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Resonant ion-pair formation from the collisions of N@ns with electrons was studied using the heavy-ion
storage ring CRYRING at the Manne Siegbahn Laboratory of Stockholm University. The total cross section is
measured for the formation of N-O~ for electron energies 8—18 eV, and the results are compared with
ion-pair formation in photoionization work. A peak in the cross section is observed at 12.5 eV, with a
magnitude of 8.% 10 *°cn?. An attempt to extract the cross section for the reverse process of associative
ionization is made.
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[. INTRODUCTION and the more recent work of Swat al. [11]. To the best of

our knowledge, a similar investigation concerning the RIP

Dissociative recombinatiofDR) is a process in which a Process had not been performed prior to this work, neither

molecular ionAB™ captures an electron followed by mo- experimentally nor t'heo'reu.call_y. The reverse process to DR,
lecular dissociation into neutral fragments. Resonant ion-paifa@mely the associative ionizati¢al ) between N and O neu-
formation (RIP) proceeds very much in the same way, thetrals' has also received some attent{d,13, and some

. ) ; uantum yields were measured as a function of the quantum
difference being that charged species rather than neutral sp, fates of the associating atoms. On the other hand, there is

cies are formed, which means that the number of positivey 5 ack of data for similar measurements concerning the
and negative charges is preserved. In most cases the RiFhic counterpart, i.e., associative ionization ifi NO™ col-
process is endothermione exception being HF[1]). As @ |isions, which is the reverse process to RIP.

result, the cross section exhibits a threshold behavior. For a This paper presents our storage ring results on resonant
diatomic ion, the ion-pair formation can be represented byon-pair formation from ground-state NGons. In addition,
AB'+e  —AB** AT +B~ +KER, where KER is the ki- a model is used to derive information concerning the reverse
netic energy release. process, the associative ionization. The paper is organized as

The NO' ion, together with iy and Q,*, is very impor- follows: the general features of the storage ring are intro-

tant in the terrestrial ionosphere where dissociative recombl(-juced (Sec. Iy as well as the data analysis procedgre to
nation and photodissociation are the only chemical loss pro(—aXtraCt the RIP cross sectiofsec. ”D'- These cross seqtlons
are presented, discussed, and put in perspective with those

cesses. The resulting energetic oxygen atoms give rise tr%ported by otheréSec. IV). A model is used to extract the
atmospheric phenomena such as the geocd®@hahe DR A cross sections in Sec. V.

process of NO with electrons has been studied both experi-

mentally and theoretically. The experimental studies include Il. EXPERIMENT
the ion-trap experimenfwalls and Dunn3]), the merged-
beams experimer(Mul and McGowan[4]), the flowing af-
terglow experimentgAlge et al. [5], Mostefaouskt al. [6]),
the stationary afterglow experimetfWeller and Biondi7]),
and more recent studies using the storage ring ASTRID a
Aarhus Uni_versithejby—Christer_]seret al.[8]). These vari- lasma ion source called JIMIEL4] by simply letting air

ous experiments concerned different aspects of the D@ak in. After extraction from the source at 40 keV, the ions
process—cross sections or thermal rate coefficients versuge mass selected, injected into the ring, and accelerated to
center-of-mass energy or electron temperature, respectivelyze 3.2 MeV maximum energglimited by the magnetic ri-

and there is a very good agreement between the differerfidity of the ring, which takes about 1 s. This time scale
experiments, with the thermal-rate coefficient at room temq|lows infrared active ions, such as NQwith a sizable di-
perature within the range of 45107 cm®s™™. Thisis also  pole momenk to vibrationally relax prior to measurements.

in very good agreement with the theoretical computationsor NO', the radiative lifetimes for the lowe3t 'S * vibra-
found in the pioneering work of Bardsld®] and Lee[10] tional levels are less than 100 5], whereas those for the

The experiment was performed at the heavy-ion storage
ring CRYRING, located at the Manne Siegbahn Laboratory
of Stockholm University. A brief description is given below
see also Fig. 1

The NO" ions are produced in a hollow cathode cold
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FIG. 1. The ion storage ring CRYRING at the Manne Siegbahn > 2 n . . T
Laboratory, Stockholm University. Time (s)

FIG. 2. (a) The electron cooler cathode voltage variation scheme
versus time. (b) RIP signal-background spectrum measured ver-
us time by means of the surface barrier detect¢r) Background
ectrum measured versus time by means of the surface barrier
EHZtector.

