Search for ultralight Dark Matter candidates
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Why Axions? The strong CP problem in very brief

Tu For the theoretically inclined

—\\ > QCD vacuum CP- violating term:
| Ler~a0GG M
My P ¢ - > QCD topological + EW
ﬂ d contribution © = © + ArgdetM,
- \ M quark mass matrix
d

. For the experimentally inclined
N
k‘_—'j = physical observable: e.g. Neutron
T EDM (E*B* is CP violating)
¢p > very naively: ¢/2my, ~ 10~ *ecm
measured: |d,(0)] < 107 26ecm,

CPT should be conserved! 7

angle © < 1071 — naturalness/finetuning problem!!
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Axions in a (too small) nutshell .. g o030

> make © = a(z)/f, dynamical —
zero through potential peccei & Quinn, 77

> realized w global U(1)pq
spontaneously broken at f,, the
axion is phase (Goldstone boson)
of this symmetry weinberg, wilczek, 78

classic (static)| potential

QCD with
quantum corr

- 0 Fid
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Axions in a (too small) nutshell .. g o030

> make © = a(z)/f, dynamical —
zero through potential peccei & Quinn, 77

> realized w global U(1)pq
spontaneously broken at f,, the
axion is phase (Goldstone boson)
of this symmetry weinberg, wilczek, 78

> originally f, ~ Aclectroweak

> fa > Aelectroweak invisible axion
models’ ‘KSVZ' & ‘DFSZ’ Kim, shifman,

Vainshtein, Zakharov & Dine, Fischler, Srednicki, Zhitnitsky

“l named them after a laundry
detergent, since they clean up a problem with
with an axial current.” (Nobel lecture 2004)
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Axions in a (too small) nutshell .. g o030

> make © = a(z)/f, dynamical —
zero through potential peccei & Quinn, 77

1.x107 > realized w global U(1)pq

1.x10°8 spontaneously broken at f,, the
axion is phase (Goldstone boson)

_ 1.x107° .
l Of thIS Sym metry Weinberg, Wilczek, 78
D 1,%x10710 . .
% \‘ > Orlgma”y fa ~ Aelectrovvea,k
o —11 ‘- .. .
1.x10 > fa > Adlectroweak iNVisible axion
1.x10°12 models’ ‘KSVZ' & ‘DFSZ’ «im, shifman,
1 10713 Vainshtein, Zakharov & Dine, Fischler, Srednicki, Zhitnitsky
. X
e > m ~ 1/f, — pseudo-Goldstone
1010 10° 10% 001 1 boson (explicit symmetry breaking)
mleV]

> effectively couples to photons

[good reading: 9506229 Sikivie's Pooltable]
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Axions in a (too small) nutshell .. g o030

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

falGeV]

1.5i
14 13 12 11 10 9 8 7 6 £ my < 3H

10 10~ 10°° 10 10 10° 10° 10" 10 F axion is frozen
mmmmmmm‘fmmm b
< o.sé
Scenario | E
(cosmic strings, DWs..) o
Excluded £
Scenario Il (misalignment) 05F

— e
ADMXI  ADMX- I [ IAXO

me ~ 3H
axion starts rolling,
turns into pressureless matter.

/ 7m./mf

‘ ‘ ‘ ‘ —3H/m}
0 05 2 25

1077 107% 1075 107* 1073 1072 107! 1 10
mgleV]

1 15
1/T (Gev™)

> Axion Cold DM via ‘misalignment’
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Axions in a (too small) nutshell .. g o030

[Plot taken from Hertzberg et al '08]
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> Axion Cold DM via ‘misalignment’
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Pseudoscalar coupling plane: Axions and ALPs

[excerpt pseudoscalar v coupling plane]

> Focus on « coupling

WV SN TS Lint.ps ~ Ggn® Fu F1™

> in experiment: external
1.x107 field needed ~ g¢E B

> , Mg & 9oy
tied, experimentally very

1.x1078

-9

1x10 difficult (see later)
;1-“0710 > (m, g)-plane: axion-like
é 1 %1011 particles (other broken
= sym, extra DOF from
o

—12] .
1.x10 : string compact. [1206.0819] )
1.x1075 S
> astrophysics indic.:
1.x107%4 TeV s (1302.1208] +

White Dwarf cooling

hint [1204.3565],[1304.7652]

10 10® 10 104 001 1
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52 orders of magnitude

racting slim particles (WISPs)

o, (pb)

: fuzzy COM gravitino

Some Dark Matter Candidate Particles

7
Qball
¥

neutrinos ~ WIMPs :
neutralino
KK photon

branon
e >

1 axino
SuperWIMPs :

