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Doubly differential cross section®DCS3 for electron emission have been measured for collisions of 3.6
MeV/u Net®", Xe*** and 5.9 MeV/u 3°" on neon, xenon, water, ethanol, methanol, propangdts SFK;, and
C;Fg. Electrons ejected with emission angles between 0° and 180° with respect to the ion beam axis have been
recorded simultaneously using a toroidal electron spectrometer. We analyze the singly differential cross section
(SDCS for binary encounter electrofBEe) production as a function of target electron number and laboratory
emission angle. We find that there exists a linear scaling of theHBCS with the number of electrons bound
in the target with an energy lower than the reduced projectile energy. The enhancemeietpybBéction in
the forward direction in collisions with partially stripped ions is studied for the different projectiles and targets
and compared to theoretical calculatiof$1050-29478)06608-6

PACS numbdps): 34.50.Fa, 34.7G-e

. INTRODUCTION tribution centered aboE=4¢, cog(¥). Throughout the pa-
per the notation} will be used for electron ejection angles in
Because electron production is the principal mechanisnthe laboratory system, whereasis used for the center-of-
responsible for the energy dissipation in heavy-ion collisionsnass system. For clothed ions, the first and third features
with atoms, molecules, and solids, great efforts have historigive rise to an electron-loss-to-the-continugELC) ridge
cally been made to obtain systematic data on doubly differphserved aE=¢,, for all emission angles. The forward ELC
ential electron cross sections. ThUS, in addition to fUrthering:usp is due to periphera| Co||ision57 whereas the backward
the basic understanding of scattering processes in ion-atof C peak is due to head-on binary collisions between the
collisions, the cross sections measured for collisions ofarget core and a projectile electréire., backward BE).
heavy ions with gas targets are used in many applied fields. To date, experimental data on electron emission in fast
Doubly differential electron emission spectra following heavy ion collisions with complex molecules are scarce and
fast bare heavy ion impact often display three prominenbften suffer by the limited range of observation angles or
features. First, a peak near zero electron energy is appareectron energies for which the measurements were carried
with the low-energy electron region being dominated by theput (for a complete review see Reff5,6]). Through the
continuous decrease of electron intensity as a function opresent work we add to the available information by studying
increasing electron energy. This so-called “soft electronthe scaling behavior of B&emission from multielectron tar-
peak” is due to target ionization by peripheral collisions gets heavier than in previous experiments and over a wide
between the projectile ion and the tar§el Second, ejected range of emission angle®°<9<180%. Numerous studies
electrons that asymptotically travel with nearly the same vefor Jight bare ions revealed that the Bipeak may be well
locity as the ion beamy=v,,, wherev, andv are the pro- described within the framework of a variety of classical,
jectile and the electron velocities, respectively. Thus, theseemiclassical, and quantum-mechanical formulations of the
electrons appear at forward emission angles and at the “reelastic scattering of quasifree electrons by the Coulomb po-
duced” energy E=¢,=1/2 vf, (atomic units are used tential of the impinging ior{4,7—9. In particular, the well-
throughout, except where explicitly notedhis cusp-shaped known scaling behavior of the BEEDDCS with the square of
feature of the spectrum originates from the electron-capturethe projectile nuclear chargé,, was established. However,
to-the-continuum ECC) procesg2,3]. A third feature is the experiments considering BEproduction for nonbare ions
peak due to hard binary collisions of target electrons with theshowed that these scaling laws could be applied only at large
impinging ion, the binary encounter electroBEe) [4]. angles ©>40°) [10]. In fact, depending on the collision
Such close collisions between the projectile and quasi-fresystem, BEE emission could decrease or increase with de-
target electrons give rise to a ridge with a broad energy disereasing charge state of the projecfild]. The root of this
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FIG. 1. Schematic drawing of the toroidal electron spectrometer. The spectrometer is rotationally syr(866frjcaround an axis
through the gas outlet.

