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Light-shining-through-a-wall in a nutshell

O — » Light is shone on an opaque wall

» Photons convert into axions/ALPs in

a magnetic field and pass the wall
» Behind the wall, the axions/ALPs
convert back to photons in a

magnetic field

» Light is detected by a detector

P’rHa i

Optics Magnets Detector
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ALPS Il @ DESY in Hamburg

Production Cavity (PC) Regeneration Cavity (RC)

~P

Detector

o o o PO o s o o o o o o
Magnet String

Originally: 10+10 dipole magnets from the HERA proton accelerator

Production cavity and regeneration cavity, mode matched
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Optics Magnets Detector
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ALPS Il Sensitivity

Log(g, /Gev™)

Low Opacity Hints

=13 [Meyer et al. 2013]

> ALPS Il plans to reach about a factor of
3000 in sensitivity compared to ALPS |

> ALPS Il will not probe the QCD axion
band

> ALPS Il can reach into a region where
ALPs could be CDM

> ALPS Il will probe part of the region with
important astrophysical hints

PSR J2021+3651
T

Log(ma/eV)
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’ log(Eg) ) [Manuel Meyer 12]
[Calore 18]
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10 HERA dipole magnets 10 HERA dipole magnets
B=53T88m B=53T,88m

EEDEEEEEEE Axionfield NNNENNENEN

el (ST

Detector
1064nmlaser  HHENEEEEER ,; DEEEEREEEN
Production cavity (PC) Regeneration cavity (RC)
150 kW circulating power Power build-up: 40,000

Mode-matched cavities:

Production Cavity increases circulating power before wall

Regeneration Cavity resonantly enhances reconversion probability of ALPs
into photons
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Optics: Challenges

Table 1 = Table 2 Table 3

.................

> High power operation in production
S, cavity

P e e o e

____________________________________

> High finesse cavity for photon
regeneration

Laser, 1064 nm Production cavity | | Wall and shutter ‘ | Regeneration cavity ‘

> Dual cavity lock

> Cavity alignment over long times

> Light tightness and shutter
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Optics: Results

Injected power 30 W 32 W > Several design values already achieved.

PC circulating 150 kKW 50 kW > Investigation of dichroic noise
power — >

RC power 40,000 26,000

> One of the main tasks recently: feasibilit
buildup factor y y

study for longer magnet string
CCIEWCNylladlgl <Surad <1 urad

alignment
Spatial (field)  EE LIRSl e = e
overlap r feedback ] feedback ] r feedback ]
RC length <0.6 pm <0.6 pm Hoh Pover __ nPruducﬂonCav!ty . E_Refel-;;rnee — I]Reoenemumcavkyﬂ

stabilization
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ALPS Il main components: magnets from HERA

> QOriginal plan: 10+10 dipoles from
HERA, each 5.3 T on 8.8 m.

> Power build-up of cavities limited
due to clipping losses because of
magnet aperture.

> Magnets need to be straightened Ergebnis der Verformung am 95,2018
to achieve larger aperture
compared to 35 mm (before
straightening)

19.4 mm

BL 137
Vor Verformung

Apertur=35.9 mm

Nach Verformung
6.7 mm

Horizontale Position der Mitte des Strahlrohres |mm)]

Apertur=48.6 mm

Position entlang des Strahirohres

Messung: Yvonne Imbschweiler, Wolf Benecke
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Magnet Straightening Status

Horizontal aperture

> By now 20 dipoles from HERA have been "
straightened, all successfully !
> The average aperture is about 48 mm (!) 25 | Avarags aperture bafors deforming
> All quench currents after deformation are .. . 1Q1h1rtr LT
above the maximum current of the power = * ¢S

supply '
> Stable operation also tested successfully ..
[l
HERERR

6000
5900 -
5800
Design current for ALPS llc
5700 _I
o
Q,Q_Q

F=l=3 ==& =3 =+ 2=

Maximum current of power supply in hall North
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Magnet: Change of Plans

Due to the big success in straightening the
magnets (i.e. big apertures), it was
investigated to increase the number of
magnets to 24

Regenerated photon rate doubles when the
magnetic field times length product
increases by 20 %.

An investigation showed that the benefits
exceed the risks

Decision: ALPS Il will use 24 magnets

Taken from spare magnets, additional
spares to be taken out of accelerator and
straightened.

