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Correlation studies of energy gain and fragmentation in ion-fullerene collisions
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Multi-ionization and fragmentation of & fullerenes induced by collisions with Af ions have been studied
in correlation with the energy gain and the number of electrons captured and stabilized by the projectile ion.
The method allows us to separate electron capture reactions from transfer ionization processes and to determine
the numbex(r) of active electrons. When one electron is stabilized on the projectile, the targegJoni€left
intact and the energy gain increases with the chargehich ranges up to =4. The corresponding mean
energy gain values for production ofg through Go*" are used together with three different models for the
electronic response of ionized@n order to deducsemiempiricaklectron transfer distances for the first four
electrons. A model with localized and mobile charges on the surface of the molecule gives a slightly better
agreement with earlier measured recoil ion production cross sections than the metal sphere model or an
assumption with localized charges kept fixed closest to the projectile during the collisions. The mean energy
gain depends on the number of stabilized electi®rsincreases betwees=1 and 2, then it stays constant,
and finally decreases betwesr5 and 6. The energy distribution fe=6 extends to the energy-loss side,
which is attributed to close collisions causing a strong electronic excitatioppf £1050-2947@9)05405-0

PACS numbd(s): 34.70+e, 61.48+c

I. INTRODUCTION For collisions of AF*, Ar'®", Arl#* and AF®" with Cq
molecules, energy-gain distributions have been measured
lon-fullerene collisions have attracted great interest durconcerning processes where one or two electrons are stabi-
ing recent years, as they allow one to study the interaction ofzed by the projectild9]. TheseAE spectra were character-
a charged particle with a multielectron target, characterize¢yeq py structured distributions extending to unexpectedly
by many largely delocalized, nearly equivalent, electrons, rge AE values. It was argued that the observed structures
Therefore, in addition to phenomena already being observege qye to the initial transfer of many electrons followed by
in ion-atom collisions, collective processes are expected t?nultiple autoionization processes, leaving only one or two
occur, giving rise to electronic excitation or multi-ionization electrons stabilized on the projectiie. In RG], a model for
of the many electron target. In several paldrs7], dealing sequential multiple-electron transfer frongg@vas discussed.

with multiply charged ion-g, collisions, the production and .- . . .
stability of multiply charged fullerenes have been discussedl.t is based on the ass_umptlon of localized and r_nobHe charges
on the Gy molecular ions. Some support for this model was

It has been shown thatggcan survive in charge states up to found in the relation b d lel
9+ [5] or even up to 16 [8] at least for severaks. Fur-  foun in the relation between measured total electron-capture

thermore, by analyzing the fragmentation spectra in correlaSf0SS sections and measured energy gains for pure single-
tion with the projectile charge stafé,6,7, or by evaluating elect_r(_)n capturd9]. At that time, AE distributions for a
the electron capture cross section as function of the numbéPecific number of active electrons had not been measured.
of stabilized electrons, the first information has been ob-Therefore, it was not possible to test this model for more
tained on the relative importance of far and close collisionsthan one active electron. Here, however, such measurements
Assuming that the fullerene represents a small, thin carborare performed, and in the following we will use meaik
foil, one might expect a strong energy loss of the projectilevalues, measured in coincidence with a given recoil charge
when it penetrates the fullerene cage at a velocity where thstate, to discuss the electronic response of ionizgd We
electronic stopping power in the solid dominates. Of coursaise three different models in order to deduce semiempirical
this crude picture might be oversimplified due to the finitemean electron transfer distances for the first four electrons,
size of the object. On the other hand, when the multiplyand compare the results with the transfer distances derived
charged projectile passes the fullerene at large distances, tflem the corresponding recoil ion production cross sections
electron capture process should be characterized by an eby Walchet al. [1]. The three models are the metal sphere
ergy gain due to the Coulomb repulsion between the twanodel, the model with localized and mobile charges in the
ions in the exit channel. simplified version presented by Selberpal.[9], and a lim-
iting case of the latter in which the localized charges are
assumed to be fixed closest to the projectile during the col-

*Present address: Walther-Nernst-Institut, Institir fBhy-  lision.
sikalische und Theoretische Chemie der Humboldt-Univérgita In the present experiment we have applied the transla-
Berlin, Bunsenstr. 1, D-10017 Berlin, Germany. tional energy-gain spectroscopVES) [10] in order to mea-
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length. Finally, the ions are post-accelerated toward a
CH1 channel-plate detector biased at a potentiat 6fkV in order

= WASA to increase the detection efficiency. The signals are treated
=== MCP with a fast electronic system allowing for the detection of
]I.I.IEELH TOEMS several fragments and for a registration mode “event by
P event.”

