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Total cross section§TCS9 for electron and positron scattering from hexafluorobezeng{)Cmolecules
have been measured by the linear transmission time-of-flight method and are presented. In addition, new
systematic measurements have been also carried out for benzgthg {@olecule targets. The impact energies
are 0.4-1000 eV and 0.2—-1000 eV for electron and positron scattering, respectively. For the Gige i€
resonance peaks have been observed;iy €lectron TCSs: one at 0.8 eV attributed to the resonant capture of
the incident electron into the™* orbital, with the formation of a transientgE;~ anion, and the broad one in
the range above 7 eV showing weak spikes at 14 and 30 eV, of which the 14-eV one has been attributed to
another negative-ion resonance formation with decomposition either through the reemission of the electron or
through dissociative electron attachment leading 10 €sF;, and GFs~ fragmented ions. In contrast, the
positron TCSs show no conspicuous strong structure but 2 to 3 weak shoulders overlaid on(é biddeV
peak arising from a series of electronic excitations, positronium formations, and ionizations. A close compari-
son with those for gHg sheds much light on better understanding of the underlying dynamics.
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[. INTRODUCTION total cross sections of Jiang, Sun, and V{8hand Kasper-
ski, Mozejko, and SzmytkowsKil0], respectively. However,

A comparative study of electron and positron scatteringoesides these works of electron scattering cited above, we are
dynamics from atoms and molecules reveals a great deal &t aware of any other systematic and comparative studies
information that would otherwise not be easy to derive if thecarried out for both electron and positron impacts on any
analysis was carried out with only one of these. Knowledgé’@nzene-related molecules in a wide energy range. _
of electron-scattering dynamics and corresponding various N this paper, electron-and positron-scattering dynamics
cross-section data from fluorocarbon molecules such al§om GsFe are investigated experimentally, and total cross

CHFs, C,Fs, CsFs, cyclo-GyFg [1], and chlorine substituted sections(TCS9 da!ta for 0.4—1_000 eV and_ 0.2-1000 eV for
methang 2] have received much attention recent years fromelectron and positron scattering, respectively, are presented

many experimentalists and theorists, which have importanlf{1 CO[PEZ”ZO? V‘;'th the data ofﬁtﬂg._Tk;E_electron and posE)
applications in the plasma processing of thin-film coatingI ron ata for GHg presented in this paper were pub-

" : . . ished earlier particularly for the lower-energy region below
and fabrications, and semiconductor etching. Positron scat- hi f I
tering from atoms and simple molecules is an area that h 0 eV by this groupl11,18, but or completeness, we re-
. . . _ “peated the measurement producing more accurate TCSs for
been experimentally and theoretically studied for a long tim

31 H ¢ . ing f | sHg, and hence, provide the whole data here. Special at-
up to now{3]. However, as for positron scattering from poly- oo is given to examine the fluorination effect due to the

atomic molecules, only investigations on total cross-section p«titution of the H atom by the F atom betweegFCand
measurements have been presented experimentally just forC%Hﬁ' We also include a discussion of the TCS data in rela-

small number of molecules, and very little study for elasticijon, to the elastic cross-section data of GHal. [12].
and inelastic processes. From the theoretical point of view,

only recently have some attempts been reported for a limited
number of molecular targef4,5].

Benzene (GHg) as the simplest aromatic hydrocarbon  The absolute TCSs for electron and positron scattering
has invited a great deal of research interest from spectrdrom these molecules have been measured using the linear
scopic and dynamical points of view because of its importransmission time-of-flight method in an apparatus setup
tance in various applications, resulting in a large number osimilar to our previous measuremerits9], and only the
experimental investigations on electron scattering for a widenain parts will be highlighted here. See the detailed experi-
energy range using various approaches that have been mmental setup in Ref[19]. An ~80-uCi ?’Na radioactive
ported over the years on those processes, such as negatigaurce produces fast positrons, which are converted to a slow
ion (anion formation, total, elastic, and inelastic including beam using an annealed seven-overlapping-layer mesh tung-
ionization. Only recent and relevant references includingsten moderator set baked at 2100 °C. The energy width of the
theory are given herg6—15. A number of GFg electron-  positron beam was about 2.2 eV. For electron scattering, the
scattering studies have also been carried out theoretically arelow electrons are produced as secondary electrons emerging
experimentally including the anion-formation experiments offrom the moderator surfaces after multiple scattering. The
Weik and lllenbergef16], electron attachment experiments electron beam had an energy spread of about 1.4 eV.
of Marawaret al. [17], and the theoretical and experimental  Pressure independence of the TCSs was confirmed by car-

