
Comment on ‘‘Quantized Orbital Angular Momentum
Transfer and Magnetic Dichroism in the Interaction of
Electron Vortices with Matter’’

Lloyd, Babiker, and Yuan (LBY) [1] find that—contrary
to the case of optical vortices—transfer of orbital angular
momentum (OAM) from vortex electrons to the electronic
degrees of freedom of an atom is possible, and thus
explain the observed energy-loss magnetic chiral dichro-
ism effect [2,3].

However, the experimental consequences discussed by
LBY deserve a comment. We refer to equations in said
paper by the letter ‘‘L’’, followed by the equation number;
LBY’s notation is adopted.

Concentrating on electric dipole transitions in EELS, we
note that they do not depend on the condition

jqj � jr�Rj (1)

used to derive (L8); see, e.g., Ref. [4]. In fact, the electric
dipole scattering kernel peaks at jr�Rj � jqj, i.e., when
the probe electron passes close to the atom electron [5].
Therefore, we use the exact Hamiltonian (L6). In the
experimentally relevant case of rigidly fixed atoms that
LBY assume after (L13), the atom is approximated by a
spatial eigenstate at coordinate R0 [6],

hRjc ni _¼�3ðR�R0Þ;
and we can integrate the nucleus contribution in (L7),
leading to a transition matrix element between orthogonal
initial and final internal states jc ei and jc 0

ei,
M if ¼ hc 0

ec
0
BjHintjc ec Bi:

The vortex jc Bi in (L5) is a Bessel beam. The Hamiltonian
depends on the electronic coordinate q in the center of
mass system and the vortex coordinate r in the vortex
centered system:

Hint ¼ e2

4�"0

1

jr�R0 � qj : (2)

The term in (L6) containing the atom coordinate R0

vanished because hc ejc 0
ei ¼ 0. The matrix element (L7)

reads

Mif¼
Z
d2rJlðk�rÞJl0 ðk�0rÞ

�
Z
d2quðqÞu0�ðqÞei½ðm�m0Þ�qþðl�l0Þ�r� 1

jr�R0�qj :
(3)

�q,�r are the azimuthal angles of the respective vectors, u

are the radial parts of the atom electron’s wave function.
Substitution of atom-centered coordinates, r0 ¼ r�R0,
and the addition theorem for Bessel functions Jl yield

Mif¼
X

p;p0;�;�0
Jpðk�R0ÞJp0 ðk�0R0Þ

�
Z
d2r0Jlþpðk�r0ÞJl0þp0 ðk�0r0Þ

�
Z
d2quðqÞu0�ðqÞei½ðm�m0Þ�qþðlþp�l0�p0Þ�0

r� 1

jr0�qj :
(4)

Without loss of generality, R0 points along the x direction
of the reference frame. Both azimuthal angles �q, �

0
r refer

to the center of the atom. Substituting ’ ¼ �0
r ��q in the

Coulomb term

½r02 þ q2 � 2r0q cosð�0
r ��qÞ��1=2

¼: Fðr0; q; �r0 ��qÞ;

LBY’s azimuthal component (L10) reads

Maz ¼
Z 2�

0
d’ei�’Fðr0; q; ’Þ

Z 2�

0
d�qe

ið�þ�Þ�q;

with � ¼ lþ p� l0 � p0 and � ¼ m�m0. The second
integral vanishes except for � ¼ ��, giving rise to selec-
tion rules for dipole transitions � ¼ �1:

l0 ¼ l� 1þ p� p0: (5)

Since p� p0 spans the integer range, dipole transitions to
any final vortex state l0 are possible; the outgoing probe
electron is not in an OAM eigenstate [7].
The conclusion of LBY must therefore be modified:

electric dipole transitions mediate the transfer of OAM,
but, in general, the transfer is not quantized.
To reconcile this result with the findings of LBY and

with the experimental evidence [2] that vortices can be
used to detect chiral electronic transitions, it is sufficient
to reconsider Eq. (4) in the limit k�R0 ! 0: Since Jpð0Þ
vanishes except for p ¼ 0, the sum over p, p0 collapses
into a single term, and the selection rule Eq. (5) reads
l0 ¼ l� �, which is (L12) for L ¼ L0. The matrix ele-
ments violating these selection rules will be small for small
displacements jR0j of the atom from the vortex core. This
means that the larger the observed cluster, the fainter the
energy-loss magnetic chiral dichroism effect.
Furthermore, an electron vortex can exchange OAM

with the crystal lattice so that neither the assumption of
an incident nor that of an outgoing OAM eigenstate is
fulfilled in practice [9].
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