Defl.
MC ZL4 P

The detection efficiency for recoil ions and fragments has
been studied in dependence on the extraction field and the

i H Deﬂ_?:.%-\:j\"iw
= \Q‘\’.‘aé”‘ post-acceleration voltage. Under the chosen experimental
{’D: wmp [ =| e conditions, saturation was obtained for all ions with the ex-
1% Dot a ® " ception of G* fragments. These ions which are formed in
Blichs  RFA superasymmetric fission processes with an appreciable

o _ amount of kinetic energgs—10 eV, depending on the charge
FIG. 1. Schematic view of the experimental setup. Defl: deflecstate of the decaying fullerene iprequire high extraction

tion plates; ZL: zoom lenses; MC: energy monochromatorifields in order to avoid a “forward-backward” structure in
TOFMS: time-of-flight mass spectrometer; CH: channeltron; MCP:the TOE spectrum.

multichannelplate, WASA: wedge-and-stripe anode; RFA: retarding o, the one hand, for a given scattering anglesnergy
field analyzer; EA: energy analyzer. gain AE, and charge stateyt-s) of the outgoing projectile,

, o . we have measured TOF spectra of ionized fullerenes and
sure the charge state of the outgoing projectiles in Cor,rel,at'oﬂagments. In the normal operation mode a continuous ion
with the mass-to-charge ratio of the produced recoil ionSpeam and a permanent extraction field were used, the projec-
Thus pure electron-capture reactions can be distinguishéglg jon signal serving as the start and the recoil ion signal as
from transfer ionization processes, and the energy gain cafie stop for the time-of-flight measurement. In order to ob-
be studied for nondissociative processes, tain the so-called “integral recoil ion spectra,” either the
scattering angle or the energy gain can be scanned during the
TOF accumulation. These spectra are correlated with a given
charge stated-s) of the projectile, and an integration over
the scattering angle or the energy gain is performed. A “total
recoil spectrum,” which contains all ions which are pro-
duced in the collision procegso correlation with the pro-
jectile after the collision was obtained by pulsing the pri-
mary ion beamwidth 1 us, repetition rate 10 kHzand the
extraction field(width 10 us). In this operation mode, the
extraction pulse, which is delayed with respect to the passing
ion pulse by about s, was used as the start signal.

AT+ Ceqm A9 + Cf T+ (r—s)e” +AE, (1)
as well as for dissociative ones
A+ Ceom A9 1 C 1
+Cy T (r—s)e”+AE. (2

In these equations,denotes the number of active electrons,
which are taken away from the fullerene targetthe number

of electrons finally stabilized by the projectile ion arndand .
r” (Xr'=r) the charge states of the fragments of masses On the other hand, the energy gain spectrum of the pro-

andm”. In the following we will describe some details of the jectile correlated with the production of a given intact mol-

experimental technique before discussing the time-of-flighgcule C%Or+_ or fragment G, " may also be recorded by
spectra of the recoil ions and the energy gain spectra me&€tting a time window in the TOF spectrum. In this way,

sured for projectiles with a given number of stabilized elec-8nNergy-gain spectra for individual processes, characterized
trons. by a certain number of active and stabilized electrons, can be

measured.
As processes with many active electrons are studied,
single-collision conditions have to be ensured. In addition,
The experimental setup is shown in Fig. 1. A beam offeactions occurring outside the interaction zone are sup-
multiply charged ions which is delivered by the AIM facility Pressed due to the presence of an electrostatic potential and
at CEA-Grenobld11], passes an electrostatic energy ana-an electric field inside the interaction zone. However, the
lyzer which defines the beam energy within 2 eV per chargefinite width of the ion beant0.5 mm) and the presence of the
The beam energies are 8 and 16 keV. In the interaction reextraction field limit the energy resolution in the TES spectra
gion the ion beam is crossed with a beam @gf @olecules, to several eV per charge, depending on the number of stabi-
which effuses from a small heated tukgiameter 1 mm lized electrons.
connected to an oven, which is kept at a temperature of
500 °C. Projectile io_ns which have p_assed the interaction Ill. RESULTS AND DISCUSSION
zone are selected with respect to their scattering angle, and
can be analyzed either with a retarding field device with high We have studied the correlation between the energy gain
efficiency or with a high-resolution energy analyzer yieldingof the charge-state-selected projectile and the recoil TOF
the charge state and the kinetic energy of the projectile aftespectra for collisions of A with Cy, at collision energies
the collision. Recaoil ions are extracted by a weak electro-of 8 and 16 keV. In particular, we have measured TOF and
static field(15—-100 V/cm), and are accelerated in a second TES spectra for outgoing Ar projectiles in charge states 7-2,
field before entering the drift region of a linear Wiley- i.e., for cases where 1-6 electrons have been stabilized by
McLaren time-of-flight(TOF) mass spectrometer, 25 cm in the A" projectile.