KK graviton

Black Hole Remnant

1010%10710*10™10™10™107 10° 10° 10° 10° 10° 10° 10° 10 10

mass (GeV)

0

52 orders of magnitude

H. Baer, presentation at 5th Patras Workshop on Axions, WIMPs and WISPs,

axions & ALPs & related
dubbed ‘WISPs’

typically class of experiments

Energy,Mass

D
M
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R
+
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Precision,
Intensity,
Small coupling
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Other weakly interacting slim particles (WISPs)

> axions & ALPs & related

T INVVEMN T dubbed ‘WISPs'
L~ xF, X" + mT%/Xp.XM > typically class of experiments
> Hidden/Dark Photons —
experimentally no need for B-fields! extra U(1) with
(focus on ~ (sub-)eV regime) Higgs/Stiickelberg mass

mwLSW
Coulomb -3

Py

£ T | Vil 0°% 7

g - . : N-e
- Cold Dark Matt%

Hidden Higgs (my, ~m, )

-2 from string/field

|
-
o
T T T

-5 ¢ can be DM!

P TN SRS R P L P P L
-18 -15 -12 -9 -6 -3 0 3 6
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Other weakly interacting slim particles (WISPs)

> axions & ALPs & related
dubbed ‘WISPs’

> typically class of experiments

> Hidden/Dark Photons —
extra U(1) with
Higgs/Stiickelberg mass

= many others... arxiv:
[1311.0029] (snowmass)

— Let's do experiments!!
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How to find (Dark Matter) WISPs?

1.x1077

1.x1079

focus on this part of parameter space
1.x107°

1.x10719

1.x107 4

0ay[GEVY

1.x107%
1.x10713
1.x107%4

1.x10719

1071 10® 10°% 10* 0.01 1
mleV]
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How to k Matter) WISPs?

Astrophysics, e.g. star cooling

e.g. astrophysical processes

gay[GeVY)
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How to find (Dark Matter) WISPs?

=== ~

Astrophysics, e.g. star cooling

e.g. astrophysical processes

—> fvvv/A/- SN TS
s % -
X

K3

Helioscope, e.g. CAST, IAXO

sun laboratory

_>”\/\/\2 > Hpﬁm}
s s

QCD Axion

1071° 10°® 10° 10 0.01
mleV]
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sy [GeV?

How to find (Dark Matter) WISPs?

1.x1077
1.x1078
1.x107°
1.x 1079
1.x107%
1.x107%
1.x107%3
1.x107%4

1.x 10719

1070 1078

QCD Axion

10 10™* 0.01
mleV]

1

Astrophysics, e.g. star cooling

e.g. astrophysical processes

= ANNS A 5
> 2
% X

Helioscope, e.g. CAST, IAXO

sun laboratory

Laboratory, e.g. LSW @ ALPS

laboratory , laboratory
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How to find (Dark Matter) WISPs?

Astrophysics, e.g. star cooling

e.g. astrophysical processes

—> fvvv/A/- SN TS
2 % .
X

ES

Helioscope, e.g. CAST, IAXO

/sun laboratory
— > Ay N SN T
/\2 W/ L

Laboratory, e.g. LSW @ ALPS

Iabolarory/ laboratory

_>”\/\/\2 > Hgvm};

5 E

1010 10 106 10 001 1 Haloscope (ADMX) & related

Dark Matter I
m[eV] aboratory
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from Science: Vol. 342 no. 6158 pp. 552-555

: : 7

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

> Axions & WISPs — dark
matter candidate —

—> /H : éwm Haloscope sikivie s3] resonant
technique feavity ~ Maxion

ADMX status cf [1403.5332]

Dark Matter laboratory

¥
L

Amplifier

N

b Frequency
Maxion (energy)

MWMW”

i . §avit N L\
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Haloscopes technique for DM axions

> Axions & WISPs — dark
matter candidate —
Gen? funded Haloscope [siivie 833 resonant
probe DSFZ technique feavity ~ Maxion
> leading: ADMX(-Il) Seattle
& ADMX-HF Yale

//

% 1010k
8 10" s (8 ol squeezed
X states?
> 1012
£ 5
S ks
8 =
S ., E supercond.
S 10 = i
5 5 hybrid
g !
cavities?

