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There might be physics beyond the SM

> Why does the static electromagnetic dipole moment of the neutron vanish?

Why do the wave functions of the three quarks
exactly cancel out any observable
static charge distribution in the neutron?

http://www.lbl.gov/Science-Articles/Archive/sabl/2006/Oct/3.html

> This Is related to a fundamental property of QCD:

QCD allows for CP violation, if the quarks have non-zero masses.
Why does QCD nevertheless conserve CP?
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There might be physics beyond the SM

> CP-conservation in QCD is a fine tuning issue:
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There might be physics beyond the SM

> CP-conservation in QCD is a fine tuning issue:

F. Wilczek at “Vistas in Axion Physics”, Seattle, 26 April 2012

(see http://www.int.washington.edu/talks/WorkShops/int 12 _50W/People/Wilczek F/Wilczek.pdf)

The overall phase of the quark mass matrix is physically meaningful.
In the minimal standard model, this phase is a free parameter, theoretically.

Experimentally it is very small.
This is the most striking unnaturality of the standard model, aside from the
cosmological term. It does not seem susceptible of anthropic “explanation”.

> The observable CP-violation in QCD is given by § + arg (det M)
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There might be physics beyond the SM

> CP-conservation in QCD is a fine tuning issue:

F. Wilczek at “Vistas in Axion Physics”, Seattle, 26 April 2012

(see http://www.int.washington.edu/talks/WorkShops/int 12 _50W/People/Wilczek F/Wilczek.pdf)

The overall phase of the quark mass matrix is physically meaningful.
In the minimal standard model, this phase is a free parameter, theoretically.

Experimentally it is very small.
This is the most striking unnaturality of the standard model, aside from the
cosmological term. It does not seem susceptible of anthropic “explanation”.

> The observable CP-violation in QCD is given by 6 + arg (det M)

> Experimentally, |6 + arg (det M)|< 10°.

A “fine-tuning” problem!
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The first WISP: introducing the axion

> CP-conservation in QCD:

A dynamic explanation predicts the axion,
which couples very weakly to two photons.

_ _ Wilczek and Weinberg 1978
Peccel-Quinn 1977

The Search for Axions, Carosi, van Bibber, Pivovaroff, Contemp. Phys. 49, No. 4, 2008

S. Hannestaad, presentation at 5th Patras Workshop on Axions, WIMPs and WISPs, 2009

Axel Lindner | ALPS Il | 16 December 2014 | Page 9



Properties of the axion

> The QCD axion: light, neutral pseudoscalar boson.

> The QCD axion: the light cousin of the m°. Y
= Mass and the symmetry breaking scale f, are related: a
m, = 0.6eV - (107GeV /f,) Y

= The coupling strength to photons is
Japy = O°9, / (£,
where g, is model dependent and O(1).
Note: g,,, = a-g,/ (1-6:10°GeV) - m,

The Search for Axions, Carosi, van Bibber, Pivovaroff, Contemp. Phys. 49, No. 4, 2008
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Properties of the axion

> The QCD axion: light, neutral pseudoscalar boson.

> The QCD axion: the light cousin of the m°. Y
= Mass and the symmetry breaking scale f, are related: a
m, = 0.6eV - (107GeV /f,) / Y

= The coupling strength to photons is
Japy = O°9, / (£,
where g, is model dependent and O(1).
Note: g,,, = a-g,/ (1-6:10°GeV) - m,

= The axion abundance in the universe is
Q,/Q, ~ (f,/ 1012GeV)"".
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The Search for Axions, Carosi, van Bibber, Pivovaroff, Contemp. Phys. 49, No. 4, 2008
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More general: WISPy particles

\Weakly Interacting Slim Particles (WISPS):

> Axions and o
axion-like particles ALP
ALPs, pseudoscalar or scalar bosons,

m and g are not related by an f.

> Hidden photons (neutral vector bosons) AN — - —

HP (m., >

> Mini-charged particles VNV T

> Chameleons (self-shielding scalars), massive gravity scalars
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Such WISPs are expected by theory

> Axions, ALPs and other WISPs occur naturally in string theory inspired
extensions of the standard model as components of a “hidden sector”.
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The type lIB string axiverse and its low-energy

The quest for an intermediate-scale accidental axion
phenomenology

and further ALPs

Michele Cicoli,>? Mark D. Goodsell® and Andreas Ringwaldd

A.G. Dias,” A.C.B. Machado,” C.C. Nishi,” A. Ringwald® and P. Vaudrevange’

DOI: 10.1007/JHEP10(2012)146 DOI: 10.1007/JHEP06(2014)037
http://www.arxiv.org/abs/1206.0819v1 http://arxiv.org/abs/arXiv:1403.5760

> Their weak interaction might be related to very heavy messenger

particles.

