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Differential cross sections at 0° and 180° for electron-impact excitation of th& 32; state of N,
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Relative differential cross sections at forward and backward angles for excitation Efatﬁg state of N
have been measured in the resonant, near threshold energy region. Measurements are performed by using a
double trochoidal electron spectrometer and are calibrated on the absolute scale by simultaneous measurements
of this process and vibrational excitation of the ground state,ofi&l 2Hg resonance. The contributions at 0°
and 180° are separated by electron beam modulation and time-of-flight detection of scattered electrons. Ob-
tained results confirm directly theoretical predictions of the symmetry of angular distribution of scattered
electrons from?S ! resonance.
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[. INTRODUCTION intermediate angles confirmed particularly jits symmetry.
This symmetry was theoretically proposed by investigations
A pronounced resonant contribution to electron-impactof Read[10] considering resonant electron-molecule scatter-
excitation of theE 33 state of a N molecule, in the near- ing angular distributions. Proposet®,; symmetry of the
threshold energy region, was first observed by Heidemaf€sonance is in agreement with the angular dependence ob-
etal. [1] and confirmed by Ehrhardt and Willmani2].  tained by Mazeawt al. [4]. Its extrapolation with the theo-
Sanche and Schulg], in electron transmission measure- retically proposed model function of RegtD] is symmetric
ments, also observed strong resonant threshold excitatioAound its minimum at 90°. _ .
Mazeauet al.[4] have determined the energy position of the  1N€ Most recent measurements of this process in the near
resonant peak to be 11.90 eV, and attributed it to the cordréshold energy region are performed by Poparial. [11]
excited shape resonance. Goldernal. [5], in a combined using a crossed beams double trochoidal electron spectrom-

o o . . ter. A near-threshold resonant contribution to the differential
transmission and emission experiment, have determined th(;ee}oss sectionDCS) is studied with a high efficiency and
energy of the peak to be 11.92 eV.

The total " ¢ ati fESS* stat high energy resolution. The absolute values of the DCSs and
€ total Cross sections for excitation o g St ne total cross sections in this energy region were obtained
were estimated by Borsit al. [6] in a measurement of the p, sing theoretically predicted angular distribution of in-

total metastable excitation function. In these measurement§astically scattered electrons. In the present work we have
the energy position of the peak is located at 12.2 €V, somedeyeloped a method to measure separately DCS at critical
what further from the threshold energy of 11.874 eV, andangles of 0° and 180°, in order to complete and normalize
higher than results from other authors. This discrepancy ifp)reviously measured angular distribution.
energy position is probably due to poor energy resolution, of
about 0.6 eV, in Borset al. [6] measurements. The total
cross sections have also been determined by Bruegat.
[7] in their measurements of metastable nitrogen molecule The present measurements are performed by using a
production. ZubeK8] has performed absolute cross sectionmodified crossed beams double trochoidal electron spec-
measurements by using a technique similar to Bruegel.  trometer, described earli¢d2]. Due to the presence of a
[7]. magnetic field, needed for trochoidal electron selectors op-
As can be seen from the review of Brunger and Buckmareration, in the originally designed apparatus the detected sig-
[9], there is a lack of systematic differential cross sectiomal consists of the sum of electrons inelastically scattered at
measurements of this process in the region from threshold t0° and 180°. Electrons scattered at 0° travel straight to the
15 eV. This region is very rich with resonances and measureanalyzer system and to detector, see Fig. 1. On the other side,
ments of differential cross sections would help to understanéhelastic electrons scattered at 180° move backward along
these resonant mechanisms of excitation. Only a few authotsie incident electron beam, are reflected on the potential bar-
investigated the symmetry of the resonance just above thger of the monochromator, reach again the collision region
threshold energy. Sanche and Schillz have proposed the and from there follow the same path as the 0° electrons.
resonant state to have or II symmetry by considering its Thus they travel a longer distance and need a longer time to
electron configuration. They have proposed fpartial  reach the detector. This fact is used to separate these two
wave to be involved in the scattering process. Mazetaal.  groups of electrons by recording their time-of-flight spectra.
[4] have measured its relative angular distribution in theFor this kind of measurements the incident electron beam
range from 15° to 120°. Obtained angular dependence dom the monochromator needs to be pulsed in an appropri-
ate way. A similar technique has been used earlier by Allan
[13] and Asmis and Allarj14].
*Electronic address: gopop@ff.bg.ac.yu Electron beam chopping is enabled by introduction of a

