simple estimate of
the mixing between states with different 2p2 core terms.
Each configuration is treated individually with orbitals
optimized in separate MCHF calculations targeting the
lowest term only. The obtained orbital wavefunctions
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are then used in subsequent configuration interaction cal-
culations including all terms of the configuration under
consideration to obtain all its LS eigenstates.

For 2s 2p4 4P and 2s22p3 4S, 2P, 2D the main mixing
occurs between basis states belonging to different con-
figurations. For these cases, correlation is therefore in-
cluded within the n ≤ 3 set of configurations constructed
through single and double substitutions from either of
the four considered reference states, within the orbital
set {1s, 2s, 2p, 3s, 3p, 3d}. The core 1s2 shell is always
kept closed. Each of these four terms is optimized in
separate MCHF calculations.

III. RESULTS AND DISCUSSION
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FIG. 3: Yield of neutral N/O pairs as a function of the
separation r between the products, at collision energy
of 40±10 meV. The full curve results from a fit of sim-
ulated distributions, the peak positions for which are
shown as bars.

The observed products-energy spectrum measured at
Ec.m = 40±10 meV is shown in Fig. 3 as error bars. Note
that the quoted collision energy was determined based
on the shift of the distributions according to equation 4.
The bottom scale of the figure shows the measured sepa-
ration between the N and O fragments while the top scale
shows the corresponding kinetic energy. As can be seen,
a multitude of channels are observed, corresponding to
equations 1-3. However, smaller features at, for example,
1.0 eV (∼ 3.2 cm) and 1.7 eV (∼ 4.1 cm), do not belong
to any of these channels, and instead are found to corre-
spond to channels from the first metastable state of the
cation, namely N+(1D) (τ ≈ 256 s [30]). To highlight
this, a fit was performed, including all possible single-
electron output channels from the ground and metastable
state, and is shown in the figure as a full gray line, with
the individual contributions marked as coloured bars at
the corresponding r(Ek)-values for these channels. Sev-

eral metastable channels (here shown as red full bars) are
then also found at 2.6 eV and 3 eV, with an even larger
contribution in the vicinity of the main peaks around
1.3 eV (3.6 cm), which could have substantial effects on
the measured branching ratios if neglected. We therefore
undertake a re-analysis of the spectrum of de Ruette et
al. [16], measured at 7 meV collision energy. A new fit,
including these metastable contributions, is presented in
Fig. 4, with a complete identification of all channels that
were found to contribute.
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FIG. 4: Yield of neutral N/O pairs as function of the
kinetic energy release, at collision energy Ec.m. = 7
meV. Spectrum is from the single-pass experiment per-
formed by de Ruette et al. [16]. Predicted channel po-
sitions are shown as dotted lines, with the metastable
state’s contributions detailed in the bottom panel. The
full curve results from a fit of simulated distributions.

The observed additional features are found to be
present at the same peak positions as in the present
experiment at DESIREE. Hence, we conclude that
these previously unassigned contributions arise from the
N+(1D) metastable state neutralising to a variety of elec-
tronic states (see bottom panel of Fig. 4). Here we no-
tice, however, a small mismatch of the fit in the spectra at
around 2.7 eV. At these energies, the second metastable
state N+(1S) (τ ≈ 0.9 s) may contribute to the signal, as
marked by a vertical line in the spectrum. In contrast,
our data at 40 meV collision energy correspond to 10
seconds storage time, which implies that this metastable
state would not contribute significantly to the spectra if
initially present.
We also observe an excess signal over the fit at around

1.6 eV, here marked with an asterisk. Interestingly, a
similar observation is made in the DESIREE experimen-
tal spectra (3.9 cm in Fig. 3). The position of this feature
is found to correspond to a channel of the ground state
cation resulting in N(2s2p4 2Do) + O(3s 5So), i.e a pro-
cess in which both atoms end up electronically excited.
As such processes are believed to be rare, and are dif-
ficult to treat theoretically, these were neglected in the
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TABLE I: Branching ratios of the MN reaction N+(3P/1D) + O−(2P) → N(nl 2S+1L) + O(3P). Note that the N(3p
4Po) ground state channel (row 4) branching ratio might be overestimated due to the possible presence of the N(3p
2Fo) (row 16) metastable state channel at the same energy.