Thus WISPs may open up a /

window to particle physics at Standard
highest energies.
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There Is physics beyond the SM

> Dark matter and dark energy:
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http://science.nasa.gov/astrophysics/focus-areas/what-is-dark-energy/

Even if one neglects dark energy:

Dark Energy 85% of the matter is of unknown constituents.

http://www.esa.int/For_Media/Photos/Highlights/Planck
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There Is physics beyond the SM

> Dark matter and dark energy candidate constituents:

rotational velocity
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http://science.nasa.gov/astrophysics/focus-areas/what-is-dark-energy/

> Very weak interaction with SM matter

> Very weak interaction among
themselves

> Stable on cosmological times

> Non-relativistic
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There Is physics beyond the SM

> Dark matter and dark energy candidate constituents:
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> Extremely lightweight scalar particle
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The big picture: ALPs
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Two photon coupling
Log Coupling [GeV™']

The big picture: ALPs exclusions
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Log Coupling [GeV ']

The big picture: ALPs
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Particular interesting:

Dark Unwerse 1 (0121 116-135
ntents lists available at SciVerse ScienceDirect

Dark Universe
1 www.elsevie

eeeeeeeeeee

Nottestr, 85, D-22607 H

DOI: 10.1016/j.dark.2012.10.008
e-Print; arXiv:1210.5081 [hep-ph]

Excluded by WISP experiments

Excluded by astronomy (ass. ALP DM)
Excluded by astrophysics / cosmology
Axions or ALPs being cold dark matter
WISP hints from astrophysics

Sensitivity of next generation WISP exp.

> ALP-photon couplings around 10-11GeV-1, masses below 1 meV.
This can be probed by the next generation of experiments.
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The big picture: ALPs
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Particular interesting:

> ALP-photon couplings around 10-11GeV1, masses below 1 meV.
Physics at a scale of 10° TeV will be probed.
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Indications for a WISP world?

Probe the transparency of the universe!

GeV photons have a mean free pathlength comparable to the size of the
universe.

100 GeV to TeV photons travel just about 100 Mpc,
because they interact with extragalactic background light.

Center of mass energy about 1 MeV!

VHE : £ > 100 GeV

M. Meyer, 7th Patras Workshop on Axions, WIMPs and WISPs, 2011
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Indications for a WISP world?

Probe the transparency of the universe!

GeV photons have a mean free pathlength comparable to the size of the
universe.

100 GeV to TeV photons should travel just about 100 Mpc,
because they should interact with extragalactic background light.

Center of mass energy about 1 MeV!

VHE : £ > 100 GeV

M. Meyer, 7th Patras Workshop on Axions, WIMPs and WISPs, 2011
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Indications for a WISP world?

However:

> The expected propagation of TeV photons
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> If physics beyond the SM is involved,
It shows up around the MeV scale!
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Indications for a WISP world?

Axion-like particles might explain the apparent transparency
of the universe for TeV photons:

TeV photons may
“hide” as ALPs:
compare the ALPS Il
experiment at DESY!
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ALPs and cosmic TeV photons

> Axion-like particles might explain the apparent transparency

Two photon coupling

of the universe for TeV photons:

significance above 3.5 0
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M. Meyer, D. Horns, M. Raue,

arXiv:1302.1208 [astro-ph.HE], Phys. Rev. D 87, 035027 (2013)
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ALPs and cosmic TeV photons

> New analysis including blazar spectra recorded by FERMI:

Pis’'ma v ZhETF, vol. 100, iss. 6, pp. 397—401 (© 2014 September 25

Breaks in gamma-ray spectra of distant blazars and transparency
of the Universe!)

G.I. Rubtsov, S. V. Troitsky?

Institute for Nuclear Research of the RAS, 117312 Moscow, Russia

arXiv:1406.0239 [astro-ph.HE]

> Significance about 12 ¢!

“While detailed tests of these scenarios versus our results will
be presented elsewhere, our preliminary considerations thus
favour the ALP convertion / reconvertion scenario for the
explanation of the effect we observe.”
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WISPs all around us?

> If WISP exist, they are
light enough to be
produced in stars.

> If WISP exist, they might
influence stellar evolutions
or show up at other
astrophysics phenomena.

> One should look for “new
physics” at low energy
scales!
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or show up at other
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WISPs all around

> If WISP exist, they are
light enough to be
produced in stars.

> If WISP exist, they might
influence stellar evolutions
or show up at other
astrophysics phenomena.

> One should look for “new
physics” at low energy
scales!

" Photons (rando

Neutffnc}s

arXiv:1307.2410 [astro-ph.SR]

Axel Lindner | ALPS Il | 16 December 2014 | Page 33




More (vague) hints for ALPs?

> Additional energy losses beyond SM physics in
globular cluster stars and white dwarfs?

> Indications for a Cosmic ALP background (CAB)?

Phenomenon ALP mass ALP-y coupl. Reference
[eV] [GeV]

TeV transparency <107 > 10-11 arXiv:1302.1208 [astro-ph.HE]
Globular cluster < 104 ~5.10°11 arXiv:1406.6053 [astro-ph.SR]
stars (HB)

CAB (Coma Cluster) <1013 102 to 1013 arXiv:1406.5188 [hep-ph]
White dwarfs < 102 (Uae = 5-10°13)  arXiv:1304.7652 [astro-ph.SR]

> There are allowed regions in parameter space where an ALP can
simultaneously explain the gamma ray transparency, the cooling of HB
stars, and the soft X-ray excess from Coma and be a subdominant
contribution to CDM.
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Properties of the axion

> The QCD axion: the light cousin of the m°.