II. EXPERIMENTAL TECHNIQUE
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FIG. 2. Mass-charge spectrum of fullerene ions produced i”}ﬁﬁ'ﬁﬁ&”ﬁi&?i?ﬁé? deansirgg I?r?'er;Toerxtt:zptglraetéztc\)/:;;gtsed levels
Ar8t/Cq, collisions, measured in correlation with outgoing”Ar ’ ! ) P

ions. Ej,,= 16 keV; scattering angle00.3°. (a) Integral spectrum
(integrated overAE=—20-100eV). (b)) AE=12+10¢eV. (¢ over-the barrier calculations by Thun{ih3]. Due to the lim-

AE=36.5+10eV. ited energy resolution, the structures in the energy gain spec-
trum, as shown in Ref.9], are not resolved in the present
A. Stabilization of one electron(Ar &t —Ar7+) spectrum.

AT b duced either i ingle-el In a similar way, energy-gain spectra have been obtained
r'”lons can be produced either in pure single-electronyg ansfer jonization processes by coincidence measure-
capture reactions or by transfer ionization processes. In th ents with GJ* ions in charge states=2—4. The results
latter case, several electrons are initially transferred to thg\lhiCh are sur%marized in Fig. 4, clearly shoW that the enérgy
projectile but, finally, only one of these is stabilized while ¢ i reases strongly with the number of active electrons.
the others are IOSt. by Auger_ Processes. T_her+efore, the T he average\E value increases from 12 eV to 23, 32, and
spectra me?‘sur‘?d n correlation with outgoind Ailons may about 39 eV whem increases from 1 to 4, respectively. The
pont_am Go lons in different charge states. Indeed, as Showrhalf—widths of the measured distributions which are partly
in Fig. 2, .CGO lons are detected In charge states bereen Hue to the limited energy resolution amount+®.5, =8.0,

and 4, which is in agreement with results obtained in Refs..q o 5nd+13 eV respectively.

[1,6]. In Fig. 2a) a mass spectrurtintegrated over the en- |, tapie | e use the presently measured average energy
ergy gain of the projectijeshows that pure single capture is ain values for the processes®AfCoy—Ar8=N* + Cyf *

the most dominant process; however, transfer ionization i‘g—>Ar7++C50r++(r—s)e‘+AE with r ranging from 1 to
important as well, yielding an average charge state of th%, to deduce semiempirical average electron transfer dis-

fullerene ion of about 1.%this value is somewhat lower than - : -
. i . tances. For this we use three different models concerning the
that reported in Ref[6], which may be due to a different 9

angular acceptance and detection efficign@je relative in-
tensity of different reaction channels varies with the energy
gain AE of the projectile. As can be seen in FiggbPand
2(c) single-electron capture is characterized by rather small
energy gains, transfer ionization processes with three or four
active electrons occur at largAiE values. This is due to the 100
increasing Coulomb repulsion in the exit channel, and the
fact that multicapture occurs at smaller internuclear dis-
tances. The absence of{C,,, ions, which are due to the
emission of G molecules, indicates that the internal tempera- 50
ture of the fullerene ions is rather low, and that these charge
states are formed in rather peripheral collisions.

In Fig. 3 we show the kinetic-energy distribution of Ar
ions which have been measured in coincidence with ex- 0
tracted Go" recoil ions, i.e., they have been produced in
pure single-electron-capture reactions. These processe:
populate dominantly the excited lewet+ 7, and with smaller
probability the levelsn=5, 6, and 8, which is in good agree- FIG. 4. Energy-gain spectra for Ar ions measured in coinci-
ment with the findings at slightly higher energies discussedience with G4+ ions in individual charge states=1-4.
in Ref.[9]. Furthermore, it is in agreement with theoretical (Ar®* +Cqg; Ejon=8 keV).