a 33" metastable state are about 700 [h§]. In any case,
these are much shorter lifetimes than the acceleration tim
(1.1 9 and the storage time before data are taken, which is
s after full energy has been reached. In the electron cool
section, the ion beam is merged with a collinear, quasimo-
noenergetic electron beam. These electrons have a velocity Fig. 2. The energy resolution at 10-eV center-of-mass en-
spread that can be described by an anisotropic Maxwellergy is under optimal conditions about 125 m@Wainly due
Boltzmann distribution(in the rest frame of the electrons  to the energy spread in the electron bg¢aamd the absolute
accuracy of the energy scale is about 50 meV. As will follow
Me ( Mg )1/2 ;{_ mevé_ meVe2:|) later, we most probably did not have optimal conditions in
27k T, |\ 27k Ty ex 2kTe, 2KTy)/' the present experiment.
While the ions are circulating in the main orbit, the nega-
tively charged products Ofrom the RIP process, and O
where Ty and T, represent the longitudinal and transverseproduced from NO collisions with the rest gas molecules,
temperatures, respectively, witkT,~0.1meV andkT,,  are bent to the outside of the main trajectory, where they hit
~1meV. an energy-sensitive 27-mm-diam surface barrier detector
The experimental protoc¢lL7] is the following. First, the  (SBD), which has a 100% detection efficiency at the choosen
ions are accelerated and then cooled¥s byallowing them  beam energy. The Oproducts are spread over an area cor-
to interact with velocity matched electrons, which results in aresponding to about one-third of the detector area. The SBD
reduction of their thermal random motigphase-space cool- s placed in the dipole chamber, just downstream of the elec-
ing); in this particular case the phase-space cooling is slowron cooler. The O signal is recorded by a multichannel
and the primary reason foreh3 s cooling is to remove the scaler(MCS), which gives the number of counts in the de-
metastable state and to obtain vibrational cooling. Secondector versus both timéFig. 2) and cathode voltage and, by
the electron velocity is changed so that collisions at well-simple correlation, versus the center-of-mass energy. How-
defined energies are obtained. The center-of-mass energy dser, as mentioned earlier, part of the detectedfi@gments

F(ve) =

given by the conventional relation arises from collisions with the rest gas molecules and has to
) be separated from the true signal.
Ecm=(VEe— VEcoo)?, 2 As shown in Fig. 1, a scintillation detector is mounted at

the end of one of the straight sections. Neutral particles aris-
with E, the average electron energy akg,y the cooling  ing from collisions of the stored ion beam with residual gas
electron energy~60 eV in the present cageboth energies molecules are recorded by this detector during the experi-
expressed in the laboratory frame of reference. For each irment, hence it serves as a convenient beam intensity monitor.
jection cycle, just after the cooling period, the cathode volt-

age of the electron cooler is rapldly detuned to about 110 V IIl. DATA ANALYSIS PROCEDURE TO EXTRACT THE

(in about 2 m§ which corresponds roughly to 7.5 eV in the CROSS SECTION
center-of-mass frame. This voltage is further increased for 2
s to reach the top value e$150 V (=20 eV center of mass The experimental resonant ion-pair formation rate coeffi-

in order to cover the energy range of interest for the processient(v. o) is given by the relatiorifor a given center-of-
under study. Then, the voltage is rapidly ramped down to thénass velocityv, ,,) [18,19

cooling value in about 2 ms, and the injection cycle is com-

pleted with the electron beam at cooling energy for an addi- (v U>:RB£ M
tional 3.6 s. The cathode voltage variation scheme is shown em Nel N

3
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whereC is the circumference of the ring the length of the 10x10™ — —_— ——
electron cooler, and, the electron densityNgp represents [ NCPHO(R)  N(DFO(P)  N(SyO(F)
the number of counts coming from the RIP process in a : l

certain time interval; it is obtained by subtracting the back- 810" |
ground countsgarising from collisions with residual gas mol-
ecules measured in the SBD with the electron cooler setat _ . [

cooling energy from the number of counts in the SBD when
the cathode voltage is ramped. Simultaneously with the re-g
cording of the SBD MCS spectra with the cathode voltage § 4ox10®
ramped, the scintillation detector was used to record the g
number of neutral particleNgg, arising from collisions of &

the stored ion beam with rest gas molecules. The last term ir 20x10" ; PN e

Eq. (3) to be discussed iRg, which is the destruction rate . ; T ’ "\&;;{L.\_

per ion and per unit time in the straight section containing 00 [ wgammened ! RV,
the scintillation detector. It is obtained by measuring a MCS .........1....‘.‘......,.l.............ﬁ.