Mix. coef.a EK (eV) Exp 7 meVb (%) Exp 40 meVc (%) Theoryd (%)
N+(3P) →
N(3p 2Po) 0.99 0.96 0.67±0.13 0.2±0.2 0.49
N(3p 2Do, 4So) 0.99 1.08 2.42±0.15 3.4±1.2 3.27
N(3p 4Po) 1.00 1.24 12.44±0.28 10.8±0.8 9.82
N(3p 4Do) 1.00 1.33 23.62±0.30 23.8±0.4 28.0
N(3p 2So) 1.00 1.48 5.04±0.17 5.1±0.5 7.38
N(2s2p4 4P) 0.35 2.16 33.38± 0.30 34.3±0.6 33.4
N(3s 2P) 1.00 2.40 17.54±0.26 17.1±0.5 15.6
N(3s 4P) 1.00 2.75 4.89±0.23 5.3±0.6 0.17
N+(1D) →
N(n > 5) - <0.98 15.87±1.58 12.3±3.0 -
N(5d 2P,D,F) <0.01 ∼0.98 5.90±0.76 9.5±3.1 10−6

N((1D) 3p 2Po) 0.99 1.05 4.89±0.92 4.0±2.9 6.8
N(5p 2Do) 0.01 1.10 8.90±0.87 3.1±2.3 10−3

N(5p 2Po) 0.01 1.18 6.15±1.25 8.2±3.9 10−3

N((1D) 3p 2Fo) 1.00 1.24 - - 53.6
N((1D) 3p 2Do) 0.99 1.27 25.97±1.81 35.3±10.4 38.8
N(4d 2P,D,F) <0.01 ∼1.29 - - 10−4

N(4p 2Po) 0.03 1.63 5.12±0.94 4.1±1.9 0.16
N(4p 2Do) 0.03 1.68 11.11±0.90 10.8± 2.1 0.35
N(3d 2P,D,F) <0.01 ∼1.9 3.03±0.89 4.2±3.0 0.02
N((1D) 3s 2D) 1.00 2.61 5.18±1.55 4.9±2.5 0.21
N(3p 2Po) 0.11 2.85 5.50±5.50 - 10−3

N(3p 2Do) 0.12 2.97 2.40±2.40 3.6±1.1 0.01
a Mixing coefficient of the parental ion’s core. b Revised results of de Ruette et al. [16] c Present results d Present calculations

fit. We therefore chose here to only present the branch-
ing ratios for channels which could be described as single
electron processes in our model. These are shown in Ta-
ble 1, for both the ground state and metastable state of
the nitrogen cation, in comparison with our theoretical
results.

For the reaction involving the ground state cation, the
two experiments (column 5 and 6) are found to mutually
agree within the statistical uncertainties and fairly good
agreement is observed between experiment and theory.
To highlight this, these branching ratios are also shown
in Fig. 5 as a function of collision energy.

As can be seen, no change is expected below 1 eV colli-
sion energy from the theory, and this is confirmed by the
present experimental results. The values differ slightly
between theory and experiment but there is agreement
concerning the dominating channels. The largest dis-
crepancy is observed for the N(3s 4P) channel (lowest
full line), for which calculations predict a negligible pop-
ulation. A similar inconsistency was observed in the MN
of O+ with O− [21] for one of the channels, and is at-
tributed to the theoretical model’s low accuracy for the
treatment of more energetic transitions, which typically
occur at short internuclear distances.

