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In a recent article Babiker et al. (2024) claim that cylindrical vector beams (CVBs), also referred to as higher-
order Poincaré (HOP) beams, possess optical chirality densities which exhibit ‘superchirality’. Here we show
that, on the contrary, CVBs possess less optical chirality density than a corresponding circularly polarized scalar
vortex beam and that the ‘superchiral’ results are nonphysical. We also identify a number of issues concerning
the derivation and general theory presented.

1. Transverse fields

Babiker et al. make claims in [1] (referred to as BYKL from now on)
of ‘superchirality’ (they also refer to it as ‘superhelicity’) in cylindrical
vector beams (CVBs), also called higher-order Poincaré beams (HOPs).
The results of BYKL, however, appear incorrect. In the first part of this
Comment we look purely at the transverse polarized electromagnetic
fields in BYKL, we comment on the longitudinal z-polarized compo-
nents later. Combining these results we produce the correct form of
Eq. (15) of BYKL. We then highlight that the claimed ‘superchirality’
is nonphysical. We conclude by raising more general issues with the
theoretical methods and physics presented in BYKL.

The vector potential A for a circularly polarized scalar vortex beam
in cylindrical coordinates (r, ¢, z) is [2,3]

A= (i) + i&)F(V, Z)ei((mi1)(1J+kzszt)7 (1)

where the upper sign of + corresponds to left-handed circular polar-
ization and the lower sign to right-handed circular polarization; p and
¢ are the radial and azimuthal unit vectors for cylindrical coordinates,
respectively; F(r, z) is the amplitude distribution; m € Z is the topolog-
ical charge; k, is the longitudinal wavenumber; @ = ck is the angular
frequency. The electric field is derived by E = —% (note BYKL conflate
k and k,):

E = io(p + i) F(r, z)e/(mxD+hkzz-on 2

The magnetic field is derived by taking the curl of the vector
potential, B = V X A (we only require the derivative with respect to
z as we are looking purely at the transverse field components at this
point)

B= %i X (P + iqAﬁ)F(r, 2)ellmEDdr+kzz=on)
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— ikz($ Fip)F(r, z)ei((mtl)d)Jrkzz—wt)
— kz(iéi f))F(r, Z)ei((m11)¢+kzz—wt) (3)

In the above, following BYKL, the z-derivative of the amplitude
distribution is assumed small and ignored. Using Egs. (2) and (3)
a left-handed circularly polarized beam has the following transverse
electromagnetic fields:

E; = io(p + i) sin (O/2)F, (r, z)e (" DP+hzz=0n, “4)

By = k_(ip + p) sin(0/2)F, (r, z)e/lm+Dd+kzz=0n, 5)

which agree with the transverse components of Egs. (10) and (11) in
BYKL, giving the correct optical chirality density. i.e.  « —Im(E;* -
B,) « |F,|?sin?(@/2) (where the superscript * denotes complex conju-
gate). We have introduced the Poincaré angle © (as defined in BYKL)
to allow us to vary the latitude of an arbitrary point on a higher-order
Poincaré sphere. We do not need to account for longitude Poincaré
angle because under the conditions used throughout BYKL it does not
influence the optical chirality (see Further Comments below for more
discussion). However, for the right-handed circularly-polarized beam:

E, = io(p — i) cos (0/2) Fy(r, z)e' (n—Dd+kzz—en 6

B, = k,(id — p) cos (0/2) Fy(r, z)e'(n=D+kzz—an) %)

Eq. (7) does not match the transverse components of Eq. (12) in
BYKL. Inserting Egs. (6) and (7) into n «« —Im(E* - B) gives the optical
chirality density for a right-handed polarization state with the correct
sign: 7 « —Im(E,* - B,) « —|F,|?cos?(@/2). The optical chirality of
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these two beams, when added together give n « |F,|* sin%(©/2) —
|, cos2(©/2) to represent a CVB. If the beams have equal amplitude
(F, = F, = F, as in BYKL) then 5 « —cos(0)|F |. In contrast, the first
term in Eq. (15) of BYKL is n « 2cos(©)|F|* and gives the wrong sign
for the optical chirality.

