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Dark matter searches
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Physics beyond the standard model

o)
=
£
>
[)]
S
o
=
c
2
o
=
<
(8]
S
<
=
=
2
>
S
S
oo
o
@
2
=
=
[%)]
9
h
[oR
=
ey




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.
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There is physics beyond the SM

> Dark matter and dark energy candidate constituents:

rotational velocity
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> 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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> Very weak interaction witl Q? tter > Extremely lightweight scalar particle

> Very weak inteé \&P‘ 1‘5\
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Precision cosmology!

http://lambda.gsfc.nasa.gov/

vV VvV VvV V

vV VvV vV V

Geometry of the Universe: flat
Age of the Universe: 13.796 + 0.058 Gyr
Hubble Constant: 67.9 + 1.5 km s~ Mpc

Fluctuations compatible with inflation

Q, (baryons): 0.0481
Q. (dark matter): 0.257
Q, (dark energy):  0.693 +0.019

Early star light (re-ionisation): Q, << Q4

'\

_/

Very good
agreement
among very
different data
(CMBR,
supernova
search with
HST, galaxy
counting,
Big Bang
Nucleon-
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Some caveats on our picture of a strange universe

> The Copernican principle is used to interpret the data.

= The Universe in our neighborhood is not special.

Homogeneity (similarity in all regions of space)
Isotropy (similarity in all directions).

This principle is

= compatible with observations (if you accept “Dark Energy™),

= put fundamentally untested!

> Which is the relevant scale for homogeneity of the Universe?
Does one have to take into account in-homogeneities when calculating
cosmological parameters?

> Do we really understand gravity in the weak acceleration regime on
cosmological scales?
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Model: galaxies “swim*“ in a halo of dark matter

However, the
detailed structure of
such ahalois a
matter of intense
discussion!
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Evidence for dark matter in the universe

Dark matter

> shows up in gravitation only,
which is the only interaction not
embedded in the standard
model.

> can not consist out of
standard model constituents.

Is there additional stuff around?

Some reminders from history:

= Motion of the perihelion of Mercury:

> only shows up in large systems SR e
much beyond the scale of the Dul of 3w lanet Vulear faled

{in spite of numerous “observations™).

solar system!

Finally the explanation was given by General Relatiity.

= A failed search for an “invisible” mass strongly supported
an improved theory of gravitation.

D
Aol Lomsdemr | OS5 Sumrmer Siucenia 2003 | Cark a7 | Fugn 4 BESV. )
-4
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What is dark matter?

Dark matter ~ MATTER = FORCE

> shows no strong or P ’ m s N

electromagnetic : m n : 4;
Interaction :
(some weak interaction u 6 a (\v

could have escaped
detection by now).

> has not decayed during ? g

the evolution of the

_ Lt nggs Boson? © ' °
universe. : ‘ e :
" r HE STANDARD MODEL OF
A : PARTICLES AND FORCES

> should be “cold” to form Leptons W e
the structures in the | - »
universe.

Neutrinos are very lightweight so that cosmic neutrinos
move at relativistic speeds. Hence neutrinos can not explain

the structure formation.
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What is dark matter?
Dark matter | M’ATTER y FORCE"' _
constituents are not | - , SR . S N\
o7 66
the particles of ' "
the Standard Model ! u 6 a (\v 7

Quarks ' ; GaugeBosons

nggs Boson? © '
‘o r HE STANDARD MODEL OF
A PARTICLES AND FORCES

Leptons : IS THIS ALL THAT EXISTS)

At least the dominant

http://www.gridpp.ac.uk/cubes/

fraction of dark matter ...
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Dark matter candidates

Let’s concentrate on candidates which could solve not only the dark
matter problem!

> The SUSY-WIMP scenario:
SUSY might also explain some “fine-tuning” issues at the TeV scale.
Very heavy (around 10%1eV).

012

WIMPs at LHC DM WIMP scattering No evidences yet!
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Dark matter candidates

Let’s concentrate on candidates which could solve not only the dark
matter problem!

> The SUSY-WIMP scenario:
SUSY might also explain some “fine-tuning” issues at the TeV scale.

Very heavy (around 10%1eV).

> Sterile neutrinos
might explain the small mass of neutrinos and also the

matter-antimatter asymmetry in the universe.
Medium (around 103eV).

