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• Unraveling nature of dark matter (DM) most urgent 
problem of particle physics and cosmology 

• Non-observation of Weakly Interacting massive Par-
ticles (WIMPs) at LHC and in direct detection DM  ex-
periments strong motivation to focus more attention 
to alternative candidates, in particular to very Weakly 
Interacting Slim Particles dubbed WISPs

• Particularly well motivated WISPs: Nambu-Goldstone 
bosons arising from the breaking of global symmet-
ries introduced to solve other problems, e.g. 

• Axion – breaking of Peccei-Quinn symmetry – solves 
strong CP problem

• Majoron – breaking of lepton symmetry – solves neutrino 
mass problem

• Flavon – breaking of flavor symmetry – solves flavor 
puzzles 

[Peccei,Quinn 77; Weinberg 78; Wilczek 78]

[Kim,Carosi 10]

[Preskill,Wise,Wilczek 83; Abbott,Sikivie 83; Dine,Fischler 83,...; Arias et al. 12]
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• NG bosons are natural WISP candidates: 

• Very weakly interacting: 
• Couplings to SM suppressed by powers of symmetry breaking scale                                     :  

• Small mass:
• Massless if global symmetry exact
• Small mass from explicit breaking of global symmetry

• Axion:    

<latexit sha1_base64="XlwpxT1i1jsCfEosVC1P9JaKM30=">AAACCHicbVBNS8NAEN3Ur1q/oh49uFgED1KSWtRj0YMeK9gPaELZbCft0t0k7m4KJfToxb/ixYMiXv0J3vw3Jm0P2vpg4PHeDDPzvIgzpS3r28gtLa+sruXXCxubW9s75u5eQ4WxpFCnIQ9lyyMKOAugrpnm0IokEOFxaHqD68xvDkEqFgb3ehSBK0gvYD6jRKdSxzz0O8Tp9fAQO4oJeMDlyrlzmjhS4BtojAsds2iVrAnwIrFnpIhmqHXML6cb0lhAoCknSrVtK9JuQqRmlMO44MQKIkIHpAftlAZEgHKTySNjfJwqXeyHMq1A44n6eyIhQqmR8NJOQXRfzXuZ+J/XjrV/6SYsiGINAZ0u8mOOdYizVHCXSaCaj1JCqGTprZj2iSRUp9llIdjzLy+SRrlkn5Wsu0qxejWLI48O0BE6QTa6QFV0i2qojih6RM/oFb0ZT8aL8W58TFtzxmxmH/2B8fkD/pGYBw==</latexit>

[Weinberg  ´78; Grilli di Cortona et al. `15; ... 
Borsanyi et al. `16; ... Gorghetto,Villadoro 18] [Kaplan 85;Srednicki `85; Grilli di Cortona et al. `16]
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Experimental Axion/Axion-Like Particle (ALP) Search Methods  
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• Light-shining-through-a-wall (LSW) Searches

• Searches for Solar Axions

• Searches for Dark Matter Axions

• Searches for Axion-Mediated Forces

• Searches for Axion-Related Flavor Changing
Neutral Current Interactions    
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Light-Shining-through-a-Wall Searches 
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• Axion experiences mixing with photon in an external electromagnetic field

• Probability, that photon converted in axion/ALP after having traversed a distance in magnetic field: 

• For very light axion:

• Light-shining-through a wall: 

[Sikivie 1983, Ansel‘m 1985, van Bibber et al. 1987]

<latexit sha1_base64="IRCZElD/jBfpSWC8tWuMMoa5CGM="></latexit>

<latexit sha1_base64="To0nqO0tHXfl3kJE3nh0KAau2WQ=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMdSLx48VLAf0C4lm2bb0CS7JFmhLP0LXjwo4tU/5M1/Y7bdg1YfDDzem2FmXpgIbqznfaHS2vrG5lZ5u7Kzu7d/UD086pg41ZS1aSxi3QuJYYIr1rbcCtZLNCMyFKwbTm9yv/vItOGxerCzhAWSjBWPOCU2l/DdsDms1ry6twD+S/yC1KBAa1j9HIximkqmLBXEmL7vJTbIiLacCjavDFLDEkKnZMz6jioimQmyxa1zfOaUEY5i7UpZvFB/TmREGjOToeuUxE7MqpeL/3n91EbXQcZVklqm6HJRlApsY5w/jkdcM2rFzBFCNXe3YjohmlDr4qm4EPzVl/+SzkXd9+r+/WWt0SziKMMJnMI5+HAFDbiFFrSBwgSe4AVekUTP6A29L1tLqJg5hl9AH984NI2v</latexit>

