Chiral asymmetry in elastic scattering of
vortex electrons by molecules
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Vortex states

(3~ B,)(r) =0

plane-wave states

vortex states

\

fixed momentum
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fixed projection of angular
momentum on vortex axis

wmqeq (r) — Jlm‘ (qJ_rJ_)eimSOr-i-iqzz
v=m,q,0

qL = gsinby, q. = qcos by

Jim| - Bessel functions of
the first kind



Vortex states

Vortex electrons are chiral objects:

1qz 2 +1mpr J|m| (qJ_,,,J_)ezqzz—zmga,-

Jim|(qiry)e

a vortex electron can serve as a chiral probe
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We analyze the scattering of electrons by chiral molecules, which is
governed by the Schrodinger equation:

(3 + V) = B)ulr) =0 (1

V(r) - finite-range potential
plane-wave scattering states:

ikr

wk(r)|'r—>oo = 1/Jk(1‘) + fk(QT)

r

vortex scattering states:

) ) eiqr
T/queq (I‘) |T4>OO = J|m| (QJ_TJ_)ezqu+ZmLPT + fquq(Q’r‘)T
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Observables

Plane-wave case:

total cross section:

o = / el )[2d9, @)

total cross section averaged over the direction of k:

Instead of differential cross section, we use
angular distribution of scattered electrons:

W) = Uik\fkmm? (4)
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Observables

Vortex case:
Similar to (4):
1
Wingo, () = U—’fmeq(ﬁv«)|2 (5)
q
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ZRP

The molecular zero-range potential (ZRP) model: interaction between
the incident electron and N-atom target molecule is represented by N
ZRPs located at the nuclei

N
= Z Vzrp(r — Ry 54)

Ve (ri ) = Z25(r) o (0

R, — position of the i-th atom

»; — depth of the i-th potential well
Figure: Glyceraldehyde molecule

(C3HgO3) is a chiral target
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The main results

cloud of randomly oriented
single molecule molecules

observables averaged over molecule orientations:

deF

©) = [ O "5 @
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The main results

(Winga, (2 Z b7 (84)Pr(cosb,) (8)

where
£'(0q) = 2L+ )7, J%;ﬂ J%;ﬂ o f ’\“*@,\|m|(COS9 )O3 m|(cos by)
x(—l)m+“+M\/ (27 +1)(2] + DCL, 5, Ot oLo, ol - (9)
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fj‘x/f coefficients are defined by the expansion

Al0) = D YR () Yo () (10)
JMAp

and are a property of the molecule. In ZRP model they are given by

= —i*7167° Zw (kR:)Y 0 (Qr, )M (k) ja (kR Yau(Q,)-

1,j=1
(11)
For enantiomer there is a relation
Fohr = (1M (12)
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it can be seen that the coefficients b7" have the properties

bgl(eq) = bam(%) = bgz(eq)- (14)
changing the handedness of the molecule = changing the
handedness of the incident vortex electron.

for a chiral molecule 5”5’>0( q) 7 b75(0y) =, so changing the
enantiomer or the sign of m results in a change of the distribution.

Thus, b7* with m # 0 are chiral-sensitive.
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Figure: Angular distributions in the vortex case averaged over molecular

orientations. The dashed lines showing results for m < 0 are close to but do
not coincide with the corresponding solid lines for m > 0
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To highlight the difference, consider the asymmetry of the distribution:

_ VV|m|q9q (07’) - W—|m|q9q (97’)
VV|m|q0q (‘97") + W—|m|q0q (GT)

Amqo, (0r) (15)
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The asymmetry of the angular distributions for ¢ =1 and ¢ =2 as a
function of the scattering angle ,. The solid line shows the asymmetry

in the paraxial limit.
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We have predicted a new type of chiral asymmetry observable in the
elastic scattering of vortex electrons by chiral molecules, which is shown
to lead to a measurable asymmetry. This establishes its observability in
a typical scattering experiment and potentially opens a new method of

probing molecular chirality.
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