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Navigating through the Axion & ALPs landscape:  

ÅWanted !! 
Axion profile

ÅNavigating the axiverse:
explore the vast range!

ÅThe bounty hunters: 
Chose your arms!

ÅSurveying terra incognita

Béla Majorovits
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2Axions(and Axion Like Particles)

the QCD Axion
Guilty for solving the strong CP problem!  
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phasesfromYukawa coupling:
CKM matrix

Random phase
from -vacuum

W A N T E D
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3Axions(and Axion Like Particles)

the QCD Axion
Guilty for solving the strong CP problem!  

Phys. Rev. Lett. 124, 081803 (2020)

-> ◙ ◙ ÁÒÇÄÅÔ╜▲

Expect nEDM: ▀▪ͯ ◙Ŀ e cm nEDM limit:  ▀▪ ɇ e cm

phasesfromYukawa coupling:
CKM matrix

Random phase
from -vacuum

W A N T E D
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4Axions(and Axion Like Particles)

the QCD Axionʌ ʌ
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QCD: 
Explicit symmetry breaking

Guilty for solving the strong CP problem!  

□╪~ ȢʈὩὠ
╖▄╥

█╪

W A N T E D
Peccei Quinn symmetry breaking of U(1)
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5Axions(and Axion Like Particles)

the QCD Axionʌ i ʌ
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Guilty for solving the strong CP problem!
master of disguise!
□╪~ ȢʈὩὠ
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Coupling to photons suppressed:    ▌╪♬ᶿ█╪

QCD: 
Explicit symmetry breaking

W A N T E D
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6Axions(and Axion Like Particles)

the QCD Axion
Guilty for solving the strong CP problem!

master of disguise!
□╪~ ȢʈὩὠ

╖▄╥

█╪

▌╪♬ᶿ█╪

W A N T E D

REWARD: Solve the DM crisis?
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Axions as dark matter

"classic window"

Oberved dark matter density
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REWARD: Solve the DM crisis?
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8Axions(and Axion Like Particles)

the QCD Axion
Guilty for solving the strong CP problem!

master of disguise: (nearly) invisible & wave-like!

could hide anywhere

0.10.010.001 1 ░

pre-inflation
post-inflation

Galactic dark matter:
○╓╜ ╬

W A N T E D
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9Axions(and Axion Like Particles)

the QCD Axion & ALPs
Guilty for solving the strong CP problem!

Axions: masters of disguise! 
Prime suspect for cause of DM crisis!

Compactification of dimensions Ą Axiverse!

W A N T E D
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Navigating the axiverse
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Theory !!Navigating the axiverse
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Theory !!Navigating the axiverse
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Theory !!Navigating the axiverse

JCAP06(2012)013
[1201.5902]
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Theory !!Navigating the axiverse
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Power θB²
hva= mac²

B-Field
x Axion in static B-field

-> E-field oscillation!

║ ╔ ╙ Ὣ ║ὥ

ʴ

The inverse Primakoffeffect
The bounty hunters' most important arms:
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Axion in static B-field
-> E-field oscillation!

The inverse Primakoffeffect

Strong magnets!

║ ╔ ╙ Ὣ ║ὥ

B-Field
x

ʴ

The bounty hunters' most important arms:

Power θB²
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PRL 124(2020)101303PRL 118(2017)061302

Superconducting cavities Split cavities

Power θB²ɇVɇQ

The bounty hunters' most important arms:

Tunable high Q- resonators
ADMX & Haystac

CAPP [2002.08769]
RADES [2104.13798]

Axion induced E-field oscillations:
-> exploit wave mechanics & boost E-field
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Dielectric booster

MADMAX PRL118 (2017)091801

Axion induced E-field oscillations:
-> exploit wave mechanics

The bounty hunters' most important arms:

LC circuits ðtoroidal magent

SHAFTNature Physics 17(2021)79

LasoDM radio ðADMX SLIC - ..
[1901.10652}

Detect B-field 
oscillations
Using QUID 
Pickup loops

Constructive 
interference of 
coherent photon 
emission at 
dielectric layers
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Quantum limited JPA 
Haystac/ADMX

squeezed states Haystac
Single photon detectors

TES for ALPSII

S.N.R. θP/Tsys
-> minimize noise
-> cryogenic temperatures

Low noise amplifiers
The bounty hunters' most important arms:

