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Asymmetric (e,2e) study of the 100-eV ionization of the 3ry and 1, molecular orbitals of N,
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Electron-impact ionization of thed, and 1, molecular orbitals of N to produce theX 22§ andA 211,
states of N+ has been investigated in an asymmetg(2¢) experiment at the 100-eV maximum of the total
ionization cross section. The experiment allows the direct comparison of ionization of two molecular orbitals
in the same target molecule. Scattering angles of the incident electsérand ejected electron energies from
3 to 13 eV were used. The relative triple differential cross sections were obtained as a function of ejected
electron angle for both the binafparallel to momentum transfer directioand recoil(antiparalle] directions.
The maxima of the binary and recoil peaks were found to be shifted from the angular positions predicted by
first-order theory. In contrast to the typical atomic case, the recoil peaks were shifted to smaller ejection angles.
In addition, the binary peak of therd, orbital ionization was located at an angle 30° larger than the corre-
sponding peak for the, orbital. These results suggest that the experiment is very sensitive to the initial and
final states of the target. Differences from results with atomic targets may be related to the nonspherically
symmetric nature of the target and residual i#1050-294{@6)06209-9

PACS numbds): 33.80—b

INTRODUCTION incident, scattered, and ejected electrons are coplanar. Under
these conditions(), and(}; can be replaced by the in-plane
(e,2e) or electron-electron coincidence ionization experi-anglesé, and 6.; and (1) becomes
ments provide a very sensitive method for the study of ion-
ization processefl,2]. In such experiments, the energy and d3a/dEd6od 6. (2
momentum of the incident electron before and after the col-
lision with the target, the energy and momentum of theWhen displayed as a function @; at a fixed6, and Ej,
ejected or secondary electron, and the final electronic state @isymmetric €,2e) triple differential cross sections are char-
the residual ion are all determined. Although there is nowacterized by two maxim@l]. The positions of the maxima
extensive ¢,2e) data on atoms, most experiments on mol-are related to the direction of momentum transfer in the ion-
ecules so far have been performed either in the binary regimiging collision. The momentum transferred to the target is
to measure momentum distributions of electrons in various
orbitals[3] or in the dipole regime, which simulates photo- K=ko—ky, 3
ionization conditiond4]. Only a few molecular €,2e) ex-
periments have been carried out under conditions typical aivhere ky and k; are the initial and final momenta of the
the majority of ionization events: momentum transfer valuedncident electron. The maximum in the direction of the mo-
between 0.2 and 1.0 a.u. and unequal sharing of energy beaentum transfer is known as the “binary peak” while the
tween the two outgoing electrons so that the ejected or seenaximum in the opposite direction, which arises from inter-
ondary electron has much less energy than the scattered iaetion of the ejected electron with the ion core, is known as
cident electrorf1]. the “recoil peak.” For high incident energy and very small
Experiments with unequal sharing of the excess energynomentum transfer the ionization is well described by the
between the two outgoing electrons are known as asymmefirst Born approximatiorf1]. First-order theory requires that
ric (e,2e) experiments. As in all €,2e) experiments, they the binary and recoil peaks lie on a common axis oriented to
can be characterized by a triple differential ionization crosoincide with the direction of the momentum transfer vector.
section(TDCY9). For a fixed incident energ¥,, the TDCS At low to mediumK values (0.2K<1.0 a.u) and for low
is values ofE,, deviations from the predictions of the first Born
approximation are observedd]. For atoms, both the binary
d30/dEgdQd Q. (1)  and recoil peaks are characteristically displaced to larger
angles than the direction of the momentum transfer vector so
Eis the energy of the ejected electrddy, is the solid angle  that the maxima of the binary and recoil peaks no longer lie
into which the incident electron is scattered, dig is the  on a common axis. This deviation from first-order behavior
solid angle into which the low-energy secondary electron iss apparently a very sensitive function of the interactions
ejected. Although there are two energy variablEg, and  between the residual ion core and the two outgoing electrons
E¢, WhereEj is the energy of the incident electron after the [1].
collision, only one energy is an independent variable when One goal of the present experiments on N to deter-
the final state of the ion is known from the measured energynine whether such deviations appear in a typical molecular
parameters of the experiment. Experiments are usually cacase and if so, to determine their extract form. As the re-
ried out for the case in which the momentum vectors of thesidual molecular ion is not generally spherically symmetric,
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the interactions of the two outgoing electrons can be ex-