Neutrlno mlxmg X-ray excess from decaying DM

utrino appro

1.0

08 http://www.sciencedirect.com/scien
‘[v:\ﬁ— celarticle/pii/S2212686412000131
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Dark matter candidates

Let’s concentrate on candidates which could solve not only the dark
matter problem!

> The SUSY-WIMP scenario:
SUSY might also explain some “fine-tuning” issues at the TeV scale.

Very heavy (around 10%1eV).

> Sterile neutrinos
might explain the small mass of neutrinos and also the
matter-antimatter asymmetry in the universe.
Medium (around 103eV).

> Axions and similar Weakly Interacting Slim Particles (WISPSs)
might explain “fine-tuning” issues at the GeV scale and
some strange phenomena observed in astrophysics.
Very light (around 10-°eV).
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Dark matter candidates:

Let’s concentrate on candidates which could solve not only the dark
matter problem!

> The SUSY-WIMP scenatrio:
SUSY might also explain some “fine-tuning” issues at the TeV scale.
Very heavy (around 10%1eV).

> Sterile neutrinos
might explain the small mass of neutrinos and also the
matter-antimatter asymmetry in the universe.
Medium (around 103%eV).

> Axions and similar Weakly Interacting Slim Particles (WISPSs)
might explain “fine-tuning” issues at the GeV scale and
some strange phenomena observed in astrophysics.
Very light (around 10-°eV).
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Dark matter searches

> Repetition
= Dark matter

= The Standard Model of particle physics

= Dark matter candidates

> WISPy physics
= Hints for WISPs
= WISPs and the Standard Model
= Basics of WISP experiments
> WISP experiments
= Laboratory: ALPS-Il @ DESY
= Helioscopes
= Dark matter searches

> Summary
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TeV photons in intergalactic space

> Puzzles from astrophysics:

Example: TeV photons should be absorbed in the intergalactic space, ...

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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TeV photons in intergalactic space

> Puzzles from astrophysics:

... but this seems to be in conflict with observations.

100 g
' D. Horns, M. Meyer, JCAP 1202 (2012) 033

0 0.1 0.2 0.3 0.4 0.5 0.6

> If physics beyond the SM is involved,
it happens below the MeV scale!
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ALPs and cosmic TeV photons

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

TeV photons may “hide”
as ALPs:

M. Meyer, 7th Patras Workshop on Axions, WIMPs and WISPs, 2011
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ALPs and cosmic TeV photons

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

-10

N
7

SN -~ burst

Jay ®10HGeV?t, m, < 107eV
have to be probed!

1 general—source
M 13X Ty

|
—
—
|

e

Two photon coupling
logy(gay / Gev!)

—12+_

Y
WD cooling hint [
T S B S T S S S S
—10 -9 -8 =7 —6
log,(m, / V)
ALP mass
< >

M. Meyer, D. Horns, M. Raue,

arXiv:1302.1208 [astro-ph.HE], Phys. Rev. D 87, 035027 (2013)
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Unexplained astrophysics phenomena

might hint at \Weakly Interacting Slim Particles (WISPSs).

> Axions and axion-like particles (ALPs, pseudoscalar or scalar bosons)
> Hidden photons (neutral vector bosons)

> Mini-charged particles

> Chameleons (self-shielding scalars)

WISPy explanation WIMPy explanation

White dwarf cooling % Axion, ALP

TeV transparency * ALP

Dark matter * Axion, ALP, HP LSP
Dark energy * Chameleon

X to be confirmed!
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A phenomenon pointing at BSM physics?

> CP-conservation in QCD:

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”.

In QCD a free parameter ® could have any value between 0 and 2x.

Experimentally, ® < 10-°.

> A “fine-tuning” problem?
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Introducing the axion

> CP-conservation in QCD:

A dynamic explanation for ® < 10 predicts the axion,
which couples very weakly to two photons.

_ _ Wilczek and Weinberg 1978
Peccei-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



Introducing the axion

> CP-conservation in QCD:

A dynamic explanation for ® < 10 predicts the axion,
which couples very weakly to two photons.

The axion “wipes out” the CP-conservation problem in QCD.

W7 };: u W7
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Properties of the axion

> The QCD axion: light, neutral pseudoscalar boson.