Il. EXPERIMENTAL METHOD
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60 — T T (1). The contribution from the gas density was about 3%,
while that due to the determination of the effective length of

50k ] the collision cell Al/l, was about 2% for gases and for both
projectiles.
H{f§{$¥{}{ The parallel magnetic field to the flight path, due to the
40r ] solenoid coils, is applied for beam transportation. The en-

trance and exit apertures of the collision cell are very wide,
30F Epco =256V ] being 3 mm in radius. According to these conditions for this
apparatus, the measured raw data are fairly affected by
forward-scattering effects. The forward-scattering correction

Total cross section (1 0'160m2)

20 was done for both gHg and GFg, using the method de-
scribed previously22]. The correction depends not only on
100 ] the geometrical conditions including the magnetic field, but
also on the differential cross-sectidpCS) data. The DCS
0 SR S T T S S S— data used for the forward-scattering correction for these two
0 1 2 3 4 5 6 7 8 molecules were the data of Cktal.[12]. The previous data
Pressure (mTorr) for CgHg [11] were not corrected for the forward-scattering

effects. On the other hand, there are no accurate DCS data
available for positron scattering in either case and, hence,
electron DCS data have been used for correcting the positron
TCSs as well.

This correction resulted in increases of the TCS, from the

. : measured value, of 1.5-6% below 10 eV, 6.5-9% in the
rying out separate experiments at a randomly chosen colli-

sion energy valug25 eV) in the current energy range. The energy range 10-100 eV, and an average 5% above 100 eV,
results are shown in Fig. 1. As seen in Fig. 1, the TCSs ador Cete electron TCSs. The correction forgls positron

CSs resulted in increases of an average 2.5% below 7 eV,
not show any pressure dependence at all, as has been the CaBE Lt 7—12 % in the energy range 8—100 eV, and an average
with every other previous study by our gro{@0]. ’

7% above 100 eV. The same correction foFg also re-
sulted in increases of both electron and positron TCSs as

FIG. 1. Electron TCSs for £ molecules against collision gas
pressure. The beam intensity attenuatiby/[;) of 3 used in our
TCS measurements fdE,.—= 25 eV is shown by the arrow. Error
bars show total uncertainties.

Total cross-section data follows. Electron TCSs: about 2.8% below 10 eV, 3.5% at
The TCS valuexQ, are derived from the Beer-Lambert 10—30 €V, 1-3% at 40-250 eV, and 6.5-19 % at 300—1000
relation applied as eV for electron TCSs. Positron TCSs: an average 14% below
1.3 eV, about 3.3-7% at 1.6—40 eV, an average 2% at 50—
Qi=(—=1/mhin(l4/1,), (1) 250 eV, and 9.3—-22 % at 300—1000eV.

