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Motivation Abstract

Manipulating the polarization of light is fundamental We show that a matrix-valued Berry connection governs

to a wide range of photonic and quantum the polarization of propagating waves in adiabatically Connection Abelian Non-Abelian
technologies’?2. Geometric phases arising in deformed waveguides with a doubly degenerate

deformed circular guides provide a mechanism for fundamental mode. The effect of deformations can be Polarization of

polarization control of the propagating waves3. visualized as a sequence of rotations of the polarization resonator modes

However, such control is limited by the Abelian state on the Bloch sphere. Within this framework, we

character of the Berry connection governing the compare the polarization control enabled by Abelian  Deformation-invariant

geometric phases. and non-Abelian connections. Key Findings: polarizations

1. Circular Guides 3. Deformation Action on the Bloch Sphere

Adiabatic deformations producing closed paths in normalized « Adiabatically-deformed guide.
wave vector space. « Superposition of degenerate local fundamental
Geometric phases attained by eigenmodes, RCP(+) and modes 1, and ¥,

LCP(-), are insensitive to deformations order; only depend on
solid angle Q: ES"* = E1 exp (FiQ)3. W P(s) = aa(s)Yh(s) + ca(s)P(s)

Can the geometric ‘* S = arc length

phase depend on the o |
order of deformations? « Coefficients after propagation length [4:

Matrix exponential of A represents a clockwise
rotation on the Bloch sphere, about the axis
a = tr(Ao)/2 and by an angle 2|a|As@).
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Matrix 7' is a series of infinitesimal rotations on
the Bloch sphere(®)

New degrees of freedom (c1(l), c2(l))T =T - (c1(0), c2(0))T

for polarization control

* Transmission matrix 7' is an ordered product of
exponentials of the 2 x 2 matrix-valued Berry

connection A with elements A;; = i (1|01,

T ~ exp (1A (s1)As) X

Rotations commute iff connection is Abelian:

Hollow metallic waveguide with a cross section in the shape T = lim ) exp (1A (s,)As), As =1/N
0

of an equilateral triangle(@. N—00 p—
Two degenerate fundamental modes w/ orthogonal average
polarizations [black arrows in the inset frames] ®).

(@ . © 4. Resonator Modes

-

Sensitivity to order of deformations requires a
non-Abelian connection

X

O Closed guides: deformation path is a loop
pinned at merged ports. Pin is redefinable:

Polarization is (in)constant if Ais (hon-)Abelian

(b) Mode 1 Mode 2

I
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i : / ( ) U(p:) — exp (iA (p;)As) : « O@(A®) section has Abelian (non-Abelian) A.
I

Polarization of mode superposition p is determined by a

single complex number &: T’s differ iff A is non-Abelian and eigenvectors

give polarization profile of resonator modes.
E=cE +E: p~x+&y,{=c/c

Stereographic projection of £ maps polarization states onto
the Bloch sphere(©).

T can be seen as one effective rotation: | te

Neither deformation

T — eXp (Zt t ) 0-) . |nterSGCt|OnS Of t Wlth the iE transforms circular polarization
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Diagonal-to-circular polarization conversion via
il I . ¢ ; deformation can
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