TWPA for MADMAX[2101.05815]
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x

x

The bounty hunters:
Lab experiment

ʴ
meVneVpeV

MHzkHz

Light shining through 
the wall

Laser as source

▌╪♬

[arXiv:1302.5647]

ALPSII at DESY

▌╪♬

▌╪♬
Image: DESY / HeinerMüller-Elsner

Light detection
▐ⱨἩ □╪╬



BélaMajorovits

Axions(and Axion Like Particles)

32ndRencontres de Blois, 18-22 Oct. 2021

21

Exploring terra incognita
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x

The bounty hunters:
Helioscope

X-ray detection

ʴ

▐ⱨἩ □╪╬

meV

THz

eV

▌╪♬

JCAP06(2019)047
[arXiv:1904.09155]

CAST at CERN

▌╪♬▌╪▄

(baby)IAXO

Nature Phys. 13 (2017) 584



BélaMajorovits

Axions(and Axion Like Particles)

32ndRencontres de Blois, 18-22 Oct. 2021

23

Exploring terra incognita
Nature Phys. 13 (2017) 584
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x ʴ
The bounty hunters:
Haloscope

Galactic DM as source

Ą RF detection

▐ⱨἩ □╪╬

○╓╜ ╬

▌╪♬

meVmeV

GHz THz
▌╪♬
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x ʴ
The bounty hunters:
Haloscope

Ą RF detection

▐ⱨἩ □╪╬
▌╪♬

meVmeV

GHz THz
▌╪♬

ÅStrong magnet
ÅBoosting E-field
ÅUltra low noise amplifier 
ÅCryogenic temperatures

Galactic DM as source
○╓╜ ╬
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26Research Seminar at MPP, 2 June 2016

ADMX@Universityof Washington, USA
UW Seattle, LLNL, Fermilab, PNNL, NRAO, UniSheffield, 

UniChicago,UniBerkeley, UniFlorida, NIST, UniWestern Australia

Cavity & multistripSQUID amplifier @ sub K Sensitivity at quantum limit->
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Exploring terra incognita
Nature Phys. 13 (2017) 584
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Exploring terra incognita
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Exploring terra incognita
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The bounty hunters:
Haloscope

Galactic DM as source
○╓╜ ╬

▌╪╔╓╜

neVpeV

MHzkHz

Axion field oscillation
Ą oscillating nEDM

NMR techniques
PhysRevLett.122.191302

Spin precession

SQUID 
pickup

▌╪╝╝

▌╪╔╓╜

▌╪╝╝
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gaN, gaEDM

Exploring terra incognita
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gaN, gaEDM

Surveying TERRA INCOGNITA
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meVmeV

□╪
neV

Cavity
Helioscope

NMR / Spin-
precession

Di-electric 
haloscope

LC circuit

10.10.010.001
░ăclassicalò 

DM window
(for axions100% DM) Pre-inflation   

Exciting last ~5 ð10 years:
plethora of approaches emerging 

VERY COMPLEMENTARY!
gay gae

gay

gay

gaygaN, gaEDM

Status of axionmass survey
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Post-inflation DM window   
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CONCLUSIONS:
Åaxion(& ALPs) very well motivated particle candidates
ÅTheory models give guidance: vast range to explore
ÅADMX sensitive to QCD dark matter axion
ÅLast years: promising new approaches
ÅHopefully not too distant future: 

solve strong CP problem & find dark matter axion!

Thanks for your attention!
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R. Pecceiund H. Quinn, 
Phys. Rev. Lett. 38, 1440 (1977) 

S. Weinberg, Phys. Rev. Lett. 40, 223 (1978); 
F. Wilczek, Phys. Rev. Lett. 40, 279 (1978) 
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One value of ◙░in entire visible universe

◙░ Ⱬ

Pre-inflationary scenario

ὠ
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Ą Prediction for overall density 

Regions

much smaller in reality

Post-inflationary Scenario

ὠAverage of all possible◙░

Complications by 

decay of topological 

defect


