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ALPS Il concept

First realization of Hoogeveen idea

Arion = photon oscillations in a constant magnetic field
A.A. Ansel’'m

Institute of Nuclear Physics, Academy of Sciences of the USSR, Leningrad
(Submitted 30 May 1985)
Yad. Fiz. 42, 1480-1483 (December 1985)
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existence of the arion Proposed Experiment to Produce and Detect Light Pseudoscalars

for detection of the * K. Van Bibber

global SYmmetry on Lawrence Livermore National Laboratory, Livermore, California 94550

N. R. Dagdeviren and S. E. Koonin
W. K. Kellogg Radiation Laboratory, California Institute of Technology, Pasadena, California 91125

A. K. Kerman
Center for Theoretical Physics, Department of Physics, and Laboratory for Nuclear Science,
Massachusetts Institute of Technology, Cambridge, Massachusetts 02139

and

H. N. Nelson

Department of Physics and Stanford Linear Accelerator Center, Stanford University, Stanford, California 94305
(Received 12 May 1987)

We propose a laboratory experiment to produce and detect a light neutral pseudoscalar particle that
couples to two photons. The d would be produced by a (real) photon from a laser beam in-
teracting with a second (virtual) photon from a static magnetic field; it would be detected after it recon-
verts to a real photon in a duplicate magnetic field. The bounds on the coupling constant that could be
obtained from a null result in such an experiment compete favorably with astrophysical limits and would
substantially improve those from direct measurements.
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Fig. 3. Axion production and detection with two optical resonators.




Any Light Particle Search li

Discovery potential
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Any Light Particle Search Il DESY'

The axion factory

~250 m

A

Ty J

Production cavity Regeneration cavity _
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ALPS Il Technology

1. Magnets and .
Infrastructure 2. Optical Systems 3. Control Systems
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4. Ultra-low power

Detector




Ultra-low power detector

HETerodyne sensing

» Interfere regenerated field (Vsig) with laser (Vsig + f1) df

» Demodulate signal at defined frequency

= —
i

« Sum the amplitude of the Beat-note over a long time

PSD (W2/Hz)

» Integrate over time to shrink frequency bin

Fourier Frequency (Hz
f 1 Beat-note 9 y (Hz)

Vsig

SV
—T=D—C3

V(t) = GPsig + GPLp + ZG\/PSigPLOCOS(ZTL'flt + Ag)
Ap = ¢sig — PLo

Vo = Vsig T fi
LO: Local Oscillator
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Ultra-low power detector

Advantages, costs and difficulties

Advantages

If the P; o is large enough, the
system noise is dominated by the
shot-noise

 SNR no longer depend on the

LO power
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Ultra-low power detector

Advantages, costs and difficulties

Advantages

« Keep A constant

If the P; o is large enough, the
system noise is dominated by the

shot-noise - Keep f; constant

 SNR no longer depend on the

LO power

DESY. | Light in the ALPS Il experiment | Isabella Oceano, 14th November 2023



Ultra-low power detector

Advantages, costs and difficulties

Advantages Difficulties

If the P}, is large enough, the « Keep A¢ constant Environmental Conditions: Humidity,

ise i ' temperature, ...
system noise is dominated by the . Keep f, constant P

shot-noise » affect the stability and accuracy

* SNR no longer depend on the of the measurements
LO power

Mechanical Stability

* Any vibrations, structural
deformations, or movements in
the setup can introduce noise
and distort the measurement
data.
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Ultra-low power detector

HETerodyne sensing signature

b T Coherent signal |
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Ultra-low power detector

HETerodyne sensing signature

3 PHYSICAL REVIEW D 99, 022001 (2019)
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Integration time T in seconds = N/ fg

 Demonstrated 10_5y / S PHYSICAL REVIEW D 99, 022001 (2019)
« Limited by extrinsic noise

« ALPS Il can be limited by only the intrinsic noise (shot-noise) increasing the P; g
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Initial science run \
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Optic system
Initial science run

* Initial science run in May 2023 w/o the PC optimal

for stray light hunting Reference
Laser Detector
High Power l PDg Ql Local
Laser I Oscillator
Regeneration Cavity
COB
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Optic system
Initial science run

* Initial science run in May 2023 w/o the PC optimal
for stray light hunting

Reference
Laser Detector
l PDg 'Q'

High Power Local
Laser I Oscnlator
Regeneration Cavity
COB
Phase stability as a key detection point Resonant Enhancement

« Amplification of regeneration cavity (RC) only works if the
regenerated field is resonant

« Cannot directly interfere HPL and LO fields — too much

» LO must be coherent with regenerated field stray light!