wherel ; andl, refer to the projectile beam intensities trans-
mitted through the collision cell with and without the target
gas of number density, respectivelyl refers to the effective Both GHe and GFg are nonpolar molecules but do have
length of the collision cell and was established by normaliz-extremely large polarizabilities of 69.4 and 64.6 a.u., respec-
ing our measured positron,N'CSs to those of the positron- tively, which is surely expected to have a strong influence on
N, data of Hoffmanet al.[21]. The purpose of this normal- low-energy electron scattering. Both molecules have a simi-
ization procedure is not only for the measurement of thdar hexagon-shape structure, but the C-H and C-F distances
effective length, but also for checking the pressure gaugere 1.083 A and 1.327 A, respectivdl®3], and hence, the
stability. Actually it did not change significantly for each of molecular size of gFg is larger by roughly 20-30 % than
these measurements. CeHs . In addition, electronic structures between these mol-
The numerical data for & electron and positron TCSs ecules are obviously quite different as the quantum chemistry
are shown in Table |, together with their associated errorgalculation show$23] which make scattering events rather
determined as follows. The sum of all the uncertainties waslistinct from each other particularly below the intermediate-
estimated to be 5-7.6% and 6.7-12.3 % fgF&£electron  to-low—energy regime. As a general characteristic based on
and positron scattering, respectively. This sum of uncertaineur investigations with many other systems of polyatomic
ties is made up of contributions from the2.6% for electron  molecules, we have discovered that when hydrogen atoms
and <7.3% for positron beam intensitiedl/I, wherel re-  are replaced by fluorine or chlorine atoms, the resulting in-
fers to In(y/1,) in Eq. (1). The numerical data for 6l;  crease in molecular size is generally closely linked to an
electron and positron TCSs are shown in Table I, togetheincrease in the TCSs for both electron and positron scattering
with their associated errors whose sums are estimated to k2 energy ranges above several hundred[4} and this
4.3-6.5% and 5.5—-10.8 % for electron and positron scatteiserves as a basis for the additive arguri@mt although its
ing, respectively. This sum of uncertainties is made up ofvalidity is very limited and qualitative, but sometimes, ques-
contributions from<<1.4% for electron ane<5.8% for posi- tionable. This feature is also observable in the current results
tron beam intensities\1/1, wherel refers to In(y/l,) in Eq.  as well above 100 eV for both electron and positron as seen

IlI. RESULTS AND DISCUSSION
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TABLE |. Hexafluorobenzene (&) TCSs (10 ¢ cn?) for electron and positron scattering.

Energy(eV) Electron Positron EnergeV) Electron Positron
0.2 9.9-1.2 11 43.32.5 29.0:2.1
0.4 30.7#2.2 13.0:1.2 12 447 2.6 31.0:2.3
0.6 33.4:2.2 17.0:1.5 13 45.62.7 30.x-2.2
0.8 35.2£2.3 16.3-1.6 14 46.222.7 31.0:2.3
1.0 32.9:1.9 17.5-1.3 15 46.72.8 30.7+2.2
1.2 31.1+1.9 16 46.5-2.8 29.5-2.2
1.3 18.0-1.3 17 46.6:2.8 30.8:2.3
1.4 28.7+1.8 18 46.72.8 31.x2.4
1.6 27.3:1.8 19.6:1.4 19 46.72.8 31.4-2.4
1.8 26.2-1.8 20 46.72.8 31.4:2.5
1.9 19.0-1.4 22 47.52.7 30.3:2.1
2.0 24.5-1.8 25 47.42.9 31.4:2.3
2.2 25.5-1.6 20.#1.5 30 46.223.0 31.3:2.2
25 23.6:1.6 20.0:1.5 35 47.43.0
2.8 21.8:1.7 23.0:1.8 40 46.:2.8 31.2:2.3
3.1 22.3:1.4 21. 717 50 43.1-2.6 30.6c2.4
34 21.3:1.4 23.0:1.8 60 41.325 29.7%2.4
3.7 21.5-1.5 25.5£2.0 70 38.%24 28.6£2.1
4.0 22.3t1.5 25.21.8 80 37.6:2.2 29.0:2.0
4.5 25.4-1.6 25.9-1.9 90 35321 27.7%1.9
5.0 26.x-1.7 26.2£2.0 100 33.32.0 27.0:2.0
55 29.8-1.8 25.8:2.0 120 30.%21.8 26.8:1.9

6 31.3:2.0 26.9:2.0 150 28.%1.7 24.3-1.8
6.5 33.1+2.0 26.3:2.0 200 25.21.4 21.5-1.7
7 33.3t2.1 27.0£2.0 250 23.¢1.3 20.2£1.6
7.5 34.2£2.1 27.0£2.0 300 20.31.1 19.6:1.5
8 36.5£2.4 28.2£2.1 400 18.+1.0 16.7#1.5
8.5 38.4-2.3 28.1+2.1 500 15.60.9 13.6-1.4
9 39.2:2.5 29.5:2.2 600 13.90.8 13.6:1.1
9.5 40.6:2.5 29.5:2.3 800 11.60.6 10.6-0.7
10 41.3-2.4 29.7#+2.1 1000 9.50.5 8.7+0.7