Searching for Home-Made Axions
<latexit sha1_base64="(null)">(null)</latexit>
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Light-Shining-through-a-Wall Searches 
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• ALPS I @ DESY (in collaboration with AEI Hannover and U Hamburg) [Ehret et al. 10]
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Light-Shining-through-a-Wall Searches 
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• ALPS I @ DESY (in collaboration with AEI Hannover and U Hamburg)

• LSW experiments ALPS I and OSQAR @ CERN give currently the best purely laboratory limit on low mass axions:

[Ehret et al. 10]

[Ballou et al. 15]



Page 8

Light-Shining-through-a-Wall Searches 

| Overview of Laboratory Searches for Axions | Andreas Ringwald, Axions in the Lab and in the Cosmos, CERN-Korea TH Institute, CERN, CH, 15-19 July 2019

• ALPS I @ DESY (in collaboration with AEI Hannover and U Hamburg)

• LSW experiments ALPS I and OSQAR @ CERN give currently the best purely laboratory limit on low mass axions:

[Ehret et al. 10]
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Light-Shining-through-a-Wall Searches 
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• ALPS II @ DESY (in collaboration with AEI Hannover, U Cardiff, U Florida, U Mainz) [Bähre et al (ALPS II TDR) 13]
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Light-Shining-through-a-Wall Searches
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ALPS II at DESY

• HERA tunnel on about 300 m cleared

• 20 magnets straightened and tested 
(no failure)

• Construction will be finished end of 2020

• Data taking 2021 and 2022
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Light-Shining-through-a-Wall Searches 
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• ALPS II will probe previously uncharted territory, in particular part of parameter space relevant for dark matter 
and astro hints (excessive energy losses of Horizontal Branch stars in globular clusters)
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Light-Shining-through-a-Wall Searches
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Astrophysical Hints for Axions and ALPs

• Apart from dark matter, there are also other hints
from astrophysics which may explained by axions:

• Excessive energy losses of stars in various stages of
their evolution

[Copyright Addison Wesley]
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Light-Shining-through-a-Wall Searches
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Astrophysical Hints for Axions and ALPs 

• Apart from dark matter, there are also other hints
from astrophysics which may explained by axions:

• Excessive energy losses of stars in various stages of
their evolution: may be explained by axion production
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[Giannotti et al.  17]

<latexit sha1_base64="(null)">(null)</latexit>



Page 14

Light-Shining-through-a-Wall Searches
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Future LSW

• ALPS II optics and detectors will be 
“state of the art”.

• The HERA dipole magnets are limited in field strength and aperture (defining the maximal length).

Dipole Aperture 
[mm]

Field
strength [T]

LSW 
experiment

Number of 
used dipoles

HERA 
(straightened) 50 5.3 ALPS II 

(DESY) 24

LHC 40 9.0 OSQAR 
(CERN) 2

“FCC” 100 13 JURA

For the “FCC” dipole parameters see for example:

§ Bottura L, de Rijk G, Rossi L, Todesco E., IEEE Trans. Appl. Supercond. 22:4002008 (2012), 
http://ieeexplore.ieee.org/xpl/articleDetails.jsp?arnumber=6656892

§ Todesco E, Bottura L, de Rijk G, Rossi  L.,  IEEE Trans. Appl. Supercond. 24:4004306 (2014), 
http://ieeexplore.ieee.org/xpl/articleDetails.jsp?arnumber=6172724

[Lindner, ESPP Symposium Granada 19]

http://ieeexplore.ieee.org/xpl/articleDetails.jsp?arnumber=6656892
http://ieeexplore.ieee.org/xpl/articleDetails.jsp?arnumber=6172724
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Light-Shining-through-a-Wall Searches
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Future LSW

• ALPS II optics and detectors will be 
“state of the art”.