pected to be more complicated than for the atomic case. ~_
Only a few asymmetric €,2e) experiments on valence SCHEMATIC DIAGRAM OF THE ™~ _
orbitals of molecules have been performed in the low inci- APPARATUS 8 rotation

dent energy, intermediate momentum transfer region. Exten-

sive measurements of the absolute triple differential cross

section are available only for H5]. Limited data are avail-

able for the N 30 orbital and the carbowmrls molecular

orbital of acetylend6-8]. In their N, work, Junget al. [6]

used an incident energy of 100 eV, incident electron scatter-q oo
ing angles from 8° to 25°, and ejected electron energies of 3 T
and 4 eV, whereas Avaldit al. [7] used an incident energy  ———
of 270 eV, incident electron scattering angles from 3° to ‘

8°, and ejected electron energies of 10 and 18.8 eV. Jung

et al.[6] found that in most cases the recoil peak was absent —o ¥ detector E
or very weak while Avaldiet al. [7] found a binary-recoil "
peak ratio near unity. For the carberls orbital of acety-
lene, Avaldi et al. [8] found that the recoil peak was dis-
placed to smaller angles than first-order theory would pre-
dict, in contrast to typical atomic results.

In the present work, we have investigated the 100-e
TDCS for production of theX 22& and AZHU states of from binary to recoil scattering. The scattered electron analyzer is
N," produced by removal of an electron from the3and fixeq.

17, molecular orbitals of N. N, is a particularly interesting

target molecule because of the importance gfibhization  pell jar approximately 0.5 m in diameterc@d m high. The
processes in planetary atmospheres. An incident energy @fell jar was surrounded by a double magnetic shield, which
100 eV was chosen because this incident energy is almogéduced the magnetic field at the spectrometer’s position to
exactly the energy of the maximum of the, total ionization <5 mg. The apparatus was differentially pumped with two
cross sectiofio(Ep)] [9]. The TDCS has been investigated 400-1/s turbopumps. One pump evacuated the volume
for small scattered electron angles'§°) and ejected elec- around the spectrometer while the other provided differential
tron energies from 3 to 10.5 eV. Results from two previouspumping by evacuating the source region. Target gas densi-
experiments carried out with an older version of the apparaties at the collision center of the order Ofli(ﬂ;m*3 were

tus have already been publishgti0,11. In the first, the ysed. It was not possible to measure the pressure at the ori-
TDCS was measured at a fixed ejected electron angle dfce of the hypodermic needle source directly. The density of
74°. In the second, a limited measurement was made of thgyrget gas at the collision center was estimated from the pres-
angular distribution ejected electrons. The present experisyre in the inlet system outside the vacuum system and the
ments include much more extensive TDCS measuremenisressure inside the bell jar. An important improvement over

monochromator
J1ezAjeue paleness

collision center

FIG. 1. Schematic diagram of the apparatus. The ejected ana-
\)yzer’s angle of rotation with respect to the incident beam direction
is 6. Rotation of the monochromator by changidg switches

with an improved apparatus. previous versions of the apparafii®),11] was the incorpo-
ration of an angle drive on the electron monochromator as
APPARATUS well as on the ejected electron analyzer. This allowed both

the scattered and ejected electron angksand 6, in Fig.
Earlier versions of the apparatus have been described prejy to be changed without opening the vacuum system and
viously[10,11] so only a brief description will be given here greatly increased the accuracy of the binary-recoil peak in-
with emphasis on new features. A schematic diagram of theensity ratio measurements.
apparatus is shown in Fig. 1. The electron monochromator, The beam-steering deflectors in the spectrometer were ad-
which produces the incident beam, and the scattered electrgnsted to give equal inelastic scattering intensity from the
analyzer have essentially the same electron-optical design astense 12.98-eV peak in the ;Ninelastic scattering spec-
the electron spectrometer described by Doemt@l. [12]  trum on either side of,=0. This ensured that the spectrom-
although a new construction method was used for the monceter was adjusted properly when the monochromator was ro-
chromator[13]. The use of an electron monochromator for tated to switch between the binary and recoil lobes.
the incident beam allowed experiments to be performed at The apparatus was operated at low angular resolution to
better energy resolution than the typical energy spread of aimprove the data rate. The primary electron beam’s angular
electron beam from a hot-filament electron gun sourcefivergence was measured by the scattered electron analyzer.
[~0.6-eV full width at half maximun{FWHM)]. Data have  The beam was normally 4° wid&WHM). The angle of the
been obtained with energy resolution as high as 0.19 eV¥nomentum transfer vectdy is given by
although the typical resolution used for the present work was
0.35-0.40 eV. The third, ejected electron, analyzer, used to sinfy = (kgsingp)/K. 4
analyze the low-energy83—13 eV} ejected electrons, was a
2.54-cm radius-of-curvature hemispherical analyzer prefNote that in the coordinates used to display the TDQ$,
ceded by a collimator and a three-element lens system. the scattered incident electron is conventionally directed to a
The entire spectrometer was housed in a stainless stepbsitive angle and the momentum transfer vector is therefore
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directed to a negative angle. For simplicity, we calculate

