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The absolute optical oscillator strength density (OOSD) and generalized oscillator strength densities (GOSDs)
below 100eV of N2 are determined with an incident electron energy of 2500eV and an energy resolution of 100 meV.

The absolute generalized oscillator strengths (GOSs) for two transitions to the superexcited states at 23 and 31.4eV are

determined and their momentum transfer dependence behaviours are discussed.
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1. Introduction

Nitrogen is a significant component in the Earth’s
upper atmosphere, it also has significant role in Ny
laser and a variety of gaseous discharge processes, so
its oscillator strengths and differential cross sections
(DCSs) for the valence shell excitation have extensive
application in many areas, e.g. plasma physics, astro-

physics, laser science etc.

Oscillator strengths and DCSs of Ny have been
extensively studied both experimentally and theoret-
ically. Previous investigations of optical oscillator
strength up to 1995 have been reviewed by Chan et
al,ll and Xu et all2) However, the reported absolute
optical oscillator strength density (OOSD) with high
energy resolution was limited to the 12-22eV energy
loss region. Most previous investigations of DCSs were
carried out at lower incident electron energies, and
recently their results were summarized by Brunger
and Buckman.[®! At higher incident electron energies
of 25 and 33 keV, the absolute generalized oscilla-
tor strength densities (GOSDs) between 15-50eV and
the absolute generalized oscillator strengths (GOSs) in
the momentum transfer square K2 region of 0.5-5.08

a.u. for the dipole-forbidden transition at 31.4eV were

measured by Lee et al.[¥l Recently, the GOS for the
31.4€eV transition was determined at 1 keV electron
impact energy, and under the first Born approxima-
tion it was also calculated with ab initio configuration-
interaction target wavefunctions.!®] To the best of our
knowledge, no high energy resolution GOSD for a
broad region has been published up to now. In the
present work, the absolute OOSD and GOSDs with
high energy resolution up to 100eV have been deter-
mined, and the absolute GOSs for two transitions to
the superexcited states at 23 and 31.4eV are reported,
of which the GOSs for the transition to the superex-
cited state at 23eV are determined for the first time,
and its momentum transfer dependence behaviour is

discussed.

2.Experimental method

The angle-resolved electron-energy-loss spectrom-
eter used in this work has been described in detail
in Refs.[6-11]. Briefly, it consists of an electron gun,
a hemispherical electrostatic monochromator made of
aluminium, a rotatable energy analyser of the same
type, an interaction chamber, a number of cylindrical
electrostatic lenses, and a one-dimension position sen-

sitive detector for detecting the scattered electrons.
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All of these components are enclosed in four separate
The im-

pact energy of the spectrometer can be varied from

vacuum chambers made of stainless steel.

1 to 5keV. For the present experiment it was set at
2.5keV and the energy resolution was about 100meV.
The background pressure in the vacuum chamber was
5x107°Pa. When the gas sample was introduced, the
pressure in the reaction chamber rose to 8 x10~3Pa.
The true zero angle was calibrated by the symmetry
of the angular distribution of the inelastic scattering
signals of a”' ¥ « X '5F around the geometry
nominal 0°. The angular resolution was about 0.8°
(fwhm) at present.

The electron energy loss spectra of Ny were mea-
sured in the scattering angle range of 0°-6° with an
interval of 2°. The energy of the spectra was cal-
ibrated to the a”' XF (v = 0) (12.257eV).12l Then,
the spectrum measured at a mean angle of 0° was
converted into the relative OOSD spectrum by mul-
tiplying by the Bethe—Born conversion factor of the
spectrometer.[s’m] The spectra at other scattering an-
gles were converted into the relative GOSD spectra,

which is defined as (in atomic units)[13’14]

df (B, K) _Epo > &0 W
dE 2 pa dEAR

Here df(FE,K)/dE and d%c/(dEdf2) represent the
GOSD and double differential cross section (DDCS),
respectively. E and K are the excitation energy and
momentum transfer while py and p, are the incident
and scattered electron momenta, respectively.

The relative OOSD was normalized to the abso-
lute one at 50eV reported by Chan et al.l'! The rela-
tive GOSD spectra were made absolute by the valence
shell Bethe sum-rule:!*4:1]

Sval(o) = Nval + NPE = / <%>dE7 (2)

’

where N, is the total number of valence electrons in
the target molecule (10 for N2), Npg is a small cor-
rection (0.3 for Ny) estimated by the Pauli-excluded
transitions from the K shells to the already occupied
valence shell orbitals,16171 and E’ is the lowest exci-
tation energy. In the sum-rule normalization proce-
dure, the intensity of the relative GOSD at a definite
scattering angle was first numerically integrated over
a measured energy loss range, i.e. up to 78eV for 2°
and 4°, 98eV for 6°. Then the remaining intensity was
estimated by the integral of a fitted function AE—B
(E is energy, A and B are the best fitted parameters)

from the limit of the measurements to infinity. Here

the empirical constants A and B were determined by
least—squares fitting to the experimental data in the
energy loss range of 58-78eV for 2°, 61-78eV for 4°,
and 75-98eV for 6°.

