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Why Axions? Behold the strong CP problem!

CPT should be conserved! ↗

For the theoretically inclined

> QCD vacuum CP- violating term:
LΘ ∼ αsΘ̄GaµνG̃a µν

> QCD topological + EW
contribution Θ̄ = Θ + ArgdetM ,
M quark mass matrix

For the experimentally inclined

> physical observable: e.g. Neutron
EDM ( ~Ea ~Ba is CP violating)

> measured: |dn(θ̄)| . 10−26ecm,
naively: e/2mN ∼ 10−14ecm

angle Θ̄ . 10−10 → naturalness/finetuning problem!!
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Axions in a (too small) nutshell see, e.g. 0807.3125

classic H staticL potential

QCD with
quantum corr

Q

- Π 0 Π

“I named them after a laundry
detergent, since they clean up a problem with
with an axial current.” (Nobel lecture 2004)

↘

[good reading: 9506229 Sikivie’s Pooltable]

[Figure taken from Redondo, BD, 1311.5341] [Plot taken from Hertzberg et al ’08]

> make Θ̄ ≡ a(x)/fa dynamical →
zero through potential Peccei & Quinn, 77

> realized w global U(1)PQ
spontaneously broken at fa, the
axion is phase (Goldstone boson)
of this symmetry Weinberg, Wilczek, 78

> originally fa ∼ Λelectroweak

> fa � Λelectroweak ‘invisible axion
models’ ‘KSVZ’ & ‘DFSZ’ Kim, Shifman,

Vainshtein, Zakharov & Dine, Fischler, Srednicki, Zhitnitsky

> m ∼ 1/fa → pseudo-Goldstone
boson (explicit symmetry breaking)

> effectively couple to photons
> Axion ColdDM via ‘misalignment’
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Pseudoscalar coupling plane: Axions and ALPs
[excerpt pseudoscalar γ coupling plane]
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> Focus on gφγ
Lint,PS ∼ gφγφ FµνF̃µν

> in experiment: external
field needed ∼ gφ~E ~B

> QCD Axion, ma & gφγ
tied, experimentally very
difficult (see later)

> (m, g)-plane: axion-like
particles (other broken
sym, extra DOF from
string compact. [1206.0819] )

> astrophysics indic.:
TeV γs [1302.1208] +
White Dwarf cooling
hint [1204.3565],[1304.7652]

Babette Döbrich | 24th European Cosmic Ray Symposium | September 1st 2014 | Page 4



Other weakly interacting slim particles (WISPs)

Physics beyond SM needed
DM, DE, QG...
in modern language:

[sketch by J.Jaeckel]

L ∼ χFµνXµν + m2
γ̃

2 XµX
µ

experimentally no need for B-fields!

from string/field

← can be DM!
→ Let’s do experiments!!

>>>>> axions & ALPs & related
dubbed ‘WISPs’

> typically class of experiments

> Hidden/Dark Photons →
extra U(1) with
Higgs/Stückelberg mass

> many others... arxiv:
[1311.0029] (snowmass)
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How to find (Dark Matter) WISPs?

QCD Axion

ALPs from intermed. string scales

ALPs as cold dark matter

TeV transparency
WD cooling
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Astrophysics, e.g. star cooling

Helioscope, e.g. CAST, IAXO

Laboratory, e.g. LSW @ ALPS

Haloscope (ADMX) & related
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from Science: Vol. 342 no. 6158 pp. 552-555

‘vs’

In the age of the 27-kilometer-long atom smasher and the
50,000-tonne underground particle detector, the Axion Dark
Matter Experiment (ADMX) hardly looks grand enough to make a
major discovery. A modest 4-meter-long metal cylinder, it dangles
from a wall here at the University of Washingtons Center for
Experimental Nuclear Physics and Astrophysics, as shiny and
inscrutable as a tuna hung up for display. [...]
Yet ADMX researchers will soon perform one of the more
important and promising experiments in particle physics.
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Haloscopes technique for DM axions

taken from [0807.3125]

ADMX status cf [1403.5332]

x

Dark Matter laboratory

taken from learner.org

Gen2 funded
probe DSFZ

squeezed
vacuum

supercond.
hybrid
cavities

Semertzidis @ Patras2014

http://indico.cern.ch/event/300768

Rybka @ Patras2014

Figure from arXiv:1405.3685

>>>>> Axions & WISPs → dark
matter candidate →
Haloscope [Sikivie ’83] resonant
technique fcavity ∼ maxion

> paradigmatic: ADMX
Seattle & ADMX-HF Yale

> upcoming activities at Korea
+ smaller R & D activities...
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IAXO @ CERN: Dark Matter searches? Igor G. Irastorza

B

E

E

w

h

w ~ p i /md ~ p i /m

>>>>>>> IAXO could be the next-gen
Helioscope [Sikivie ’83]

> International Axion
Observatory, ∼ 5T, 20m
conceptual design: [1401.3233]

> generic axion facility?
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Broadband searches beyond QCD axions?

[Redondo, BD, 1311.5341]

Status of ALP DM Status of HP DM

to do: sharpen cosmology & build experiments
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HP DM search with an Auger mirror

sensi ∼A, 3.6×3.6m!!

[with R.Engel (KIT), M.Kowalski (Berlin & DESY Zeuthen) and others]
supported by HAP, see [1311.5341]

ROUGHLY EXPECTED

>>>> broadband search w/o
resonant enhancement:
collect light at center of
reflecting sphere w or w/o
B-field Jaeckel/Redondo more

info:[1212.2970] and [1308.1103]

directional ,

> first setup @ KIT with
AUGER spare in the visible
foreseen for mid/end 2014,

> immediately sensitive to new
parameter space

> difficult with magnet... but
we’ll see
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Summing up (non-comprehensively!)

Thank you for your attention!

ADMX-HF 

Summary
Axions are well-motivated cDM
candidates (also: ALPs and HPs), we
could find the axion mainly haloscope
technique

Prospect
good experimental progress at
ADMX(-HF), small-scale setups and
maybe IAXO

>

>

>
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