150

rel. intensity

energy gain (eV)
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TABLE I. Energy gain and critical distances for the reactioff A Cog—Ar="" + Cef " —Ar’"+Cqg "+ (r—1)e” + AE. (a) Calcu-
lated for a metal sphere without charge localizatigm;determined from absolute electron-capture cross sectiReis[1]); (c) the fullerene
charge is localized close to the projectile (@&, 3rom the cage centgr(d) model of moving localized chargdésee Ref[9]).

Charge
states Average energy Critical distance &)
Number of gain
active electrons 8—r r AE (eV) (@ (b) (c) (d)
1 7 1 12 17.9 22.5 23.4 235
2 6 2 23 15.6 20.0 19.7 20.8
3 5 3 32 14.1 17.9 16.5 19.3
4 4 4 39 12.5 16.2 11.9 17.4
charge localization and charge mobility during the collision. U,_1(R)=(r—1)(q—r+1)/(R—Ry)
The corresponding results are compared with the critical ra-
dii deduced by Walctet al.[1] from absolute cross sections —a,_1(q-r+1)%2R*~Q,_; ©)

for producing intact recoil ions &' through Gg**. The

three models are the metal-spherg/ C [dielectric constant and

g—o; (a) in Table I], the full charge (+) fixed on the 5 nd

projectile side of G [column (c)], and a single charge U (R)=r(q—r)/(R=Ro)—a (q—r)72R"~Q, (6)
(1+) localized on the projectile side while the remaining i ]
charge (—1)+ is assumed to be on the other side of the(in the first term R has been replaced Biy—R,). Again we
Ceo * ion [column(d)]. For the metal sphere model we have YS€ full screening of the projectile charge. We explicitly in-

used the potentials clude polarization terms in the potentials and, following Sel-
berget al.[9], we scale the polarizability, with the ioniza-
U,_1(R)=(r—1)(q—r+1)/R+a(q—r+1)%(2R?) tion potential for Gy *. This results in larger radii than with

the metal sphere model as can be seen in col Table

—a(q-r+1)%(2(R*-a%)—Q, 1 3 P nat

In the last column of Table | we show the semiempirical

and capture radii obtained by means of the simplified model with
movable and localized charges by Selbetal. [9]. In this

version,a+1 charge is located on the molecular surface and

U,(R)=r(q—r)/R+a(q—r)?/(2R?) closest to the projectile during the transfer of the correspond-
P 2 2 ing active electron. When this transfer is completed, e
a(q-n7(2R*=a%))-Qr, (4) charge is assumed to relocate at the far side of the fullerene

on a very short-time scal@ompared to the collision time

wherea=8.2a, is given by the experimental polarizability Electron transfer is treated as a sequential process, and the
o, Of Cp [14], and ap=a°. main simplification in Ref[3] is that the+1 charges are all
The first term on the right-hand side of Eq8) and (4) ~ allowed to be at the same position on the far side gf C
corresponds to the Coulomb repulsion between the chargedhis simplifying assumption prevents the positive charges on
(r—1) and(q—(r —1)) [in Eq. (4), r and @—r)], whereR  the molecular surface to arrange themselves to give a realis-
is the distance between the projectile and the center of thiC representation of the polarization of the charged mol-
Ceo Cage. This means that the charge-(l) is supposed to _ecule. It is th_eref_ore necessary to include polarization terms
be equally distributed on the surface of thg,@n, and that " the potentials in the way indicated by Selbexgal. [9].
the transferred electrons fully screen the projectile charge ~ 1he relevant potential curves which will determine the
The second and third terms describe the image charge potef?arge transfer distances thus become
tials which simulate the effect of polarization. The
asymptotic values R—x) of the potential curves, which Ur-1relaxedR) = (r=1)(q—r+1)/(R+Ro)
take into account the excitation energy of the final capture —a, Q=T+ 1)22R*-Q, , (7)
states, are denoted 6y, andQ, _;.
The difference between these asymptotic values is giveg 4
by the difference of the measured average values:AE,

—AE, 1=Q,—Q,_1. By settingU,=U,_; the empirical U.(R)=(d=/(R=R)+(r—1(a—r)/(R+R
crossing radii becomeR;=17.%,, R,=15.6a;, R3 (R)=(a=ni 0)*( Ha=ni o
=14.1a,, andR,=12.5, using full screening of the pro- —a,(q—r)22R*-Q;,, 8

jectile charge.