Y
> Therefore the Primakoff effect :{Nwww?‘ ;'I/
will also work for the axion! éﬂy, LLL\\
s

AZ
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Properties of the axion

> The QCD axion: the light cousin of the m°.

Y
> Therefore the Primakoff effect :{Nwww?‘ ;'I/
will also work for the axion! éﬂy, LLL\\
s

AZ

> Axions could be produced (detected)
by sending a light beam (them)
through a magnetic field:
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Basics of WISP experiments ()

> Basic idea: due to their very weak interaction WISPs may traverse any
wall opaque to Standard Model constituents (except v and gravitons).

= WISP could transfer energy out of a shielded environment

= WISP could convert back into detectable photons behind a shielding.

> “Light-shining-through-a-wall” (LSW)

¢ ¢
Y > > Y steel wall, cryostat,
earth’s atmosphere,
B <€ B > stellar body,

¥ A intergalactic background light,

Okun 1982, Skivie 1983, Ansel‘m 1985, Van Bibber et al. 1987
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Three kinds of WISP searches

\Weakly Interacting Slim Particles (WISPs) are searched for by

~ 10m

> Purely laboratory experiments i
(“light-shining-through-walls”) Laser - Detector
optical photons,

cavity mirrors wall HERA magnet
(a) ALPS-I

> Helioscopes
(WISPs emitted by the sun),
X-rays,

> Haloscopes
(looking for dark matter constituents),
microwaves.

av|
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Three kinds of WISP searches

\Weakly Interacting Slim Particles (WISPs) are searched for by
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Three kinds of WISP searches

Weakly Interacting Slim Particles (\WISPs) are searched for by

> Purely laboratory experiments
(“light-shining-through-walls”)
optical photons,

wa.
(a) ALPS-I

> Helioscopes
(WISPs emitted by the sun),
X-rays,

> Haloscopes st

(looking for dark matter constituents),
Cavity
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WISP experiments worldwide

An incomplete selection of (mostly) small-scale experiments:

ALPS I DESY preparation
Laboratory o
CROWS experiments’ CERN fInIShEd
OSQAR light-shining- CERN running
REAPR through-a-wall FNAL proposed
CAST CERN running
IAXO _ ? proposed
Helioscopes -
SUMICO Tokyo finished (?)
TSHIPS Hamburg finished
ADMX Seattle, NH running
FUNK Haloscope KIT Karlsruhe studies
WISPDMX DESY in HH studies
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WISP experiments worldwide

An incomplete selection of (mostly) small-scale experiments:

ALPS I
CROWS
OSQAR
REAPR
CAST
IAXO
SUMICO
TSHIPS
ADMX
FUNK
WISPDMX

Laboratory
experiments,
light-shining-

through-a-wall

Helioscopes

Haloscope

DESY preparation
CERN finished
CERN running
FNAL proposed
CERN running
? proposed
Tokyo finished (?)
Hamburg finished
Seattle, NH running
KIT Karlsruhe studies
DESY in HH studies
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ALPS | at DESY in Hamburg

Any Light Particle Search @ DESY: ALPS |

Approved in 2007, concluded in 2010
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ALPS | results B (|

(PLB Vol. 689 (2010), 149, or http://arxiv.org/abs/1004.1313)

> Unfortunately, no Ilght was shlnlng through the wall!

n‘! u..

.
43'
**lﬂlﬁ

3.5-10% 1/s
WISP

/\/\/\Q {)f\/\/\/

> The most sensitive WISP search experiment in the laboratory (nearly).
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2013: CERN microwave experiment

PHYSICAL REVIEW D 88, 075014 (2013)
First results of the CERN Resonant Weakly Interacting sub-eV Particle Search (CROWS)

M. Betz, F. Caspers, and M. Gasior
Beams Department, CERN, CH-1211 Geneva, Switzerland

M. Thumm

Institute for Pulsed Power and Microwave Technology and Institute of High Frequency Techniques and Electronics,
Karlsruhe Institute of Technology (KIT), Kaiserstrafse 12, 76131 Karlsruhe, Germany

S. W. Rieger

Brain & Behaviour Laboratory, University of Geneva, CH-1211 Geneva, Switzerland
(Received 13 August 2013; published 24 October 2013)

Most sensitive:
107 CROWS ma = 7.2e-06 eV
g = 4.5e-08 GeV!
06/2013 © i deband:

superconducting magnet g = 9.9e-08 GeV™
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2014: OSQAR at CERN