below. This larger molecular size certainly contributes to (i) Both molecules show low-energy resonance peaks, at
greater TCSs thangBlg at 100 eV by 18.8% for electron and 0.8 eV for GFs and 1.6 eV for GHg. The 0.8-eV structure
6.3% for positron impactgsee Figs. @) and 3b) below]. I for C4F¢ has also been observed, together with another one
the low-energy range of a few tens of eV, characteristics irat about 0.4 eV which is not observed in our data, in electron
the pattern of TCSs seem to be more dependent on the shaggachmen{24—27 as well as in transmission experiments
resonances, and the polarization effect is expected to domfag). |t has been attributed to the resonant capture of the
nate at much lower energies. extra electron into ther* orbital, with the formation of a
We will spemflcally discuss these featureg for electron ang, g nsient GFs~ anion. On the other hand, the 1.6-eV struc-
positron scattering separately in more detail below. ture for GHg is attributable to electron capture into the de-
generateC,,(7*) orbital, yielding the?E,, electronic state

A. Electron TCSs: CgHg and CgFg compared of the GHg~ anion[29], which shows up as a long-lived
Figure 2a) and 2b) show the results for the present mea- shape resonance.
surements of electron and positron TCSs fgF{Omolecules. (il) They both have TCSs that decrease below this low-

Also shown in Figs. &) and 2Zb) are the results for gHg energy peak.
molecules for the sake of comparison. Numerical values for (iii) Both molecules conspicuously show a minimum be-
CeFs and GHg TCSs data are given in Tables | and I, re- tween 2 and 4 eV, which is shallower fogldg than GFs.
spectively, together with their associated errors determined (iv) An unresolved shoulder is seen at about 4.5 eV in
as explained above. the GHg TCSs. This can be attributed to tﬁBzg resonance
There are some features worth highlighting from the elecobserved by Cheet al. [12] in their studies where they
tron TCSs shown in Fig.(@). These are summarized as fol- determined its energy to be 4.94 eV. A resonant structure
lows. corresponding to electron capture into the second virtual
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TABLE II. Benzene (GHg) TCS (10 6 cn?) for electron and positron scattering.

Energy(eV) Electron Positron EnergieV) Electron Positron
0.2 35.8:3.4 11 59.7+ 2.8 42.4-2.6
0.4 23.5:1.3 37.8:3.0 12 58.4-2.7 41.12.6
0.6 23.5:1.1 41.9-3.0 13 55.3 2.6 41,127
0.8 24.9:1.4 45.9-3.4 14 53.52.5 41.8-2.8
1.0 28.1+1.5 48.5-2.9 15 52.72.4 42.5-2.9
1.2 31.6-1.6 16 51.:2.4 40.8-2.7
1.3 49.6-2.9 17 49.82.3 39.9+2.7
1.4 33.4:1.7 18 48.82.3 40.4-2.6
1.6 34.2:1.7 50.3:2.9 19 48.82.3 39.5:2.6
1.8 33.0:1.6 20 47. 7 2.2 37.8:2.6
1.9 50.2:2.9 22 457 2.2 37.4-2.3
2.0 32.651.7 25 4552.1 37.6:2.6
2.2 32.9t1.6 50.3:2.9 30 44.82.1 35.2:2.3
2.5 32.6-1.7 50.5-2.9 35 44.2-2.0
2.8 34.1-1.8 50.5-3.0 40 42.81.9 34.2:2.2
3.1 357419 50.5-2.9 50 41.91.8 33.1+2.2
34 37.0:2.1 50.2+3.0 60 39.31.7 31.2t2.1
3.7 39.1+2.3 49.6-2.9 70 36.7-1.6 29.7%+2.0
4.0 40.72.2 48.4-2.7 80 33.41.5 28.4-1.8
4.5 43.1-2.2 48.0:2.7 90 33.%1.5 28.0-1.8
5.0 45.4-2.2 46.3:2.8 100 30.31.3 27.3-1.6
55 46.6-2.2 47.0-2.8 120 29.31.3 25.1+1.5
6.0 47.6-2.7 46.4-2.9 150 27.1%1.2 23. 7%+ 1.7
6.5 48.6-2.3 45.8-2.9 200 2451.1 22.8-1.7
7.0 49.4-2.3 45.8+3.2 250 20.50.92 18.9-1.5
7.5 51. 7425 45.3+3.0 300 19.%+0.84 16.5-1.2
8.0 54.8-2.5 45.0-3.0 400 14.30.65 14.4-1.0
8.5 57.8:2.7 45.1+3.0 500 12.70.58 12.9-1.0
9.0 60.0:2.8 45.4-3.1 600 10.40.48 10.70.7
9.5 59.8:2.8 43.4-2.9 800 7.6&0.37 7.9-0.5
10 59.3:2.9 42.5-2.6 1000 6.150.29 6.8-0.5

