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Introduction
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Axion electrodynamics on a dielectric fiber 

Introduction

2208.00079
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Experiment design

Total output field

(Tam&Yang) [1]

𝑃"	→% ∝ 𝑔())* 𝐵𝐿 *
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WISPFI prototype and feedback loop

Prototype characterization
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Prototype characterization
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PID Value changed with temperature

Prototype characterization
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The interferometer is on locking

It breaks when temperature 
change is over the range

Prototype characterization
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Prototype characterization
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Prototype characterization
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Linear isotropic media

(VISINELLI)	[1]

Axion Electrodynamics on fiber

∇ ⋅ 𝐄 − 𝑐𝑔𝑎𝐁 = ρ6/ϵ9
∇ ⋅ 𝑐𝐁 + 𝑔𝑎𝐄 = 0

∇× 𝑐𝐁 + 𝑔𝑎𝐄 = 𝜕> 𝐄 − 𝑐𝑔𝑎𝐁 /𝑐 + 𝑐µ9𝑱𝒆
∇× 𝐄 − 𝑐𝑔𝑎𝐁 + 𝜕> 𝑐𝐁 + 𝑔𝑎𝐄 /𝑐 = 0

☐𝑎 = −
𝑔
𝜇9𝑐

	𝐄𝐁 −
𝜕𝑈 𝑎
𝜕𝑎

∇ ⋅ 𝐃 − 𝑔E𝑎𝐁𝐞 = 𝜌6
∇ ⋅ 𝐁 + 𝑔EH𝑎𝐃 = 0

∇× 𝐇 + 𝑔E𝑎𝐄 − 𝜕𝑡 𝐃 − 𝑔E𝑎𝐁𝐞 = 𝐉𝐞
∇× 𝐄 − 𝑔EH𝑎𝐇𝐞 + 𝜕𝑡 𝐁 + 𝑔EH𝑎𝐃 = 0

☐+𝑚*	 𝑎 + 𝑔E𝐄𝐁𝒆 = 0

𝑤ℎ𝑒𝑟𝑒 𝑔E𝑔EH = 𝑔(""* , 𝑔E = 𝑔("" 𝜖 𝜇⁄� , 𝑔EH = 𝑔("" 𝜇 𝜖⁄� ,  	𝐇𝐞 = 𝐁𝐞 µ⁄ ,  	𝐃 = ϵ	𝐄,  	𝐇 = 𝐁 µ⁄

Classical duality symmetry
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𝑅 → 𝑅𝑎𝑑𝑖𝑢𝑠; 𝑑 → 𝐶𝑜𝑟𝑒	𝑠𝑙𝑎𝑏	𝑡ℎ𝑖𝑐𝑘𝑛𝑒𝑠𝑠𝑐, 𝜈 = 𝛿±𝑅 → 𝑎𝑛𝑔𝑢𝑙𝑎𝑟	𝑚𝑜𝑑𝑒	𝑛𝑢𝑚𝑏𝑒𝑟

Ψf± 𝑟 =
Ψg = 𝐴𝐽j 𝑘kl,±𝑟 					𝑖𝑓		0 ≤ 𝑟 ≤ 𝑅 − 𝑑				(𝑛kl, 𝑠𝑢𝑏𝑠𝑡𝑟𝑎𝑡𝑒)

Ψ* = 𝐵𝐽j 𝑘kq,±𝑟 + 𝐶𝑌j 𝑘kq,±𝑟 			𝑖𝑓			𝑅 − 𝑑 ≤ 𝑥 ≤ 𝑅		(𝑛kq, 𝑐𝑜𝑟𝑒)

Ψt = 𝐷𝐻j
* 𝑘kl,±𝑟 													𝑖𝑓	𝑥 ≥ 𝑅	 𝑛kl, 𝑐𝑙𝑎𝑑𝑑𝑖𝑛𝑔

Bend slab waveguide

Axion Electrodynamics on fiber

𝜕q* +
1
𝑟*
𝜕y	* +

1
𝑟
𝜕q + 𝑀(𝑟) Ψ 𝑟, 𝜙 = 0	Eq. of motion

(Hiremath et al.) [3]
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𝑃 𝛾 → 𝑎 = 𝐸 𝑧 * = 𝑠𝑖𝑛*(2𝜃) 𝑠𝑖𝑛*
𝜋𝑧
𝐿��

• Straight	case

• Bending	case	

𝑃 𝛾 → 𝑎 = 𝐸 𝜙 * = 𝑠𝑖𝑛*(2𝜃) 𝑠𝑖𝑛*
2𝜋*𝑅𝑁
𝐿��

𝑤ℎ𝑒𝑟𝑒 𝑡𝑎𝑛 2𝜃 =
2𝐺

𝑘"* − 𝑘(*
, 𝐿��,�� =

2𝜋
𝛿� − 𝛿�

𝑃 𝛾 → 𝑎 = 𝐸 𝑧 * = 𝑠𝑖𝑛*(2𝜃) 𝑠𝑖𝑛*
𝜋𝑧
𝐿�q66

• Free-space	case

, 𝐿�q66 =
2𝜋

𝑘� − 𝑘�
, 𝑘± =

𝑘"* + 𝑘(*

2
±

𝑘"* − 𝑘(*

2

*

+ 𝐺*
��

		, 𝐺 = 𝑔(""𝐵6�>𝜔

Axion-Photon Conversion Probability

(Raffelt and	Stodolsky)	[2]

Sensitivity overview
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𝑃 𝛾 → 𝑎 = 𝐸 𝑧 * = 𝑠𝑖𝑛*(2𝜃) 𝑠𝑖𝑛*
𝜋𝑧
𝐿��

• Straight	case

• Bending	case	

𝑃 𝛾 → 𝑎 = 𝐸 𝜙 * = 𝑠𝑖𝑛*(2𝜃) 𝑠𝑖𝑛*
2𝜋*𝑅𝑁
𝐿��

𝑤ℎ𝑒𝑟𝑒	𝐿��,�� =
2𝜋

𝛿� − 𝛿�

Axion-Photon Conversion Probability

Sensitivity overview

Oscillation Length vs Radius

𝐿��
𝐿��

𝑅(𝜇𝑚)

𝑔("" = 2.8 ∗ 10�g9𝐺𝑒𝑉�g
𝑚( = 0.78𝑒𝑉
𝑛kq = 1.4
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𝜔 = 0.8𝑒𝑉
𝑧 = 500𝑚
𝑃 = 2𝑊
𝑡 = 100	𝑑𝑎𝑦𝑠

• 𝐼𝑛	𝑟𝑒𝑠𝑜𝑛𝑎𝑛𝑐𝑒, 𝑡ℎ𝑒	𝑎𝑥𝑖𝑜𝑛 − 𝑝ℎ𝑜𝑡𝑜𝑛		𝑡𝑟𝑎𝑛𝑠𝑓𝑒𝑟	𝑚𝑜𝑚𝑒𝑛𝑡𝑢𝑚	𝑞 = 0	𝑒𝑉

𝑞 =
𝑚"
* − 𝑚(

*

𝜔
= 0	 → 	𝑘" = 𝑘(

𝑚( = 𝜔* − 𝑛*𝜔*�

Refractive	index Axion	mass	(eV) Axion-photon	coupling	(𝑮𝒆𝑽�𝟏)

1.4 (step-index	fiber) 0.78
3.2 ∗ 10�gg (shot	noise	limited)1.003 (hollow-core	fiber) 6.2 ∗ 10�t

1.0003 (air) 1.96 ∗ 10�t

Sensitivity overview



09.08.22 Patras	Workshop	2022 17

VOICE	COIL
ACTUATOR

LOCK-IN	
AMPLIFIER

PID
PIEZO-DRIVER	

AMP

WISPFI: Long-fiber experimental setup

Current test

1550nm
FIBER	

STRETCHER
TEMP.
PAD

MAGNET

MAGNET

VOICE	COIL
ACTUATOR
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Current test
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• Long	fiber	setup	(~20𝑚 − 100𝑚) using	a	fiber	stretcher	together	with	a	thermal	pad

• Optimize	the	setup	to	shot	noise	limited	for	squeezed	light	implementation

• Testing	a	linear	voice	coil	actuator	for	magnetic	field	modulation	in	the	14T	magnet

• Integration	of	14T	superconductor	magnet	in	the	fiber	interferometer

• Hollow	core	photonic	crystal	fiber	(HC-PCF)	test	and	stabilization

• Electric	field	conversion	experiment	using	a	RF	cavity

Next steps
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THANK	YOU	FOR	YOUR	ATTENTION!
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𝜕q* +
1
𝑟*
𝜕y	* +