Latest Results of the OSQAR Photon Regenera-

tion Experiment for Axion-Like Particle Search

Rafik Ballou'?, Guy Deferne®, Lionel Duvillaret*, Michael Finger, Jr.>, Miroslav Finger”,
Lucie Flekova®, Jan Hosek®, Tomas Husek®, Vladimir Jary®, Remy Jost™®, Miroslav Kral®,
Stepan Kunc®, Karolina Macuchova®, Krzysztof A. Meissner'®, Jérome Morville'''?, Pierre
Pugnat'®'4, Daniele Romanini™8, Matthias Schott'®, Andrzej Siemko®, Miloslav Slunecka®,
Miroslav Sulc®, Guy Vitrant*, Christoph Weinsheimer'®, Josef Zicha®

LHC Magnet 1

Optical barrier

LHC Magnet 2

B=9T
Laser

>
1]
G}
o
& 4
_______________ pseudoscalar search scalar search
— Runl| — Run|
—— Runll —— Runll
—— ALPS — ALPS
108f - 10-¢ E
=== Run2013 === Run 2013
1 1 L 1
1074 10 2 07

-2 NM

B=9T

arxXiv:1410.2566 [hep-ex]

CCD

Source of scalar
or pseudo-scalar
particles

=

/\/\/\./\/‘;I

Photon
regeneration
region

S

> With two LHC dipoles OSQAR has surpassed the ALPS | sensitivity.

> No evidence for axion-like particles has been found
(as expected from other exclusion limits).
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http://arxiv.org/abs/1410.2566

The LSW challenge

-6
<€
-8 , |
SO Improve the sensitivity by
=T e T three orders of magnitude!
3 < !
$ —
. et
E —12
'g_ WD cooling hint
3 — Dish axion CDM
g" » Antenna / | ADMX-HF
el ADMX
B Intermediate string scale d) d)
Y Y, 4 Y V\ME > > gw Y
16} B B
- ,-Y* ,},*
_18-lllllll|Illlllllllllllllllllllll
-12  -10 -8 -6 -4 -2 0 2 4 6 Note:

Log Mass [eV] the experiment measures g*!

Hence the sensitivity of the experiment is to be increased by 102!
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Prospects for ALPS Il @ DESY

> Laser with optical cavity to recycle laser power,
switch from 532 nm to 1064 nm,
Increase effective power from 1 to 150 kW.

> Magnet:
upgrade to 10+10 straightened HERA dipoles
instead of ¥2+%2 used for ALPS I.

> Regeneration cavity to increase WISP-photon
conversions, single photon counter
(superconducting transition edge sensor).
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The ALPS Il reach

Parameter Scaling ALPS-I ALPS-IIc | Sens. gain
Effective laser power Pjser Jary X Plgsle{,'i 1 kW 150 kW 3.5
Rel. photon number flux n,, | g4y n?l/’i 1 (532nm) | 2 (1064 nm) 1.2
Power built up in RC Prc | gay X Preg’ 1 40,000 14
BL (before& after the wall) | g, oc (BL)™ 22Tm 468 Tm 21
Detector efficiency QF Jary X QE—1/4 0.9 0.75 0.96
Detector noise DC Jary o< DOY® 10,0018~ | 0.000001 57! 2.6
Combined improvements 3082
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The ALPS Il reach

Parameter Scaling ALPS-I ALPS-IIc | Sens. gain
Effective laser power Pjser Jary X Plgsle{,'i 1 kW 150 kW 3.5
Rel. photon number flux n,, | g4y n?l/’i 1 (532nm) | 2 (1064 nm) 1.2
Power built up in RC Prc | gay X Preg’ 1 40,000 14
BL (before& after the wall) | g, oc (BL)™ 22Tm 468 Tm 21
Detector efficiency QF Jary X QE—1/4 0.9 0.75 0.96
Detector noise DC Jary o< DOY® 10,0018~ | 0.000001 57! 2.6
Combined improvements 3082
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ALPS Il essentials: laser & optics

ALPS I:

basis of success was
the optical resonator
in front of the wall.

> ALPS lla

Laser

\ # Ao\
/ cavity mirrors wall HERA magnet

~ 10m

I ___________ Detector

(a) ALPS-1

~ 10m

Laser

X

cavity mirrors

Y,

Optical resonator to
Increase effective
light flux by
recycling the laser
power

/!\ ----- /

cavity mirrors

wall

(b) ALPS-IIa \

: Optical resonator to
| increase the conversion
! probability

First realization of a 23 year old proposal!
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ALPS Il Is realized In stages

ALPS |

> ALPS lla

> ALPS lic

Laser I ——————————— Detector

cavity mirrors wall HERA magnet

Laser I """"""" Detector

Laser

A

cavity mirrors cavity mirrors
wall

(hy AT.PS-T1a

~ 100 m ~ 100m
B
0 o [ 0 [

----------------- Detector

A

HERA dipole magnet
(d) ALPS-IIc

Axel Lindner | ALPS Il | 16 December 2014 | Page 61



ALPS Il is realized in stages

ALPS | — I

cavity mirrors wall HERA magnet

> ALPS lla

cavity mirrors cavity mirrors

wall
(hy AT.PS_TIa

~ 100 m ~ 100 m

> ALPS lic

Laser Detector

HERA dipole magnet
(d) ALPS-IIc
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ALPS Il schedule (rough)

ALPS lla

|
lic risk assessments ....
ALPS lic ...