45 eV for GFg in negative-ion yield curveq16,30

and

in the transmission spectrg27].

However,

this

region.

(v) Both TCSs rise gradually, above the minimum to pro-

is not clearly revealed in our TCSs possibly due to lowduce the prominent peak at 7—13 eV foyHG and the broad
intensity of the resonance process at 4.5 eV, making it diffipeak composed of two peaks at about 14 and 30 eV for
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FIG. 2. Electron and positron TCSs forglkg and GHg mol-

ecules.

CoFs. The(7—13-eV peak for GHg is due to a’E,, shape
resonance resulting from the temporal capture of an incident
electron into thes™* (ey,) orbital, as assigned by Allaf81].

As for CgFg, the structure at 14 eV has been attributed to
core-excited, temporary, negative-ion resonance formation
with decomposition either through the reemission of the in-
cident electron or through dissociative electron attachment
(DEA) leading to F, CsF;~, and GFs~ fragmented ions
[10,16].

(vi) At energies above these prominent peak features, both
molecules show TCSs that decrease from about 53
X 10 cn? at 9.5 eV to about & 107 ® cn? at 1000 eV
for CgHg and from about 52 10 %6 cn? at 30 eV to about
9.5x 10 ¢ cn? at 1000 eV for GFs.

(vii) C4Fg TCSs become greater thahfy TCSs for all
energies above 22 eV.
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90

T ' - y o ; - ' of overlap; by about 27% at 5 eV, 43% at 20 eV, and 59% at
©0:e” TCS present CsFs 90F o:e” TCS present CeHe
80F ¢ TCS Kasperski 1 ZEZ_TCS Mozejko

—e

- 08 Mo: ] 40 eV. Though the ECS results by Gianturco and Lucchese
oF %208 wimseas { o T S Glnueo i [34] show the same energy dependence as our TCSs, the
1.6-eV peak in the two experimental TCS measurements,
which is only 34.% 106 cn?? in magnitude, appears as the
sharp spike of about 2010 16 cn?. The ECSs of Gianturco
and Lucchese agree very well with those of Ghial. in the
%ﬁb ] entire energy region they studied. The difference between

] our TCSs and ECSs represents the sum of all inelastic pro-
10 ) %o%— cesses, and the present value in the whole energy region
appears reasonably well for representing inelastic contribu-
tions, except for the 1.6-eV peak. Rough estimation of the
sum from all inelastic processes amounts to 1 1 cn?,

FIG. 3. Electron-scattering TCSs and ECSs fgFgand GH, 12X 10 '®cn?, and 16<10™*° cn? at 3 eV, 10 eV, and 50
molecules: (a) (O) present GFg TCS data,(#) TCS data of €V, respectively. At 3 eV, the dominant contribution to in-
Kasperski, Moejko, and SzmytkowsKi10], (A) ECS data of Cho elastic processes is expected to come from primarily vibra-
et al. [12], and (—) ECS data of Winstead, McKoy, and Bettaga tional excitation and, to lesser extent, rotational excitation.
[32]. (b) (O) present GHg TCS data,(#) TCS data of Mogjko At 50 eV, the dominant inelastic process would be ionization,
et al.[33], (A) ECS data of Chet al.[12], and(—) ECS data of  in which we assume that at least 70%, op110~ 6 cn?, is
Gianturco and Lucched@&4]. from that process.