> The QCD axion: the light cousin of the 7t°. Y
= Mass and the symmetry breaking scale f, are related: a
= 0.6eV - (107GeV / f,) Y

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

A\
= The axion abundance in the umveras@\@ @%ﬁ

Q,/Q, ~ (f, ! 1012GeV)"s.

@\“ P\}

f, < 1012GeV
m, > pyeV
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Properties of the axion

> The QCD axion: light, neutral pseudoscalar boson.

> The QCD axion: the light cousin of the 7t°. 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, / (1),
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.1 Q. ~ (f,/ 1012GeV)"".

B
\@‘ﬁw
RGNS i

A. Lindner | DESY Summer Students 2013 | Dark Matters and WISPs | Page 27

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



Axions are perfect cold DM candidates

> Axions with peV mass are 2
perfect cold dark matter i
Cand idates . Some Dark Matter Candidate Particles Z

> They would interact el T T ] %
extremely weakly st p : g
with SM constituents. = al [ 1] 2

e)) 10°F é- 8_

. . (qv] 10° . o
> Slmllar tO SUSY-WIMPS E i 10° neutrinos ~ WIMPs : §' ﬁ
. Y— & =1 5
axions would solve ol =x £ =
two puzzles in one go: o i S ;
2 et ] g

= Dark matter N o ' Sup VDS - 2
Lo 10 Huzzy CDM it 5

. . \% | yezy gravitino 8

= CP conservation in QCD. 0y 515 ¥ RK graviton g
10'”10’3010'2710'2410’ 100 1511101 z;os ’ E(é éo\; ;00 10° 10° 10° 10” 10" 10" ::
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Properties of the axion

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

> |t couples to two photons.

> Therefore the Primakoff effect :{,WW\,.,%H"J/
will also work for the axion! %‘f‘ LLLg

> Axions could be produced (detected)
by sending a light beam (them)
through a magnetic field:
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More general: WISPy particles

> Axions and other \Weakly Interacting Slim Particles (WISPs) occur
naturally in string theory inspired extensions of the standard model as
components of a “hidden sector”.

DOI: 10.1007/JHEP10(2012)146
Puuisien ror SISSA vy & seriverr | (Etp://Wwww.arxiv.org/abs/1206.0819v1

REcEIVED: July 13, 2012
ACCEPTED: September 17, 2012
PUBLISHED: Qctober 22, 2012

The type |IB string axiverse and its low-energy
phenomenology

Michele Cicoli,%? Mark D. Goodsell® and Andreas Ringwald

> Their weak interaction might be related to very heavy messenger
particles.
Thus WISPs may open up a
window to particle physics at Standard _ fid_d%ecfor

highest energies.
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http://dx.doi.org/10.1007/JHEP10(2012)146

More general: WISPy particles

Weakly Interacting Slim Particles (WISPS):

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

> Hidden photons (neutral vector bosons) " NANs — — — ¢
HP (., >

> Mini-charged particles VNV ) :

> Chameleons (self-shielding scalars), massive gravity scalars

A. Lindner | DESY Summer Students 2013 | Dark Matters and WISPs | Page 31



Basics of WISP experiments (I)

> 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.

> “Shining-through-a-wall”

¢ ¢
Y »/W\E > > Y steel wall, cryostat,
% earth’s atmosphere,
B <€ B > stellar body,
A A intergalactic background light,

Okun 1982, Skivie 1983, Ansel‘m 1985, Van Bibber et al. 1987
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Basics of WISP experiments (1)

> 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.

> “Shining-through-a-wall”

ngé fg,w
B B

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

\/

Real WISPs are produced!
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Basics of WISP experiments (lll)

> 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.

> “Shining-through-a-wall”

ngé fg,w
B B

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

L\

Coherent production and regeneration: P,_,q, oc (B-L)?
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Basics of WISP experiments (IV)

> 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.