“anomalous” behavior stems from the characteristics of thefield free target area and, for example, incorporate foil target
elastic scattering cross section of an electron by the clothebolders or a TOF recoil ion spectrometer for coincidence
ion [12—-17. The effect of this non-Coulomb interaction in- experiments.
duced by the partially clothed projectile can be dramatic and The projectile ion beams were produced in the ECR
can produce diffractive oscillations3,18, as experimen- source at GSI Darmstadt and accelerated by the UNILAC to
tally confirmed in many casefl3,19-22. In the present 36 MeV/u for the Ne and Xe ions and 5.9 MeV/u for the U
analysis we therefore account for the proper treatment ofn, respectively. The well collimated ion beam enters the
non-Coulomb interactions. However, owing to the existencespectrometer through a 10-mm hole in the outer negative
of many previous works, we will refrain from lengthy dis- glectrode, interacts with the gaseous target effusing through a
cussion of two-center effectdCE) in BEe emission[23— o 7.mm hypodermic needle 4 mm above the beam axis, and
26] (i.e., interaction of the ejected electron with both the|gayes through another 10-mm hole. The charged ion beam is
projectile and residual target ionsuch as shifts of the BE ¢qjlected in a shielded Faraday cup for normalization. The
peak to smaller electron energies. In particular, we focus oBmitted electrons are energy analyzed in the electrostatic
the scaling properties of the overall BEmission with re-  fie|q petween the two toroidal electrodes. After passing a
spect to the number _of electrons in the target and the elastig.;m aperture at the exit of the analyzing field, an einzel
scattering cross section. lens is used for efficient transport of the diverging trajecto-
ries onto a microchannel platMCP). After amplification by
the MCP’s, a wedge and strip anode is employed for two-
dimensional readout of the position information. A high
In order to enhance detection efficiency over former detransmission mesh at a potential 6fLl0 V prevents low-
signs, a toroidal electron analyzer was developed by one anergy electrons from entering the MCP. A subsequent po-
the authorgS.H). In contrast to the design of conventional tential of +200 V accelerates the electrons onto the MCP’s
spherical analyzers, the electrostatic field of the analyzer ifor improved detection efficiency.
formed by a toroidal geometry of the deflection plates, as The laboratory emission angle is obtained from the posi-
shown in Fig. 1. Thus, it is possible to obtain an extendedion of the electron for each event on the anode relative to the

Il. EXPERIMENTAL METHOD
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center of the anode and the direction of the beam axis on thienpinging ion while the target core remains as a spectator.
focal ring. The simultaneously observable angular rahgee  Thus, BEe DDCSs adopt the form of a convolution between
is therefore 0° to 180° on both sides of the beam axis. Due tthe elastic cross section and the square of the momentum
the extended source volume, the angular resolution is abowtave function of the target electrons.

4° in the forward direction and 16° perpendicular to the The principal ingredient in all on-shell IAs is the differ-
beam axis. The voltage on the toroidal plates is scanned bential cross section for scattering of an electron by the pro-
tween 0 and+4000 V, corresponding to emission energiesjectile fieldda®/dQ . (E. ), where c.m. refers to the cen-
between 0 and 20 keV. The energy resolution was detetter of mass between the electron and the projectde all
mined by the size of the entrance slits in the gas cell, and wagsractical purposes it is equivalent to the projectile reference
set to 8% for the neon and xenon experiments and to 4% fdirame). The various on-shell IA approximations differ from
the uranium projectiles. The spectrometer is magneticallgach other in the prescription relating the solid angle and
shielded by two layers of mumetal, and reliable data arenergy entering the elastic cross sectiély, ,, (scattering
available for energies down to 40 eV. The spectrometegngle ¢'), E.,.=v'?/2, with their asymptotic values in a
chamber was pumped t0>X410" " mbar during the experi- three-body collision Q.. (scattering angle ),
ments. Target pressures were in the range of'10 10 ° g —,2 "> Using the on-shell IA of Ref:30] the DDCS

mbar, thus establishing single collision conditions. Beam- glectron emission from an initial target staggis given in
induced background electrons produced by scattering of iong,q projectile frame by

by the metal surfaces of collimation slits and spectrometer
parts were carefully reduced and measured without target gas  d2¢ do® ) - - o
for later subtraction. The subtracted background never ex- 4g g - ~Vemgq’ (Ec.m)J dQ, |¢i(v' —vp)l?,
ceeded about 8—12 % of the total spectrum. cmerrem. c.m. o