HELMHOLTZ &5t
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Aperture required for 12+12 dipoles

Horizontal aperture
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ALPS detector requirements

Detector Challenges TES

> Able to detect extremely low rates (about 104 s-1)
of 1064 nm photons, i.e. about 1 eV of photon
energy

> Low noise, low background rate

> High efficiency

> Long-term stability

Heterodyne
=» Two detection concepts for ALPS II: LO laser AN ;e;tmte signel
heterodyne detection and transition edge f )
sensor _"| t--»

)
= Plan to employ both detection methods A AR

H photon signal
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Transition Edge Sensor

CJ "} g/
. . computer B~ Tetf — T +a/n
> TES: superconducting sensor, operating _ MG
in the superconducting transition region s, Hfectromics _ f (b)
ey ] SQUID RA BeE poyis normal
> Photon sensitive absorber is connected 58 o a=Rra
to a TES thermistor, TES current read — gpereonducis
out by SQUID S .
> Absorption of photon causes rise of E=V/iala
temperature, then cools down again P.AJ. Do Korte ot ol “@
Proceedings of SPIE, pages 779-
> Thus current changes, which can be 789, 2002
read out by SQUID Single photon
> Integrated current signal is proportional counting
to photon energy
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TES Detector: results

HELMHOLTZ =05t iisroroesuncen

TES detector installed and operated successfully at

ALPS detector lab in cryostat
Noise studied, sources eliminated/reduced

First light seen, 1064 nm photons detected

Optimised module currently being installed
A KEY.

DSO-X 40344, MY58250700, 07.20.2017102615: Thu Apr 25 15:38:24 2019

&

Acquir
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Interfere regenerated field with a much
stronger frequency shifted LO laser field

=>» beat frequency measurement

Beat note carries information on photon
rate of the regenerated signal

Heterodyne detection

LO laser Beat note signal

V)

f_|_f| regenerated photon
0 : signal

‘, /B e @nito0) /B iln(f+fo)t+6)
PLO + Pwea,k + 2 V PLOPweak COS (27Tf0t + A¢)

Signal coherently sums over time
Noise averages out

Can reach shot noise limit
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Heterodyne: Results

102

Signal present at 2.4 Hz

> Testbed studies recently published:
PRD 99 022001 (2019)]
= Test signal of 3.3* 10-2 photons/second
(6.4 x 10-2' W) detected

10¢

1_

0.1

.2 3.33x10% photons
10 per second

Photons per second o Z,(N)

1073}
104 || Demodulation at exactly 2.4 Hz = Noise measurement consistent with no noise,
ool °e"‘°°c';;';‘:;"u:t;:°2‘f§ :: Integrated noise floor below 2 x 10-2* W
s Expected value (no signal) (eC{UIV8|ent tO about 10_5 phOtOﬂS/S)
10 : ‘

0.1 1 10 10? 10° 10* . Challenge: Phase Change between the

regenerated photon field and a LO laser < 0.1
cycles over ~ 2 weeks

Integration time 7 in seconds = N/ fg

[Z. Bush et al., PRD 99 022001 (2019)]
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ALPS Il Site/Infrastructure

Construction is ongoing

~ py
- = ; \
= illsioes
¥
.
2 i M

> Cryogenic system layout adapted to 24 magnets

> Layout of cleanrooms has been finalized =» call for tender

> In general: very nice progress, slightly delayed due to change to 24 magnets
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ALPS Il schedule

ALPS Il will be located in the tunnel of the
HERA accelerator, around HERA North.

Timeline:

> Construction finished end of 2020 = first
light

> First data run in 2021

> |Installation of 2nd optics setup to switch the
detection scheme

> Second data run planned for 2022
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ALPS Il: aiming for start-up in 2020/2021 @ DESY in HH

Collaboration
EE— ) E— 5 lﬁ]e}r)ﬁ}}l,\g;lstein Institute

Significant funding
JG‘U support also by the
UF |[Fi ORIDA 7=\ HEISING-SIMONS
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> ALPS Il will look for axion-like particles reaching regions of several
astrophysical hints using the light-shining-through-a-wall method

> ALPS Il developments in optics, magnets, detectors and infrastructure
successful and on track

> ALPS Il has increased the number of magnets planned to be used in the
experiment to 24 magnets (12 on each side), thus increasing its sensitivity by
about 20%

> ALPS Il construction is ongoing and planned to finish within 2020

> Looking forward to exciting axion/ALP physics!
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