Assuming instead that the full fullerene charge is locatedvhere the term relaxed means that all the positive charge has
on the molecule surface, closest to the projediea dis- moved to the far side of the molecule. For the first three radii
tanceRy=6.5a, from the center of g), the potentials be- the agreement is equally good for columft and (d) of
come Table 1. Model(d) gives the best result fdr,.
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FIG. 5. Mass-charge spectra measured in coincidence with Ar These fission processes, which hgve been d'iscusfsed recently
ions produced in A¥/Cq, collisions. E;,,=16 keV. (a) Integral by several authorB4_,6,7,15—1]’, will be described in more
spectrum (integrated over AE=0-120eV). (b) AE=16 detail in a forthcoming paper. _
+10eV. (c) AE=40+10eV. (d) AE=64+10eV. (¢) AE Again, processes with a smaller number of active elec-
—88+10eV. trons are characterized by lower-energy gains. Thus the
maximum in the charge-state distribution shifts from 8
5+ when the energy gain is increased from 30 to 80 eV. It
Ishould be mentioned that in the case of two stabilized elec-

From this part of the work we conclude that the modet h ‘ is still dominated by h itin|
with localized and mobile charges gives slightly better agree-rons € spectrum Is stll dominated by heavy muiliply
charged fullerene ions. At low-energy-gain values, the abun-

ment with the semi-empirical critical distances deduced earEj f liaht f iy | ligible. Their relati
lier by Walchet al.[1]. However, a definite conclusion from ance or ight fragments IS nearly negligible. their relative

these observations should be taken with care, since we ha\Yéeld Increases with increasingE.
The situation changes when more than two electrons are

only discussed averageE values from rather wide distribu- . . . . .
tions. Moreover, the critical radii determined from cross—Stab'I'ZEd' In Fig. 6, integral time-of-flight spectra are shown

section measurements rely on the absolute CI’OSS-SeCti(SPIr the stabilization of 36 electrons, i.e., the outgoing pro-

scale which depends on the absolute vapor pressurgqf Cjectile is measured in charge states 5-2. In these cases, the
Literature values for the latter quantity scatter by about spgc_tra are plommated by small, singly charged .fragments
factor of 2. . in the size rangan=1-9. Smaller fragment sizes be-

come more important with increasing numbers of stabilized
electrons, i.e., with the number of active electrons.
In the case of three stabilized electrons (A, intact
B. Stabilization of several electrons(Ar & —Ar6*...Ar2+) fullerene ions in charge states 4, 5, and 6 are present together
with a fragment distribution peaking at=7(C;"). Evi-
dently, more than five or six electrons are active, and frag-
In Fig. 5 the time-of-flight spectrurfintegrated over the mentation dominates strongly. In the case of coincidences
energy gaihas well as its variation with the energy gain are with Ar** ions, the produced fullerene ions are no longer
shown for processes where two electrons have been statstable, and only light fragmentglominantly G* ions) are
lized by the projectile ion. In contrast to one-electron stabi-measured. The spectra shown in Fig. 6 can be compared with
lization processes, pure double-electron capture plays a miesults published previousi6]. In both cases the average
nor role only. It is more likely, that more than two active fragment size decreases with an increasing number of stabi-
electrons are involved. Fullerene ions are produced in chargézed electrons. Slight differences in the intensity of indi-
states between 2 and 7, and the average charge corresponit$ual peaks may be due to the low extraction voltage nec-
to 3.7, which means that on the average the numbers of aessary in the present energy-gain experiment.
tive and stabilized electrons differ by approximately two  Finally, an increasing number of stabilized electré¢sese
units. Furthermore, the spectra show fullerene ions whichhe spectrum for A) yields dominantly C fragments, i.e.,
have lost G units, especially for higher charge stateg ( is connected with a more or less complete destruction of the
=3). However, an analysis of coincidences between differfullerene cage. In order to determine whether these processes
ent fragment ions shows, that these contributions are mainlgire due to collisions where the projectile penetrates the
due to the emission of £ and G ions, and therefore cor- fullerene cage or to peripheral collisions, where the cage is
respond to the decay of parent ions in charge stqted.  destroyed primarily by the excess charge of the produced

1. Time-of-flight spectra
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the energy-gain spectra correspond to individual charge

