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¡ Properties of Axions

¡ Search of Dark Matter Axions

a) Resonant Searches - Haloscopes

I. ADMX

II. CAPP

III. HAYSTAC

IV. QUAX

b) Future experiments 

I. Large cavity Haloscope: FLASH

II. LC Haloscope:ABRA&DMRadio

III. Dielectric Haloscope - MADMAX

IV. Plasma Haloscope - ALPHA

¡ Prospects and conclusions



AXION PROPERTIES
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Axions
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Axion Mass
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µ⌫Interaction with gluon field

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

ma = 5.70(7)
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a axion field

fa PQ breaking energy scale

If fa∼ few =100 GeV , as in original PQ model, then ma∼100 keV and BR(K+àp+a)~10-5
This is ruled out by measurements BR(K+àp+ nothing)<10-8

a ah, p

Asztalos et al. Ann. Rev. Nucl. Part. Sci. 56 2006



Axion Interaction with Matter
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Axion interaction with matter described by an effective lagrangian

Casper Electric
Experiment

Quax-ae Experiment
Elioscopes
Haloscopes
LSW

Casper Wind
Experiment
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Axion Lifetime
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◆ The effective coupling is 
model dependent:
E/N=0 KSVZ model
E/N=8/3 DSFZ model

Light axion are stable particles

Coupling inversely proportional to PQ breaking scale



Axion Dark Matter Production: The Misalignment Mechanism
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Chadha-Day et al., Sci. Adv. 8 eabj3618 (2022)

L. Di Luzio et al., Phys. Rep. 870, 1–117 (2020).

PQ symmetry spontaneously broken at energy scale fa

The axion corresponds to the angular direction 
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a = fa · ✓ Axion DM density
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Pre and Post Inflationary Scenarios
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arXiv:1904.09155v3

PQ symmetry breaks before end of inflation PQ symmetry breaks after end of inflation

-p < q < p

<latexit sha1_base64="SBtZdD+lx4fQsPiu3hKC/ZkwfYM="></latexit>
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Axion String

Gorghetto’s Talk



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

Simulation of axion-string formation and decays in post inflationary scenarios
<latexit sha1_base64="nsTsr2KLEJOWr7WtVI5yksQONfI="></latexit>

ma 2 (40, 180)µeV
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Chadha-Day et al., Sci. Adv. 8 eabj3618 (2022)
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Haloscopes Fifth force experiments Light shining through wall experiments

Polarization experiments

Gamma ray transparency

Spin resonance

HelioscopesStars

Casper
Quax-ae

ADMX
CAPP
HAYSTAC
RADES
TASEH
QUAX 
ORGAN

Quax gpgs
Ariadne

ALPS
STAX
OSQAR

PVLAS

CAST
IAXO



Limits

14Ringwald et al. PDG 2017

Irastorza Redondo arxiv:1801.08127

Stellar physics:
Primakoff process in stars g Ze à a Ze.
Constraints on stellar lifetime or 
energy-loss rates: Sun, HB.

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

QCD axions

Laboratory 
experiments

Detection of 
axions from the 
Sun (Elioscopes)

DM axion detection
(Haloscopes)
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Sikivie Haloscope
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SC magnet (~10 T)
Resonant cavity

Dilution Refrigeretor T<100 mK

Room Temperature Amplifiers

Cryogenic Amplifier (noise at SQL)

State of Art Sikivie’s Haloscope

Sikivie Phys. Rev. D 32,11 (1985)

Scan rate

df

dt
/ B4V 2QL

T 2
sys

<latexit sha1_base64="PGWOZHQ+N+1lSh+jfKHGbDcj9C8="></latexit>



Noise in Haloscopes
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ADMX – Axion Dark Matter Experiment 

PHYSICAL REVIEW LETTERS 120, 151301 (2018) 

Washington University

7.5 T

ADMX 800 MHz

Volume 136 L

Q0 200,000

B 7.5 T

Tnoise 600 mK



ADMX – Axion Dark Matter Experiment 
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PHYSICAL REVIEW LETTERS 127, 261803 (2021)

Josephson parametric amplifier

https://cajohare.github.io/AxionLimits/docs/ap.html
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IBS CAPP– Center of Axion and Precision Physics
South Korea