> “Shining-through-a-wall”

ngé fg,w
T B B

ol v
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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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,

XNi dSIM

> Haloscopes /_\“M
(looking for dark matter constituents), i e
microwaves. |
§ I —
Cavity

av
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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,

AIADISUSS

> Haloscopes /_\“M
(looking for dark matter constituents), i e
microwaves. |
§ I —
Cavity

av
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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,

(a) ALPS-I

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

> Haloscopes
(looking for dark matter constituents),

microwaves.
Cavity
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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,

Aurenaosun eanaloay |

> Haloscopes /_\“M
(looking for dark matter constituents), i e
microwaves. |
§ I —
Cavity
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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 Energy (mass)
(looking for dark matter constituents), | jr==—p o o
microwaves Nno Scatterlng

experimentsipossiple

LOELLC R RS
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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,

(a) ALPS-I

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

> Haloscopes
(looking for dark matter constituents),

microwaves.
Cavity
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Dark matter searches

> Repetition
= Dark matter

= The Standard Model of particle physics

= Dark matter candidates
> WISPy physics
= Hints for WISPs
= WISPs and the Standard Model
= Basics of WISP experiments
> WISP experiments
= Laboratory: ALPS-Il @ DESY
= Helioscopes
= Dark matter searches

> Summary
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ALPS @ DESY in Hamburg
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ALPS-I results

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

> The most sensitive WISP search experiment in the laboratory (still).
> Unfortunately, no light was shlnlng through the WaIII
’ iINN. W i e

‘i‘#m

B 7 A i

Qe
I
?'.
;é, (%]
- =

3.5:10%1 1/s <103 1/s
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Prospects for ALPS-Il @ DESY

> Laser with optical cavity to recycle laser power,
switch from 532 nm to 1064 nm,
iIncrease effective power from 1 to 150 k\W.

> 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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Sensitivity of a LSW experiment

The number of detected photons behind the wall is proportional to

> the number of photons shining against the wall N,

> the efficiency of the detector €

> the fourth power of the WISP-photon coupling strength Ja”
> the fourth power of the magnetic length. (B-L)*

Nisw e N, - €-g,* (B-L)*
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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-II essentials: laser & optics

~10m
I

ALPS'I Laser I ——————————— Detector
basis of success was / '\ #\
the Optical resonator cavity mirrors wall HERA magnet
. a) ALPS-1
in front of the wall. (2) ALPS

~10m ~10m
> A L PS-I Ia Laser I """"""" Detector

cz:\hy IIllI'I'OI‘S/ ‘\cawty rm{ors

/ (b) ALP‘: IIa \

Optical resonator to | Optical resonator to :
increase effective | increase the conversion !
light flux by ! probability |
recycli

ycling the laser 'WISP—Y |
power 00| meemee e mmm e — -
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Optical resonator

> Trick:
Light is reflected back and forth and recycled,
a photon has multiple chances to convert into a WISP.

. 0,000001064 m.
Mirror Mirror

Light from the left Light from the right

Superposition

100 m

Light is stored between the mirrors:
the effective power is amplified!
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Optical resonator

> Challenge:
= The distance between the mirrors and the Resonator
wavelength of the light have to agree within detuned.

a few nanometers.
A dedicated control system is needed.

= The light is to be reflected back in exactly

the same path on which iit arrived. Tuned,,

but not locked

> ALPS-I was the first LSW experiment
suceeding here.

ALPS-I: Q = 300 turnarounds in the resonator
Locked!

ALPS-II: Q =40.000 turnarounds planned.
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The optical setup in ALPS-

> Basically a PhD thesis!
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ALPS-II will be realized in stages

ALPS-| Laser - Detector

cavity mirrors wall HERA magnet

> A L PS'I Ia Laser I ----------- Detector
Nowd AN

cavity mirrors cavity mirrors

wall
(b) ALPS-IIa

~ 100m ~ 100 m

> A L P S_ I I b Laser I """""""""" Detector

(¢) ALPS-IIb

~ 100 m ~ 100 m

-l | - —all B

;--------; ;--------;
> A L P S' I I C Laser I """""""""" Detector

/

HERA dipole magnet

(d) ALPS-1lc
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ALPS-Il will be realized in stages

ALPS-| Laser - Detector

cavity mirrors wall HERA magnet
(a) ALPS-I

> ALPS-lla

(b) ALPS-IIa

> A L PS'I Ib Laser etector

> A L P S' I I C Laser etector

HERA dipole magnet

(d) ALPS-1lc
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ALPS-Il in 2017 in the HERA tunnel

Any Light Particle Search Il --
Technical Design Report
arXiv:1302.5647 [physics.ins-det],
accepted by JINST

« Albert Einstein Institute, Hannover
« DESY in Hamburg

. niversity of Hambur |
U ers y O d bU gA. Lindner | DESY Summer Students 2013 | Dark Matters and WISPs | Page 54



ALPS-II 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 .
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-II optics

> The mirrors for the production and regeneration cavities have been specified in detail and
finally ordered on April 9. They should be available in July.