| 6«| in (4).] At a scattering angle of 422°, 100-eV incident 1000 i E =100 e':lf E —3eV
energy, and 10-eV ejected electron energy, th2° uncer- 800 | Xz}:g+ *o —4° e’,=ej-72°
tainty in 6, causes an uncertainty of approximateiy10° in 2 N °o 7
0y . This angular width is still much smaller than the typical 3 i
measured 60° 70° angular width of the binary peak of the G 600
TDCS. The angular width of the ejected electron analyzer % i
was investigated using th&MION [14] ray-tracing program L 400 ¢
and found to be approximately 4°—much less than the un- § _
certainty in 6y . © 200

Standard electronics as described previoydl§] were I
used. Pulses from the two electron multiplier detectors were S PR RPN AU AR I I
amplified, passed through a discriminator, and applied to the 15 16 17 18 19 20 21 22
“start” and “stop” inputs of a time-to-amplitude converter lonization Potential (eV)

(TAC). The output of the TAC was sent to a pulse height
analyzer that produced and displayed a “time spectrum.” FIG. 2. 200-point coincidence energy-loss spectrum of &t
The time spectrum consisted of a time-correlated coinci100-eV incident electron energy for the ejected electron energy and
dence peak superimposed on a background of accidental cargle, and incident electron scattering angle shown. The electronic
incidences. states of N* associated with each of the three peaks are shown.
For operation in the “spectrum” mode described below, aThe incident electron current was 1.6 nA and the total accumulation
window discriminator was set to include only the time regiontime was 1300 sec/channel.
containing the coincidence peak superimposed on the acci-
dental background. The output of this discriminator was sengpectrum correspond to production of tX&3 ), AZI1,,
to a second computer, which recorded the coincidence plugndB2s, | electronic states of )" at ionization potentials of
background rate as a function of energy loss of the inciden{5 57, 16.68, and 18.73 eV, respectively. The spectrum is
electron as the spectrum was scanned repeatedly. superimposed on a background of accidental coincidences.
There are two modes of operation of the apparatus. In the A close examination of Fig. 2 shows that the peaks do not
first “spectrum” mode, the energy loss of the incident elec-appear at the exact spectroscopic values of the ionization
tron is varied by scanning, while keepingg, constant. The  potentials. The peak of thé23. state of N,* appears at an
ejected electron analyzer is adjusted to detect ejected eIe@nergy loss of 16.16 eV rather than 15.57 eV. This discrep-
trons at a fixed energyE,;. A “coincidence energy-loss” ancy is the result of the contact potential in the electron
spectrum is produced since by conservation of energy,  source. The offset of the peaks arises in the following way.
The zero of energy loss was established by making zero en-
AE=E;—Ep=Eegjt+ Vion(i), (5)  ergy loss coincide with the maximum intensity of the elasti-
cally scattered beam. Since the scattered electron analyzer
whereAE is the energy loss of the primary electron. Whenmeasures only the energy loss defined(3), the contact
the energy loss is equal to the sum of the ejected electropotential in the source canceled. However, the ejected elec-
energy and one of the ionization potentials of the target, dron energy was set by adjusting the electron source voltage
coincidence signal is produced. At other values of energyo a nominal valug2.5 eV for the spectrum in Fig. 2, for
loss, no coincidence signal is produced. example and tuning the analyzer to transmit electrons of this
A coincidence energy-loss spectrum is similar to a sepaenergy. The voltage applied to the electron source is refer-
ration spectruni7]. However, in a separation spectrum, the enced to ground potential as is the deflection voltage of the
energy loss is fixed and the ejected electron energy isjected electron analyzer. The actual energy of the electrons
scanned. At high incident energy and small momentunemerging from the source that the ejected electron analyzer
transfer, this method of operation produces a spectruns tuned to pass is therefore the sum of the applied voltage
closely related to a photoionization spectrum since the enand the contact potential. Thus for the spectrum in Fig. 2, the
ergy loss of the incident electron is equivalent to the photorcontact potential was-0.59 V and the actual energy of the
energy. We operated the spectrometer at constant ejected egjected electron was 3.09 eV. The contact potential varied
ergy with a variable energy loss of the scattered electron tbetween—0.45 and— 0.85 V during these experiments. For
avoid spectrometer transmission effects. The scattered elecenvenience, the ejected electron energies are reported here
tron analyzer was known to have constant transmission asrmunded to the nearest 0.5 eV, uncertainh§.25 eV.
function of energy loss, but, because of the low electron In the second, “ejected angle scane,” mode of operation,
energy and simple lens system, the transmission of the lowthe ejected electron angle is varied while the other energies
energy ejected electron analyzer was not constant as a funand angles are held fixed. A coincidence energy-loss spec-
tion of ejected electron energy. trum is first obtained to locate the maximum of the ionization
A typical coincidence energy-loss spectrum is shown inprocess to be studied. Then, as the ejected electron angle is
Fig. 2. This 200-point spectrum was taken =3 eV, varied, the apparatus is alternately tuned to the energy loss of
0ej=—72°, p=4°. The raw data have been smoothed withthe maximum and to a background energy loss where no
a three- pomt running average program. The actual number afoincidence signal is present. The coincidence rate is ob-
counts in each channel is shown for the approximately 1300tained by subtracting the background count rate from the
sec accumulation time per channel. The three peaks in theoincidence plus background rate. A coincidence rate for a
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2 ~ Argon, E5 = 100 eV v Norm. present results
L 0O, Autoionization signal vs. angle Egi=56eV o Ehrhardtetal, 1974
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FIG. 3. Plot of response of the ejected electron analyzer to an
isotropic flux of electrons produced by an autoionizing state of FIG. 4. Comparison of present relative 100-eV argon triple dif-
O, (Ref.[14]). The solid line is the function 0.5({Lco§eej). ferential cross section to previous experimental work of Ehrhardt
et al. (Ref. [17]) and theoretical calculation of Madison and