2. Longitudinal fields
BYKL also presents the longitudinal z-polarized electric and mag-

netic field components of a CVB. For a general circularly polarized
scalar optical vortex these are as follows [4,5]:

w (0d om i
E = __(_ _ —)F yellmeDp+k 2], 8
£ k,\or . 2) ®)
and,
B, = i(g§ - %)F(r, 2)ellimeDgtz], ©

where ¢ = +1 is the helicity, the positive sign corresponding to left-
circular polarization and the lower sign corresponding to right-circular
polarization. A CVB or HOP beam consists of a superposition of a left-
handed circularly polarized vortex beam with a right-handed vortex
charge m < 0 and the right-circularly polarized component has a left-
handed vortex charge m > 0 [6]. Using Egs. (2), (3), (8), and (9) we
can now write the fully correct form of Egs. (10)-(13) of BYKL. (Note,
importantly, here we label the topological charge of beam 1 as m; and
of beam 2 as m, in order to clearly highlight the issues in BYKL):

E, =w[i(i)+iti>)— i(i + lm—rll)]Fl(r, 2)

k,\or
x eil(=Imil+Dé+k:z] iy ©/2), (10)
_ o d Iml
B, = |k (ip+p)+iZ > + - Fi(r,z)
x ell=lmil+Dt+kz] G ©/2), an
. a2 (0 Iml
E, = a)[t(p —i¢) — %(E + %)]Fz(r, z)
z
x elllml=Dd+k:z] o5 (9 /2), 12)
A I L1
B, = [kz(uﬁ -+ IZ(—E - %)]Fz(r, 2)
x elllml=Dd+k:21 o5 (@ /2). (13)

Using Egs. (10)-(13) to calculate the optical chirality density gives:

n= j—‘l’( [a)kz(lFl 12 5in%(0/2) — | F,|? cos*(0/2))

>:</
2my | F[" Fy N |m1|2|F1|2)
.

w ) 1,2
+ k_z{ sin (@/2)<|FI| + 5

(14)

#! 2 g 12
~ cosz(@/Z)(|Fz’|2 . 2|m2|F2 F, + [my | 2|F2| )}]’
r r

where the superscript prime denotes differentiation with respect to r.
This correct result for the optical chirality also matches exactly that of
Eq. (14) in [7] when the second-order transverse fields are neglected
as in BYKL (see Further Comments for more discussion on this). BYKL
explicitly studies a CVB or HOP beam, and so the topological charges
m; and m, of the two beams in the superposition are equal in magnitude
|m;| = |m,| by definition [6]. BYKL therefore use the label m. This is
problematic notation because m can take both positive and negative
values. Boundary conditions were put upon m at the very start of BYKL
which studied a superposition of circularly polarized scalar vortices
with opposite topological charge handedness to polarization handed-
ness (this is why we have used the modulus in the appropriate places in
this Comment). Remember CVBs are just a small subset of cylindrical
vector vortex beams (CVVBs) [6,8-10]. Nonetheless, noting also that
F| = F, = F in BYKL we can simplify further to get:
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€0 2 [0) 7,2
- ‘@—[kF +—<F +
1= cos0 5L [wk | FI* + 2 (1F]

Z

which has a different form compared to Eq. (15) in BYKL.

2\m|F*F  |m|*|F|?
+ )
p

> 1s)

3. ‘Superchirality’

The simulations (Fig. 2 in BYKL) claiming to show ‘superchirality’
of CVBs based on Eq. (15) of that paper are misleading. Firstly it is
important to point out that the simulations given in BYKL correspond
to the case of where cos ® = 0. This corresponds to the north pole on
any higher-order Poincaré sphere, which is in fact just a right-circularly
polarized scalar mode of vortex charge |m|. Thus the optical chirality
distribution given in Fig. 2 of BYKL is that of a scalar vortex beam
with a homogeneous spatial distribution of right-circular polarization
(though note the sign is incorrect in BYKL), not a cylindrical vector
beam. A CVB would manifest when 0 < © < z. This clearly shows
that, all other parameters being equal, as you move from the poles
of any higher-order Poincaré sphere the CVB possesses less optical
chirality than a scalar vortex beam represented on the poles, eventually
reaching zero on the equator © = /2. Equally important with regards
to ‘superchirality’ is the fact that it appears the long-established upper-
bound on topological charge density of an optical vortex beam [11]
has not been considered in BYKL. No mention is given of the beam
waist w, or wavelength A used in the simulation. Nonetheless, if we
first assume a very tight focus, w, = 4 and A = 729 nm then according
to [11]: |m|/2zw, < 1/4 which is easily rearranged to show that for
such a beam waist |m| < 2z. Given these parameters, we present in
Fig. 1 the optical chirality density using the well-established formula
for Laguerre-Gaussian beams [12,13].

Note, importantly, that the optical chirality density shows no ‘super-
chiral’ behaviour, and the peak value for any given |m| decreases with
increasing |m| due to the spreading out of the spatial distribution and
decreasing density. We attempt to reproduce Fig. 2 of BYKL in Fig. 2 of
this Comment. In order to emulate the (nonphysical) results of BYKL
the beam waist was required to be a not experimentally achievable
wy ~ 4/5 for 2 = 729 nm. However, taking into account the bound
on the topological charge density, the allowed values of |m| for a beam
with a circumference of 2x4/5 is |m| < 2. This therefore means that
the behaviour exhibited in Fig. 2 of BYKL for any value of |m| > 1 is
nonphysical and for the ‘allowed’ values of |m| = 0, 1 the required beam
waist is experimentally prohibited.