The present experimental errors mainly come
from the uncertainties of the statistical counts, the an-
gular and energy position’s determination, the least-
squares fitting procedure to obtain the intensity higher
than the measured energy region, and the fitting pro-
cedure to obtain the areas of the peaks. The absolute
GOSs for two transitions to the superexcited states
at 23 and 31.4eV were determined by fitting the ab-
solute GOSDs with the background subtracted. The

total errors are shown in the corresponding figures.

3. Results and discussion

Figure 1 shows the present absolute OOSD spec-
trum and the previous experimental onel!! determined
by the same method as ours but with higher impact
energy of 8 keV and lower energy resolution of 1eV.
It can be seen that the present measured spectrum
above 18eV is in good agreement with the previous
experimental one.[!! The difference in the energy re-
gion below 18¢eV (see the inset in Fig.1) can be due to

the different energy resolution.
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Fig.1. Absolute OOSD spectrum of N2 in the en-

ergy region of 10-70eV. The inset shows the expanded
spectra in the energy region of 11-20eV.

Figure 2 shows the present absolute GOSD spec-
tra at the scattering angles of 0°, 2°, 4° and 6°. Note
that with the increasing of K2, the energy position
of the very broad feature observed at the scattering
angles of 4° and 6°, i.e. the Bethe ridge, moves to
higher energy loss and the corresponding width be-
comes more diffuse. Such phenomena have also been

observed by us in other molecules such as NO!8! and
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0,.['9 Furthermore, two broad peaks marked as a and

(3 were observed.
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Fig.2. Absolute GOSD spectra of N2 below 100eV.
« and [ represent the superexcited states observed in
the present experiment. The inset shows the expanded

spectra in the energy region of 8.5-20eV.

As for the broad peak around 23eV shown in
Fig.3, marked as « in Fig.2, it extends approxi-
mately from 22 to 24eV and its intensity sharply
decreases with the increasing of the scattering an-
gle. This broad peak was also observed in the flu-

201 and in the electron energy

orescence spectrum,
loss spectra.l?!l Therein it was tentatively assigned
to the vibrational progression of the doubly excited
(C?2X}F)4so, and 5so, Rydberg states converging on
the NF (C2XF) (R(C)) state. According to Ref.[21],
the broad peak in the present spectra mainly comes
from the contribution of (C?X})4so, Rydberg state,
thus the weak (C?X[)5s0, Rydberg state is ignored.
The GOSs for this double excitation were obtained
and are shown in Fig.4. Clearly, the GOS quickly
decreases with the increasing of K2, which is the
typical behaviour of dipole-allowed transition. The
behaviour can be understood as follows. Based on
Fermi’s golden rule, the transition strength is propor-
tional to the square of the transition matrix element,
i.e. the transition-operator-weighted overlap integral
between the initial ground state and the final doubly
excited state. At large angles (e.g., §=4° and 6°), the
transition matrix element results mainly from the in-
teractions in the inner region. At small angles (e.g.,
6#=0° and 2°), the transition matrix element results
mainly from the interactions in the outer region. The
wavefunction of the doubly excited Rydberg state with
strong repulsive character2%l mostly distributes in the

outer region, thus its intensity should decrease faster

as K2 increases. A similar phenomenon has been stud-

ied in our previous work for He.[22]
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Fig.3. Absolute GOSD spectra of No between 19 and
35eV at the scattering angles of 0°, 2°, 4° and 6°.
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Fig.4. Absolute GOS for the excitation at 23eV in Nj.
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Fig.5. Absolute GOSD spectra of Ng in the energy
region of 20-70eV.

With regard to the broad peak at 31.4eV marked
as (in Fig.2, it was not clearly observed until the scat-

tering angle reaches to 4° (K2 ~ 0.9 a.u.) as shown
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in Fig.5. This peak was first observed by Lee et all*]
and its GOS was determined. More recently, the GOS
for this peak was studied by de Souza et all’l both

experimentally and theoretically. Based on the above

investigations, this peak is assigned to a dipole-
forbidden quadrupole—allowed singly excited 11, state
with the electronic configuration of (2so,)*(2pmg)!.
In the present work, the GOSs for this peak were also
determined as shown in Fig.6. It can be seen that the
three experimental results agree well within the exper-
imental errors. Moreover, we got its GOS at nearly
K? ~ 0. The present results further imply that the
peak is a dipole-forbidden quadrupole-allowed transi-

tion.
4. Conclusion

The absolute OOSD and GOSD spectra of N2 be-
low 100eV have been determined, and the GOSs for
two transitions to the superexcited states at 23 and
31.4eV are reported. More specifically, the GOSs for
the transition to the superexcited state at 23 eV are
obtained for the first time and the momentum transfer

dependence behaviour is discussed.
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Fig.6. Absolute GOS for the excitation at the
31.4eV in Na.
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