In order to obtain absolute differential cross sections, we
normalized the measured DDCS for the bare 3.6 MeV/uyhere, in terms of the ionization potential of the electron,
Ne'®" on Ne 0° binary encounter peak maximum to the oney, ,
measured by Zourost al. [27], where a 1.875-MeV/u
0% was incident on a neon target. In this collision energy Eim=EcmtU;, (2
regime the agreement of the impulse approximation with ex-

0. )

perimental data for BEproduction at 0° is found to be very m
good, so that a scaling by the fac@g/E2 between the two 2
experiments is appropriate, whekg is the projectile energy
in the laboratory frame. The uncertainty introduced by this ,
procedure is expected to be less than 15% and was therefore —(v —vem)
used for all experiments with the neon and xenon ion beams,
that were performed under identical conditions. Normaliza- ©)
tion of the data obtained with the uranium projectile was
l':/lne(i\/te/rljalé)e§6?y lrjsyggtiltgevfai[ainogic?ei?ﬁﬁ(ﬂ, ;Vhﬁéina t5a.r9-et from that of Ref.[32] in the inclusion of the ionization po-
Again. the binapr Jenco nter peak maximum at 0° was ?akétential. Clearly, the ionization potential must play a role
gain, y encou P imu was 1akely; e the electron has to escape the target field in a three-
as the reference point. To a good degree of approxmatlorbody collision. The effect is negligibléi.e., v’ =v, , 0’

Y P : ’ lonization potential but, as we shall see below, it cannot be

L of i
gz;?tgt'ﬁzv(g &%Oggégggéﬁﬁgaeﬁo?f Ramm we expect Ouf’gnored when they become comparable. Finally, the DDCS
' in the projectile reference frame is related to the DDCS in

the laboratory reference frame through the transformation

o

v'+vem—2v'cosy
4E(m,

This on-shell IA(and the binary encounter methodiffers

Ill. THEORETICAL ANALYSIS

OF THE EXPERIMENTAL DATA d’e _ [Ecm, d?c @
A brief synopsis of the theoretical models used to de- dEemdQem E dEdQ
scribe BEe emission serves to illustrate the physical mecha- E. —E+ ep—2\/ep_Ecosa, 5

nisms leading to this feature and to explain our analysis of
the experimental data.

The simplest theoretical descriptions of 8&mission can VEcmCOSHe m =€, — VECOSD. (6)
be traced back to the impulse approximatidA) [29]. In . .

A . In order to analyze the scaling properties of the overall

order to obtain simple expressions, however, most calculat-). . : )
! . o inary ridge from the measured DDCSs, we define the singly
tions make use of various on-shell approximations to the

exact IA[30]. This has lead to a family of approaches thatdifferential cross sgctiomSDCS for production O.f binary
S : . . electron by integration over an electron energy intervel
are very similar to each other including the binary encounter ntaining the binary peak
method[12,13, the elastic scattering modgT], and some co 9 yp
that are also called the impulse approximatj@i,32. The
main assumption in these approaches is that during the col-

lision the electron is elastically scattered by the field of the

do

FTO) (7)

_fEmaX+AE/2dE d’e
ge JE™apr  dEdQ
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_szm,dE dE \/? d?s . 30 , . .
= E(;m. C.m-d EC-m' E m_d EC.m.dQC_m_, ( ) 251

C.

where E o= Ena{) = 4epco§ﬁ is the peak maximum and, sl
from Eq. (5), dE/dE;n=(1—e,/Ecosd)~*. El, and
E..m in the integration limits stand fdEg> + AE.m/2 and

