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Abstract
We propose an orbital angular momentum (OAM) sorter based on a novel optical element that we
refer to as a wavefront twister. It is a generalization of conventional wavefront rotators, such as the
Dove prism. However, unlike a Dove prism, which simply rotates a wavefront, the rotation gener-
ated by a wavefront twister varies linearly with radial position. This variation results in the twisting
of the outgoing wavefront, characterized by the twisting parameter a. We numerically demonstrate
that the wavefront twister, followed by a lens, maps an OAMmode of index |l| to an annulus at
the back focal plane of the lens. We show that the transverse shape and size of the annulus depend
on the radial field profile of the OAMmode, whereas its mean radial position is determined by |l|
and the twisting parameter a. Thus, OAMmodes can be sorted with negligible intermodal over-
lap by appropriately adjusting the twisting parameter a. This proposal offers a scalable scheme for
high-dimensional OAMmode sorting, with important consequences for the practical realization of
OAM-based applications.

1. Introduction

Light beams can carry both spin and orbital angular momentum (OAM), associated with circular polar-
ization and helical wavefront respectively [1]. Laguerre–Gaussian (LG) beams LG l

p (ρ,ϕ) within the
paraxial approximation carry a well-defined OAM of lh̄ per photon, where l is an unbounded integer
characterizing the azimuthal phase dependence of the form eilϕ [1], and p is the radial mode index char-
acterizing the radial profile. Unlike polarization degree of freedom which is limited to two dimensions,
the unbounded nature of l makes LG modes a natural high-dimensional basis. Furthermore, Mair et al
[2] demonstrated that OAM of photon pairs generated in spontaneous parametric down-conversion is
entangled, showing that LG modes can serve as a high-dimensional basis in quantum domain as well.
These properties of OAM have led to a wide range of both classical and quantum information applica-
tions including high-capacity optical communication through free-space [3] and optical fibre [4], quan-
tum key distribution [5, 6], quantum gate implementations [7, 8], supersensitive angular measurements
[9], and for fundamental tests of quantum mechanics [10, 11].

Harnessing the full capacity of OAM in these applications requires not just detecting OAM modes
but sorting them. An OAM detector measures the modal probability distribution [2, 12–14]. However,
a sorter maps each mode to a distinct spatial location, enabling parallel detection, multiplexing, and
mode-selective operations. For example, a prism spatially separates different frequency components. A
lens maps different transverse wavevectors to distinct positions in the focal plane. A device that performs
the analogous operation for OAM modes, an OAM sorter, remains a longstanding challenge.

Existing OAM sorting approaches include interferometric methods based on cascaded Mach–Zehnder
interferometers with Dove prisms [12, 15], which are in principle 100% efficient but require N− 1 inter-
ferometers to sort N modes, making them impractical for large mode sets. Log-polar coordinate trans-
formation based sorters were first demonstrated by Berkhout et al [16] using two planar phase elements,
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sorting up to l=±5 but with approximately 70% diffraction loss due to the limited efficiency of the
SLM. Lavery et al [17, 18] later improved this efficiency using custom refractive elements, reducing loss
to ≈ 15% and extending the range to l=±25 at the single-photon level. However, these sorters con-
vert OAM modes into rectangular stripes, wash out the azimuthal phase, and suffer from around 20%
crosstalk between consecutive OAM modes due to the finite size of the transformed beam. Mirhosseini
et al [19] reduced this crosstalk to 2.6% by incorporating an additional refractive beam-copying ele-
ment with log-polar transformation [20]. Although the inverse of the log-polar transformation has
been demonstrated for OAM multiplexing [21], it has not been demonstrated for the modified tech-
nique by Mirhosseini et al [19]. In a different approach, the angular lens proposed by Sahu et al [22]
sorts OAM modes into localized spots at separated angular positions using a single phase-only element.
However, for experimentally feasible aperture sizes the sorting is possible with a minimum mode separa-
tion ∆l=±3. This sorter has also been demonstrated using metamaterials [23]. More recently, a multi-
plane light conversion based LG mode sorter has been proposed, but it requires spatially separated input
modes to begin with, limiting its applicability as an OAM sorter [24].

Thus, efficient and unambiguous OAM sorting is still an open challenge. To this end, in this article,
we propose a novel optical element, which we refer to as a ‘wavefront twister.’ Based on this element, we
demonstrate an OAM sorting scheme that ensures negligible intermodal overlap, preserves the circular
symmetry of each mode, and is scalable to an arbitrarily large OAM mode set.