spectrum from the scintillation detector simultaneously with A R L

measuring the ion-beam current by means of a current trans Center-of-mass energy (V)
former. It is directly related to the number of counts mea-
sured in the scintillation detector per unit timg{,Ng)/dt,
thus

FIG. 3. RIP absolute cross sections are represented versus the
center-of-mass energy in by a solid line whereas the normalized
photoabsorption data by Ermaat al. [22] are represented by a
d(Nsg) 1 dashed ]ine. The error bars are purely statistical at thietel. The
5= sl = , (4) dotted lines represent the partial RIP cross sections for the two

dt I lowest ion-pair limits(see text Sec. ¥

where |; is the ion-beam current recorded by the currentmeasured by recording the Gragments coming from the
transformerg is the electric charge, arfg is the revolution  N*+0O~(?P) channels. The thresholds for the formation of
frequency of the ions, the so-called Shottky frequency. They* in the 3P, 1D, and 'S states at 10.3, 12.2, and 14.4 eV
measured rate coefficieit; o) is then related to the cross [22], respectively, are indicated by the arrows in Fig. 3. Also
section by shown are the data of Erma al.[22] obtained from photo-
ionization of NOX 2II, and leading to the same ™N-O~
exit channel. The latter data were originally published on a
relative scale, but to make the comparison with our data
easier, we have normalized them to our largest observed
where f(vem.,ve) is the electron velocity distributiofisee  peak at 12.44 e\(571 A in their wavelength scaleln order
Eqg. (1)] around the averaged center-of-mass veloeity, . to put Ermanet al. data on our energy scale we used the

In addition to the analysis procedure described above, @nergy conversion factor 1ev8065.541cm' and the
few correctiong 14,20 have to be made in order to obtain value for IRNO)=9.264 eV[23].
the rate coefficientand consequently the cross secjias a The RIP cross section for NOconsists of two parts, a
function of the electron energy. First, the center-of-mass enbroad structure centered about 11.8 eV and a sharp peak at
ergy has to be corrected to account for the space charge d2.44 eV. At the sharp peak, the magnitude of the cross
the electron beam. In the present case, owing to the weaknessction is 8.5 10~ °cn?. The appearance of Ofrom RIP
of the electron current, this represented a correction of noccurs at a slightly lower energftO eV) than the expected
more than 8—9%. Second, due to the geometry of the eleghreshold energy at 10.3 eV. This difference of 300 meV is
tron cooler, the ions do not interact with electrons only in alarger than the anticipated resolution of 125 meV and the
straight section of the cooler but also in the curved edgesnergy scale accuracy of 50 meV. This disparity might sug-
where the relative velocity is different. As a result, a numbergest that there is an error in the energy scale, were it not for
of the counts recorded by the detector at a given energy hdbe excellent agreement between our data and those of Er-
a contribution from collisions that occur at somewhat largerman et al. [22] concerning the peak at 12.44 eV. Thus, a
center-of-mass energies, resulting in a modification of thanore likely explanation is that the energy resolution in the
signal. An iterative procedure is used for this correction,experiment was 300 meV rather than 125 meV. This could
which has been described previously by Lamgral. [21].  occur if the electron and ion beams were not perfectly
It should be pointed out that this correction is essential inaligned. Owing to the electron space-charge effect, the ki-
order to determine the correct appearance energy for the RIfetic energy of the electrons in the beam is not uniform over
process. its cross-sectional area. Thus, an ion moving through the
electron beam at a finite angle will experience a broader
electron-energy distribution than an electron moving parallel
with the electron beam.

The absolute cross section for the RIP process as a func- The discussion that follows will be relatively speculative,
tion of center-of-mass energy is presented in Fig. 3. It waslue to the sparse amount of molecular data available, espe-

<Vc.m.0'>: J‘jxva( V) f(vempe)dve ©)

IV. RESULTS AND DISCUSSION
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16 states, 80,3d7 (shown in Fig. 4, 4po, and 4= for the
production of the N(3P)+ O™ (?P) channel. One obvious
difference between the two types of experiments is the lack
of selection rules for the electron-impact experiméeriP).