CAPP MC CAPP 12T CAPP PACE CAPP-8TB

PACE 2.2 GHz

Volume 1.12 L

Q0 90,000

B 7.2 T

Tnoise 200 mK

CAPP 12T 1.1 GHz

Volume 37 L

Q0 90,000

B 12 T

Tnoise 120 mK

CAPP 18T 4.79 GHz

Volume 1 L

Q0 70,000

B 18 T

Tnoise 500 mK

CAPP MC 3.2 GHz

Volume 0.65 L

Q0 60,000

B 8 T

Tnoise 3.8 K

CAPP 8T 1.6 GHz

Volume 3.47 L

Q0 90,000

B 8 T

Tnoise 900 mK



IBS CAPP
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PHYSICAL REVIEW LETTERS 128, 241805 (2022)

arXiv:2207.13597

PHYSICAL REVIEW LETTERS 125, 221302 (2020)

PHYSICAL REVIEW LETTERS 126, 191802 (2021)

PHYSICAL REVIEW LETTERS 124, 101802 (2020)

18 T HTS 
magnet

JPA

SC cavity

Multicell cavity
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Yale’s Wright Lab

HAYSTAC 5 GHz

Volume 1.5 L

QL 30,000

B 8 T

Tnoise 120 mK



HAYSTAC - Squeezed State Receiver

PHYSICAL REVIEW D 97, 092001 (2018) 

24

Backes et al. Nature 590, 238–242 (2021).
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QUAX
Laboratori Nazionali di Frascati (LNF)

Laboratori Nazionali di Legnaro (LNL)



QUAX - LNL

N Roch et al. PRL 108, 147701 (2012)
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PHYS. REV. D 103, 102004 (2021)

QUAX 10 GHz

Volume 0.08 L

Q0 80,000

B 8 T

Tnoise 1 K

Implemetation of JPA in axion haloscopes

Joint Italy-Korea meeting on JPA nicolo.crescini@phd.unipd.it

Characterization of the JPA

First measurements, with and without cavity
Parameters of our JPA:
! the working frequency ranges

from 10.2GHz to 10.5GHz
! noise temperature !0.5K

(a) (b)

The usual JJ-bridge is shunted by four
inductances to tune the resonant
frequencies with a small external field.

8 / 21



QUAX – Setting Up a New Haloscope at LNF
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QUAX: Dielectric and Superconducting Cavities
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PHYS. REV. D 106, 052007 (2022)

PHYSICAL REVIEW APPLIED 17, 054013 (2022) 
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QUAX: Superconducting Devices
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R. Lescanne et al, Phys. Rev. X 10, 021038 (2020)

TWPA

JPA

Single microwave photon counters 

arXiv:2205.02053https://arxiv.org/abs/2111.01512

IEEE TRANS APP SUP, VOL. 32, NO. 4, JUNE 2022
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QUAX LNF&LNL 2023-2025

LNF:
§ Superconducting cavity 

Q0> 2×105
§ B=9T
§ Multicavity 

LNL:
§ Dielectric cavity Q0>106
§ B=14 T
§ Single cavity

<latexit sha1_base64="nsTsr2KLEJOWr7WtVI5yksQONfI="></latexit>

ma 2 (40, 180)µeV
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For details see P. Sikivie REVIEWS OF MODERN PHYSICS, VOLUME 93, JANUARY–MARCH 2021



ABRACADABRA & DM-RADIO  from kHz to 100 MHz
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<latexit sha1_base64="zEAlnKgffJqIc2UooYUT0FNWQYs="></latexit>

Ja = �gB0@ta

Snowmass Axion Paper arXiv:2203.14923

ABRA 10cm



FLASH (PREVIOUSLY KLASH): Finuda Magnet for Light Axion SearcH at 100-300 MHz

33KLASH CDR arxiv:1911.02427

Recycling of the FINUDA 1.1T magnet for a 100 MHz haloscope



MADMAX Magnetized Disk and Mirror Axion eXperiment at 10-50 GHz
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arXiv:1901.07401



ALPHA - Tunable Axion Plasma Haloscope at 5-50 GHz
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Phys. Rev. Lett. 123, 141802 (2019)

<latexit sha1_base64="n0S7WCiM5XUrkWaXPg/TCScIYGk="></latexit>
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Axion DM searches now
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Projections for axion DM searches
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