2. Proposed scheme

The concept of a wavefront twister
Figure 1(a) illustrates the action of a conventional wavefront rotators such as the Dove prism. A wave-
front rotator oriented at angle θ0 rotates an incoming wavefront by an angle 2θ0. The rotation thus
generated does not depend on the details of incoming wavefront. Therefore, in terms of cylindrical
coordinates (ρ,ϕ,z), a wavefront rotator maps a point (ρ,ϕ) in the incoming wavefront to the point
(ρ,ϕ+ 2θ0) in the outgoing wavefront. In this work, we propose a wavefront twister by generalizing
the idea of wavefront rotation. Unlike a wavefront rotator, which simply rotates a wavefront, the rota-
tion generated by a wavefront twister varies linearly with radial position, resulting in the twisting of the
incoming wavefront as illustrated in figures 1(b) and (c). The rotation θ(ρ) experienced by the incoming
wavefront thus depends on the radial position and can be expressed as θ (ρ) = aρ, where a character-
izes the strength of the twisting, and we refer to it as the twisting parameter. In terms of the cylindrical
coordinates, the action of a wavefront twister is to map a point (ρ,ϕ) in the incoming wavefront to the
point (ρ,ϕ+ aρ) in the outgoing wavefront, as shown in figure 1(c).

The action of a wavefront twister on an LGmode
For LG beams with radial index p= 0, the incident electric field profile at z= 0 is given by

ELGl (ρ,ϕ;z= 0)≡ ELGl (ρ,ϕ) = ELGl (ρ)e−ilϕ

√
2

πw2
0|l|!

(√
2ρ

w0

)|l|

e
− ρ2

w20 e−ilϕ, (1)

where w0 is the beam waist of the mode and l is the OAM mode index. While most OAM sources use
LG modes with p= 0, OAM entangled states generated from spontaneous parametric down-conversion
for a given l can have contributions from various p modes, including p= 0 [25, 26]. The generalization
of our calculation to LG mode with p ̸= 0 is discussed in appendix B. Since a wavefront rotator oriented
at angle θ0 rotates an incoming wavefront by 2θ0, an incoming LG mode ELGl (ρ,ϕ) given by equation (1)
upon passing through an image rotator gets transformed as

ELGl (ρ)e−ilϕ → ELGl (ρ)e−il(ϕ+2θ0). (2)

We note that the action of a wavefront rotator on an LG mode of OAM mode index l can be modelled
as a linear transformation in which the mode acquires a phase term e−il2θ0 . In an analogous manner,
since the rotation experienced by an incoming wavefront passing through a wavefront twister is given by
θ (ρ) = aρ, the effect of a wavefront twister on an LG mode can be modelled as a linear transformation
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Figure 1. Conceptual illustration of the proposed wavefront twister and the OAM sorting scheme. (a) A conventional wavefront
rotator such as a Dove prism, oriented at angle θ0 rotates an input wavefront by angle 2θ0. (b) The proposed wavefront twister
rotates an incoming wavefront by an angle θ(ρ) = aρ that varies linearly with radial location ρ. Consequently, the wavefront is
not simply rotated but twisted. (c) The wavefront twister maps the point (ρ,ϕ) in the incident wavefront to (ρ,ϕ + aρ). (d) The
proposed OAM sorter scheme consisting of the wavefront twister followed by a lens of focal length fmaps the OAMmodes l1 and
l2 to annuli of distinct radii in the focal plane, leading to their spatial separation.

in which the mode acquires a phase term e−ilaρ. This can be expressed as

ELGl (ρ)e−ilϕ → ELGl (ρ)e−il(ϕ+aρ). (3)

We note that the LG modes acquire l-dependent radial phase gradients upon passing through a wave-
front twister. We show in the next subsection that this feature enables OAM-mode sorting with almost
negligible intermodal overlap.

OAM-mode sorting with a wavefront twister
Our proposed scheme for OAM-mode sorting is shown in figure 1(d). A convex lens of focal length f is
placed immediately after a wavefront twister and the resulting field distribution is measured at a screen
placed at the back focal plane of the lens. For an incident LG mode field, the electric field at the lens, as
shown in figure 1(d), is given by ELGl (ρ,ϕ)e−ilaρ (equation (3)). Using the Fresnel–Kirchhoff diffraction
integral, the electric field at a distance z from the lens, E(r,θ;z) can be written as:

E(r,θ;z) = A(k,z)

ˆ ∞

0

ˆ 2π

0
ELGl (ρ,ϕ)e−ilaρe−i k2fρ

2

ei
k
2z [r

2−2rρ cos(ϕ−θ)+ρ2]ρdρdϕ. (4)