> The design of the central breadboard
housed in a big vacuum chamber is
(nearly) finished.
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ALPS-II detector: Transition Edge Sensor (TES)

> A thin and small film (25um x 25um) is kept at 7 AT = E/C
the transition between super- and normal L compui E! Eferr alp ¥ S
conductivity. read out : ®)
The energy of a single absorbed photon warms squp  RASEPOR pormal

TdR
& =Rar
superconductive

©)

up the film which induces a large change in
resistance and a corresponding change in a
bias current flowing through the TES.

hermal

The changing current is detected by its ink G
changing magnetic field sensed by a SQUID. heat bath (a)

(d)
> To get a TES into operation is a typical
PhD work:
= Built-up contacts to experts outside DESY.
= Learnto work at 100 mK temperatures.

= Learn to work with SQUIDs.

Understand superconductivity.
= Learn to guide light onto a TES

= Set up a stable and easy-to-operate detector system.

> Other transition edge sensors are used for
WIMP searches (e.g. CRESST)
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ALPS-Il magnets

The aperture of the magnets determines the lenghts of the optical cavities:

> The laser beam diverges and clipping is to be avoided to not spoil the

power built-up in the cavities.

Eff. dipole aperture | Max. # of dipoles B-L (Tm)

HERA

35 mm (HERA)
40 mm (LHC)
(HERA
50 mm almost
straight)
(HERA
©5 mm straight)
> Challenge:

2-4
2-6

2-10

2:12

LHC

2.4

HERA LHC
187
281 514
468
562

HERA
dipoles are
competitive
with LHC
dipoles, if
one could get
them straight!

develop (cheap) straigthening procedure for HERA dipole magnets!
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ALPS-Il magnets

Inexpensive method to increase the aperture of the vacuum pipe in the HERA dipole

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

o= |

cold mass

‘d\

vacuum tank

HERA dipole in Hall 1
received from PR

Dieter Trines
PRC Review Nov 7th 2012
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ALPS-Il magnets

The deformation of the
yoke is elastic. Therefore
the force must be
maintained also during

cryogenic operation of ' . ../‘é.;
: / A
the dipole. ) gm = N

So, the deformation tools
are replaced by
pressure props

with a sufficiently low
heat flow to the 4K
helium vessel.

pressure prop

The outer pressure props
have to follow the length
change of the helium
vessel during cool down
and warm-up.

Dieter Trines 8
PRC Review Nov 7th 2012
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ALPS-Il magnets

The problem to follow the shrinkage of the cold mass Low heat flow
was solved by using the section of a sphere, pressure prop
which rolls with the motion of the cold mass.

- ball bearing steel 105 CrMo 17 —

The distance
between warm and g R
cold wall does not ;1

change during roll — TiAIVE4 a
except for a thermal = Wall screw thread to

shrinkage of the generate the force.
pressure prop

Ll I I R U —

| The prototype was
tested at liquid nitrogen
temperature in vacuum

Dieter Trines 9
PRC Review Nov 7th 2012
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ALPS-Il magnets

> Already the first test of the straightening procedure in September 2012
was very successful!

— =o]
[ -0l
2 o T f P fa

] listvalue -~ 0 Clear PSC | Read I Current history | = ’i
$o0 ppred 0.00
B :g% Measure; d Current [A]
o ey 25.9.2012 0.05
T

Re.
Clear Graph |
7000 oy

3 E
H
5
2
E
]
g

, S : — :
i A
* _rm= | " Icurrent for 5.3 T: 5690A ( base line ALPS II) |
et Run away | B
o : ﬁ |
i 4000 | Dipol in Hall 55; ex-ALPS I Dipol
Quench current [A]
3000 unchanged dipole
i /s August 2011 5920
2000 |- o’ September 2012
£ straightened dipole
1000 | 6072
i 6056
0 i a L | | L L | | L T T T T Sl |>|‘
20 3:26:40 133 :36:
Auto Scal Tii
| = 03 y: -1.659

istart| 04 pecz - eglere vezprn [T pscz 1 utitles - pant @“3 « BB e

> The straightening procedure for the HERA dipoles has been revised.
A simpler and more robust method will be tested soon.
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The ALPS-II people