» Use of a reference laser with cascaded phase-locked
loops as a “go-between” — HPL and LO never see each
other directly

« Demodulation signal must be coherent with the measured
signal

 HPL must be coherent with LO over the full run

DESY. | Lightin the ALPS Il experiment | Isabella Oceano, 14th November 2023 1 3



Control system

Let thi k her!
et everything work together PLLA

Reference
Laser Detector

5000 < 8 < 8000
P. = 40W

Regeneration Cavity

Regeneration Cavity

High Power Laser Reference Laser Local Oscillator
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ALPS II’'s initial science run scheme

Beat notes Reference

Laser Detector
High Power 2 l PDr Ql Local

Laser I | Oscillator
|EEEEEEEE$-q> 5 I\wva”

=

"-._Regeneration Cavity

: COB
« 122m ; R ) 122 m
v v

JVL

]
12,224 MHz 12,226 MHz 12,228 MHz 12.23 MHz
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Open Shutter Runs

Calibrating our sensitivity

Assessing the HPL-RC coupling
« Start with raw HET function data

« Scale in terms of photons/s

Reference
Laser

a,+f

7 %@
“ R o iy
( PDP PDveto

Production Area N

Regeneration Cavity

E Vee coB

High Power
Laser

vRC = vPC + f

PDS
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Local
Oscillator

Heterodyne function [photons/s]

A.Spector, PATRAS 2023
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Open Shutter Runs

Calibrating our sensitivity

Assessing the phase evolution of the signal
« Similar phase trend in veto and science data

« Bit depth of frequency offsets set by FPGA
* Linear and 2nd-order polynomial fits

» Linear phase trend subtracted from data

Reference
Laser

a,+f

P ? ‘&) a,
* L o iy

( PDP PDveto

E Production Area JV‘ = al Regeneration Cavity
Vec COB Vae = Vpe + f

High Power PDv Local
sci o
Laser Oscillator
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Phase [rad]

A.Spector, PATRAS 2023
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Heterodyne function

Preliminary results

10712 - —— HET data + phase correction
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Successfully acquired data from
May 23rd to 31st

« System showed very good
performance

* ~45 hours of high-quality data
« Open shutter periods:

* Reliable reconstruction of phase
evolution

 Monitor for some calibration
parameters
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Preliminary sensitivity estimate

Preliminary results

A. Spector, PATRAS 2023
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ALPS Il system improvements

Toward a new data taking

Fix the phase shift

After the initial
science run,

Improving the SNR

A factor of ~2.5 adding a new LO
works to

Automatise the locking procedure
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Phase [rad]

Fix the phase shift

Toward a new data taking

5 T T T T
4 + i
3r i
2r i
1F i
Or i
Veto detector
1k Science detector |
Linear fit
— — —Poly2 fit
_2 1 1 | 1 1
0.5 1 1.5 2 2.5 3

Time [days]

DESY. | Light in the ALPS Il experiment | Isabella Oceano, 14th November 2023

3.5

phase [rad]

November 2023

3 — vefo
— science

-3

16000 18000 20000 22000 24000 26000 28000 30000
t[s]
21



Auto-locking

Toward a new data taking

* Remote monitor of the control loops
* Less men power in monitoring
» Automatisation of the locking procedure
* LO to the cavity
« LOtoRL
« HPLtoRL
« Continuous monitoring of calibration parameters

» Automatisation of the run procedure

Connect and Initi... O Disable Fast Control Enable Slow Control Disconnect

input Impeda... RASlL]

- \ N Output 1 01

Reset to Defaults
Edit Defaults

Slow controller | 1
_ . Dutput 2 01
rator re N )
i 3 .
ErrorSignal
ErrorSignal
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24/24 h, 7/7 days beat note monitoring

= MOKU1/SPECTRUM1 ;X= MOKU1/SPECTRUM_FREQ ECTRUM FREQ2

4.0e+7 6.0e+7 8.0e+7 1.0e+8 1.2e+8 1.4e+8 1.6e+8 1.8e+8 2.0e+8
MOKU1/SPECTRUM _FREQ2

clideo.com

6:23PM
A O oe003 >

Demonstrated duty-cycle ~92%

Average locking procedure ~ 5 min
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New data taking

Starting from 3rd November 2023

* A new data taking with an improved system is taking place
* 1,000,000 seconds run
* No more limited by stray-light
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Regenerated photon detection

Exploiting two different techniques

Time resolution
-

|

*i

{E :

VLo = Vsig + f1
>

Frequency resolution
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Regenerated photon detection