Next we turn to the gFg case. We assume thefg TCS

The effect due to fluorination is manifested itself by sev-results of Kasperski, Magko, and SzmytkowsKil0] in Fig.
eral observations: the broadening of the peak fgfTCSs (@ to have been measured using the same apparatus as the
(7—80 e\ compared to gHs TCSs(7—13 eV}, the shift in CgHg results of Mppjko et al. [33],_as shown in Fig. @).
position of the energy of the center of the low-energy peak‘l’herefore, the striking difference in the two _T_CSs seen be-
from 1.6 eV in GHg t0 0.8 eV in GFs, the shift of the main  tWeen the present and those of Kasperski, &k, and
resonance from 8.5 eV ing8l, to about 18 eV for gF, and Szmytkowski 10] in Fig. 3(a) should be noted, but cannot be

larger GF, TCSs than GH, TCSs at intermediate to higher easily ascribed to some sys?ematig errors with our apparatus.
energies In general, our TCSs are similar in overall structure to the

data of Kasperski, Magko, and Szmytkowsk[10]. Both
results show a low-energy resonance peak, at 0.8 eV in the
present result while at about 1 eV in the result of Kesperski,
Figure 3a) shows our GFg TCSs together with those of Mozejko, and Szmytkowski. The minimum at 3 eV, the
Kasperski, Moejko, and SzmytkowsKi10], the experimen- 14-eV and 30-eV resonance features are also seen in the
tal integral elastic cross sectiolECSg of Choetal.[12],  TCSs of Kasperski, Magko, and Szmytkowski. However,
and the theoretical integral ECSs of Winstead, McKoy, andhe behavior of our TCSs around 30 eV is not directly repro-
Bettega[32]. Figure 3b) shows our GHg TCSs together duced in their measurements, but rather as a smooth peak.
with those of Moejko et al. [33], the experimental integral Besides, our TCSs are lower than those of Kasperski,evioz
ECSs of Choet al. [12], and theoretical integral ECSs of jko, and Szmytkowski over all the energy range above 1 eV,
Gianturco and Lucched@4]. As discussed above, DCS re- being about 25% lower at 3 eV, 12% lower at 6 eV, 20%
sults of Choet al.[12], later integrated for the ECSs shown lower at around 35 eV, and an average 18% lower at energies
in Fig. 3, were used for the forward-scattering correction ofover the range of overlap above 70 eV. From our systematic
our GFg and GHg TCSs shown in Figs. (8 and 3b). comparison for all molecules so far we have studied and our
Therefore, we take special interest in the comparative studgood agreement with their results up to mid 1990s, we tend
of our TCS with their ECS results. to believe that the experimental results after late 1990s by
We discuss the gHg case first. As in Fig. @), our results  the Gdansk group are consistently larger due, probably, to a
are lower than those of Megko et al. [33] below 10 eV, problem in their pressure gauge.
though ours become equal to theirs at about 1.4-1.7 eV The general features and shape between our TCSs and
where both produce théE,, resonance peak. Though dis- ECSs of Choet al. are in good accord in the whole energy
crepancies can be seen between these measurements betegion studied. Specifically the general structure of our TCSs
1.5 eV, our data agree fairly well with the recent low-energyis reproduced in ECSs’ of Chet al, the rising trend at low
data by Gulleyet al. [15], as qualitatively discussed in our energies below 3 eV, followed by the minimum at about 3
previous papef18]. Above 10 eV, our TCSs are greater than eV, the rising trend in the region of 3.5-10 eV, and the fall-
their measurements over all the energy range they overlapff trend at higher energies. The resonance structure at 14 eV
However, both sets of TCSs generally show the same struds well reproduced except that the ECSs become greater than
tures at the same energy locations. TCSs between 12 and 18 eV in absolute value, though the
The ECSs of Chet al.[12], with uncertainties estimated *=25% error in their data would remove the inconsistency.
to be =25%, show the same energy dependence with ouThe structure at 30 eV is not reproduced in the ECS results
TCSs. Our TCSs are greater than these ECSs at all energissggesting that it should possibly be from ionization, elec-

E
" E

107 10° 100 108 10°
Energy (eV) Energy (eV)

