
BélaMajorovits 1

Results and Progress of Axion HaloscopeExperiments

Light Dark World, Karlsruhe, 19-21. Sept. 2023

Results and Progress of
Axion HaloscopeExperiments 

BélaMajorovits

ÅSetting the stage: axionsasdark matter

ÅHow to searchfor axions?

ÅSomeexperimental efforts: 

LC - cricuits: DM radio

Cavities: ADMX & CAPP

Dish antenna: BREAD & BRASS

Dielectric Haloscope: MADMAX

19.09.2023



BélaMajorovits 2

Results and Progress of Axion HaloscopeExperiments

Light Dark World, Karlsruhe, 19-21. Sept. 2023

Setting the stage: axionsasdark matter
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phases from Yukawa coupling:

CKM matrix
Random phase

from -vacuum

Two sourcesfor CP violationĄ Phase difference!

Physicallyobservable CP violation expected: non vanishingneutron EDM

CPviolatingterminQCDSMLagrangian:
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Limit on EDM of neutron: 

▀▪< ɇ < 10-10Abel et al., 
Phys. Rev. Lett. 124, 081803 (2020)

Ą Strong CP problem
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QCD: 

explicit

symmetry

breaking

Make dynamical Ą U(1) with spontaneous

PecceiQuinn symmetry breaking
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Axion as solution to strong CP problem
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Setting the stage: axionssolvingstrong CP problem
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If axion exists: 

Ą Contribution to Dark Matter:

as relic oscillations of around minimum

░=0

░

Oscillationsamplitude: ăparticle densityò

damped by expansion of universe H(t)

Damping depends on ratio 

oscillation frequency (□╪) to H(t)

Setting the stage: axionsasdark matter
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One value of ◙░in entire visible universe

◙░ Ⱬ

Pre-inflationary scenario

ὠ

Setting the stage: axionsasdark matter
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One value of ◙░in entire visible universe

◙░ Ⱬ
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Pre-inflationary scenario

Setting the stage: axionsasdark matter
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Ą Prediction for overall density 

Regions

much smaller in reality

ὠAverage of all possible◙░

Complications by ò 

decay of topological 

defectsó
Post-inflationary scenario

Setting the stage: axionsasdark matter



BélaMajorovits 8

Results and Progress of Axion HaloscopeExperiments

Light Dark World, Karlsruhe, 19-21. Sept. 2023 ma [eV]

fa [GeV]

D́
M

[k
e

V/
cm

3
]

"classic window"

Setting the stage: axionsasdark matter
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ALPs emerging from string 

compactification: the Axiverse

No directerelation btw. 

mALP and fALP

Some astrophysical inconsistencies:

ÅTransparency hint

ÅCooling anomalies

Could be explained by ALPs

Setting the stage: ALPs asdark matter
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The Axion (ALP) carries 

same quantum numbers 

as ʂ0 and Ù0

ĄQuantum mechanical 

mixing with Ù0 & ʂ0
Ą 2 photons!

How to detectaxions(ALPs):

axion photon coupling

Suppressed 

by 
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Axion (ALP) - Landscape

Setting the stage: axionsasdark matter
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Real photon
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Axion detection: 

Primakoff Effect:

B-Field

How to detectaxions(ALPs)

Suppressed  by 
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B-Field

x

ʴ
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Additional axion source term in Maxwell equations

Ą Axion in B-field inducesE-field oscillations!

Real photon

Suppressed  by 

How to detectaxions(ALPs)

Axion detection: 

Primakoff Effect:
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Haloscopesshare

common challenges

Very weakcoupling:

▌╪♬θ █╪

Ą IncreaseS.N.R. 