107 10 10° 10 103 102 107 100
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Haloscopes technique for DM axions

> Axions & WISPs — dark
matter candidate —
Haloscope [siivie 833 resonant

. technique fcavity ~ Maxion

TR Wm ~ leading: ADMX(-I1) Seattle

Rybka @ Patras2014

Detector

/ —— & ADMX-HF Yale
/: : ﬂ > upcoming at IBS Korea+
/ smaller R & D activities

Reflectors Current Carrying Wire Planes

Center for Axion and Precision Physics Research

< Cenerfor

Semertzidis @ Patras2014

3
Closing-in on the Axion Dark Matter Search

Contact nfo
Tel. 462.42.350 2502 Fax. +6242.350.8167

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

ce Bulding (E6-2), KAIST,
170U, Daejeon 305-701, South Korea

[0 1|
Introduction [ me page
nensconr R ADELEG, DODEIED, | 2880 ENropgan. Cosmic. Ray Symposium | September 1st 2014 | Page 8




IAXO @ CERN: Dark Matter searches? i c. irastorza

Magnet X-ray optics

i i ——— = |AXO could be the next-gen
— it Helioscope beyond CAST

> tackle astrophysical hints, ~

5T, 20m conceptual design: [1401.3233]

= generic axion facility?

w
d ~ pi/m w ~ pi/m
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Broadband searches beyond QCD axions?

Status of ALP DM Status of HP DM
Excluded

-7
w

Excluded

log gy [Gevgl]

logmeV]

logmg[eV]

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

> broadband search w/o
resonant enhancement:
collect light at center of
reflecting sphere w or w/o
B-field [1212.2070] and [1308.1103]
directional detection ©
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HP DM search with a Pierre Auger mirror

supported by HAP, see [1311.5341]

sensi ~A, 3.6x3.6m!! > broadband search w/o
: resonant enhancement:
— collect light at center of
| reflecting sphere w or w/o
B-field [1212.2070] and [1308.1103]
directional detection ®

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

K. Daumiller, BD, R. Engel, J. Jaeckel, M. Kowalski, A. Lindner, H.-J. Mathes, J. Redondo, M. Roth, G. Woerner and D. Veberic
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HP DM search with a Pierre Auger mirror

> broadband search w/o
resonant enhancement:
collect light at center of
reflecting sphere w or w/o
B-field [1212.2070] and [1308.1103]
directional detection ©

> first setup @ KIT with

25K HEMT AUGER spare in the visible
15t Cold HP Dark Matter -5 foreseen for end 2014,

Haloscopes

> immediately sensitive to new

6 3 0o parameter space for hidden

Logyym,(ev]

photons, many possibilities

K. Daumiller, BD, R. Engel, J. Jaeckel, M. Kowalski, A. Lindner, H.-J. Mathes, J. Redondo, M. Roth, G. Woerner and D. Veberic
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Summing up (non-comprehensively!)

Summary

Axions are well-motivated cDM
Thank you for your attention!  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 1AXO

>

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

\%

Axion Coupling 1Gy | (GeV'")

o 5
ropean Cosmic RayoSympos PSeptember 1st 2014 | Page 12
107 u;'s 10°  10* 10° 102 107 10°

Axion Mass m (eV)




More? — Backup

Bonus material
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example: ‘TeV transparency’ related to ALPs?

Pic: courtesy of M.Meyer

EBL acts as ‘wall’!
EBL=extragalactic

background light

VHE : E' > 100 GeV
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example: ‘TeV transparency’ related to ALPs?

Pic: courtesy of M.Meyer

EBL acts as ‘wall’!

ALPs can traverse!
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COSMOLOGICAL EVOLUTION

(WITH STUCKELBERG MASS)
Evolution of A” longitudinal modes in expanding universe

Jersty Mardon. SITR Stanford

get correct DM abundance if ma-~ 107 eV

. em s sty o men by
. o { bl i
. " L emacuass
G &
PR 3 = 2, o pma”d
.. [ <z
H &, i A
5 -} de-Sitter 3 5 o} de-Sitter @g these modes
- : - prat dominate
\/ (RADIATION) \|| DM density
- -
O R .,.. =
: P 0
[dp/d ink],,,~ Hit with Hy= 10" GeV ,

We will be complementary

to cavity efforts!!

Babette D6brich | 24th Europ

Taken from a talk by J.Mardon

f=my/2x

No Hidden-Photon DM

abundance
sourced purely
by inflationary
fluctuations?

xion DM
| search

Resonant
LC circuit

Jeremy Mardon, ST, Stanford

B T N 7 = I = e e |

logyq my[eV]
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WIS P D MX Pl: ANDREI LOBANOV, more info: [1309.4170], funding by SFB 676 and PIER

Dark Matter laboratory > 208 MHz HERA proton
cavity as Haloscope

H ?AWZE > phase 1 (ongoing) —

hidden photons search at
‘nominal cavity resonances’

phase 2 — cavity tuning,
~ 60% of 200-500 Mhz

phase 3 — B field? HUGE
VI H1 (supra 1.15T),
Hermes (norm. cond. ~1T),
CERN M1 (3T)

add. problem: geometry
factor! (£ B, A)

not sensitive to QCD axions
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