single angle can be obtained in 10-20 min. This method(ravtsov(Ref. [16]). The present results have been normalized to

measures the relative TDCS as a function of ejected electrofj€ theoretical value at the maximum of the binary peak. The points

angle directly whereas the spectrum mode measures all 6?,present|ng the work of Ehrhardt al. have been taken from the
o . S . _smooth curve presented by the authors.

the ionization processes at a fixed ejection angle. In prin-

ciple, the relative TDCS as a function of ejected angle could

be obtained in the spectrum mode by recording a completg .
coincidence energy-loss spectrum at each value of th t al. [17]. The present results have been normalized to the

ejected angle. However, since at least 12 h were required t%alculgtion at the peak of thg binary lobe. Excellgnt agree-
complete a single spectrum, it was impossible to keep th%ﬁﬂg";’;bﬁgg :)?rl\lchtrg?él\s/Tz"c inghforgetlvgs-ra?;s
incident current and other parameters from drifting signifi- g Orol 2 P W .
cantly. The “spectrum” method was therefore of greatestmeasured. These results are compare.d to thoge of Avaldi
use in determining the relative TDCS for the various ioniza—et al. [7]. a'.[ 270 eV_, 3.5% and 10 _eV In F_|g. 2. Again, agree-
tion processes while the second “ejected angle scan” wa ent within experimental error is obtained for the relative
most useful in determining the angular dependence of DCS.

single process as a function &f;. The second method could

only be used for the strong ionization signals from the RESULTS AND DISCUSSION

25 + 2
X lzg agdAt H&‘ ?tate§. the d q f the TDCS Plots of the relative TDCS as a function &f; for ioniza-
n order to determine he dependence of the %%on of the 3oy and L, orbitals of N, are shown in Figs. 6