4. Further comments

BYKL makes the statement ‘This can be achieved even for moderately
focused beams because its contribution to the longitudinal terms is indepen-
dent of the contribution from tight focusing’. However, the magnitude of
any longitudinal field component of any electromagnetic field is always
correlated to the spatial confinement (focusing for laser beams) of the
field. This fundamental behaviour is encoded in Heisenberg’s uncer-
tainty principle. Let us take a transverse (x, y) polarized z-propagating
photon, such that k ~ k_ and thus the magnitude of photon momentum
is p ~ p,. The uncertainty principle tells us that the uncertainty in
photon momentum in the transverse direction is 4p,Ax > h/2 (the
same applies to the y-component). This can be re-written and arranged
as: Ak, > 1/2Ax which tells us that unless the photon is spatially
confined to wavelength dimensions then the uncertainty in 4k, and
the magnitude of the associated z-polarized electromagnetic fields is
essentially zero. This is why the physical manifestations of longitudinal
fields (the transverse spin momentum of light [14,15], for example) are
observed in nano-optics and not paraxial optics [16-18].

In calculating the optical chirality density BYKL takes the inner
product of the electric and magnetic fields which, using the language
first introduced by Lax et al. [19], include the zeroth-order transverse
field T, and first-order longitudinal field L,. The order corresponds to
the proportionality of each field component to a smallness parameter.
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Fig. 1. Optical chirality density (15) for a Laguerre-Gaussian mode (m,p = 0) and cos® = 0, i.e. a right-circularly polarized scalar Laguerre-Gaussian vortex. w, = A where
4 =729 nm. All values of |m| are within the upper-bound of the topological charge concentration allowed for a beam with this waist size and the waist size itself is achievable
with a high NA lens. Note that the peak value decreases with increasing |m| showing no ‘superchiral’ behaviour.
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Fig. 2. Optical chirality density (15) for a Laguerre-Gaussian mode (m, p = 0) and cos © = 0, i.e. a right-circularly polarized scalar Laguerre-Gaussian vortex. Here we have attempted
to reproduce Fig. 2 of BYKL (note the sign is flipped because we have used the correct-signed optical chirality density Eq. (15)). In BYKL the values of w, and 4 used to produce
Fig. 2 were not given. Here we have used w, ~ /5 with A =729 nm to yield a decent reproduction of Fig. 2 of BYKL. The upper bound on topological charge density however
means that under such conditions only values |m| < 2 are physical; even so, a beam spot size of w, = 1/5 is not physically possible, rendering ‘superchirality’ of these beams
nonphysical.
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For Gaussian-type beams this factor is 1/kw,. In BYKL the calculation
is
n « —Im(E* - B)

= —Im((E7, + E[;) - B +Br1))

= —Im((E}, - Bro) + (B}, +Byy)), 16)

where the first term in the bottom line stemming from the zeroth-order
transverse fields is zeroth-order in the smallness parameter; the second
term proportional to the inner product of the two longitudinal fields,
each first-order in the smallness parameter, is thus second-order in the
smallness parameter. In BYKL the second-order transverse fields Er,
and B, has been neglected, which are of course second-order in the
smallness parameter. In neglecting these higher-order fields, however,
BYKL has also not taken account of the cross terms between the zeroth-
order transverse and second-order transverse fields, Eqq, Brg and Er,,
B, i.e Epy* -Bry and Ery* - Brg. These contributions to the optical chi-
rality are of the same order in the smallness parameter as the pure lon-
gitudinal fields. For scalar vortex beams it has been highlighted that for
linearly-polarized fields these cross-terms are zero; for fields with ellip-
ticity they generate circularly symmetric quantitative corrections [13,
20]. However, for vector vortex beams they generate in general very
complex patterns which qualitatively and quantitatively significantly
influence the optical chirality density and thus cannot be ignored [7].
Furthermore, these contributions also depend on the Poincaré angle @.
The interested reader is referred to [7] for further information.

5. Conclusion

The aim of this Comment was to establish that the claims of ‘super-
chirality’ in Babiker et al. [1] are nonphysical. In order to reproduce
the results of [1] we had to use unrealistic and unachievable values for
the parameters of beam waist w, and topological charge m (see Fig. 2).
In this Comment we have highlighted that for experimentally viable
values of w, and m, scalar circularly-polarized vortex beams possess
no ‘superchirality’ (see Fig. 1) and that circular vector beams always
possess less optical chirality than the corresponding scalar circularly
polarized vortex mode.
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