B. Comparison of electron TCSs with other results
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tronic excitation, and a possible DEA. The ECSs of Win- 80 - - - T of - - o
stead, McKoy, and Bettegi2] is not consistent with our | GsFe o | pastion Cete : posiron
TCSs as well as ECSs of Chat al. both in energy depen- g °% ]

dence and magnitude in the entire energy region they stud®, a0f
ied. It appears that if we shift their results by 10 eV to =
higher-energy side, then some agreement can be forced t 3 30} §
achieve. For example, their peak at 5 eV may correspond tc 2

on (

ours at 14 eV, and a second larger hump in the neighborhoo( 5 2°f g% i

of 10-25 eV to that of ours at 20-50 eV. It misses the mini- 5 b g2 g

mum at 3.5 eV, but seems to reach its own minimum below (@ 151

0.5 eV. Again, the difference between the present TCSs anc e 1(')0 o E e O 1(‘)0 T
ECSs of Choet al. gives the sum of all inelastic processes Energy (eV) Energy (eV)

for electron scattering from ¢&5. Rough estimate suggests

that 3x 1016 cmz, 4% 1016 cn12, and 1610 ¥ cm? at 5 FIG. 4. Electron and positron TCSs forgkg and GHg mol-

eV, 10 eV, and 30 eV, respectively. These difference value§cules.

are smaller than those ofgB¢ particularly for smaller en-

ergy domain below 10 eV, suggesting smaller contributionshigher energies compared tgi; TCSs and that the peak is
from vibrational excitation for gF because of heavier fluo- broader than that for { TCSs can be viewed as some

rine atoms. results of the fluorination effect in positron scattering.
C. Positron TCSs: GHg and CgFg compared D. Comparison of electron and positron TCSs
Figure 2b) shows the positron TCSs forgE; and GHg Figures 4a) and 4b) show the electron and positron