Efe*—~ AE. /2, respectively. Using a peaking approxima- -‘="—; 5f

tion atE=4epco§1‘}, Ecm=¢€p, in EQ.(8), £ of
do fcde d’c 9 g-s- -

o), dEcm VE emgE, do.. O 101~

15

4c089| } (10 2

=4co :
dQ; BE

25

which allows us to define a SDCS cross section for binary - = = = = = "0 % 2 25 30
electron production in the projectile.m,) frame (the frame

transformation essentially agrees with that for Auger lines
[33]). Using the same peaking approximation for the integral F|G. 2. Scatter plot of the complete final state continuum elec-
over E;, and Eq.(1), one should expect that this SDCS tron momentum space for the collision system 3.6-MeV/tNen

momentum By fa.u]

scales as C,Fs. T and P denote the center of the target system and the pro-
jectile system. The TCE emission intensity is set to zero if the
do do® number of counts exceed an arbitrary valugjirndp, resulting in
dQc m ae 'dQ (EP) (1) a white “blot” at the origin, where most of the counts are due to

soft and TCE electron emission in the target frame.

where the constar®; should be very close to unity since
IV. RESULTS AND DISCUSSION

> > L - . o+
Cizf dEc.m.Uc.m.f dQ, m|¢i Uc.m._vp)|2 (12 A. BE electron production in collisions with 3.6-MeV/u Né*

The complete two-dimensional final-state momentum
. . spectrum resulting from a collision of a bare id8.6-
=f A3 eml thi(vem—vp)]?=1. (13)  MeV/u®®Ne'®*) with a molecular gas targéC,Fs) is pre-
sented in Fig. 2. The momenta are given in atomic units for
In other words, the SDCS for BEemission in the projectile the momentum components paralle|) and perpendicular
frame should be very similar to the elastic differential cross(v.) to the beam direction on theaxis andy axis, respec-

section. In turn, the laboratory SDCS should scale as tively. The scattering angled is calculated by tafd)
—(vllv‘) The density of the points is proportional to
d cre' log,o(d?a/dQdv). The values are cut off for large numbers
[m} =4C; COS& (fp) (14 of counts, for improved visibility of low intensity structures

of the spectrum, and are thus responsible for the white area
around ¢,v,) = (0,0. The unusual presentation in the
rm of a momentum spectrum is chosen to emphasize the
ghree common structures of the emission spectrum described
in the Introduction.
Specifically, low-energy, target-centered electron emis-

In the next section we test the validity of this approximate
scaling. To this end, the experimental SDCSs are directl
compared with calculations of the elastic scattering cros
sections. For bare projectiles, we can use

do® 72 sion is localized around0,0). Owing to the postcollisional
——(€p)= 2_—P_ (15) interaction of the slow electron with the receding projectile
dQcm. €pSin'(0g m/2) ionic charge, their intensity is slightly shifted into the for-

ward emission half sphere. These electrons are influenced by
For non-Coulomb interactions we calculate the cross sectiopoth the projectile as well as the target potential, resulting in

using a standard phase-shift approéete, e.g.[14] for de-  “two-center-effects” (TCE) on the electron emission

tails). The contribution of each substatewith a different characterlstlcs{34 37, In the forward direction(0°) at o
Compton profile in the target atom cannot be distinguished in
ot (12,0)= vp, the peak structure originates from the ECC

the experimental data, which contains the sum over all tar
P 9 process. The binary encount&E) ridge forms a broad ring-

orbitals (i.e., C; should be replaced b¥;C;). Nevertheless,
one important question arises, which we address in the foShaped distribution with a radius of12 a.u., centered at

lowing section: Is it possible to make a general prediction agbout v = (12,0, resulting in a maximum velocity of

to the scaling properties of the constaiyiC; for different ~~2v,. The rings around=(0,0) with discrete radii of 4
targets? That is, how close is it to the total number of elecand 7 a.u. are the target carbon and fluoriie. Auger
trons? electron emission and are discernible from the background of
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TABLE I. Dependence of the single differential BEmission

Scattering angle in lab system . .
cross section a# = 180° from the number of target electrons in the