Oej, It IS hecessary t_o know the angular dependence Of th nd 7. The data have been normalized to a common radial
scattering volume. Since the target gas source was a simp ale

hypodermic needle, we expected that the interaction region As mentioned before, first-order theories of ionization re-

consisting of the volume defined by the intersection of the uire that the binary and recoil lobes be symmetric about the
angular acceptance cones of the three electron spectrometers

might not be constant a&,; was varied. To investigate this

point, we used the previously studigtb] autoionizing tran- » presentresults

on and Kravtsoy16] and experimental results by Ehrhardt

sition in O, near 16.8 eV to produce an isotropic flux of o Avaldi etal
ejected electrons that could be detected in coincidence with 2oy

the scattered electrons. Figure 3 shows an angular scan of the Np X25,,*
intensity of the autoionization coincidence peak with the ac- Eo=2oogev
cidental background removed. The intensity of the autoion- or 270 eV
ization process as a function di; is well described by 0g=4°

(1+cog6,). This result is quite reasonable since it is be- % Eg=10eV

tween the typical cas variation observed for static gas tar-
gets and the constant scattering volume obtained for a well-
collimated molecular-beam targgt]. All the angular scans
reported here were corrected by this factor.

As a test of the apparatus, we made measurements on
argon and nitrogen for comparison with theory and previous
results. Figure 4 shows a plot of the TDCS for 100-eV elec- F|G. 5. Comparison of present 200-eV, Nriple differential
trons on argon at a scattered electron angle of 4° and agross section to results of Avalet al. (Ref.[7]). The present rela-
ejected electron energy of 5 eV. Also included are the resultgve results have been normalized to the results of Avatdil. at
of a distorted wave Born approximation calculation by Madi-the maximum of the binary peak.

K=0.36 a.u.(200 eV)
K=0.37 a.u.(270 eV)

+180
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0 Feature(1) is unremarkable. It is typical of atomic sys-
: N5 100 eV - tems[1]. On the other hand, the recoil peaks are displaced to
3 og smaller values o) than the revers& direction. Displace-

ment of the recoil maximum to smaller angles was first ob-
-90 served by Avaldiet al.[8] in their study of ionization of the
1s ¢ orbital of C,H,. The appearance of the same phenom-
enon in N, in clear contrast to the atomic case suggests that
this may be a common feature in molecular ionization.
The large, 30°, difference in direction of the binary lobes
for the two orbitals, noted as featu®), is of great interest.
As the present experiments appear to be the first in which the
ionization of two different valence molecular orbitals in the
same target can be compared, this phenomenon has not been
previously reported. This feature, along with feat(2g the
displacement of the maximum of the recoil lobes to smaller
values off,;, suggests that the interaction between the two
FIG. 6. Experimental results for Nriple differential cross sec- outgoing electrons and the residual ion core is very different
tion vs 6 for ionization of the 3y orbital of N,. The incident  from what is found for atomic systems. The 50° maximum
energy and scattered electron angle were 100 eV and 4° in all casdf®r the 3oy orbital binary peak is typical of atomic ioniza-
Results are shown fdE; of 3.0, 5.5, and 10.5 eV. The direction of tion. The fact that the maximum for ther], orbital is at such
the momentum transfer vectors is shown for each case as is thg large angle may be evidence for a preferred orientation of
magnitude of the momentum transfer in atomic units. The points arghe molecular axis with respect to the incident beam direc-
the experimental data. The solid lines are fits to a three-poinfion for ionization of this orbital.
smpothed set of the experimental data points and are intended to The breaking of the common symmetry axis between the
guide the eye. binary and recoil lobes is further evidence of higher-order
interactions. For the &, orbital, the apparent existence of a

momentum transfer axis and the binary'reCOil ratio approadgymmetry axis may be fortuitousy a consequence of the rota-
unity asK—0 [1]. It is obvious from the data in Figs. 6 and tjon of the binary lobe to larger angles.