Here, (r,θ) represents the cylindrical coordinates at z. At z= f, the above equation reduces to

E(r,θ, f) = A(k,z)ei
k
2f r

2
ˆ ∞

0

ˆ 2π

0
ELGl (ρ,ϕ)e−ilaρe−i krρf cos(ϕ−θ)ρdρdϕ. (5)

3



J. Opt. 28 (2026) 085202 S Karan et al

Substituting from equation (1) and using the identity e−i krρf cos(ϕ−θ) =
∑

n (−i)n Jn
(

krρ
f

)
e−inθeinϕ,

equation (5) reduces to a one-dimensional integral:

E(r,θ, f) = 2π

√
2

πw2
0|l|!

(−i)lA(k,z)ei
k
2f r

2

e−ilθ

ˆ ∞

0
e
− ρ2

w20 e−ilaρJl

(
krρ

f

)(√
2ρ

w0

)|l|

ρdρ, (6)

which can also be evaluated as an infinite summation of hypergeometric functions (see appendix A for a
detailed derivation). We numerically compute Il(r)≡ |E(r,θ,z= f)|2 from the integral in equation (6) for
different OAM mode index l and plot the results in figures 2. We quantify the overlap between adjacent
OAM modes l and l+ 1 as the overlap area between their normalized radial intensity profiles, Il(r) and
Il+1(r). We refer to it as the intermodal overlap C and define it as

C=

´
min{Il (r) , Il+1 (r)}dr´
max{Il (r) , Il+1 (r)}dr

× 100%. (7)

Here, min{Il(r), Il+1(r)} and max{Il(r), Il+1(r)} represent the minimum and the maximum of the two
intensity values Il(r) and Il+1(r) at a given r. C= 100% represents complete overlap between the adja-
cent modes while C= 0% represents no intermodal overlap and hence perfect sorting of modes. If each
mode is assigned an annular detection bin based on its radial position, C is directly related to the frac-
tion of the intensity of one mode that is collected in the neighbouring mode”s detection bin, that is, the
crosstalk in the conventional sense used in the sorter literature [19, 22]. A negligible C therefore corre-
sponds to negligible crosstalk between adjacent OAM channels.

3. Results

Figure 2 shows the numerically computed intensities at the back focal plane of the lens for different
|l| values at various values of a, w0, and p. In figure 2, the left column of sub-figures figures 2(a)–(g)
plot the two-dimensional intensity profiles |E(r,θ, f = 200 mm)|2 while the right column of sub-figures
figures 2(b), (d), (f) and (h) plot the one-dimensional intensity profiles |E(r,θ = 0, f = 200 mm)|2 as a
function of r. Figures 2(a) and (b) are the numerical plots at a= π mm−1 and w0 = 1 mm, and p= 0.
We see that with this set of parameters, the modes are not completely sorted since the inter modal over-
lap C= 15.45%. However, increasing the twisting parameter from a= π mm−1 to a= 3π mm−1 results
in perfect sorting, as shown in figures 2(c) and (d), which are the numerical plots at a= 3π mm−1 and
w0 = 1 mm, and p= 0. The intermodal overlap in this case is only about 0.05%, implying perfect sort-
ing of OAM modes.

We next illustrate how the twisting parameter a affects sorting of modes. To this end, we note that
the radial intensity profiles of the modes in figures 2(b) and (d), which are in the form of an annulus,
can be well approximated by Gaussian functions. We refer to the mean and the standard deviation of the
Gaussian function as the mean radial position µ and width of the annulus σ corresponding to a given
mode |l|. In figures 3(a) and (b), we plot the mean radial position µ and width σ as a function of l for
a= π mm−1 and a= 3π mm−1 for w0 = 1 mm and p= 0. Figure 3(c) plots the intermodal overlap C as
function of a at w0 = 1 mm and p= 0. We note that the mean radial position of the annulus increases
linearly with l and that the separation between consecutive annuli increases with a. On the other hand,
the width σ of the modes remains almost independent of |l| and a. Furthermore, we note that the inter-
modal overlap C decreases as a is increased. Thus, for a given set of |l| modes, defined by the beam
waist w0 and the radial index p, one can find an optimum a such that the modes are completely sorted,
that is, C approaches 0.