60 50 40 30 20 10 0 >
— 77— collision system 3.6-MeV/u N&" on H, [8], He [35], Ne, H,0,
o He C,HsOH, G,Fs, and Sk.
3.6 MeV/uNe'™ = Neon
x H0 . _ do do
: gt;:nol Target NT 3o (107 Bemdlsn /Nt
10"+ v SR 1 H,, He 2 0.07%1) 0.0381)
s ] Neon 10 0.3%) 0.0334)
8w H,O 10 0.386) 0.0386)
2 “E C,HsOH 26 0.849) 0.0326)
5 5 SF C,Fs 66 2.082) 0.0323)
% = CZES ] SK 70 2.242) 0.0323)
9%
£ <100 .
=3 Ethanol 1 differential cross section with the number of target electrons,
5 ] as shown in Table I.
Ho 1 The BEe SDCSs scale within a deviation of less than 10%
Neon 1 with the number of target electromMé; . One exception to
Rutherford scattering | the rule is the emission cross section for the water vapor
P *sin” (012) target that is about 15% larger than the cross section for the
s neon target, which has the same number of electrons. We
1073 H E speculate that this enhancement is due to the smaller mean
] e e ] binding energy of all the electrons in the,® molecule.
—T T T T T T T From our measurements, using a simple linear regression,
60 80 100 120 140 160 180 200 the following general scaling law can be derived foreBE
Scattering angle in c.m. system [ deg ] production after impact of fast, bare ions:
FIG. 3. Singly differential cross section for binary encounter do lem 72N~ cm?
electron production in the c.m. system for 3.6-MeV/u*feon =4.9% 10*21L — (16
various molecular and rare gas targets. The open diamond indicates dQcm, BEe ef,sin“( Ocml2) SF
the identical experimentdI38] and theoreticallA) SDCS for a
helium targe{32] . for 1 <Zp<18, 2<N7 <70, if ¢,>U;, 1.5<Ep MeV/
u<6, and 180%6<100° with an absolute error of less than
TCE electrons only in the backward direction. 15%. These values can easily be transformed to the labora-

Figure 3 shows the singly differential cross section oftory system using Eq14).
BEe emission in the projectiléc.m) system for various tar-
gets in collisions with 3.6-MeV/u N&". The emission is  B. BE electron production in collisions with 3.6-MeV/u X&%*
integrated oveAE = 3000 eV centered around the maxi-  |n collisions with a X8°* projectile, the effects of the
mum of the BE peak and therefore ensuring that the comscreening of the nuclear charge by the remaining 14 elec-
plete BE emission is included, and thereby suppressing thgons in the projectile is detectable at large scattering angles
variations in the Compton profile of the shells of the wide 9. As shown in Fig. 4 the angular dependence of the singly
range of targets, for ease of comparison. differential cross sections for BEemission in the 3.6-

In this case, since BE emission takes place through th#leV/u'?® Xe*®* system does not simply follow the Ruther-
scattering of an electron off a bare projectile, the correspondtord scattering sin*( 6, m/2) law.
ing Rutherford scattering cross section by a pointlike poten- The scattering of the target electrons by the non-Coulomb
tial is plotted as a line for each target for comparison. Thepotential of the partially stripped xenon ions leads to an en-
sin" %6, m/2) dependence of the emission cross section ifilancement of BE emission in the range 180%= 6,
perfectly reproduced for angles larger than 100°. Below =100° andreaches a factor of about 3 for 180° compared to
this angle the measured cross section is larger than the ottlee q?, scaling,gp being the ionic charge. This behavior is
predicted by pure Rutherford scattering. This contributionassociated with the well-known “anomalous” behavior of
comes from TCE electrons that are not separately discernibléne binary peak: at very large impact parameters the electron
at these angles, and were not subtracted. As RdB88h encounters a pointlike Coulomb potential of charge.
showed for bare projectiles frompZ= 1 to 18 in the colli- Thus, the Rutherford description of scattering is applicable
sion energy regime of 1.5—-6 MeV/u, the scaling behavior ofbelow a certain critical anglé. ,,< 6 (according to Refs.
the singly differential cross section agrees perfectly with[39-41], 6.;~ 100°-1205. At small impact parameters the
eS/Zf,. The predicted BESDCS from a calculation in the IA  incoming electron experiences a potential of the full un-
is scaled to our collision energy and projectile and is  screened nuclear char@g . In the impact parameter range
presented as a diamond in Fig. 3. Furthermore, from ouof the orbital radii of the electrons the potential shows strong
measurements, we can deduce the scaling behavior of thkeviations from the Coulombic (1Y form: it possesses a
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FIG. 4. Singly differential cross section for binary encounter ) . )
electron production in the c.m. system for 3.6-MeV/u*Xeon Ne, FIG. 5. Comparison of the SDCS for BEproduction with tlze
C,HsOH, and SE. elastic cross section for scattering of a 1965-eV electron by*d"™Xe

projectile. The elastic cross section has been multiplied by the num-

L= . ber of active electrons in the ethanol target. Also displayed are the
stronger gradient - V(r)than the potential of a bare nucleus. .. . <octions for fully stripped ions of equal nucléées*") and