. data runs T

Closure of the LINAC tunnel
of the European XFEL project
under construction at DESY.

ALPS llcin 2018
in the HERA tunnel
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The collaboration: PhDs and

ALPS Il is a joint effort of
> DESY:

Babette Dobrich, Jan Dreviing-Eschweller, Samvel Ghazaryan,
Friederike Januschek, Ernst-Axel Knabbe, , Axel Lindner,
Andreas Ringwald, Jan Pold, Jan Sike von Segoern, Richard Stromhagen, Dieter Trines

> Hamburg University:
, Dieter Horns

> AEIl Hannover

(MPG & Hannover Uni.):
, Benno Willke

> Mainz University:
Matthias Schott,

with strong support from
> neoLASE, PTB Berlin, NIST (Boulder)
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ALPS |l detector

Transition Edge Sensor (TES)

D computer

read out
electronics

Axel Lindner | ALPS Il | 16 December 2014 | Page 65



ALPS |l detector

Transition Edge Sensor (TES)

r AT = E/C
D computer Tett = 7/(1 +a/n)
. T = C/G

read out
electronics t (L)
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ALPS |l detector

Transition Edge Sensor (TES)

T
D computer

AT = E/C
Teit = 7/(1 + a/n)
et r=C/G

read out
electronics

SQUID

R A set point

t ()

normal

_ Tdr
a @ =Rar
.................... superconductive

7’21 = (c)

heat bath '. (a)

(d)
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ALPS |l detector

Transition Edge Sensor (TES)

T
D computer

read out
electronics t (L)

AT = E/C
Teit = 7/(1 + a/n)
et r=C/G

SQUID normal
ey o — T4
~ RdT
— V superconductive
(©)
1
E=V/[AIdt
heat bath” @) ; = (d)

> Expectation:
very high quantum efficiency, also at 1064 nm,

very low noise.
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ALPS II: Transition Edge Sensor (TES)

> Tungsten film kept at the transition to
superconductivity at 80 mK.

> Sensor size 25um x 25um x 20nm.

module with two channels

(scale ~ 3cm x 3cm)
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ALPS II: Transition Edge Sensor (TES)

> Tungsten film kept at the transition to
superconductivity at 80 mK.

> Sensor size 25um x 25um x 20nm.

_20 L

voltage [mV]

0 20 40 60 80
time [us]

> Single 1066 nm photon pulses!

> Energy resolution ~8%.
module with two channels

T > Dark background 10 counts/second.

> Ongoing: background studies, optimize
fibers, minimize background from
ambient thermal photons.
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More selected TES results

(Thesis of J. Dreyling Eschweiler, paper submitted to the Journal of Modern Optics)

TES linearity
> The TES is linear and shows 120 | |

some saturation at higher S o i
energies as expected. % ; {
The absolute energy resolution g ™
stays constant! S 60 |

a0l

1.0 1.5 2.0 2.5 3.0 3.5

Energy (eV)
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More selected TES results

(Thesis of J. Dreyling Eschweiler, paper submitted to the Journal of Modern Optics)

> There is an intrinsic background most likely related to radioactivity
and cosmic rays depositing energy in the
silicon substrate . T
around the TES.

> The total
background rate is
about 0.01 Hz,
but the rate of
photon-like events | | | —— 2" population . . | ‘ .
IS only U e D e
(0.00010+0.00002) Hz.

> |s this the “ultimate noise limit” of the ALPS TES?
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More selected TES results

(Thesis of J. Dreyling Eschweiler, paper submitted to the Journal of Modern Optics)

> When the TES is coupled via an ol 1 1 Bs
optical fiber to a dark | T Ll 30 6.50.03 S1| y
room-temperature environment, 55|
background 1064 nm “photons” | e
are registered at a rate of 5ol l2g
(0.0086+0.0011) Hz. L3 10 3
(using a set-up with an = | - 8 =
efficiency of 23%)). ' : 6 =

> Most likely this is caused by a 1.Of 1
pile up of black-body photons 2
with longer wavelengths. 0.5[ 0

0.60.70.8 091.0 111213
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ALPS Il sensitivity

> Well beyond current limits.

> Less sensitive than IAXO

Log Coupling [GeV ']

-10

-12

ALPS Il e

HB

Telescopes

WD cooling hint

-14

-16

_lslllllll

Dish
Antenna

Haloscopes

/ Iaxion CDM

ADMX-HF
ADMX

Intermediate string scale

| NI I T N T T T T T O T N N

~12

-10 -8 -6 -4 -2 0 2 4 6
Log Mass [eV]
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ALPS Il sensitivity

> Well beyond current limits.

> Less sensitive than IAXO
(but much cheaper).

