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> Reminder: WISPs and motivations
> Update: new astronomical motivations
> Reminder: ALPS experiment
> Update: experimental news on
=optics
"magnets

= detector
— Summary and Conclusion
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WISP properties

Any Light Particle Search (ALPS) ...

> ... searches for (hypothetical) WISPs:
Weakly Interacting Sub-eV QCD axion, Axion-like particles
Particles (WISPs) (ALPs), Hidden photons (HP), ...

Features of an Axion-Like Particle (ALP)

> sub-eV mass

> weakly interacting
with SM-particles

> an effective coupling
to two photons

Y
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ALPs parameter space

Some motivations

from theory:

> QCD axion for strong
CP problem

> string theory
> ...

TeV ransparen from observations:
> TeV transparency

> star cooling
= white dwarfs

= He-burning stars

> dark matter
> cosmic ALP background
> ...
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TeV transparency

taken from M. Meyer
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TeV transparency (update)

> analysis including more spectra (also FERMI-data)

> different statistical method: break index

— 12 sigma (e-e+)-anomaly
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G. I. Rubtsov and S. V. Troitsky, “Breaks in gamma-ray spectra of distant blazars and transparency

of the Universe,” JETP Lett. 100 (2014) 397 [arXiv:1406.0239]
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Stellar Clusters (update)

> star cooling
Evolutionary Tracks off the Main Sequence

e : channel
e through
" photon-ALP
conversion

Global clusters comparing the
branches (HB and RGB)

— hint for photon-ALP coupling

3
8
WE > new analysis of 39 Galactic

RGB - Red Giant Branch
HB - Horizontal Branch |
AGB - Asymptotic Giant Branch

A. Ayala, I. Dominguez, M. Giannotti, A. Mirizzi
and O. Straniero, “An improved bound on
axion-photon coupling from Globular Clusters,”
10* arXiv:1406.6053
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ALPS llc can reach this!

1.x1077
Lx107 ALPS lic will test ALP-
1.x1072 photon explanations for:
— 1.x10710 > TeV transparency
> e 1o-ll > stellar cluster cooling
% > > White Dwarf cooling
2 1.x 10"

> X-ray excess of Coma
cluster

1.x10°1
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Reminder: ALPS scheme

Any Light Particle Search (ALPS) ...

> ...is a Light- Experimental ingredients:
Shining-through- Laser, optical cavity, magnets, SM
a-Wall” experiment opaque wall, single photon detection
a
Y w\/v% > > ngL B
B B
ol v

> ... increases the experimental sensitivity in ALPS I

1/4
o e ( 1 )1/ 4 (vDC /
7 BL ’:Yprod /Bcavities DE

magnetic optics detector

length (laser + cavities)
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On the road to ALPS llc

ALPS |

-2x4 m

- 1 HERA dipole

- production cavity
-532 nm

> ALPS lla

- 2x10 m, w/o magnet

- production cavity
with 1064 nm

- regeneration cavity

- hidden photon runs

~ 10m

Laser I ——————————— Detector

HERA magnet

cavity mirrors wall

~ 10m ~ 10m

Laser I """"""" Detector

A,

cavity mirrors cavity mirrors

(b) ALP‘: [Ia

~ 100 m _ ~100m

A
\
A
\

> (ALPS IIb)  —
> ALPS lic -
-2x100 m

I ----------------- Detector

(¢) ALPS-IIh

_ ~ 100 m L ~ 100 m _
50y e s [

- axion-like particle runs

_________________ Detector

P

HERA dipole magnet
(d) ALPS-TIc
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Increase the experimental sensitivity

)1/4

vV DC
DE

)"

1
X\ =
“Yprod Bcavities

1
Jay & BT,

% 1.x 107"
0O o

ES
? S < 1.x 107"
(<))
oS L.x107"
T 2
E 1.x 10714

1.x10713

mleV]

107" 107 10% 10™* 0.0l

S Parameter Scaling ALPS-I ALPS-II¢ | Sens. gain
Y
8 Effective laser power Plser Jary X Plgsléﬁl 1 kW 150 kW 3.5
e
3 Rel. photon number flux n, | g4y X 74 Y (532nm) | 2 (1064 nm) 1.2
Power built up in RC Pre | gy x Preg 1 40,000 14
{| BL (before& after the wall) | goy oc (BL)™? 22 Tm 468 Tm 21
Detector efficiency QF Jary X QE~1/4 0.9 0.75 0.96
Detector noise DC Gary o< DCB 10,0018~ | 0.000001 s~ 2.6
8 Combined improvements 3082
+
83
‘3_ :_’ 1.x1077
o 1.x1078
a Y
L 1.x10
< — L.x107"?