II. EXPERIMENTAL SETUP
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square shaped asymmetric pulse signal of 1.96 MHz from @eak, around 400 ns, corresponds to electrons scattered at
33 MHz clock. Square pulses of 30 ns, 2 V high, are sepai80°, which are reflected by the monochromator potential
rated by 480 ns. This signal is superimposed on the voltagbarrier, and detected somewhat delayed in time. The ratio of
of the second electrode after throchoidal electron monohrodifferential cross sections at 0° and at 180° is proportional to
mator (TEM), as shown in Fig. 1. The potential of this elec- the ratio of integrals of events of these two peaks. The ob-
trode keeps the electron beam on during 30 ns of the pulsgined ratio is equal to 1, within the estimated error of 5%.
time and off for the rest of the time. Since the collision canSimilar measurements are performed at several energies in
occur only during the “pulse on” time, the rising time of the this energy region and obtained results are in very good
pulses can be used as a trigger of the time-to-amplitude coragreement with each other. For higher electron energies,
verter (TAC). In fact, this signal is used as a stop trigger of however, residual energy is also higher, the time difference
the TAC. For the start of the TAC the signal from the chan-between forward and backward scattered electrons becomes
neltron is used. Therefore each recorded event represents thleorter and two peaks in the spectrum are closer, making
time difference between electron detection and the next pulsiheir separation imposible. This fact can be overcome by the
coming from the generator. This configuration has no influ-introduction of a decelerating electrode system for backward
ence on the results, but increases the detection efficiencgcattered electrons in front of the collision region. This has
The signal from the channeltron is processed by a fast chardgeen sucessfully demonstrated by Asmis and AJtb41.
amplifier, voltage amplifier, and high-voltage filter. Obtained Obtained experimental results are in a very good agree-
pulses are used for the start signal of the TAC. The signaient with the theory and for the first time directly confirm
from the TAC is loaded to a pulse-height analy@@HA) and  theoretically predicted angular distribution of this resonance
multichannel analyzefMCA). Obtained time-of-flight spec- to be fully symmetric around 90°. This fact is used to nor-
tra are analyzed by an on-line computer. The principaimalize differential cross sections. Absolute value of the dif-
scheme of this arrangement is also shown in Fig. 1. ferential cross section at 0°, for this particular electron en-

ergy, is obtained by simultaneous measurements of this

process and vibrational excitation of the ground state of N

lIl. RESULTS AND DISCUSSION via 2Hg resonancg11,15. Angular distribution from the

. . . . 2 i : o
Relative differential cross sections at forward and back-"Ilg resonance is also symmetric around 90°, furthermore
ward ang'es for electron impact excitation @fzo vibra- two ConSIdered angular dIStrIbutlonS ha.Ve a Very mUCh simi-
tional level of theE 33" state of N have been measured at '@ form. These measurements are performed under the same

an incident electron energy of 11.94 eV, at the resonant peaq?(perimental conditions and for the same scattered electron

just above threshold. Besides its physical importance, this
energy region is chosen because it gives inelastically scat- 1500+
tered electrons with small residual energy, below 0.1 eV.
Such a low residual energy leads to a significant time differ-
ence between forward and backward scattered electrons and 1000
thus enables their separation. The relative ratio of electrons g
scattered at 0° and at 180° has been obtained in the pulsed S
mode of spectrometer, by measuring time-of-flight spectra of 500 -
scattered electrons. Typical results of our time resolved mea-
surements at an incident energy of 11.94 eV and residual

. i . X
energy of Q.067 eV, via théEu resonance, are shown in o0 o0 200 360 490 500 600 To0 800
Fig. 2. As it can be seen from the figure, the spectrum con- Time of flight (ns)
sists of two distinct peaks on the time scale. The first nar-
rower one, at 300 ns, belongs to electrons scattered at 0°, FIG. 2. Relative count rate as a function of the time of flight of
directly to the analyzer and detector. The second, broadescattered electrons.
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— Y The obtained fit is also showfull line) in Fig. 3. In this way
EZg v=0 the relative measurements of Mazeetual. [4] are also put
E=11.94 eV on the absolute scale. Obtained results are in a very good
agreement between each other, up to the form, over a wide
range of angles and enable further determination of the inte-
gral cross sections.

The estimated errors of the measured differential cross
sections are 27%, which includes the uncertainty of a ground
0.0 . r r r r r state excitation cross section of 20%, relative to which these

0 30 60 90 120 150 180 cross sections are normalized, and statistical error of 2%. A

Scattering angles (degroes) remaining error of 5% belongs to the uncertainty of the sepa-

FIG. 3. The absolute differential cross sections for excitation off@tion procedure of the two groups of electrons in the time-

the E3S; state of N at 11.94 eV:O, present results and, ~ Of-flight spectra.
Mazeauet al.[4].
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IV. CONCLUSIONS

residual energy. Obtained absolute differential cross section The relative differential cross section at forward and

values for excitation of th& 32; state of N at 0° and 180°  p5ckward angles for excitation of the3S. state of N was

are shown in Fig. 3. _ . measured in the resonant near threshold energy region. The
Relative differential cross sections of tEe329 state of  contributions at 0° and 180° are resolved by employing the

N,, via % resonance, at 11.90 eV, have been measurefime-of-flight technique. Theoretically proposed, symmetric

earlier by Mazeaet al.[4] for scattering angles from 15° to  angular distribution of scattered electrons Y&, resonance

120°. The form of these measurements is also in a gooflas been directly confirmed by this experiment.

agreement with the theoretical predictions of R¢ad] for

the 23 resonance. The best fit of the results of Mazeau ACKNOWLEDGMENT
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