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Why Axion?

Motivation

* Axions solve the Strong CP-Problem

« CP-Symmetry is conserved at 8 = 0

* @ is arbitrarily close to 0 (Experiments: 6 <
10—10)

* Peccei-Quinn-Symmetry solves this Problem

 — Axion

 Excellent cold dark matter candidate

« Astrophysical Hints
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https://arxiv.org/abs/1812.02669
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Axion <& Photon Interaction

How to look for the Axion gayy 3 gayy
* (Inverse) Sikivie Effect Y ___________ y

« Axion < Photon mixing in
background magnetic field

*  Jayy and m, are unknown, but * *
there are models and hints y B B 7

P. Sikivie
Phys. Rev. Lett. 51, 1415 (1983)

Loy = gayyaE - B)
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Light Shining Through a Wall
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ALPS I
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ALPS I

1064 nm laser
~40 W
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Light Shining Through a Wall

Todd Kozlovski _ _
12 HERA dipole magnets (5.3 T) 12 HERA dipole magnets (5.3 T) oo 2P oaes AL
~100 m > < ~100 m >

el e e B e e

o o ————D
| JL //L JL Joveasel — |~/ fl—l—

Plaser ~photon
NS — 1—16 (gafyf}, BO LB)4 ;U/ [158,208 yré ]

for g,,,= 2 X 10 GeVv!
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Light Shining Through a Wall with Optical Cavities

Todd Kozlovski
12 HERA dipole magnets (5.3 T) 12 HERA dipole magnets (5.3 T) E;epceijim rgp(ti;;z';)echniques in ALPS
< ~ 100 m ~100 m ,
1064 nm laser /
~ 40 W
(A N\
IIIII PEERES soman ||.|| Z4)
/ L J Opaque L
barrler

-11 -1
without optical cavities: for g,,,= 2 X 101 GeV

Plaser ~photon
NS — 1—16 (ga'y'y BO LB)4 ;“/ [15(?,302) yré ]

with optical cavities:

4 P
NS p— %(QQ’Y'YBOLB) PC IBRC [thotons/day]




Optical Cavities in ALPS Il

RC storage time on 2023-06-09
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Number of measurements: 14
Storage time = 7.04 £ 0.01 ms
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« Bulids up regenerated axion field.

« High resonant enhancement g > 7,000
over a long baseline (120 m) cavity

World record light storage time

Page 10



Optical Cavities in ALPS Il
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Production Cavity (PC)

« Builds up the power of stored light
circulating in the magnetic field

* Increases axion particle flux

*  Will be built after reaching
background goals
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Model Independent Experiments

From Ciaran O’Hare: https://cajohare.github.io/AxionLimits/
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Axion Search Overview

From Ciaran O’Hare: https://cajohare.github.io/AxionLimits/
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Heterodyne Detection

Graphic courtesy of Li-Wei Li

o NXA=2XL
. Overlay the local oscillator (LO) and the "M 25100 LO RC ReﬂectipohnotOdeteCtor
P‘ )

regenerated photons in the cavity

« Photodetector detects “beatnote” (peak in
frequency space)

- Averaging over Ipng periods of time Pio + Py + 2/ ProPacos[2m(vg — vio)t]
— Shot noise averages out

— Signal sums up
« Limiting factors

* Optical shot noise
» Backgrounds

r

Integration
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Initial Science Run

Ciaran O’Hare: https://cajohare.github.io/AxionLimits/

tin action (5711.8 A) for data-taking period 23 May to 1
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:> ~150 000 seconds of data above the calibration requirement
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Outlook

Currently worked on

« Automatic run procedure + autolocking
— 1 Million Second Run

Near Future

« Production Cavity

« Upgrade optics

* — reaching design sensitivity
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Control System in ALPS Il
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Production Area Regeneration
Cavity

Graphic courtesy of Todd Kozlowski

Challenges
» Get the HPL resonant with the RC cavity

* Don'’t get any of the HPL light into the cavity
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Axion Experiments at Desy

Experiments using Sikivie Effect:
 Haloscopes
« Helioscopes

« Light Shining throught Wall

Y*<B B
P. Sikivie
Phys. Rev. Lett. 51, 1415 (1983)
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Source Experiments | Model dependence
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Laboratory-
prepared axions
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Backgrounds

Todd Kozlovski
12 HERA dipole magnets (5.3 T) 12 HERA dipole magnets (5.3 T) Precision Optical Techniques in ALPS

Experiment, (2023)
< ~ 100 m

~100 m >
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Stray Light
« Light from the HPL falls onto detector

Photons
econd

* Currently ~ 1/300

 Reason Production Cavity is not installed
yet
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