UF SDU+<&~

UNIVERSITY ¢

FLORIDA

Science & Technology
W@ Facilities Council

HELMHOLTZ HEISII[\DIE--SIKIONS

Results from the ALPS Il first science campaign

Aaron D. Spector 19th Patras Workshop

e ALPS Group y T gy nlver3|ty of Patras
l“é@f DESY- == | ’
= Hamburg, Germany




Light Shining Through a Wall (LSW)
Experiments




Light-shinning through a wall concept
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ALPS Il concept
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ALPS Il concept
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Fig. 3. Axion production and detection with two optical resonators.
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Calibrating LSW Experiements
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ALPS Il concept

Production Cavity (PC) I

M M,

Regeneration Cavity (RC)

r open — TMlTMzrl ﬁPﬁRP l

DESY. M.P5 | Results from the ALPS Il first science campaign | Aaron D. Spector | Patras 19 | Patras, Greece | September 17, 2024



ALPS Il concept

Production Cavity (PC) Regeneration Cavity (RC)

P, 1 4
=1 (sar8t) 770
P 16 Ty T,

open

DESY. MP5 | Results from the ALPS Il first science campaign | Aaron D. Spector | Patras 19 | Patras, Greece | September 17, 2024
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ALPS Il concept
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ALPS Il concept
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Infrastructure at DESY

Magnets, tunnel, and infrastructure are the foundation of the experiment
« 2x strings of 12 HERA dipole magnets: 5.3 T, 106 m

* Cryogenic infrastructure

3 clean rooms at the different stations of the experiment




What distinguishes ALPS I

Pushing the sensitivity with precision interferometry

Not just longer magnetic field length
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What distinguishes ALPS i ”

HPL Power

Pushing the sensitivity with precision interferometry 60
50 -
Not just longer magnetic field length
~40 "
» High power laser (HPL) system (30 W) %,
30 °
20 - :
10/ !
0 ¢ |
2 4 6
I(Amp)
Production Cavity (PC) Regeneration Cavity (RC)

..-
--
b B
[ ——
el o B

- wm . .
—___——__
-
——
-
-
-
-m -

—~P

Detector

DEDENEEEEE |, DEEDOEEDDE

Magnet String

DESY. MP5 | Results from the ALPS Il first science campaign | Aaron D. Spector | Patras 19 | Patras, Greece | September 17, 2024

10

12

16



What distinguishes ALPS I

Pushing the sensitivity with precision interferometry

Not just longer magnetic field length
 High power laser (HPL) system (30 W) N
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What distinguishes ALPS I

Pushing the sensitivity with precision interferometry 1018

Not just longer magnetic field length

 High power laser (HPL) system (30 W)

 Heterodyne detection system (Af~1puHz)
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RL Beam

What distinguishes ALPS Il A s e

Pushing the sensitivity with precision interferometry

Not just longer magnetic field length
 High power laser (HPL) system (30 W)
 Heterodyne detection system (Af~1puHz)

» Central optical bench

Reference

Production Area

High Power Local
Laser Oscillator
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What distinguishes ALPS I

Pushing the sensitivity with precision interferometry

Not just longer magnetic field length
 High power laser (HPL) system (30 W)
 Heterodyne detection system (Af~1puHz)

» Central optical bench

 World record regeneration cavity
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What distinguishes ALPS I

Pushing the sensitivity with precision interferometry
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What distinguishes ALPS I

Pushing the sensitivity with precision interferometry

Mirror Maps of the ALPS Il Regeneration Cavity
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What distinguishes ALPS I

Pushing the sensitivity with precision interferometry

Trend in the Storage Time of the ALPS Il Regeneration Cavity
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What distinguishes ALPS I

Pushing the sensitivity with precision interferometry

Target: gayy > 2%x10-11 GeV-1

1 O —6 From Ciaran O’Hare: https://cajohare.qgithub.io/AxionLimits/
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ALPS Il first science campaign
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ALPS Il first science run

Operate without production cavity

« Simplifies control system

 Feedback directly to laser frequency rather than PC length
» Light injected to COB increased by a factor of 40x
» [Faster identification of ‘light leaks’

 Higher open shutter power Reference
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Infrastructure at DESY
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First science campaign performance
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Scalar Run from February 2 - 16
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* Acquired > 620,000s of closed shutter data
* Acquired > 60,000s of open shutter data
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First science campaign performance
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First science campaign performance

Pseudo Scalar Run from March 30 - May 6

« Laser polarization parallel to magnetic field

* Acquired > 1,060,000 s of closed shutter data
* Acquired > 130,000 s of open shutter data

* Average total coupling: 0.49

* Average power build up: 6500
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First science campaign performance

Pseudo Scalar Run from March 29 - May 6 A ' ' '
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First science campaign results
Taking a first look
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First science campaign results
Taking a first look
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First science campaign results
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First science campaign results
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First science campaign results

Scalar Run from February 2 - 16
 Limited by stray light
« Stray light model fit to data

. Background: P,/Pg,., = 1.4 X 107
» Signal: P,/P ., =3.5X 107>

e 95% C.L. exclusion limit:

8apy S 1.5% 107 GeV™!

* (Scalar signal not expected due to current
exclusion limits)
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First science campaign results
Taking a first look

Pseudo Scalar Run from March 30 - May 6
 Limited by stray light
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First science campaign results
Taking a first look

Pseudo Scalar Run from March 30 - May 6
 Limited by stray light

1/4
2 P,
=—| T Teop = 9 X 107
ga}/}/ BI COB Popen COB

DESY. MP5 | Results from the ALPS Il first science campaign | Aaron D. Spector | Patras 19 | Patras, Greece | September 17, 2024

107 ¢

(unitless)

open

P /P

- 1078 |

Signal

Mean Technical Noise

-1
Frequency (Hz)

0

i

%1073

42




First science campaign results
Taking a first look
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First science campaign results
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Preliminary exclusion limits

A factor of ~50 improvement from ALPS |

From Ciaran O’Hare: https://cajohare.qgithub.io/AxionLimits/
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Next steps

Looking forward

« Current work: Publish analysis and results from first science campaign
 Work to be done in the upcoming years:
 Commissioning/science run with production cavity (target: 2000x beyond ALPS | limit)
 Commissioning/science run with upgraded cavity optics (target: gayy > 2x10-11 GeV-1)
* Future work:
 Commissioning/science run with optical system for TES detector
* Vacuum magnetic birefringence search
* High frequency gravitational wave search

« Axion dark matter search
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