3 orders of magnitudes
improvement with ALPS llc
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ALPS at DESY in Hamburg
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ALPS lla in HERA-WEST

™
side | clean clean _ .
room room

Detector ﬁ ' il _wll” H Laser

Regeneration cavity ~ 10m ’ Production cavity ~ 10m

top
view
_optical table optical table




Optics: laser & cavities

BS:  beamsplitter Opt- table 2

PD: photodetector Pol-BS F2 (RC offset +
QPD: quadrant-PD M phase IFO)

N waveplate (Phase IFO)| /2. EOO@ M2

E allows fast remote 3.4 mW QPD5+6
alignment -1 My,
¢ 532 nm

[ i ot emot » Regeneraton cavity, locked with green light
MM T I

opt. table 1 vacuum T=10 PD2 n o
| Phase gosoms =
oy enclosure wo) | (==L e
1064 nm i ~ (HR 532 nm) single-phiton
- |ris 1 detect
= —
ALPLAN baseplate = 3 WA 1 .
(located in vac.) @ (ovigDC) ‘;R : :
1.5m E >95% @1064 . _ 4 2ppm @106
M T<1% @ 7 i
Ms5, = e
T=1% W L | ool cBS2 CRS2a cli i roc72s0m
~ LY s - e L LT LY LT Yy Spesn

sa, oal, % 8.6 mw aPD?
TN - - o I

>77 2 BHE

angled didfiroics E

(HR 1064hm) :
20 M, opt. table 3
T=50% -
80 uW.

Wall
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Optics: laser & cavities (update)

BS: beamsplitter Opt' table 2
PD: photodetector Pol-BS F2 (RC offset +
QPF): quadrant-PD M phase IFO)
Mx:  waveplate (Phase IFO) MD._‘@ A2 aom s M
allows fast remote H H H 1
| 31 mw, ongoing detailed characterization
| Es = (PhD by Robin Bahre, AEI Hanover)
positioning = . |
PR MM F
opt. table 1 vacuum T=10% PD2 u -
Phase ': ----- -
oy enclosure wo) | (==L e
1064 nm = <4 (HR 532 nm) single-pilton
- |ris T detect
= — i
ALPLAN baseplate = 3 U ..
(located in vac.) & (ovigoe) \E\ ' P
15m Wr>05% @1064 __ 74 2ppm @106
M5, sh}(r g @ =5% ::
T=1% j ‘@ cBs2p CBS2a cli i o7l
| Sa, peSb, % 8.6 mw ?P?T
TH0% =100 ~ ovip
? - STy S— — DC)
\ )
angled didfiroics "
t (HR 10648hm)
/50150 BS REn 210 e, opt. table 3
@ 1064-pol. 80 4 T=50% S
QPD2 (DW,
4% @me (DC)

@ QPD1 (DWS+HIH)

detailed characterization
(PhD by Reza Hodajerdi, DESY)-

realization and lighttight-tests
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Magnets

> straighten 20 HERA dipoles - T

> one HERA dipole was straightened
by brutal-force-method and
operated (5.3 T)

Update:
> second magnet straightening Force ends and middle of cold mass
_ _ , towards the center
> re_fmed straightening method with simple deformation tools
with customized tools x
—
cold mass

__\LK

vacuum tank
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TES Detector

> Transition-Edge Sensor (TES):
set point at the superconducting transition

—_
(=]

YAN]
o o
SANES

> microcalorimeter (25um x 25um x 20nm g AR | o~ bR
tungsten film), operated at 80 mK g0-4\
> resolves single 1064 nm photons 52'2_ Y= ’ngT ol

(time constant 1.5 us, e y res. = 6-8%)

LT WO pY

temperature 7'

—60+ 1
0 20 _ 40 60 80 age 17
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TES detector (update)