150 !
I A" states of the fullerene ion. If the number of stabilized elec-
100 | ¢ ) . 5t
| rons is further increasedhe Ar™ case, the measured en-
50 { f ergy gain decreases again. On the average 5—8 electrons are
0 | i active in these reactions. If we neglect electron emission dur-
100 1 {{}{ }] A ing the collision, i.e., molecular autoionization, and if we
' {{ 3\ 1 assume that captured electrons fully screen the projectile
50 AN . . )
. I ;;/{ ;_,/2 N charge, the Coulomb repulsion in the exit channel should
~§ 0 J.I.a BTN decrease again far>4. However, a similar effect may also
g 60 ! A be related to an increasing electronic excitation of the target.
5 40 | H]M%{] Finally, the energy distribution for outgoing Af projectiles
2 | P i ﬁi{HHI is characterized by a long tail extending to energy losses of
0 g AL about 50 eV. These energy losses are attributed to close col-
| lisions which are expected to cause a strong electronic and
40 ){H {{ | At vibrational excitation of the fullerene ion due to the stopping
00 1{1\ [ { I 0 power of the target. Estimates of the energy loss of argon
! . }!Hi{ | k e projectiles in thin carbon foils yield somewhat higher values,
0 ;O (') 50’ s "“100 which indeed have been measured in similar collision experi-
i ments performed at higher collision enerdi&8,19. A com-
AE (eV) parison with those experimental results suggests that, at very

FIG. 7. Energy gain and loss of & projectiles having stabi-
lized 1-6 electrons in collisions withgg E;,,= 16 keV. In the case
of Ar’* and Af" ions the full and dashed lines correspondrto

=1-4 active electrons.

low collision energies, penetrating collisions favor a “neu-
tralization” of the projectile. For the present collision ener-
gies, therefore, we expect larger energy losses for outgoing
singly charged ATF ions or neutral Ar atoms.

fullerene ion, the energy gain or loss of these multielectron

processes has been studied.

2. Energy gain and energy loss

IV. SUMMARY

The coincident energy-gain spectroscopy technique has
been applied to study low-energy collisions betweefi*Ar
projectiles and &, fullerenes. Time-of-flight recoil-mass

Figure 7 shows the energy-gain spectra measured in coiigpectra have been analyzed for a given charge state and en-

cidence with the produced recoil ions, and Fig. 8 the averaggrgy gain of the outgoing projectile. Furthermore, kinetic-
energy gain as a function ofi¢-s). Processes leading to the energy distributions of the projectiles in a given charge state
stabilization of two electrons are characterized by larger engnd for a given scattering angle have been measured in co-
ergy gains than those wit= 1. This is explained by the fact jncidence with mass-selected recoil ions.

that the G fullerene loses on the average of 3—4 electrons. secondary AT ions are produced in processes where the
According to Table |, these processes are exothermic byllerene loses up to four electrons. The main process is due
about 30—-40 eV. Fos=1 and 2, the full and dashed lines in to pure single-electron capture which populates dominantly

50

40

30

20

energy gain (eV)

10

3 4 5 6 7

charge state (g-s)

the leveln=7. From measured energy-gain values, semi-
empirical electron transfer distances have been deduced and
compared to critical capture distances determined from
cross-section measurements. The values deduced from a
metal sphere model appear to be somewhat low; slightly bet-
ter agreement is obtained with the model of movable
charges, localized on the fullerene surface due to the pres-
ence of the projectile ion.

Secondary A¥" projectiles are formed in processes which
are characterized on the average by four active electrons
(2-7 electrons The asymmetric fission represents an impor-
tant decay process faj=4; however, the TOF spectra are
still dominated by the presence of heavy, multiply charged,
fullerene ions.

When more than two electrons are stabilized, the recoil
spectrum is dominated by singly charged small-size frag-
ments G, with n<9. This multifragmentation, which is
mainly induced by the excess char@e6), favors the pro-

FIG. 8. Average energy defect of electron-capture processes ifuction of smaller fragments (@, when the number of sta-

Ar8t +Coo—Ar=9* collisions. Ej,,= 16 keV. (The dashed line is

drawn only to guide the eyg.

bilized electrons and hence the excess charge is high.
The kinetic energy distribution of outgoing #r projec-
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tiles shows a characteristic tail towards energy losses of ACKNOWLEDGMENTS

about 50 eV, which is taken as an indication of close colli-

sions leading to an electronic excitation of the fullerene ion. These experiments have been performed at the AIM ac-
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sufficiently low.
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