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Chiral asymmetry

Chiral properties of objects manifest themselves only when
interacting with a chiral probe.

Example: Circularly polarized photon is a chiral probe in photoelectron
circular dichroism (PECD):

p = +1 p = −1
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Vortex states

(−1

2
∆− Eν)ψν(r) = 0

fixed momentum

ψk(r) = eikr

ν = k

fixed projection of angular
momentum on vortex axis

ψmqθq(r) = J|m|(q⊥r⊥)e
imφr+iqzz

ν = m, q, θq

q⊥ = q sin θq, qz = q cos θq

J|m| - Bessel functions of
the first kind

plane-wave states vortex states
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Vortex states

Vortex electrons are chiral objects:
J|m|(q⊥r⊥)e

iqzz+imφr J|m|(q⊥r⊥)e
iqzz−imφr

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 Schrödinger equation:

(−1

2
∆ + V (r)− Eν)ψν(r) = 0 (1)

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

ψk(r)|r→∞ = ψk(r) + fk(Ωr)
eikr

r

2 vortex scattering states:

ψmqθq(r)|r→∞ = J|m|(q⊥r⊥)e
iqzz+imφr + fmqθq(Ωr)

eiqr

r
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Observables

Plane-wave case:
1 total cross section:

σk =

∫
|fk(Ωr)|2dΩr (2)

2 total cross section averaged over the direction of k:

σk =

∫
σk
dΩk

4π
(3)

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

wk(Ωr) =
1

σk
|fk(Ωr)|2 (4)
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Observables

Observables

Vortex case:
Similar to (4):

wmqθq(Ωr) =
1

σq
|fmqθq(Ωr)|2 (5)
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ZRP model

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

Figure: Glyceraldehyde molecule
(C3H6O3) is a chiral target

V (r) =

N∑
i=1

VZRP(r−Ri;κi)

VZRP(r;κ) =
2π

κ
δ(r)

∂

∂r
r (6)

Ri − position of the i-th atom

κi − depth of the i-th potential well

AYSS 2025 7 ,



ZRP model

The main results

single molecule
cloud of randomly oriented

molecules

observables averaged over molecule orientations:

⟨O⟩ ≡
∫

O(ωMF)
dωMF

8π2
, (7)
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ZRP model

The main results

〈
wmqθq(Ωr)

〉
=

1

4π

∞∑
L=0

bmL (θq)PL(cos θr) (8)

where

bmL (θq) =
1

2π(2L+ 1)σq

∑
JMλµ

∑
J̄M̄ λ̄µ̄

fλµJMf
λ̄µ̄∗
J̄M̄

Θλ|m|(cos θq)Θλ̄|m|(cos θq)

×(−1)m+µ+M
√

(2J + 1)(2J̄ + 1)CL0
λ−mλ̄mC

Lµ̄−µ

λ−µλ̄µ̄
CL0
J0J̄0C

Lµ−µ̄
JMJ̄−M̄

(9)
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ZRP model

fλµJM coefficients are defined by the expansion

fk(Ω
′
r) =

∑
JMλµ

fλµJMY
∗
λµ(Ωk)YJM (Ωr) (10)

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

fλµJM = −iλ−J16π2
N∑

i,j=1

jJ(kRi)Y
∗
JM (ΩRi)M

−1
ij (k)jλ(kRj)Yλµ(ΩRj ).

(11)
For enantiomer there is a relation

f̃λµJM = (−1)µ+Mfλ−µ
J−M (12)
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ZRP model

1 it can be seen that the coefficients bmL have the properties

b̃mL (θq) = b−m
L (θq) (13)

bm0 (θq) = b−m
0 (θq) = b̃m0 (θq). (14)

changing the handedness of the molecule ≡ changing the
handedness of the incident vortex electron.

2 for a chiral molecule b̃mL>0(θq) ̸= bmL>0(θq) ⇒, so changing the
enantiomer or the sign of m results in a change of the distribution.

Thus, bmL with m ̸= 0 are chiral-sensitive.
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ZRP model
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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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ZRP model

To highlight the difference, consider the asymmetry of the distribution:

Amqθq(θr) =
W|m|qθq(θr)−W−|m|qθq(θr)

W|m|qθq(θr) +W−|m|qθq(θr)
(15)
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ZRP model
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The asymmetry of the angular distributions for q = 1 and q = 2 as a
function of the scattering angle θr. The solid line shows the asymmetry
in the paraxial limit.

AYSS 2025 14 ,



ZRP model

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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ZRP model
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