: : wavelength [nm]
> extensive background analysis 777 1064 1550 2000

6 =(4.0+0.2) mV
| |1 =(-548+02)mV
| |AE/E=(741£03)%

= 1064 nm signal region

v
3

= fiber-coupled TES is pile-up
dominated by thermal photons
(300 K blackbody)

J/m
£/ W
o

= dark count rate for TES: % 307

DC ~102%s™ (at DE ~ 20%) S 20

10{

= sensitivity gain compared to 0
using the ALPS | detector (CCD)! -7 -6 =50 40 30 20

Ise heieht PH [mV
—» PhD by JDE pulse height PH ImV]

> instrumentation paper in progress (Journal of Modern Optics)

> first detection efficiency measurements
— high systematic uncertainties, “> 50 %", improved setup

> mK-cryostat: precooling problems due to cold water supply
— new (advanced) heat exchanger is designed
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Summary and Conclusion

WISPs and ALPS

> Physics case has again strengthened: —
TeV transparency, stellar cooling, ...

> ALPS lla will explore this region

Experimental status

> Optics: new (quantitative) insights
— detailed challenges to solve

-0 107 107 107* 0.01 1
mleV]

> Magnets: second bending ongoing
— infrastructure support needed

> Detector: first sensitivity limits
— improvements are underway

— no show stopper at all

Jan Dreyling-Esct



ALPS collaboration and outreach

ALPS Il is a joint effort of

> DESY
Babette Dobrich, Jan Dreyling-Eschweiler,
Samvel Ghazaryan, Friederike

Januschek, Ernst-Axel Knabbe,

Axel Lindner, Andreas Ringwald, Jan Pold, Jan
ke von Segoern, Richard Stromhagen, Dieter

Trines

» Hamburg University
, Dieter Horns

> AElI Hannover

(MPG & Hannover Uni.):
, Benno Willke

» Mainz University
Matthias Schott,

e
H Phy a

ntrie
theoretische Vorhersagen der Eigenschaften ultraleichter

with strong support from

ich auf theor
ilchen sowie auf ihre Uberpriifung in Laborexperimenten
n diesem Rahmen das ALPS-Projekt angestoRen,

und

> neoLASE, PTB-Berlin, NIST (Boulder)
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ALPS lla physics

> Hidden photon search at 2x10 m without magnets

10~ 6 Coulomb

107°¢

I ALPS —IIb vacuum HP cold Dark Matter
t ALPS-IIb gas

AIPS —Ila vacuum

5%1051x10*  5x10-¢ 0001 0.005”'0‘.010>
m o [eV]



OSQAR

Optical barrier

LHC Magnet 1

LHC Magnet 2

B=9T

Laser /\ \/\./\./\/é' - i

B=9T

2NN

Source of scalar
or pseudo-scalar
particles

105

108k

Photon
regeneration
region

S

pseudoscalar search ]
Run | ]
Run Il
ALPS
--- Run2013

my/eV

1
1073

CCD

gay[GeV']

10°° 107* 0.01 1

m[eV]

10719 1078

OSQAR collaboration: Latest Results of the OSQAR Photon Regeneration Experiment for

Axion-Like Particle Search

arXiv: 1410.2566, 9. Oct 2014
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opt. table 2

0w,
54 nm

Production cavity

> detailed characterization of
production cavity in vacuum

= robust lock (> 4 h)

= (length) noise of cavity is in strong coherence
with seismic noise
— faster feedback electronics or additional
damping is needed

— PhD thesis by Reza Hodajerdi (DESY)

EEl5le > envisaged plane mirrors arrived

(from Laseroptics)

opt. table 3

“Wall” = breadboard & shutter:
> non-vacuum tests with CCD camera

> current design is not lighttight

— improved design is underway
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Optics (update)

Regeneration cavity
> Hamburg (ALPS lla)

= Infrastructure: first vacuum tests are underway

opt. table 2

PPPPP F2 (RC offset +
phase I

QPD5+6

) (DWS+PDH)
o™
(AN

> Hanover (1 m table-top experiment)

opt. table 1 vacuum
0w, enclosure

= detailed characterization for the stabilization of
the regeneration cavity

ALPLAN baseplate|

i jEE = lower power fluctuations inside the production
it cavity are required

) @ v = developing a automatic alignment system
— PhD thesis by Robin Bahre
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