ALPS-II is a joint effort of
> DESY:

Babette Débrich, Jan Dreyling-Eschweiler, Samvel Ghazaryan, Reza Hodajerdi, Friederike Januschek,
Ernst-Axel Knabbe, Axel Lindner, Dieter Notz, Andreas Ringwald, Jan Eike von Seggern,
, Dieter Trines

> Hamburg university:
Dieter Horns

> AEIl Hannover:
Robin Bahre, Benno Willke

with strong support from
> LZH Hannover / neoLASE:

Maik Frede, Bastian Schulz

—_—
e O \ —

Theory Exp. Particle physics Accelerator physics Surface physics

Astronomy Astroparticle physics Laser physics Engineer

\ __/

@
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Beyond ALPS-II

> Rough estimation with some crucial parameters:

EXp.

ALPS-I
ALPS-II
“ALPS-III”

European
XFEL

PW laser

Photon | Photon

E (eV)
3.5-10%¢ 2.3
1-10% 1.2
3-10%° 1.2
<1018 1-104
1020
1/pulse 2.3

B : PB
(T) reg.cav.

50 44 22 1 0.0003 0.001
5.3 106 468 40,000 1 0.0002
13 400 5200 100,000 27 0.0001

5.3 106 562 1 0.001 0.01

106 107 10 1 0.0003 0.5
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CernAxionSolarTelescope (CAST)

> LHC prototype magnet pointing to the sun.

Sun

& 10 mir
Z "
. 18 Axions or ALPs from the center
L F of the sun would come with
oo X-ray energies.
=§ 10
g 10°*
q: | ISR R S S SRS Y
07y BEE 20 25 30

Energy (keV)

New J. Phys. 11 (2009) 105020
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CernAxionSolarTelescope (CAST)

> LHC prototype magnet pointing to the sun. (courtesy of I Irastorza)

1075 T T TTTT T T TTTIT T |||||\| TT Hl\lll T TTTT ‘ T T |HH\‘ T T \HlHl T
107°
07 Photon regeneration (ALPS)

Solar (CAST)

1019

11 .
10 Microwave cav.

10"

]0—13

10

=
o
10" Nf‘oo@

10716 \ml \\IHH‘ 1 \IIIIHl 1 IHIHIl 1 IHIHI‘ 1 \I\HH‘ 1 \\HIH' I R

107 10°¢ 10° 10* 10° 10 10! 1 10
nlaxion(ev )

> Most sensitive experiment searching for axion-like particles.

= Unfortunately no hint for WISPs yet.

= |[f an ALP is found, it would be compatible with known solar physics!

> However, CAST does not strictly meet the “no excuse theorem®.

= CAST has to assume ALP production in the sun.
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IAXO proposal

> The International Axion Observatory

= CAST principle with dramatically enlarged aperture

eI

e

.
;}
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|IAXO proposal

> The International Axion Observatory

= CAST principle with dramatically enlarging the aperture
= Use of toroid magnet similar to ATLAS

= X-ray optics similar to satellite experiments.

X-ray optics
L |
Solar N 'y >
axion 1
flux )\
------- > AOAON AOA A '1“' A A A A
_______ i 1 1 \ i 1
------- > B field! LU
------- > Al Wl
it | L5 N X Y
| ] V1 ] 0 L] L]
&
L
11
1\
(B}
y \ X-ray detectors
Shieldin
Movable platform T 8
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IAXO proposal

> The International Axion Observatory

o <— ALPS-|
= Could be constructed within about six years.