molecules. As far as we know there are no other positronTCSs drawn separately for these two molecules. One striking
scattering TCS measurements done with these moleculefeature immediately seen in the figures would be that, below
Just as for the electron case, although ionization, elasti eV, positron TCSs become greater than electron TCSs in
various excitation, and other partial cross-section measurghe case of gHg, whereas there is no such crossover is
ments are needed for full elucidation of the features that arebserved in GF; TCSs. This turn-around feature between
observed in our positron TCSs, some interesting featureslectron and positron TCSs below a few eV domain has been
seen in this figure are highlighted here. studied carefully earlier for electron and positron impacts on
(i) Both molecules show broad peaks, which are abouCO, molecule and other simpler molecules systematically by
0.6-20 eV for GHg and 6-100 eV for gF; molecules. us, and we tentatively concluded that rotational excitation for
These peaks are centered at 2 eV fgHg and 25 eV for  positron impact becomes more efficient than electron coun-
CeFe¢ molecules. terparts for some cases where they have negative quadrupole
(i) TCSs decrease on either side of this peak for bothinteractiond35,36. Alternatively, there may be a case where
molecules. However in the lower-energy region, the decreasg@brational excitation for positron impact is more effective
below the peak is fairly rapid for g TCSs as compared to resulting in a larger TCS, or positron attachment may be also
Ce¢Fs. This phenomenon of the rapid decrease yHgpos- — a possible cause for a larger TCS. More careful and compre-
itron TCSs below 1 eV has been qualitatively studjé8] hensive theoretical investigations to elucidate this point fur-
and is tentatively attributed to the near-zero scattering fother are certainly needed.
positron impact causing the sharp drop because of the deli- From GFg in Fig. 4(a) it can be observed in that, below 3
cate balance between the attractive and repulsive interactiod/, electron TCSs rise to produce the 0.8-eV resonance peak
at these energies. before decreasing rapidly at energies below this peak, against
(iii) CgHg TCSs are greater than those ofFg at energies  continuously decreasing positron TCSs. Electron TCSs show
below 60 eV even though € is larger in size than {Hg. a minimum at 3.5 eV before rising, with increasing energy,
This characteristic is similar to the electron-scattering caseather sharply to produce the broad resonance peaks de-
The reason for this could be due partially to a larger polarscribed above, between 14 and 35 eV. Positron TCSs, on the
ization interaction effect in the ¢Elg than in the GFs sys-  other hand, show a gradual increase, with weak but not neg-
tem. ligible structures as described in the preceding section, to
(iv) Above the peak, both TCSs decrease with basicallyproduce the broad peak centered at around 25 eV. Electron
the same slope. TCSs are greater than positron TCSs in any energy region
(v) Both TCSs merge becoming nearly the same magnistudied, being more than one and a half times greater be-
tude above~100 eV. tween 15 and 40 eV. This has been the case observed with
As mentioned earlier, several small structures and shouknost of the polyatomic molecules studied in our laboratory,
ders can be seen in both TCSs in the energy freB5 to 20 and has been explained by a combination of stronger inter-
eV or so, arising from positronium formation, a series ofactions and the presence of resonances in electron than pos-
electronic excitations and ionizations, although these strudtron scattering in this energy region. Both TCSs decrease
tures are much weaker than those seen in electron counteabove 70 eV and become nearly equal above a few hundred
parts. That GFg TCSs show a peak at a position shifted toeV.
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From GgHg in Fig. 4(b), electron TCSs are smaller by a through DEA leading to F, CsF;~, and GFs~ fragmented
factor of 1.7 nearly in all energies than those of positronjons. In contrast, the positron TCSs show no conspicuous
below about 5 eV, but are larger above this energy. Twastructure but a broad peak in the neighborhood of 6—-100 eV.
TCSs begin to merge above 100 eV. As discussed above, we The comparison betweengE; and GHg showed GHg
have observed in a few molecular cases that positron TCSSectron TCSs becoming greater thagFg TCSs between
become larger than electron counterparts in the energy region7 and 13 eV. This should be resulting from the enhance-
between 2-3 eV and-0.5 eV, but normally the difference ment due to the overlapping of thEZu shape resonance
between electron and positron TCSs would be of the order dhetween 1 and 2 eV, théBzg resonance at 4.9 eV, and the
a few tens of percents. In thisgBg case, the difference is 2g, shape resonance in the region of 8.5 eV combined in
much larger, probably, due to the fact that a large number ofhjs region. The positron TCSs showed the striking behavior
rovibrational excitation modes effectively participate in mak-of C;H, TCSs becoming increasingly greater at low energies
ing far Iarger positron TCSs. In addition, positron attachmen{han those of gFG which is |arge in size. Both electron and
may also take place nearby negatively charged carbon atompsitron TCSs decrease above 30 eV wigFLCTCSs being
forming a cage structure, which may be more efficient thargreater than gHg TCSs. The broadening of the peak for
being trapped outside, contrary to electron attachment e Fs TCSs(7-80 e\j compared to gHg TCSs(7-13 eV},
positively charged hydrogen atoms in the outer region of thgne shift in position of the energy of the center of the peak to
molecule. Theoretical investigation of positron attachment thigher energies for &5, and the fact that at intermediate to
various hydroc_arbons i_s now un_derway_ by using rigoroushigh(_}r energies &5 TCSs become greater thaghl; TCSs
quantum chemistry configuration-interaction method, and thgye attributed to the fluorination effect in electron scattering.

results will be reported in a separate paff]. For positron scattering, this effect has been viewed as re-
sponsible for the shift of the peak position to a higher energy
IV. CONCLUSION for CgFg TCSs compared to {Elg TCSs, and for the broader
In this paper, TCS measurements (6r4—1000-eV elec- %Ziggg\sy peak(6-100 eV than that for GHs TCSs

tron and(0.2—1000-eV positron scattering from hexafluo-
robenzene (gFg) molecules have been presented, and a
comparative study with gHg measured results was carried
out. Two resonance peaks have been observedhy €lec- This work was supported in part by a Grant-in-Aid from
tron TCSs at 0.8 eV, attributed to the resonant capture witlthe Ministry of Education, Science, Technology, Sport and
the formation of a transientE;~ anion, and at 7-80 eV Culture, Japan Society for Promotion of Scierid8P$, and
showing weak structures at 14 and 30 eV with decomposia Cooperative Research Grant from the National Institute for
tion either through the reemission of the incident electron oiFusion Science, Japan.
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