The proposed helioscope
International AXion Observatory

Axel Lindner | ALPS Il | 16 December 2014 | Page 75



ALPS Il sensitivity

> Well beyond current limits.

> Less sensitive than IAXO
(but much cheaper).

A NN

W e

-
/7 The proposed helioscope
IZ“;’ International AXion Observatory

55NN S



ALPS Il sensitivity

-6

> Well beyond current limits.

> Less sensitive than IAXO -
(but much cheaper).
— =10
> Aim for data taking in 2018, ; ESEE R e
likely before 1AXO. ? |
ci — / IaxionCDM
> QCD axions notinreach. ~ ~ f 7 A
> Able to probe hints from _16:_
astrophysics. - ;
—18 IV T IO O N AT N A A T R

A -
S}
|
—_
=

-8 -6 -4 -2 0 2 4 6
Log Mass [eV]
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> Astrophysics might hint at the existence of axion-like particles.

= Especially high energy cosmic photons from extragalactic sources
could pin down a clear evidence for ALPs.

> ALPS Il could search for these axion-like particles and other WISPs.
= We aim for detecting one infrared photon within an hour.

> A detection of WISPs at ALPS I

= would give insight into elementary physics at the 101° GeV scale,
= could be crucial to understand Dark Matter,
= might point to an understanding of Dark Energy and
= would provide a strong boost for solar physics with IAXO.
> Looking for WISPs
In the lab, from the sun and as components of the dark matter halo

nicely complements experiments at the energy frontier and other

accelerator based efforts.
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Don’t put all eggs into one basket!

Ll -
Nur i
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Don’t put all eggs into one basket!

@Wl LEY llﬁq[ Early View publication on wileyonlinelibrary.com

(issue and page numbers not yet assigned;
ONLINE LIBRARY citable using Digital Object Identifier - DOI)

.
annale
Ann. Phys. (Berlin), 1-7 (2013) / DOI 10.1002/andp.201300727 " der p h YS | k

The quest for axions and other new light particles

K. Baker', G. Cantatore?, S. A. Cetin3, M. Davenport#, K. Desch®, B. D6brich®*, H. Gies’, I. Irastorza®,
J. Jaeckel?, A. Lindner®, T. Papaevangelou'®, M. Pivovaroff", G. Raffelt'?, J. Redondo™, A. Ringwald®,
Y. Semertzidis’3, A. Siemko#, M. Sulc3, A. Upadhye'4, and K. Zioutas'®
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Additional slides
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Basics of WISP experiments (ll)

> Basic idea: due to their very weak interaction WISPs may traverse any
wall opaque to Standard Model constituents (except v and gravitons).

= WISP could transfer energy out of a shielded environment

= WISP could convert back into detectable photons behind a shielding.

> “Light-shining-through-a-wa

Okun 1982, Skivie 1983, Ansal‘m 19§35, Van Bibber et al. 1987

\/

Real WISPs are produced!

” (LSW)
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Basics of WISP experiments (ll)

> Basic idea: due to their very weak interaction WISPs may traverse any
wall opaque to Standard Model constituents (except v and gravitons).

= WISP could transfer energy out of a shielded environment

= WISP could convert back into detectable photons behind a shielding.

> “Light-shining-through-a-wall” (LSW)

Y »’W\/\é > > §/\/\/\/* Y
T B B
Okun 1982, Skivie 1983, Ansel‘m 1985, Van Bibber/et al. 1987

| /

The primary and the regenerated photons have
exactly the same properties (energy, polarization).
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Basics of WISP experiments (1V)

> Basic idea: due to their very weak interaction WISPs may traverse any
wall opaque to Standard Model constituents (except v and gravitons).

= WISP could transfer energy out of a shielded environment

= WISP could convert back into detectable photons behind a shielding.

> “Light-shining-through-a-wa

Okun 1982, Skivie 1983, Ansal‘m 19§35, Van Bibber et al. 1987

LN/

” (LSW)

Coherent production and regeneration: P,_,q, oc (B-L)?
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ALPS lla in HERA-WEST

‘The Klystro

Re T o= IrHEREAWESE. my
e e raSeptembet 201

i = S o = T ——
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ALPS Il essentials: laser & optics

~ 100 m ~ 100 m
> - >

-4
N 0 e o ¢

Laser I """"""""""" Detector
I I [ [ [ ----é-----

HERA dipole magnet

Production cavity, infrared Wall Regeneraton cavity, locked with green light.

L
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ALPS Il essentials: laser & optics

||| single photon
ﬁl detector

fA PC 150kW

RC

100m

==+ common optical cavity axis
=== 1064nm laser beam

== 532nm laser beam

Piezo actuated mirror
@ quadrant photo detect

Production cavity, infrared Walll

Regeneraton cavity, locked with green light.