Next, we investigate how this sorter works for a set of |l| with varying radial profile. To this end, we
consider two sets of |l| modes. For each set of modes, we choose a such that the intermodal overlap is
less than 0.1%. For the first set of modes, we take w0 = 0.5 mm and p= 0 and plot the corresponding
numerical results in figures 2(e) and (f). For the second set, we take w0 = 1 mm and p= 1 and plot the
corresponding numerical results in figures 2(g) and (h). The detailed calculations for p ̸= 0 mode is pre-
sented in appendix B. We see that since the |l| modes in this case are radially structured, the radial pro-
file of the annulus also become structured and as a result wider. As noted above, the mean radial posi-
tion of an |l| mode is decided by the twisting parameter a. However, as we see from figures 2(e) and (h),
the transverse shape and size of the annulus at the back focal plane is affected by the radial field profile
of the modes, that is by the beam waist w0 and the radial mode index p. Thus although the radial field
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Figure 2. Plots of numerically computed two-dimensional intensity |E(r,θ, f = 200 mm)|2 as a function of (x,y) and numeri-
cally computed one-dimensional intensity profiles |E(r,θ = 0, f = 200 mm)|2 as a function of r, for OAMmode index l ranging
from 1 to 20. (a) and (b) a= π mm−1, w0 = 1 mm, p= 0. (c) and (d) a= 3π mm−1, w0 = 1 mm, p= 0. (e) and (f) a= 6π
mm−1, w0 = 0.5 mm, p= 0. (g) and (h) a= 5π mm−1, w0 = 1 mm, p= 1.

profile of the incoming |l| modes does affect the intermodal overlap C, its effect can be countered by
appropriately choosing the twisting parameter a such that the intermodal overlap C is negligible.

We note that our sorting scheme works not only for a given beam waist w0 or the radial mode index
p but also for varying values of these parameters or even when the radial field profile is structured,
which can be generated by taking p ̸= 0 modes or a superposition of p modes. Finally, we note that,
this sorting scheme in principle can sort an arbitrarily large number of modes with the same efficiency.
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Figure 3. (a) Plot of the mean radial position µ of the annuli shown in figures 2(a) and (c) as a function of l. (b) Plot of the width
µ of the annuli shown in figures 2(a) and (c) as a function of l. (c) The intermodal overlap C as a function of a, for w0 = 1 mm
and p= 0. We see that the intermodal overlap decreases monotonically with increasing a. The two highlighted points correspond
to a= π mm−1 and 3π mm−1.

However, the upper bound on the number of modes that can be sorted depends on the size and the
twisting parameter of the wavefront twister, the lens aperture, and the size of the detector at the back
focal plane.

4. Conclusions and discussion

In summary, we have proposed a wavefront twister, an optical element that twists an incoming wave-
front such that the rotation experienced by the wavefront varies linearly with radial position. Utilizing
this optical element, we have demonstrated an OAM-mode sorting scheme in which an OAM mode of
index |l| is mapped to an annulus at the back focal plane of a lens. The transverse shape and size of the
annulus depend on the radial field profile of the |l| mode, while its mean radial position is determined
by |l| and the twisting parameter a. We have shown that the twister can sort OAM modes of different
beam waists w0 as well as different radial mode indices p. In general, the sorter distinguishes the modes
based on their |l| value. The radial field profile of the incoming mode determines the shape and size of
the annulus at the back focal plane of the lens. Because the mean radial position of the annulus depends
on the twisting parameter a, one can always choose a twisting strength a that is sufficient to sort the
given OAM modes. Therefore, the experimental realization of a wavefront twister could have several
important consequences for the practical implementation of OAM-based quantum and classical com-
munication schemes.

We note that the coordinate transformation (ρ,ϕ)→ (ρ,ϕ+ aρ) underlying the proposed twister
cannot, in general, be implemented by a single phase element. This is true even for realizing a conven-
tional wavefront rotator in the form of a Dove prism or K-mirror system, which requires three distinct
planar phase elements, including one out-of-plane reflector. One possible implementation of the twister
is to realize a radially segmented image rotator in which wavefront rotation is achieved within discrete
radial segments, with the rotation of successive radial segments progressively increasing. This segmen-
tation can be achieved by using two radially segmented lenses that tilt different annular portions of an
incoming wavefront at different azimuthal locations within the focal plane. The two lenses are arranged
in a 4f configuration. The first lens focuses the wavefront segment-wise; the light is then reflected and
recombined at the second radially segmented lens, which converts each segment back into the original
wavefront, but with each segment rotated by a different angle. We further note that, in our proposed
sorting scheme, the mean radial position of the annulus at the back focal plane depends on the OAM
mode’s index |l|, and the sensitivity of sorting, which is quantified in terms of the intermodal overlap C,
is determined by the twisting parameter. Therefore, our scheme is highly sensitive to changes in the |l|
mode spectrum and can, in principle, be used to detect such changes. For example, using this sorting
scheme, a small misalignment of the modes with respect to the wavefront twister can be measured, since
misalignment causes the |l| spectrum to change [27]. Also, our proposed twister preserves the circular
symmetry of the modes even after sorting. This is in contrast to log-polar-transformation-based imple-
mentations of an OAM sorter, in which circular symmetry is not maintained [16–19]. Finally, we note
that our proposed sorter does not sort the sign of the OAM mode. However, it is known that an angu-
lar lens maps all OAM modes with a positive l index to the upper half-plane, while mapping all modes
with a negative l index to the lower half-plane [22]. This property of an angular lens can in principle be
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combined with the sorting ability of the proposed twister to make a complete sorter that sorts even the
helicity of the OAM modes.
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Appendix A. Field distribution in the back focal plane of the lens with the wavefront
twister