> |AXO could reach deep into the region where
astrophysical phenomena might indicate the existence of ALPs.

g (GeV')

¥

10—10 —

1 «<— ALPS-II (but m < 0.2meV)

101

nul <— “ALPS-II” dream (but m < 0.1meV)

| 11 |
107 102 107 1

m,; . (eV)
A. Lindner | DESY Summer Students 2013 | Dark Matters and WISPs | Page 70 @



4

TSHIPS at the observatory Bergedorf

Telescope for Solar Hidden Photon Search

Fresnel lens

Hiﬁleil Illotons... ..Photons
Sun - - =
Detech
DESY
L |~ felo ~AnrAaretlt .
rleriouresr Uriversity

©

c

Usgrvaiory Beregsdorf)

UH
iti . o
2% Universitat Hamburg
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TSHIPS-| status

> Light collected via
a 20 cm Fresnel lens:

> Low noise PM:
(ET Enterprises 9893/350B)

> Data taking since March
2013: 250 h of sun +

..",,‘x -
background data each, — [S=E= Lf/

but no hint for an
excess (yet).

120

O L L
80 100 120 140 180 180 200

events per five minutes
B iner | DESY Summer Students 2013 | Dark Matters and WISPs | Page 72




L A\
'Al-wuramrm‘-nwneylm""‘ of POt

Veogy,
:"mn in Protain m,,_‘ﬁqu,, 1040 smm:_ 26"
Spikes Insulin with WAXIM/ AR,

||
mu'“‘l* YOROS| ™ &
¥ Replenisheq GLog;:fnuﬁ:r::::f"" L _




Searches for WISPy cold dark matter

> Due to their low mass WISPYy cold dark matter can not be detected by
recoil techniques.

> WISPy dark matter particles have to convert into photons in a
thoroughly shielded environment.

> The mass of the dark matter particle determines the energy to be
detected. For axions it is in the microwave range.

> The resonance frequency of the cavity
IS to be tuned to the WISP mass
to be probed.
This is a time consuming process!

AEE ~ 1071

| Frequency
Maxion (energy)

Cavity
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ADMX (Axion Dark Matter eXperiment)

> Existing experiment at Washington university.

Liquid helium

SQUID amplifier

The Search for Axions, Carosi, van Bibber, Pivovaroff,

Contemp. Phys. 49, No. 4, 2008

> ADMX-HF in preparation at Yale.

> Both experiments could probe a large part
of the parameter space for dark matter axions!

> This is the only experiment of its kind!
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New possibilities by combining forces

> Dark matter searched for by particle physicists and radio astronomers
= MPIfR (A. Lobanov, R. Keller, M. Kramer)
= DESY (A.L.,A. Lobanov, W.-D. Mdller, A. Ringwald, J. Sekutowicz,D, Trines, A. Westphal)
= ITP Heidelberg (J. Jaeckel)

> Combine accelerator cavities, detector magnets with receivers from radio
astronomy?

http://www.mpifr.de/div/electronic/content/receivers/21cm/fig_4.jpg
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A new way of broadband DM seaches?

Searching for WISPy Cold Dark Matter with a Dish Antenna

Dieter Horns', Joerg Jaeckel??, Axel Lindner*, Andrei Lobanov®*,
Javier Redondo®”, Andreas Ringwald*

DESY-12-227, MPP-2012-158, arXiv:1212.2970 [hep-ph]

> The photonic component of a WISP
excites electromagnetic radiation emitted s
by a conducting surface.

> This radiation is emitted perpendicular to
the surface and can be focused onto a
detector. This works for a broad range of
WISP masses, given by the mirror

reflectivity.
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A new way of broadband DM seaches?

y > The cold DM WISP em. radiation is focused in the
center of a spherical mirror.

> Already a 1 m? dish could allow to reach high
sensitivities

Logyo ¥
Logy g [GeV"]

Log)o my [eV]
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Keys to beyond SM physics

“They have been stuck in that
model, like birds in
a gilded cage, ever since.”

‘ [IL Symmetry magazin, August 2006
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> Weakly Interacting Slim Particles might explain puzzles from cosmology,
astrophysics and particle physics.

> With the recent developments in theory and astrophysics phenomena
we know where to go

= for axion-like particles and hidden photons.

> Next generation experiments are being constructed or prepared with
sensitivities allowing to probe these predictions.

> One should exploit carefully new options provided by
high power pulsed laser systems, large existing magnets or
new approaches for dark matter searches for example.

> Small scale and short term WISP experiments offer a fascinating
complement to accelerator based “big science”.

> There is plenty of room for new ideas and quick experiments
having the potential to change the (particle physicist’s) world!
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BSM physics might hide anywhere!

@Wl LEY lmﬁ 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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