L
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ALPS Il essentials: laser & optics

BS: beamsplitter Opt. table 2
PD: photodetector F2 (RC offset +
QPD: quadrant-PD phase IFO)
Ax:  waveplate (Pha:;h: IFO) & N2 M3
E'QWEO D AOM N
allows fast remote : QPD5+6
alignment ?;-:;lzr\'lW, H °${DWS+PDH) EOM
o : OM F3 (RC-PDH)
allows fast remote A2 E
D positioning — : AM4
opt. table 1 vacuum T=t0% ° PD2 || 5
Phase / Ciafialiaieaii - /
oW enclosure IFO) H s .
3y |// g ¥ dich /
1064 nm Q\ i (HR $32 nm) single-photon
rom laser = |ris / prism ,E detector /
; PD3 : I
ALPLAN b_aseplate 8 (ovip, DC)
A (located in vac.) £
AMA = 1.5 mW : T>95% @1064 1_ps o bdoe
CBS1b, £ P TA% @532 pooh
& T=10% E T= 1‘% CBS2
m1 i ':
=10, |T=750ppm,: : DBSa,
T=1% | roc=250 m/} T=10%
ﬁ: .' W
angled dichroics
(HR 1064 nm)
/5050 BS Al opt. table 3

QPD2 (DWS)

@ QPD1 (DWS+PDH)

Regeneraton cavity, locked with green light.

Production cavity, infrared

W ~
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ALPS Il essentials: laser & optics

Optical design based on well established techniques used in

the field of gravitational wave detectors.

opt. table 1

ow,
1064 nm

50/50 BS
PN

% QPD2 (DWS)

@ QPD1 (DWS+PDH)

vacuum
enclosure

\

Several prototype stages to test / demonstrate new challenges
and mitigate risk before large investments.

pD2 ||

%P.:a:';g :

=

ALPLAN baseplate

(located in vac.)

CBS1b,
T=10%

=  PD3
2 (ovlp, DC)
~

1.5 m

T=1%

/4

DBSa,
T=10

M5, o

n
1 T>95% @1064 -_
W OT<A% @532 | 2opPm

E: cBS2

=
DBSb, £
T=10% ""'_

ed dichroics
(HR 1064 nm)

% 310 pW,

Production cavity, infrared

Wall

(HR $32 nm) single-photon

Regeneraton cavity, locked with green light.

L
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The p

SRR |
clean I gray
1

oton source

It gray clean

room room

— ! e R

Mo cs O ey o) [ |
Production cavit:

side

Dlisser] ;
s —— T
i

i
e, ion cavity ~ e cti avity ~
T e e e el
| [
| | | ——
e | | |

The laser has been
developed for LIGO:

35 W, 1064 nm, M?<1.1
based on

2 W NPRO by
Innolight/Mephisto
(Nd:YAG (neodymium-
doped yttrium
aluminium garnet)
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The central optics

side | clean gray

gray
: room room room
view 0,92m

: clean

| room
B 1T 5 [ =
T 1| ] R (=)
s 8 Regeneration cavity ~ 10m . ; H-

Production cavity ~ 10m

top
view

optical table optical table optical table
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The central optics

gray clean
room

side | clean gray

D room room o
view o 0gam |

Bl
gl o) 1
Regeneration cavity ~ 10m
@,

top EEE
view 3 okl

: [2]
—

Production cavity ~ 10m

optical table o optical table
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The central optics

gray
room

side
view

]

= — 0 5
ﬁ_—w —immwr iiE
Regeneration cavity ~ 10m
; IR

Production cavity ~ 10m

top
view

optical table optical table

{L FCFEBEN? EENEL) FCFEBEIN1 EBEIE LRGN Eoenes
A ‘E [~ rerererera
oo |

Thanks to Fred Knof from ZMQS!

FCFEBEN EBENE:
IR
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ALPS Il magnets

> The beam tu be (Cold maSS) Of | Inexpensive method to increase the aperture of the vacuum pipe in the HERA dipole |

the HERA dipoles has to be
straightened

Force ends and middle of cold mass
towards the center
with simple deformation tools

to increase the aperture from 35 |

to at least 50mm. J/\—

> This can be done with a cheap
“brute force” method.

HERA dipole in Hall 1
received from PR
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ALPS |l magnets

> The beam tube (cold mass) of
the HERA dipoles has to be
straightened
to increase the aperture from 35
to at least 50mm.

> This can be done with a cheap
“brute force” method.

> Already the first test in 2012 was
successful.

> The straightening method was

refined and tested in 2014 again.

> Test of a second HERA dipole is
moving forward (if capacities of
infrastructure groups allow).

CCCCCCC | Read I Current hists |
Stop programm

mp Ramp to list value -» o urrel story
0 L, 0.00
B : ——— =
| 10 e 25.9.2012 0.05
CIeanraphI
7000 .- S S I S A A S (N T
E ause A -
_rme | I Current for 5.3 T: 5690A ( base line ALPS I1) |
s Run away. I I
o ﬁ ]
o Dipol in Hall 55; ex-ALPS I Dipol
Quench current [A]
2000 unchanged dipole
/ August 2011 5920
2000 ' September 2012
straightened dipole
1000 6072
1 6056
@ i T — T
11111 220 |3:26:40 13:36:40
Auto Scale
|% = x:09:02:03 659
3|7 «B@O s
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Beyond ALPS II

> Rough estimation with some crucial parameters:

EXp.