BT dso Another difference concerns the equilibrium values of the
. internuclear separation for the two types of target€963
N'(D}+O (P) and 1.151 A for NO and NO, respectively Since both

= N'CP)+O(P) targets were vibrationally cold, the result is that the Franck-
NCS)+O'CS) Condon regions for the vertical transitions are different and
NCP}O (P) _con_sequer_ltly so are the coupllng_s dr!vmg the F_lIP and photo-
ionization ion-pair processes. This might explain the absence
of the four resonant structures in our data. On the other hand,
the broad structure located around 11.8 eV has essentially no
counterpart in the photoionization data.

Present in both experiments, and in perfect agreement, is
the sharp structure centered at 12.44 eV and located above
the N*(!D)+0O"(?P) limit. In fact, our structure appears
slightly broader than that from the photoionization ion-pair
formation work. The structure was attributed by Ernedral.

[22] to be due to direct dissociation via the second ion-pair
state. The broader structure that follows, with a maximum at
about 12.5 eV, was assigned to be due to the predissociation
of the Rydberg stat®’ '3 "4so (shown in Fig. 4 by the
second ion-pair state.

Finally, in the energy range around the third dissociation
limit at 14.4 eV, N (!S)+ O (?P), we clearly observe a
peak in the vicinity of the threshold, but due to the rather
P B BRI BRI B ) poor statistics owing to the low cross section, it is difficult to

1 2 3 4 " speculate further. A similar structure was observed in the
photoionization experimen{22,25.

N Cp
14 (S)>+O(P)

12

10

Potential energy (eV)

Internuclear separation (A)

FIG. 4. lonic and neutral potential curves relevant to the present V. SOME PARTIAL CROSS SECTIONS FOR THE
study. (Adopted from Ref[22].) The eight ionic states are repre- ASSOCIATIVE IONIZATION PROCESS
sented by solid lines, the two Rydberg neutral states by dotted lines
and the three neutral states correlating to the ionic limits-®~
by thick solid lines. The ground-state ionic curve is taken from Ref.
[31].

’ We present now the attempt we have made to extract
some cross sections for the associative ionizathin

NT(PP,'D)+ 0 (°P)—>NO" (X 13" v=0)+e",

cially as it relates to the potential curves of NO correlating toWhich is the reverse process of the RIP mechanism discussed
the N"+0O~ limits. According to the correlation rules, 12, 9, b

and 2 different molecular states correlate to" (RP) above. The model is based on the detailed balaimi®)

10 (P), N*(ID)+ 0 (2P), and N'(1S) + O (2P), re-  Princile. : : .
spectively. These are tHas. (1), 245~ (2), 241(2), and rea‘l(':itcamba&c idea is the following. For a given chemical
247 (1) stategthe N*(°P)+ 0O (?P) limit] [24], 237 (2),

25 7(1), 2I1(3), 2A(2), and 2®(1) states[the N" (D) —

+07(?P) limit] [24], and 237 (1) and 2II(1) states[the A+B < C+D, (6)

N*(1S)+ O (?P) limit] [24]. (The numbers in parentheses
represent the number of electronic states of that particulaf one includes the total degeneracies associated with the
symmetry, in accordance with R¢24].) Three of these ion- angular momenta; (i=A, B, C, andD), one gets the rela-
pair states are represented in Fig(tde lowest one of each tion
atomic limit).

A comparison of our RIP data and the photoionization P?9adsc(P) =P’ *dcOpTRes(P") (7)
ion-pair data[22,25 reveals that the former contain less
structures, with the exception of the peak at 12.44 eV. Espawith p?=2uE;,, and p'?=2uE;.; u (4') and
cially striking is the absence in our cross-section data of thé&. (E. ) being the reduced masses of the entrafeoet)
four resonant structures lying above the first threshold ofhannels and the corresponding center-of-mass energies, re-
NT(®P)+ 0O (?P), but below the second one, !D)  spectively. For the RIP or Al processeésB* +e—A*
+07(?P). In the paper of Ermaret al. [22], the authors +B~, one has also to account for the rotation of the molecu-
stressed the important role of the intermediate Rydbeth lar ion AB™, with the quantum numbeN. The theoretical
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treatment of the RIP and Al cross sections is fairly similar 10" ¢
(see Urbairf26]), and can be expressed by a development in ;

partial waves of th& matrix elementsk, ., andk/ ,, are the { ‘1[ H
modules of the wave vectors

-
(=3
E
Yy T
e
——e—
—e—
—e—
—e—

T
orip(Kem) = k2_|S|2’ (8)
c.m.