Exploiting two different techniques

E=hy &7

P | W f
s 1

wa
cold bath SQUID Teadout

z
Time resolution
<
<
Q

iET H

VLo = Vsig + f1
>

Frequency resolution
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TES

Transition Edge Sensor

» Using a superconducting Transition Edge Sensor (TES) operated at about

100 mK. A tungsten microchip provided by NIST and a SQUID

o . readout by PTB (25umX25umxXx20nm) operated in
Already have demonstrated: the transition region (~ 140mK)

» Low-backgrounds (uHz)

« Good energy resolution (~10%) TES data-taking requires
. Long-term stability (~20 days) a different optics setup.
E=h-p sT
;' 10:
= -
4 '6' 5:_
o E
& 0
T e
aR s S L f
Vh's _102_
< ‘ -15 ;_ Fit parameters:
g - 12Indf = 6102.7/3995
Hharmal N 0 A=(17.9 +-0.2) mV
link_ JsF t, = (0.277 +-0.014) us
—E T, =(0.331+-0.012) us
s Tyoeay = (3.50 +- 0.04) us
400 mE Voot 30§ v, = (-1.182 +- 0.026) mV
Co‘d L“L SGU'D ﬂ.laA _3_5201 11 l_‘:ol 11 l(l)l L1 11]0I L1 12|0| 11 I3IOI 11 I4IOI 11 |5lol 11 160

time [us]
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TES

Transition Edge Sensor

» Using a superconducting Transition Edge Sensor (TES) operated at about
100 mK. A tungsten microchip provided by NIST and a SQUID

o . readout by PTB (25umX25umxXx20nm) operated in
Already have demonstrated: the transition region (~ 140mK)

» Low-backgrounds (uHz)

« Good energy resolution (~10%) TES data-taking requires
. Long-term stability (~20 days) a different optics setup.
E=hp sT
;' 10
i 2 C Je 0 1€ 0
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/h‘ﬁfij - C
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link_ JsF t, = (0.277 +-0.014) us
T T, = (0.331+-0.012) us
s Tyoeay = (3.50 +- 0.04) us
400w Vot 3O§ V, = (-1.182 +- 0.026) mV
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60

time [us]
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Conclusion

LSW: Searching for axion and axion-like particles in a model-independent way

During the initial run, we learned a lot:

» Correction of the phase shift

* Implementation of a second LO to improve the SNR
 Full automatisation of the system

The initial science run data improves the sensitivity by a factor of 30 to previous LSW ===y
experiments in the scalar search

*
*

A new data taking is ongoing with an improved system
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Backup

DESY.
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ALPS I

AL PSidned to improve sensitivity compared to ALPS | by a factor of ~3000
« Exploring uncharted territory in parameter space, beyond astrophysical constraints
« Checking axion explanation of astrophysical anomalies

10- . .
e crows ey y Astrophysical cohstralnts
58 OSQAR * Non-observation of BSM energy
loss of Horizontal Branch (HB)
10° stars in globular clusters
— 10 "' 4photon-axion conver- & f J/ o : :
| 1, T | HB stars hint * Non-observation of conversion
N 10 &5 ALPSH photons into axions in
8 1012 & Qq,'\ ' astorophysical environments
= 1077 Y ' - Astrophysical anomalies
14
c% 1315 » Bestfit _of energy loss of _(HB_)
— starts hints at BSM contribution
16
o - » Observed spectra of blazers hint
10 at anomalous transparency of
1075 Universe from TeV photons
10 19

AL A

\ )...9 .o M _6 .5 A %5 92 _X \! \ 2 > A o) J
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Magnets

« 24 (2 x 12) repurposed HERA dipole magnets successfully straightened,
current- and quench-tested, aligned and operational

« 5.3 T field strength at nominal 5700 A

» Expanded beam tube aperture allows for longer optical cavities — improved
SenS|t|V|ty Results of straightening April 9th 2018

20

18

17.9mm
= BL 007
14 Before straightening

Aperture=37.4 mm

12

10

08
o After straightening \

04

Horizontal position of center of beam pipe [mm]

Aperture=49.8 mm

02

v Position along the beam pipe

00

Albrecht, C., Barbanotti, S., Hintz, H. et a/. Straightening of 02°° LD R0 S00 A% S0 B W S AR

superconducting HERA dipoles for the any-light-particle-search ——
experiment ALPS Il. EPJ Techn Instrum 8, 5 (2021).
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Optimal storage time for SNR

Balancing power buildup with technical noise

—— no extra LO
—— with extra LO

Cavity impedance matching

« At~7.8 msno LO laser
light is reflected from RC

» Technical noise

* Ideal working point is

currently at ~5.3 ms Working point November 2023

 Additional non-resonant
LO laser solves this

Proportional to SNR, normalized to local max [arb.]

Working point May 2023

10 9 8 7 6 5 4 3
torage time [ms]

)
RC o
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