ALPS |
ALPS I
“ALPS III”

European
XFEL

PW laser

Photon | Photon

3.5-10%
1-10%
3-10%°

< 1018

1020
1/pulse

E (eV)

2.3
1.2
1.2

1-104

2.3

B
(T)

5.0
5.3
13

5.3

10°©

106

10

B-L PB
(Tm) | reg.cav.

22 1 0.0003 0.001
468 40,000 1 0.0002
5200 100,000 27 0.0001

562 1 0.001 0.01

10 1 0.0003 0.5
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“ALPS llI” sensitivity

> With a multi - 10 M€ project
one could even probe well
beyond the IAXO reach.

|
—
=3

4

g 4

2 axion CDM
|

However:

I
—_
o

> ltis to be shown first
that ALPS Il can be realized.

ADMX-HF

Log Coupling [GeV ']

|
—
B~

ADMX

> Magnets as being mr
developed for an LHC - ;
energy upgrade are —18_112' | l_llol | _|8| | 1_161 | l_l4l | 1_121 L (l) 'l | lé [ | |‘|1. ) -
essential. Tiog Mass [6V]

> The physics case cannot be forecasted at present

(beyond probing uncharted territory).
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WISP physics is fascinating!

Spektrum der Wissenschatft,
Juni 2014

TITELTHEMA: JENSEITS DES STANDARDMODELLS

Ultraleichten Teilchen
auf der Spur

Bisherige Ansatze bei der Suche nach neuen Teilchen, vor allem
den Bestandteilen der Dunklen Materie, blieben bislang erfolglos.
Physiker setzen daher auf unkonventionelle Strategien. Mit

auf den ersten Blick erstaunlich einfach wirkenden Experimenten

QEOIOGIE

Spektrum

DER WISSENSCHAFT -

PIMATLNTCRECHUNG
Whssenschalt amischen
poltischen Franten

1-D-ORULKER
Eneneveindasirielie
Revolition

KAKLDER GROSSL
Das ewroplische Brbe
des Karobnpers

Spektrum

Ultraleichte Teilchen

Auf der Suche nach Axlonen
und anderen exotischen Partikeln

www.spektru

4
¥
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wollen sie ultraleichte Axionen und deren Verwandte aufspiren.

Von Joerg Jaeckel, Axel Lindner und Andreas Ringwald

m Juli 2012 eroberten die Physiker die Schlagzeilen. Am  besonders schwere Teilchen nachweisen kann. Sogar tiber
CERN bei Genf, genauer am Teilchenbeschleuniger LHC ~ den Bau noch grofierer Maschinen wird nun nachgedacht.
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Joerg Jaeckel (links) ist Professor am Institut fiir Theoretische
Physik der Universitat Heidelberg und forscht Giber Physik jenseits
des Standardmodells. Er beschaftigt sich mit ultraleichten
Teilchen, aber auch mit LHC-Physik. Axel Lindner (Mitte) ist
experimenteller Teilchenphysiker am Deutschen Elektronen-
Synchrotron (DESY) in Hamburg und Sprecher des ALPS-Projekts.
Andreas Ringwald ist ebenfalls Physiker am DESY. Er konzentriert
sich auf theoretische Vorhersagen der Eigenschaften ultraleichter
Teilchen sowie auf ihre Uberpriifung in Laborexperimenten und
hat in diesem Rahmen das ALPS-Projekt angestoRen.

seits verdeckt dieser Erfolg die Tatsache, dass der
veitere mit ihm verbundene Hoffnung bislang
It hat: namlich auch Teilchen der so genannten
aterie nachzuweisen. Moglicherweise sorgen erst
n Energien, die der Beschleuniger ab 2015 errei-
fiir den Durchbruch. Daneben lassen theoretische
ymentelle Fortschritte aber auch die Suche in ent-
zter Richtung sehr viel versprechend erscheinen,
e nach extrem leichten Teilchen.
or der Entdeckung des Higgs war klar, dass das
odell die uns umgebende Materie auf einer fun-
In Ebene und hochst prézise beschreibt. Bis heute
[borexperiment eine signifikante Abweichung von
hersagen ergeben. Auch das Higgs selbst hat die-
tischen Rahmen glinzend bestatigt. Trotzdem su-
rscher nach Physik jenseits des Standardmodells;
rem deshalb, weil astronomische Beobachter in
genen Jahrzehnten zu dem iiberraschenden Be-
men sind, dass sich nur 15 Prozent der Materie
mit den Gblichen Teilchen erkliren lassen. Die
den 85 Prozent —und damit der Lowenanteil —ent-
gen auf Dunkle Materie. Uber die Teilchen, aus der
ubstanz vermutlich zusammensetzt, wissen wir
ass sie allenfalls ein wenig mit Licht und anderen
s dem Standardmodell wechselwirken. Trotzdem
m aus dem Universum wegzudenken: Dank ihrer
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