. 2.
Cross section (cm”)
[Eisag
23]
2l

o
oa(kim) =iz 2 2 SN+, (9 i
c.m. v

If, for simplification, one makes the assumption that the par- [ EE{{
tial wave elements do not depend much on the rotational Eﬂﬂ}
degree of freedom, it follows that e L L —_— . s

10°

Center-of-mass energy (eV

S S SN~ (N+D) Y SV e

N v N v FIG. 5. The extracted Al cross sections versus center-of-mass

(10 energy from the DB moddlee Sec. Y. The closed circles are for
the association of K(3P)+0O~(?P)—NO™ (X '3 * v=0)+e"
whereas the open circles arew for "(D)+O (?P)
—NO"(X 3+ v=0)+e".

Since

|57=2) [sV?, (19
v and Orel[28] by only a factor of 2. A careful error analysis

there i imple link betw the RIP and Al i of our model will be given below.
ere Is a simpie fink between the an CroSS SeCUoNS, \ye handled the data in the following way. In our experi-

Itf oned talges into_a;uf:outnr;[ thel dtegeneracg'es 2Ji+1 men- nental RIP data for NO, we observed the opening of the
ioned above(g,=2 for the electron three N'(°P, 'D, and'S) + O (?P) channels. Therefore we

E Npmax had to extract the partial RIP cross sections for these chan-
on(EL )= Lol L 9ae+ Qe > (2N+1)orp(Eem)- nels in or_der to apply the DB model. We did so'in a some-
m Ecm 9a+0s- 70 what arbitrary way, and we are aware that this can be a

(12 matter of discussion. In fact, we considered only the two
. . _ lowest N"(°P and ' D)+ 0O~ (?P) channels, and fitted our
The Iast. tern:“to be quantified May, Wh"?h appears in the RIP cross sections assuming they consisted of two Gaussians
summationX,™*(2N+1)=(Nyq,c+1)* and is energy depen- on top of each othefsee Fig. 3 Between 10.3 and 12.2 eV,
dent. It is related to the rotational temperature and gives théhe only channel to be populated is*(#P)+O~ (?P).
cutoff beyond which the molecular ion is unbound. This iSAbove 13 eV, both3P and 1D channels Certaimy do con-
obtained from the centrifugal distortion of the potential tribute, but it is impossible to know in which proportion. In
curves that respect, our fits certainly underestimate the contribution
of the D channel, the corresponding Gaussian being much
— . (13 narrower than that for théP channel. This will certainly
2u'R contribute to the uncertainties on both the absolute magni-
. ) . tude of the Al cross section and the shape of the curve. These
For energies WittNmac>Nmaxunbound state the effectiveNma  uncertainties constitute an important issue that we develop
is taken t0 b&Nmaxunbound state ThEJ quantum number in EQ.  next. From the different parameters that enter in @8), we
(13) can be connected to the rotational quantum nunber .qnsidered the following uncertainties:
by simple vector constructiof4]. First, AE. , andAE, ., for the RIP energy scalg‘elec-
Figure 5 presents the a;somatwg ionization resul'gs for thg. o, energy’) and the Al energy scal&fion-pair” energy),
entrance  channels N°P)+O0"(*P) and N'('D) respectively. We assumed our RIP energy scale, corrected by

— 2 . . . .
+0"(°P), respectively. Again it should be pointed out that o 'snace-charge correction mentioned above, to be accurate
the outputs of our model deal with partial associative ionizay,jthin 59. The following relation links both energy scales:
tion cross sections. Indeed, in order to test this simple

method, we predicted the RIP cross section for HgHsing E. m=Ecm— Ethreshols (14)

as input data the direct measurement of the Al process pub- o o

lished by Najiet al.[27]. To the best of our knowledge, the with E,esnoqr€presenting the RIP threshold€.3 and 12.2,
RIP cross section for HeHhas not been measured yet, but respectively. These thresholds are experimental and are as-
has been calculated by Larson and Q&8] using the more sumed to be known within 0.1 eWsing the threshold ob-
sophisticated wave-packet formalism. In terms of magnitudeerved in this experiment, 10.0 eV, would give a 25%
for the cross section, our predictions for HelHased on the smaller Al cross section at 0.1 eV, which is within the error
DB principle differed from the wave-packet result of Larson bars given in Fig. b

