Coherence and symmetry breaking in dissociative electron attachment to molec-
ular hydrogen

E. Krishnakumar* !, Vaibhav S Prabhudesai*?, and Nigel J Mason’?

* Tata Institute of Fundamental Researchesearch, Homi Bhabha Road, Colaba, Mumbai 400005, India.
" Department of Physics and Astronomy, The Open University, Walton Hall, Milton Keynes MK76AA, UK.

Synopsis Momentum images of H™ ions from the 14 eV dissociative electron attachment process in H, show strong forward
— backward asymmetry while those of D™ from D, show much weaker asymmetry along with changes in direction of the
asymmetry with electron energy. We explain these observations as due to the break of the inversion symmetry resulting from
coherent excitation of odd and even parity resonances and subsequent interference between the two dissociating paths. The
smaller asymmetry in D, is explained as due to losses from autodetachment and the reversal of the asymmetry as due to

change in the relative phase.

Quantum coherence induced interference
effects have been shown to break the inversion
symmetry in the photoionization of homonucle-
ar diatomic molecules [1, 2]. Such an asym-
metry arises from the entanglement of the
gerade and ungerade states and the subsequent
loss of inversion symmetry. While these coher-
ence induced effects have been identified in
electron emission processes, such effects in
electron attachment have not been observed till
now. Our measurements using velocity slice
imaging of H™ ions show strong asymmetry in
the forward — backward direction for the 14 eV
resonance in H,, while this asymmetry is signif-
icantly less in D™ from D, for the same reso-
nance.

The experiment consists of a velocity slice
imaging spectrometer and comprises of a pulsed
electron beam of 200 ns duration incident on an
effusive jet of molecular hydrogen. The ions
formed in the interaction region are extracted
into a time of flight region after a delay of 200
ns using a pulsed extraction field [3, 4]. The
ions are detected using three 75 mm diameter
microchannel plates in Z-stack geometry fol-
lowed by a phosphor screen and a CCD camera.
The central slice of the Newton sphere is cap-
tured by applying a 2 kV pulse of 100 ns dura-
tion to the detector bias. The slice images of H™
from H, and D™ from D, at 14.5 eV are given
below. In these images the electron beam direc-
tion is from top to bottom.

We explain the results in terms of coherent
excitation of two resonances of X', and X7
symmetries and the ensuing quantum interfer-
ence as they take two different paths to the
same dissociation limit. The difference between
H, and D, is explained in terms of the larger

time for dissociation of D, and subsequent faster
autodetachment loss one of the states as com-
pared to the other one, resulting in rather weak
interference.

Quantum dynamic calculations using model
potential energy curves show interference osci-
llations in the forward-backward asymmetry as
a function of electron energy. In the absence of
potential energy curves for these resonances we
used different sets of curves as a function of the
average lifetime of the =, state and the known
lifetime of the X7, state available from electron
scattering measurements [5]. The calculations
indicate that the two curves should be fairly clo-
se to each other in order to explain the measu-
red asymmetry in the two istopomers as a fun-
ction of the electron energy.

Figure 1. H™ from H, at 14.5 eV (left) D~ from D,
at 14.5 eV (right).
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