We evaluate the radial integral in equation (6), which is given by

Al (r) =

ˆ ∞

0
e
− ρ2

w20 e−ilaρJl

(
krρ

f

)(√
2ρ

w0

)|l|

ρdρ. (8)

To evaluate this integral, we first expand e−ilaρ as a power series of the form

e−ilaρ =
∞∑

m=0

(−ilaρ)m

m!
=

∞∑
m=0

(−ila)m

m!
ρm. (9)

Next, substituting this expansion and using the identity Jl
(

krρ
f

)
= (−1)

|l|−l
2 J|l|

(
krρ
f

)
in equation (8), we

get

Al (r) =
∞∑

m=0

(−ila)m

m!

(√
2

w0

)|l|

(−1)
|l|−l
2

ˆ ∞

0
e
− ρ2

w20 J|l|

(
krρ

f

)
ρ|l|+m+1dρ. (10)

The integral in each term of the summation can be evaluated using the identity from Gradshteyn &
Ryzhik (6.631-1) [28]:

ˆ ∞

0
xµe−αx2 Jν (βx)dx=

βνΓ
(
ν+µ+1

2

)
2ν+1α

ν+µ+1
2 Γ(ν+ 1)

1F1

[
ν+µ+ 1

2
;ν+ 1;− β2

4α

]
. (11)

Setting α= 1/w2
0, µ= |l|+m+ 1, ν = |l|, and β = kr/f in the above identity, equation (10) reduces to

Al (r) =
∞∑

m=0

(−ila)m

m!

(√
2kr

w0f

)|l|

(−1)
|l|−l
2

Γ
(
|l|+ 1+ m

2

)(
w2
0

)|l|+1+ m
2

2|l|+1Γ(|l|+ 1)

× 1F1

[
|l|+ 1+

m

2
; |l|+ 1;−k2r2w2

0

4f 2

]
. (12)

Al (r) is thus an infinite summation of hypergeometric functions 1F1. We evaluate the integral in
equation (6) numerically.
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Appendix B. Generalization to LGmodes with p ̸= 0

For a LG mode with radial index p ̸= 0, the incident electric field profile at z= 0 is given by

ELGl,p (ρ,ϕ) = ELGl,p (ρ)e
−i lϕ =

√
2p!

πw2
0 (p+ |l|)!

(√
2ρ

w0

)|l|

L|l|p

(
2ρ2

w2
0

)
e
− ρ2

w20 e−ilϕ, (13)

where L|l|p is the associated Laguerre polynomial. For p= 0, L|l|0 = 1 and equation (13) reduces to
equation (1). Following the same procedure as in the main text, the action of the wavefront twister on
this mode gives

ELGl,p (ρ)e
−ilϕ → ELGl,p (ρ)e

−il(ϕ+aρ), (14)

since the phase e−ilaρ depends only on the azimuthal index l and not on the radial index p.

Therefore, substituting equation (13) in equation (5) and using the identity e−i krρf cos(ϕ−θ) =∑
n (−i)n Jn

(
krρ
f

)
e−inθeinϕ, the electric field at the back focal plane of the lens can be expressed as

E(r,θ, f) = 2π (−i)lA(k,z)ei
k
2f r

2

e−ilθ

ˆ ∞

0
ELGl,p (ρ)e

−ilaρJl

(
krρ

f

)
ρdρ, (15)

= 2π

√
2p!

πw2
0 (p+ |l|)!

(−i)lA(k,z)ei
k
2f r

2

e−ilθ

×
ˆ ∞

0
e
− ρ2

w20 L|l|p

(
2ρ2

w2
0

)
e−ilaρJl

(
krρ

f

)(√
2ρ

w0

)|l|

ρdρ, (16)

where for p= 0 equation (16) reduces to equation (6) of the main text.
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