The momentum exchange in the collision process is proporg i (Zr*0*) charge.

tional to this gradient, therefore the impact parameter range

that contributes to the maximum momentum exchatige parameter leading to an emission in this angular range is
2vp) is larger for a screened ion than for a bare ion. large enough to be outside the screened potential region. The
In Fig. 5 we compare the experimental SDCS in the procross section at larger angles in the c.m. system increases to
jectile frame with the calculated elastic cross section forg value in excess of even the one predicted fro#gacal-
1965-eV electrons impinging on a X& ion and the Ruth-  ing, due to the penetration into the electron cloud of the ion.
erford predictions for the according ionic and nuclearit has been showfl4] that the enhancement of 180° elastic
charges. The calculations have been multiplied by 26 to acg|ectron scattering has a maximum that depends strongly on
count for all the electrons in the ethanol molecule. TheEP and occurs at energies in the order of 1 to 10 Mel¢/w

agreement between experiment and theory is quite remarlgsg to 5500 eV, respectivelyor ions with Zp > 26.
able, implying that the sunk;C; discussed in the theory

section is very close tq the total number of electrons. At the C. BE electron production in collisions with 5.9 MeV/u (7%
corresponding angles in the laboratory system the BE elec-
tron peak is energetically very well separated from other In Fig. 6 the two-dimensional, final-state momentum
electron emission processes. The background to the BESPace of electron emission in the collision system 5.9 MeV/u
peak (ELC, ECC, TCH has not been subtracted from the U?°" on GiFg is shown. Due to the 63 electrons remaining in
measured cross sections. Such a background subtraction Ha¢ projectile, the screening of the nuclear charge is very
not been attempted because the absolute error introduced B{fong.
subtracting an exponential fit of the background from the Although soft electron emission is still the dominant pro-
keV broad Gaussian distribution of the binary encounterCess, its intensity in this momentum spectrum is comparable
electrons is rather large. It is therefore not surprising that ato that of the cusp at = (15,0 and BE electrons a830,0
small angles the ethanol data lie well above the calculatedlear = 0°. Cross sections of electron production at very
cross sections. low emission energies are mostly influenced by the ionic
In Fig. 5 the cross section resulting from the non-charge statep [28] and do not display the immense effects
Coulomb potential basically agrees with the one from theof projectile screening. Due to the extremely enhanceé BE
Rutherford scattering model for a Coulomb potential ofcross section and the large contribution of the cusp electrons
strengthq% in the angular range 0% < 100°. The impact the mean energy of electron emission at 0° is of the order of
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FIG. 6. Complete two-dimensional final-state momentum space 10 _ ™. _
for the collision system 5.9-MeV/u3" on GF,. The straight line 1~ model potential \ ]
at aboutd=—35° is caused by a “hot spot” on the MCP. 1  ——d (Cu™-like) ]

|l - Z2 (U*"-like) |

a few keV. “Walking” along the BE ridge starting 480,0 + expt. DCS for ethanol
and increasing the emission angle, a reduction in the density 16¢ ——————1——1——1——1——1——
is noticeable at about = 25°. This is caused by a diffrac- 0 20 40 60 80 100 120 140 160 180
tive minimum in the elastic scattering cross sectisee Fig. Scattering angle in c.m. system [deg]

7). We also note that it has been establish4#] that colli-
FIG. 8. Comparison of the SDCS for BEproduction with the
Scattering angle in lab-system [deg] elastic cross section for scattering of a 3225-eV electron by®a U
80 70 60 50 40 30 20 10 O projectile. The elastic cross section has been multiplied by the num-
T T T T T T ber of active electrons in the ethanol target. Also displayed are the

] 20s ] cross sections for fully stripped ions of equal nucléa??*) and
5.9MeV/iu U ionic (Cu®®") charge.