7 that there are large deviations from first-order behavior for The observed binary-recoil ratio 0f*10.2 deserves com-
N at 100 eV. These deviations can be summarized as folment in view of the very different results reported by Jung
lows. (1) In all cases, the maximum of the binary lobe ap-et al. [6] and the results of Avaldét al.[7], which are very
pears at a larger value df; than the momentum transfer similar to ours. ForE,=100 eV, ,=8°, andE,=3 or 4
directiondy . (2) In all cases, the maximum of the recoil lobe ey, the binary peak in the data of Juegal. [6] resembles
appears at amallervalue of 6 than the reversK direction.  the present binary peak in shagélthough nowhere stated,
(3) The maximum of the binary lobe for thend, orbital  we assume that Jureg al. [6] were observing ionization of
ionization is at a much larger angle than that for the;3 the 30, orbital of N,.) However, Junget al. [6] report a
orbital (80° versus 50°)(4) The maxima of the recoil lobes very small recoil peak, with a binary-recoil ratio of 4.0 at
are at approximately the same angle for all caggs.The  ¢,=3 eV, which changes to 100 @;=4 eV. In addition,
symmetry axes of the two lobes do not coincide for thethe direction of the maximum of their binary lobe changes
30 orbital. (6) The symmetry axes of the two lobes for the from 50° at 4 eV gx=47°) to 65° (@ =50°) at 3 eV. It
1m, orbital ionization approximately coincide(7) The  should be noted that the magnitudekofvas the samé0.45
binary-recoil ratios in all cases are of the order of Q.2. a.u) for both 3- and 4-eV values d&,;. Our data, for which
the magnitude oK changes from 0.32 to 0.42, do not show
such effects. The data of Avaldi al.[7], although taken at

a higher value oE,=270 eV, haveK=0.37 and a binary-
recoil ratio on the order of unity in agreement with our data.
Nothing like the large changes in either binary-recoil ratio or
direction of the binary maximum seen in the data of Jung
et al.[6] appear in either the data of Avaldt al.[7] or our
data.

If the binary-recoil ratio were as large as Jueigal. [6]
report, there should be an effect on the double differential
ionization cross section. Very little intensity should be ob-
served at angles greater than 90°. However, the measure-
ments of Opakt al. [18] and Shyn[19], although they dis-
agree at small angles and in the details of the cross section,
show that the flux of electrons is almost isotropic at angles

1150 between 20° and 150°. It therefore appears that if these
changes in the TDCS are real, they must occur over a very

FIG. 7. Same as Fig. 6 except for ionization of the lorbital ~ small range of the ionization parameters.
of N». The most important variable in ionization processes is the

-90

Egj=300V
K=0.32 Egj=1056V
K=0.42
+180

+180

No 100 eV
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FIG. 8. Cartesian plot of TDCS for ionization of therg orbital _ _
of N,. The results for the three valuesBf; indicated are plotted vs FIG. 9. Same as Fig. 8 except for ther] orbital of N,.

the difference betweem,; and the momentum transfer direction
Ok .

tion of the two orbitals. These differences are evidence for
the sensitivity of the €,2e) experiments of the present type
S to differences in the interaction of the incident electron with
momentum transfer vect¢d]. In the 3o orbital ionization,  the wave functions of the two orbitals in initial state as well
for E¢;=10.5 eV,K varies from 0.38 a.u. a,=0° t0 0.58 35 differences in the interaction of the two outgoing electrons
a.u. at 10°. Correspondingly, Bt;=3.0 eV, the variation is  with the residual ion cores.

from 0.38 to 0.52 a.ufy varies from O to 55° over the same  The observed deviations from first-order theory predic-
range at 3.0 eV and 0 to 44° at 10.5 eV. This small variatiortions are in some cases opposite to those observed in atomic
in the magnitude oK suggests that the shapes of the ob-systems. Particularly interesting is the change in the direction
served distributions should be the same for different valuesf the recoil lobe maximum towards smaller angles observed
of E¢. Figures 8 and 9 show the TDCS data for the twoin both these experiments and those of Avaddial. [7].
orbitals plotted as a function of the angle measured fronEjection of an electron in the recoil direction requires a
0y . Although there are some small differences, it is obviousstronger interaction between the ejected electron and the ion
that the distributions can be roughly superimposed. This alsore than ejection in the binary direction. This effect may be
suggests that in view of the rather small changei iout to ~ an extremely sensitive probe of the ion charge density and

6o=10°, our 4° data should be representative of the wholg@ther quantities.
region. The sensitivity to initial and final-state properties of the

target makes experiments such as the present ones a power-

ful tool for investigating ion states. However, the theory of
CONCLUSIONS (e,2e) processes in the low incident energy, medium mo-
mentum transfer region is difficull] and advances in theory

An (e,2e) experiment has been performed in which ion- "’ . .
ization of two molecular orbitals in the same target can beWIII be required before these effects can be understood in
tail.

compared at an incident energy corresponding to the peak
the t_otal ionization cross section an_d momentum transfer. in ACKNOWLEDGMENTS
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