1
𝑟
𝜕q 𝑎� + 𝑘(*𝑎� − 𝐺𝐸� = 0

𝜕q* +
1
𝑟*
𝜕y	* +

1
𝑟
𝜕q 𝐸� + 𝑘"*𝐸� − 𝐺𝑎� = 0	

	

𝑤ℎ𝑒𝑟𝑒	𝑎� = 𝑎𝜔(
g
*, 𝐸� = 𝐸𝜔�

�g*, Ψ 𝑟, 𝜙 = 𝐸′(𝑟, 𝜙)
𝑎′(𝑟, 𝜙) ,𝑀 𝑟 =

𝑘"* −𝐺
−𝐺 𝑘(*

, 𝑡𝑎𝑛 2𝜃 =
2𝐺

𝑘"* − 𝑘(*

𝜕q* +
1
𝑟*
𝜕y	* +

1
𝑟
𝜕q + 𝑀(𝑟) Ψ 𝑟, 𝜙 = 0	

𝜕q* +
1
𝑟*
𝜕y	* +

1
𝑟
𝜕q + 𝑀f(𝑟) Ψf 𝑟, 𝜙 = 0	

𝑀f = 𝑘�* 0
0 𝑘�*

= 𝑈 𝜃 𝑀 𝑟 𝑈�g 𝜃Ψf¡ 𝑟 = 𝐸¢¡ 𝑟
𝑎E¡ 𝑟

Backup: Equation of motion

, 𝐺 = 𝑔(""𝐵6�>𝜔
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Ψ£ 𝜃 = 𝐸£� 𝜙
𝑎£� 𝜙

= 𝑈 𝜃 Ψ 𝜙 𝑈�g 𝜃 = 𝑐𝑜𝑠𝜃 −𝑠𝑖𝑛𝜃
𝑠𝑖𝑛𝜃 𝑐𝑜𝑠𝜃

𝑒�¤j¥y 0
0 𝑒�¤j¦y

𝑐𝑜𝑠𝜃 𝑠𝑖𝑛𝜃
−𝑠𝑖𝑛𝜃 𝑐𝑜𝑠𝜃

𝐴"
𝐴(

																	=
𝑐𝑜𝑠* 𝜃 𝑒�¤j¥y − 𝑠𝑖𝑛* 𝜙𝑒�¤j¦y 𝑠𝑖𝑛𝜃𝑐𝑜𝑠𝜃 𝑒�¤j¥y − 𝑒�¤j¦y

𝑠𝑖𝑛𝜃𝑐𝑜𝑠𝜃 𝑒�¤j¥y − 𝑒�¤"¦y 𝑠𝑖𝑛* 𝜃 𝑒�¤j¥§y + 𝑐𝑜𝑠* 𝜃𝑒�¤j¦y
𝐴"
𝐴(

The	electric	and	axion	fields	can	be	therefore	deduced	by	applying	the	rotation	back

𝑊ℎ𝑒𝑟𝑒	𝝂± = 𝜹±𝑹 → 𝐴𝑛𝑔𝑢𝑙𝑎𝑟	𝑚𝑜𝑑𝑒	𝑛𝑢𝑚𝑏𝑒𝑟;	𝜹± = 𝜷± − 𝒊𝜶± 	→ 𝑝𝑟𝑜𝑝𝑎𝑔𝑎𝑡𝑖𝑜𝑛	𝑐𝑜𝑛𝑠𝑡𝑎𝑛𝑡; 𝑎𝑛𝑑

𝜌 𝑎 → 𝛾 = 𝐸 𝜙 * = 𝑐𝑜𝑠* 𝜃 𝑠𝑖𝑛* 𝜃 𝑒�¤j¥y − 𝑒�¤j¦y *

Considering	we	begin	with	a	pure	axion	beam	(𝐴" = 0) the	conversion	probability	accounting	for	bending	losses	is

𝑎� = 𝑎𝜔(
g
*

𝐸� = 𝐸𝜔�
�g*

Backup: Conversion probability
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Backup: Electric field conversion

Axion-Maxwell equations (EFT approach) 

𝐼𝑛	𝐶𝑃 − 𝑐𝑜𝑛𝑠𝑒𝑟𝑣𝑖𝑛𝑔	𝑐𝑎𝑠𝑒, 𝐸9 ≈ 10�t𝐵9 = 4.2𝑀𝑉/𝑚

Possibility to modulate the electric field 
inside a RF cavity

(Anton	Sokolov,	arXiv:	2205.02605)


