Forward-backward asymmetry in electron impact ionization of O>
and interference oscillation
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Synopsis We present a study of the double differential cross section (DDCS) measurements of secondary elec-
trons emitted from the homonuclear diatomic molecule O; in collisions with fast electrons. The measured DDCS
spectra, along with corresponding atomic DDCS calculations are further used for revealing the Young type inter-
ference effect. The asymmetry parameter, obtained from the measured molecular DDCS of two complementary
angles also provide convincing proof of the interference oscillations.

The revelation of Young type interference
effect from a homonuclear diatomic molecule
was initially proposed by Cohen and Fano [1].
The two atoms of the diatomic molecule act as
the two slits of the double slit experiment. In
case of the simplest diatomic molecule H,, in-
terference effect was initially observed in exper-
iments upon heavy ion impact [2-5] and was
subsequently also seen for photons and fast
electrons as projectiles. In case of  multi-
electronic targets, like Oz and N the interfer-
ence oscillations have been observed from each
individual orbitals upon photoionization [6], but
are phase shifted from each other. In case of
heavy ion impact on N2 and O, in the observa-
tion of interference effect [7,8] is more compli-
cated due to multiple ionization of different or-
bital. Fast electrons imparting much less pertur-
bation to the target system are expected to be a
cleaner probe to study the interference for mul-
tielectronic targets which was evident from our
recent study for the N>-molecule [9-10].

Here we report the DDCS measurements of
the secondary electrons emitted from O, under
the impact of fast electrons of energy 7 keV,
using the electron spectroscopy technique. The
DDCS ratios have been obtained by dividing
the measured molecular DDCS by its corre-
sponding theoretical atomic-O DDCS, which
was calculated using the first Born model. The
DDCS ratios for each individual angle showed
signature of interference oscillation. The oscil-
latory structures obtained for each angle were
fitted with the Cohen-Fano model for interfer-
ence to estimate the frequency and amplitude of
oscillations. The frequency parameter, as ob-
tained from the fitting, is found to be bit larger
for backward angles than that in forward angles.
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As a result of this the forward backward
asymmetry parameter, a(k), defined as the ra-
tio:  (DDCS(6)-DDCS(7-0))/(DDCS(0)+DDCS (-
6), showed full sinusoidal oscillations (Fig 1).
The fitting parameter, backward-to-forward
frequency ratio, is found to be 1.15. The
asymmetry parameter has also been compared
with an atomic target, helium. The, a(k), in-
creases monotonically (see inset) with increase
in electron velocity. The present results for O>
using fast electrons thus provide a clear signa-
ture of interference oscillation, unlike that ob-
served for heavy ion impact [11].
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Figure 1. Asymmetry parameter (a(k)) for O. along
with the Cohen-Fano fitting. Inset : a(k) for He.

References

[1] H. D. Cohen and U. Fano 1966 Phys. Rev. 150 30
[2] N. Stolterfoht et al. 2001 PRL 87 023201

[3] D. Misra et al. 2004 Phys. Rev. Lett. 92 153201
[4] D. Misra et al. 2005 Phys. Rev. Lett. 95 079302
[5] D. Misra et al 2006 Phys Rev A (R) 74, 060701
[6] M. lichen et al. 2014 Phys. Rev. Lett. 112 023001
[7] M. Winkworth et al, 2009 NIMB 267 373

[8] S. Nandi et al 2012 J. Phys. B 45 215207

[9] M. Roy Chowdhury et al. 2016 PRA 94 052703.

[10] M. Roy Chowdhury et. al., EPJD (in press)

[11] M. Roy Chowdhury et. al., JPB (submitted)



https://journals.aps.org/pr/pdf/10.1103/PhysRev.150.30
http://journals.aps.org/prl/abstract/10.1103/PhysRevLett.87.023201
http://journals.aps.org/prl/abstract/10.1103/PhysRevLett.92.153201
http://prl.aps.org/abstract/PRL/v95/i7/e079302
https://journals.aps.org/pra/abstract/10.1103/PhysRevA.74.060701
http://journals.aps.org/prl/abstract/10.1103/PhysRevLett.112.023001
http://ac.els-cdn.com/S0168583X08011713/1-s2.0-S0168583X08011713-main.pdf?_tid=1a10007c-451c-11e7-8c7c-00000aacb35e&acdnat=1496137446_9446883800256010f1b1d767e985fdc5
http://iopscience.iop.org/article/10.1088/0953-4075/45/21/215207/pdf
http://journals.aps.org/pra/pdf/10.1103/PhysRevA.94.052703
mailto:lokesh@tifr.res.in