For the reaction involving the metastable cation, the
uncertainties of the fit are larger, due to overlap of the
peaks with each other as well as with the main chan-
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FIG. 5: Branching ratios for the MN reaction of
N+(3P) with O−(2P) as a function of the collision
energy. Present theoretical calculations are shown as
lines, and experimental results as error bars.

nels. Nevertheless, most of the contributions are found
to be in agreement between the two experiments, with
the N(3p 2Do) channel at 1.27 eV found to dominate.
On the other hand, theoretical calculations predict that
the most prevalent channel is the N(3p 2Fo) state at 1.25
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eV. This channnel is not resolved in the two experiments
since it coincides largely with the N(3p 4Po) ground state
channel, and thus was ignored in the fits. As such, the
branching ratio for this particular state could be some-
what overestimated.

Noticeably, the theoretical calculations predict that
mostly states where the core predominantly corresponds
to the metastable N+(1D) (see second column) are
populated. However, it is clear from the experimental
data that states with mainly 3P (ground state) core also
contribute to the spectra. For example, at 1.65 eV a
clear peak is observed in both spectra, corresponding
to neutralisation to the N(3P 4p) states. While the
theoretical calculations predict some mixing of the 1D
core to be present in these states (corresponding mixing
coefficient ∼ 0.03), the computed branching ratios
disagree by a large factor. Such discrepancies were also
observed in the study of O+ with O− [21], and it was
believed that these were mainly due to a failure of an
approximation used for the calculations of the coupling
elements in mixed states. However, the discrepancies in
the present study cannot be explained in the same way.
The assumption that one-electron processes dominate
over multi-electron processes becomes less secure as the
mixing coefficient of cores relevant to the one-electron
process becomes smaller, since the mixing coefficient
determines the scale of the one-electron interaction
compared to a possible multi-electron interaction. In
the present calculations, the N(2s2p4 4P) channel (row
7), is highly mixed (corresponding mixing coefficient of
the ground state core is ∼0.35), and its branching ratio
is predicted in reasonable agreement with experiment,
suggesting that here indeed the process is dominated
by the one-electron process. In contrast, the channels
arising from the metastable state that have small mixing
with the N+(1D) core, are seen to not agree well with ex-
periment, theory always predicting branching ratios that
are significantly smaller. This suggests that there might
be a significant multi-electron contribution in these cases.

These results further confirm the limitations of the
model for predicting the branching ratios in systems in-
volving excited ions, highlighting the need for develop-
ment and use of more advanced models. For example,
an alternate asymptotic method based on linear combi-
nation of atomic orbitals (LCAO) [33–35] has been used
to estimate coupling elements, with some success for MN
systems with hydrogen as one of the collision partners
[25, 36, 37], but cannot, in its present form, capture
multi-electron processes. In recent years, ab initio meth-
ods have been employed to evaluate MN cross sections
from quantum chemical calculations of the potentials and
couplings [38–40], with some results in excellent agree-
ment with experimental data [41, 42]. However, these
have only been applied to simple systems so far, as ad-

vanced computational methods are often necessary. Ex-
tensions of the present model to include multi-electron
processes might therefore be a more suitable approach,
but could also turn out to be insufficient to provide an
accurate description of the reaction.

IV. CONCLUSIONS

We have studied the mutual neutralisation of N+ with
O− using a double ion storage ring and theoretical cal-
culations. The branching ratios into the different pairs
of electronic states were determined from measurements
of the separation and arrival time differences of the neu-
tral pairs at a center-of-mass collision energy of 40 meV.
Several spectral features, previously observed in a recent
single-pass experiment, were identified to be contribu-
tions from the first metastable state of N+ neutralising
to various product states. When taken into account, the
results of the two experiments, as well as theory, are
found to be in fairly good agreement for the ground state
cation, while theoretical calculations fails to predict cor-
rectly several observed contributions from the metastable
cation, possibly due to the presence of processes not ac-
counted for in the model, such as multi-electron pro-
cesses.
The present experiment also serves to characterize the

present status of DESIREE in terms of the resolution and
general quality of the data that can be achieved after
a recent upgrade improving the collimation of the ion
beams.
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