U;(R)=Vo(R)—J(I+1)

012702-5
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Second, the uncertainty in the cutoff in the rotationalment of the associative-ionization procg38] gave a value
quantum number, of 1.34x10 *cn? at 0.02 eV for N (3P, D)+ 0O (?P)
—NO*+e™, thus one order of magnitude lower than the
ANpa= VNma= 15. (15 upper limit but still three orders of magnitude larger than
ours. This apparent contradiction is actually not a real one
Third, Aogp represents the experimental uncertainty on theand everything can be rationalized, since the different experi-
RIP cross sectionsee the presentation of the RIP results ments(calculationg do not refer to the same final channel.

The relation gives the overall Al uncertainties Indeed, while colliding N with O~ [24], the resulting mo-
lecular ion can be produced in various electronic and rovi-
Aou=o AEc.m.+ [AEcm+ A(Epresnod ] brational states. At 0.02-eV center-of-mass energy, eight dif-
ATEAIN B m Ecm+AE ferent states can be populatedX '>*,a3%% [both

correlating to N¢S)+07(*S)], but also b I, w3A,
1 b 537, A’137, w!lA, and A I [all correlating to
N*(®P)+0O(®P)]. To conclude, the useful information we

_ ) ) extracted from our model is that theS ", v=0 state is a
The second and third terms on the right-hand side o B8.  minor product in the associative-ionization process.
contribute the mostat least 60% of the total Considering

+2

AN pax AO'RIP)
+ .
Nmatl  orp

these uncertainties, we only show the data above 0.1 eV. V1. CONCLUSION
The slope of the curve corresponding to" (NP)
+0 (?P)=NO* (X IS*,v=0)+e" (full circle) can be The resonant ion-pair formation °P,'D,'s)

described in the low-energy range byEa 89 dependence, +O(°P) resuling from the recombination of
which is fairly close to theE ! dependence given by the NO'(X *S*,u=0) with electrons has been studied over the
Wigner law[29]. Above 2 eV one observes a rapid fall off €lectron-energy range 8—18 eV. Our data contains structures,
that might be connected to the opening up of two competindn particular a sharp peak at 12.44 eV. The data are com-
processes to the Al mechanism, namely,(RP) + O~ (?P) pared with those of Ermaet al. [22] obtained by photoion-
—N(*S)+ 0" (*S)+e —0.54eV and of the electron de- ization of NO(X 2II,). The differences are rationalized, es-
tachment N(CP)+0 (?P)=N"(®P)+O(CP) +e" pecially as they relate to the selection rules and the
—1.46eV. The curve corresponding to'ND)+0O (?P) differences in the Franck-Condon regions.

—NO"(X =% ,v=0)+e" (open circlg, appears to exhibit The dissociative recombination of NCand the resonant

a much shallower slope, nameB; 35 as well as a fall off dissociative excitatioh(RDE) occurs below the threshold for

at smaller center-of-mass energies compared with that of thdirect dissociative excitatigninvolve stabilization of the

other channel. This shall be taken with great caution, consids@me excited states in NO, which means that one would ex-
ering the remark above about the choice of the fit for thePect some correlations between the DR, RDE, and RIP cross

partial RIP cross sections. sections. Indeed, the DR and RDE cross sections show en-
The magnitude of the Al cross sections is of some intereshancement in the energy region 8-18 8. However, the

at low energies, even if the absolute numbers should be takeRagnitude of the RIP cross section is only a few percent of

with caution. At 0.1-eV center-of-mass energy, both curvedhe total DR and RDE cross sections. _

are in the 10'%-cn? range for the cross sections. This is A simple model was applied to extract the cross sections

particularly interesting because this is much smaller than thér the Al process and some interesting perspective came out

upper limit that can be evaluated by the following relation ©f it, while comparing it with a recently performed measure-

(see Urbair{26]): ment by Najiet al. [27]. From our measurement, it turns out
that the ground-state NOmolecular ion is a minor product
) (Nt 1) %42 of the Al process.
oa(Ecm)= % (17
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