1 + —a— Neon
\ o Shanal ] sions with highly screened heavy ions generally produce a
10 —o—CF, ] broad target recoil-ion charge state distribution. Since target
: fluorine KLL Auger electrons emitted from different charge

states have different energies, the Auger peaks are smeared

é - /. CF, | out, and are not as clearly visible as in Fig. 2 at 4 and 7 a.u.
» 2 Furthermore, a high energy emissionwat 2vp is observ-
é ﬁ % Xe ] able at angles) up to 135°, which is the result of an intra-
= o \ ?i Ethanol atomic scattering of binary encounter electrp#3]. Experi-
£ ;10 E N E mental SDCS for BE emission in the projectile system for
e g 1 \ \ +/i ] targets with 16sN§ <90 are plotted in Fig. 7.
25 ] +/ ] The strong enhancement over Rutherford cross section is
2° *\ /+ Ne | obvious for the large angles in the c.m. system. The cross
@ *\* section for the ethanol target displays a slightly different be-
1 havior than the other targets. The enhancement at 180° is
— stronger and the cross section at small angles in the c.m.
10" ] system is larger. This is a result of the smaller integration

limits (AE=3000 eV} that were used to obtain the differen-
tial cross sections. The Compton profiles of the dominant
orbitals for BEe emission(loosely bound electrons in the
B — outer shells in the GHsOH molecule are narrower than
20 40 60 80 100 120 140 160 180 200 220 those for Ne and Xéand B atoms, where integration limits
AE=5000 eV were used.

Figure 8 shows a comparison of the experimental SDCS

FIG. 7. Singly differential cross section of binary encounter and the theoretical result obtained for the corresponding elas-
electron production in the c.m. system for 5.9-MeV/&*Uon Ne,  tic scattering of 3225-eV electrons by the?®J ion. The
ethanol, Xe, and ¢Fg. theoretical data have again been multiplied by 26 to account

Electron emission angle in ¢.m. system [deg]
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TABLE II. Dependence of the single differential BEmission  Remarkably, if one uses the remaining 42 “active” electrons
cross section af = 180° from the number of target electrons in the to scale the cross section, the agreement with the results for
collision system 5.9 MeV/u &" on Ne, OHOH (methano), other targets is very good.

C,HsOH (ethano), CH;CH(OH)CH; (iso-propand), and GFs.

V. CONCLUSIONS

. do do
Target Nt g (107 Fem?isn o INT We have measured doubly differential cross sections for
high-energy binary encounter electron production in fast ion-
Neon 10 6.49) 0.648) molecule and ion—rare-gas collisions. The DDCS were inte-
CH30OH 18 112) 0.629) grated over the binary peak energy range in order to analyze
C,Hs;0OH 26 204) 0.779) its scaling properties. We have shown that the SDCSs are
Propanol 34 206) 0.719) proportional to the differential cross section for elastic scat-
Xenon 42NIe 27(6) 0.659) tering by the projectile field. Within small deviations, the
C,Fs 66 444) 0.706) singly differential cross section of binary encounter electron
CiFq 90 51(5) 0.60(6) emission scales linearly with the number of “active” elec-

trons, i.e., electrons with ,,<vp (or Uj<e,). The binary

encounter peak is influenced by the projectile structues,

for the number of electrons in the ethanol molecule. screening, which directly affects the elastic cross section.
The agreement between experiment and theory is remarkiowever, the SDCS for B&Eemission is nearly independent

able down to angles as small 8s= 60°. Forg = 180° the  Of the target structure. The magnitude of the momentum and

enhancements over the Rutherford cross section of a bare iG#1€rgy transfers required for the production of binary en-
with chargeZp = 29 and over that for bare uranium are counter electrons at forward laboratory angles is so large that

factors of 50 and 5.1, respectively. At= 40° the experi- it suppresses any differences in emission characteristics be-
mental value lies well above the theory, this is again causeffV€€n rare gas and molecular targets.
by the contribution from other electron emission processes
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