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1 B,

LD _Zga'wFqu_Wa = e E . éa,

Axion/ALPs oscillate into photons or vice-versa at the
presence of magnetic field via Primakoff process.
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Limits on ALPs parameter space in the (m,, g.,~) plane.
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Experiment design 2

Magnetic Field

Detector 2

" Py a chczzyy(BL)z

Laser source Modulator

Fiber coil
1550nm

Total output field

Fiber stretcher Detector 1

\ Etot=EC+E++E_

= %ei(w“%“ [22’ sin(kAL) — ae *AL

+ B(2cos(kAL) — ce™*2L) cos (wyut + kaL)].
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Basic Mach-Zehnder interferometer for WISPFI P, =-4p — s (2kAL) cos (wmt + 2k, L).
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Prototype characterization 2
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WISPFI prototype and feedback loop
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Prototype characterization 2
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Prototype characterization

10m arm length difference

Device: BME280 temperature sensor
21.60
G 2158\ Tm s oo e o
Q
5 21.50
©
T 21.45 -
£
el R ™ . YV . Time: 5080s
21.35 1 ' | | | | | | |
29 21:50 29 22:00 29 22:10 29 22|20 29 22:30 29 22:40 29 22:50 29 23:00
8

>6

g

=4

>

22

0
29 21:50 29 22:00 29 22:10 29 22|20 29 22:30 29 22:40 29 22:50 29 23:00
Time(s)
Device: UHF Lock-in Amplifier
dL = k*107-6*dT*L dL = 13.88um

k~3 for silicon Then k~9.25 PID Value changed with temperature
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Prototype characterization
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The interferometer is on locking

It breaks when temperature
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Prototype characterization 2
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Prototype characterization 2
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Axion Electrodynamics on fiber Q

Classical duality symmetry

V- (E—cgaB) = p./€
V-(cB+ gaE) =0
Vx(cB + gaE) = 0,(E — cgaB)/c + cuyfe
VX(E — cgaB) + 3;(cB + gaE)/c =0

U
mP R B LG
UoC da

V- (D — gaBe) = pe
V-(B+gtaD) =0
VX(H + gaE) — 9t(D — §aB,) = Je
VX(E— g'aH,) + 9t(B+ g'aD) = 0
(0 +m?)a+ GEB, =0

where Gg' =gczlyy:g=gayy\/6/.u»g+ = JayyVH/€, He =B/, D=¢€E, H=B/u
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Axion Electrodynamics on fiber Q

Bend slab waveguide

1 1
Eq. of motion [6,? + r—zaj, + ;ar + M(r)] Y(r,¢)=0

( Y, = A]V(kd,ir) if 0<r<R-—d (ng substrate)

qji(r) = < l'pz = B]v(kcr’ir) + CYV(kCT‘,iT) lf R—d<x<R (nc‘r‘r COTe)
Y, = Dngz)(kd,J_rr) if x =R (ny,cladding)

\

R — Radius;d — Core slab thicknessc,v = 6 R — angular mode number
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Sensitivity overview

Axion-Photon Conversion Probability

» Straight case

7 * Free-space case
P(y » a) = |[E(2)|? = sin?(20) sin? <L_>
sf

Tz
P(y = a) = |E(2)|? = sin?(20) sin? < )
Lfree

* Bending case

2m*RN
P(y » a) = |[E(¢)|? = sin?(20) sin? ( >
Lys
2
2G 21 21 ky + kg ky — kg
where tan(29) — m,l;sf’bf — 5+ — 5 'Lfree = k_|_ k. ’ki = \1 5 T 2 + G2 ,G = gawBexta)
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Sensitivity overview
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Axion-Photon Conversion Probability

e Straight case

P(y » a) = |[E(2)|? = sin?(20) sin? <Z—Z>
sf

 Bending case

2m%RN
Lbf

P(y = a) = |E(®)|?> = sin?(20) sin? <

2T
6+ - 6_

where LSf,bf =

09.08.22

Oscillation Length vs Radius
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Current test

WISPFI: Long-fiber experimental setup
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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
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Backup: Equation of motion

— 1
2
(55 +ri26§, +%6r)a'+k§a’—GE’ =0 [6 acp T 6 +M("‘)] Y(r,¢) =0

r

0.2 162 18 E'+Kk2E'—Ga' =0
T+r_2¢+_" +kZE' — Ga' =

B, (r) = (Ek(r)) i = (ko‘z* koz) = UOME)U-(0)

-

1
[6‘2 — 05 +— 6 +M(r)] P(r,¢) =0

G = gayyBextw

1 / 2 _
where a' = aw?, E' = Ea)E ,LIJ(r ¢) = (E,g:' ;23),1\4(7‘) = <fz kf),tan(ZH) = kz K2
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Backup: Conversion probability

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

v (9) = (E;'c(ﬁb)) = U@W(P)U1() = (COSH —Sine) (e—iv+q> 0 ) ( cos0 SinH) (Ay)

a(¢) sin@  cosf 0 e~ V-9 /) \—sinf cosf/ \A,

2 g i 2 =iV : i —iv_
<cos 0 e~ V+® —sin? pe V-¢  sinfcosO(e”V+P — e V-9) )(Ay)

sin@cos@(e‘iv+‘/’ — e‘i”-‘/’) sin? 0 e WV+RP 4 cps2 e~ V-9 ) \A,

QN

!

a = aw

Where vy = 6. R —» Angular mode number; 6. = 4 — ia, — propagation constant; and 1
2

E’=Ea)E

Considering we begin with a pure axion beam (4, = 0) the conversion probability accounting for bending losses is

p(a-vy) =|E(@)|?> = cos?Osin? 0 |e"V+P — g~ V- ?
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Backup: Electric field conversion Q

Axion-Maxwell equations (EFT approach)

VxBy — Eq = gaaa (BoxVa — aBo) + gaas (BoxVa + aEo)
VxE, + Ba = —gass (BoxVa + aEq) — gass (EgxVa — aBy)
V-Bs = —gass Eo-Va + gaas Bo-Va

V'Ea = (Jaaa BO'Va—gaAB EO'Va A . .
Possibility to modulate the electric field

((92 — mg) a = (gaan + Gass) Eo-Bo + gaas (E(z) — B%) inside a RF cavity
- 10*G (0.511 * 10%eV)? 1.132 * 107V /m 5. {50 |4 . GV
1T 3.77 * 1012G  (0.511 * 10%eV)?2 m m

In CP — conserving case, E, ~ 1073B, = 4.2MV /m
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