Scan massrange:

Å Broadband DAQ

Å Tunable or broadband

resonator

Signal increase:

Å Exploit resonance

Å IncreaseB-field

Reducebackground:

Å cryogenictemperatures

Å Use quantum technology

How to detectaxions(ALPs)
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Someexperimental efforts

Taken from
https://github.com/cajohare/AxionLimits

Someexperimental efforts

Taken from
https://github.com/cajohare/AxionLimits
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Someexperimental efforts

will coververy subjectiveand incompleteselection

Taken from
https://github.com/cajohare/AxionLimits
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Someexperimental haloscopeefforts
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Someexperimental efforts: LC circuits

Ba-field oscillationsin centerof toroidal magnet

Ą Pick up with LC resonatorusing SQUIDs

induced by Ba

readout using

SQUID amplifier

Increasesensitivity:

Ą Increaseof Volume, B-field, resonatorQ-factor

Ą DecreaseTemperature, LC Pickup Impedance

Taken from M SimanovskaiaPatrs2023 conference

Figure takenfrom

https://irwinlab.stanford.edu/dark -matter-radio-dm-radio
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Someexperimental efforts: LC circuits

DM Radio

Taken from Dale Li Patrs2023 conference
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FFT

ά

ρπ ά

Someexperimental efforts: Cavities

Ą Use resonator to "pump cavity"

high-Q resonator

high B-field

║
╔ ‗Ⱦς

Taken from Stefan Knirck Patras 2023 conference

low-noise receiver
cryogenic ςquantum limited

Adjusting resonance frequency: òTuning Rodó

Tuning rods for 
changing resonant 
frequency

ADMX
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Someexperimental efforts: ADMX

Ultra low temperatures

Quantum detectors

High Q cavity

Ą Running at DFSZ sensitivity

Taken from:

N. Du, PATRAS 2023 
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4 individual cavities 
tuned by rotors

ADMX Run 2A: 4-Cavity Array (1.4-2 GHz)

Increasingfrequencyrange:

ĄMulti cavity

Someexperimental efforts: ADMX

Taken from:

N. Du, PATRAS 2023 
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ADMX Extended Frequency
Range (EFR): 2-4 GHz 

Increasenumber of cavities

New magnet(MRI)

to scanup to 4 GHz 

Someexperimental efforts: ADMX

Magnet picture takenfrom:

N. Oblath, TAUP2023 

Taken from:

N. Du, PATRAS 2023 
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Someexperimental efforts: CAPP

Ultra low temperatures

Quantum detectors- JPAs

High Q cavity - HTSuperconductor

Ą Running at DFSZ sensitivityTaken from: S. Ahn, PATRAS 2023 
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Someexperimental efforts: CAPP novel designs

Coupled smallercavitiesĄ higher frequencies
Taken from: W. Chung, PATRAS 2023 

ăPizza cavityò
ăTunable photonic crystalò

Superconductingcavity at 8T (RebCo)

Soon to besensitive in 1-8 Ghz rangeat KSVZ sensitivity
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Dish Antenna:
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[Horns et al, arXiv:1212.2970]

Hidden photon measurements (no-B field):

BRASS, Tokyo, SHUKET, FUNK,é
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Dish Antenna: BRASS

Hidden Photon search
arXiv:2306.05934

Development of NdFeBmagnetwith ~3 T²m³  Ą

ALP measurements
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Low noise 

amplifier

Dish Antenna: 

Broadband Reflector Experiment for Axion Detection

Ą Increase area

ĄCryogenic temperatures

ĄQuantum limited amplifier

Single photon detection

ĄBrood band read out

ĄSolenoid magnet

Light house reflector design

Broad band dischantenna in solenoid

Taken from: S. Knirck , PATRAS 2023 
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Dish Antenna: 

Broadband Reflector Experiment for Axion Detection
First data with proof of principle without cryostat, 

no B-field Ą HP limits

Taken from: S. Knirck , PATRAS 2023 
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Dish Antenna: 

Broadband Reflector Experiment for Axion Detection

Upgrade soon: cryostat + 4T magnet Ą ALP senstivity

Taken from: S. Knirck , PATRAS 2023 

30 days, 400K, 4T

2 months, 4K, 9T
(ADMX-EFR magnet)
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Dielectric Haloscope
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