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Properties of Axions

Search of Dark Matter Axions

a) Resonant Searches - Haloscopes
. ADMX
I CAPP OUTLINE
. HAYSTAC
V. QUAX

b)  Future experiments
l. Large cavity Haloscope: FLASH
Il.  LC Haloscope:ABRA&DMRadio
lIl.  Dielectric Haloscope - MADMAX
IV.  Plasma Haloscope - ALPHA

Prospects and conclusions
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AXION PROPERTIES




Axions
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Axion Mass

a o _ a axion field
S
Interaction with gluon field ,C — —_— — 9 — G'LLVG’GZV . PQ breaking energy scale
fa ST G gluon field

At temperature T=Aqcp non perturbative QCD effetcs generate an axion mass

101°GeV w )
mq = 5.70(7) L fGe ueV ~ mf_f - _‘7’_7_2‘_ °

If /,~ f.., =100 GeV , as in original PQ model, then m,~100 keV and BR(K*>w*a)~10-~
This is ruled out by measurements BR(K*>n* nothing)<108
Asztalos et al. Ann. Rev. Nucl. Part. Sci. 56 2006



Axion Interaction with Matter

Axion interaction with matter described by an effective lagrangian

g G v, -Ya N . Yaee _
L= zgda (NO'M,/}/SN) FHY 44 277];,[]]\\; 0,a (N7“75N) +1 2. 0,.a (67“756) +GqraE-B
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N ANASY " The effective coupling is
_ Uem model dependent:
d-—-»- gaW‘f‘ gaW’Y T 27_‘_]8& ( N 1 92(4)> E/N=0 KSVZ model
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Coupling inversely proportional to PQ breaking scale
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Axion Dark Matter Production: The Misalignment Mechanism

PQ symmetry spontaneously broken at energy scale f,

T = fa T = Agcp

W

Chadha-Day et al., Sci. Adv. 8 eabj3618 (2022)

The axion corresponds to the angular direction
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PQ symmetry breaks before end of inflation PQ symmetry breaks after end of inflation
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Simulation of axion-string formation and decays in post inflationary scenarios
me € (40, 180)ueV

log(m,/H) = 8

log{m/H) =9

log(m,/H) = — 4 log(m,lH)

axion strings
axion energy density
| simulation volume

)

Hubble volume

Buschmann, M., Foster, J.W., Hook, A. et al. Dark matter from axion strings with adaptive mesh refinement. Nat Commun 13, 1049 (2022).



Massive bosons
(integer spin)

Ultralight
bosons

Moduli and
dilatons

Pseudo-sce
(spin O, CP o

Scalars
(spin\O, CP even)

Hidden photon
Vectors

(spin )

Chadha-Day et al., Sci. Adv. 8 eabj3618 (2022)
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Haloscopes Spin resonance Fifth force experiments  Light shining through wall experiments
ALPS Photon
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Stellar physics:
Laboratory Primakoff process in stars yZe = a Ze.
experiments Lefosiriny 2= Constraints on stellar lifetime or

| energy-loss rates: Sun, HB.

Cosmology:

No DM a = yy decays seen in the
visible region from galaxies with
telecopes. Similar searches with X-
rays and extragalactic background
light (EBL) or H ionization.

y—rays

Telescopes

Haloscopes

DM axion detection 10
(Haloscopes) 10-1

Ringwald et al. PDG 2017 14
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Sikivie Haloscope

In presence of a strong magnetic field, cavity modes are excited by a resonant axion field

antenna
2 2 2
N
4 ) N
2 3.3 < | <
a” h’c’p, 15 | 5 o 7B
Fiig = 92 X we—Bg VU@L z el :
g\ Al L+8 “po ° | x|
K ) Cavity
.
B antenna coupling to cavity C,,,s mode dependent factor about 0.6 for TMO10 Sikivie Phys. Rev. D 32,11 (1985)
V' cavity volume Q) cavity “loaded” quality factor

A ~ m,c 6



State of Art Sikivie’s Haloscope

Cryogenic Amplifier (noise at SQL)

Resonant cavity

/ Room Temperature Amplifiers

Power Spectrum
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Dilution Refrigeretor T<100 mK
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7 x
dt 1>

SYS

SC magnet (~10T)

Sikivie Phys. Rev. D 32,11 (1985)
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ADMX — Axion Dark Matter Experiment ~3 <&
— ;‘

Washington University — -
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PHYSICAL REVIEW LETTERS 120, 151301 (2018)




Weak Cavity
Port
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PHYSICAL REVIEW LETTERS 127, 261803 (2021)

Geometric capacitance SQUID Josephson Junction
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IBS CAPP— Center of Axion and Precision Physics

South Korea

——— |

CAPP 12T | 1.1 GHz

Volume 37L

Qo 90,000
12T

Thoise 120 mK
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IBS CAPP
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Haystac -

Yale’s Wright Lab

HAYSTAC | 5 GHz

Volume I.5L
Q. 30,000
8T

Tnoise I 20 mK




lg, /5%

HAYSTAC - Squeezed State Receiver
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QUAX

Laboratori Nazionali di Legnaro (LNL)

Laboratori Nazionali di Frascati (LNF)

INFN

Istituto Nazionale di Fisica Nucleare
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QUAX - LNL

SO Pump Readout Aux
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QUAX — Setting Up a New Haloscope at LNF

. QUAX 8.5 GHz
Volume 0.14L
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QUAX: Dielectric and Superconducting Cavities
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QUAX: Superconducting Devices

TWPA

e

W+ 0, =0+ 0,

R. Lescanne et al, Phys. Rev. X 10, 021038 (2020)

Single microwave photon counters

arXiv:2205.02053

SUPERGALAX

IEEE TRANS APP SUP, VOL. 32, NO. 4, JUNE 2022



QUAX LNF&LNL 2023-2025
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ABRACADABRA & DM-RADIO from kHz to 100 MHz

ABRA 10¢m* !

Superconducting
pick-up coil
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SQUID

DM-induced oscillating
magnetic flux
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Toroidal magnet
ia, — g EO 815 a

32
Snowmass Axion Paper arXiv:2203.14923




FLASH (PREVIOUSLY KLASH). Finuda Magnet fOI’ nght Axion SearcH at IOO-3OO MHz

Recycling of the FINUDA I.1T magnet for a 100 MHz haloscope
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Istituto Nazionale di Fisica Nucleare
Laboratori Nazionali di Frascati
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MADMAX Magnetized Disk and Mirror Axion eXperiment at 10-50 GHz
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ALPHA - Tunable Axion Plasma Haloscope at 5-50 GHz

—,/’Vn%%iig G
Stockholm
Phys. Rev. Lett. 123, 141802 (2019) University C"Q‘;’;tr/?ﬁ cens alpha



Axion DM searches now
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