• The HERA dipole magnets are limited in field strength and aperture (defining the maximal length).

• JURA (Joint Undertaking in Research on ALPs) could combine ALPS II optics and detector 
developments with modern magnets being developed for future  hadron colliders.

A physics case for a prototype series of Nb3SN dipoles? [Lindner, ESPP Symposium Granada 19]
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Light-Shining-through-a-Wall Searches
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JURA

• Magnetic field strength: 13 T

• Magnetic length: 426 m

• Light wavelength: 1064 nm

• Circulating light power: 2.5 MW

• Power built-up behind the wall: 105

• Detector sensitivity: 10-4 s-1 

JURA could allow to probe for very lightweight ALPs
in the laboratory even beyond the IAXO reach.

It would be a (costly) about 1km long apparatus. 

If ALPS II fulfills expectations, JURA should be feasible.
Dipole magnet R&D is essential.

10 · ALPS II

[Lindner, ESPP Symposium Granada 19]
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Searches for Solar Axions
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• Flux of solar axions/ALPs produced by two photon process in core:

[adapted from Irastorza `16]
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[Giannotti `16]
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[Adriamonje et al. `07]
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Searches for Solar Axions
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• If axion/ALP couples to electron, even higher flux of solar axion/ALPs produced by atomic recombination
and deexcitation (FB+BB),  Bremsstrahlung (FF) and Compton 

[Giannotti `16]
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Searches for Solar Axions

| Overview of Laboratory Searches for Axions | Andreas Ringwald, Axions in the Lab and in the Cosmos, CERN-Korea TH Institute, CERN, CH, 15-19 July 2019

• Helioscope concept: solar axion/ALP to photon conversion
in magnetic field

[adapted from Irastorza `16]
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Searches for Solar Axions

| Overview of Laboratory Searches for Axions | Andreas Ringwald, Axions in the Lab and in the Cosmos, CERN-Korea TH Institute, CERN, CH, 15-19 July 2019

• Most sensitive until now: CERN Axion Solar Telescope (CAST)

• Superconducting LHC dipole magnet

• X-ray detectors

• Use of buffer gas to extend sensitivity to higher masses (axion band)  
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Searches for Solar Axions

| Overview of Laboratory Searches for Axions | Andreas Ringwald, Axions in the Lab and in the Cosmos, CERN-Korea TH Institute, CERN, CH, 15-19 July 2019

• International Axion Observatory (IAXO) 

• Large toroidal 8-coil magnet L = ~20 m 

• 8 bores: 600 mm diameter each
• 8 X-ray telescopes + 8 detection systems
• Rotating platform with services

• Proposed site: DESY

[IAXO CDR: JINST 9 (2014) T05002 (arXiv:1401.3233)]
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Searches for Solar Axions

| Overview of Laboratory Searches for Axions | Andreas Ringwald, Axions in the Lab and in the Cosmos, CERN-Korea TH Institute, CERN, CH, 15-19 July 2019

• Prototype for IAXO: BabyIAXO

• Two bores of dimensions similar to final IAXO bores

• Detection lines representative of final ones
• Test & improve all systems

• Magnet technical design ongoing at CERN

• Funded mainly via

• Preferred site: HERA South Hall at DESY

• Construction may start in 2020

• Data taking may start in 2024

Irastorza: ERC-AvG 2017 IAXO+
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Searches for Solar Axions

| Overview of Laboratory Searches for Axions | Andreas Ringwald, Axions in the Lab and in the Cosmos, CERN-Korea TH Institute, CERN, CH, 15-19 July 2019

• (Baby)IAXO probes meV mass QCD axion and covers most of parameter space relevant for astro hints
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Searches for Solar Axions

| Overview of Laboratory Searches for Axions | Andreas Ringwald, Axions in the Lab and in the Cosmos, CERN-Korea TH Institute, CERN, CH, 15-19 July 2019

• (Baby)IAXO also sensitive to electron coupling hinted at by stellar energy losses

[Armengaud et al. 19]

1σ

2σ

3σ

4σ DFSZ I; WD, RGB, HB

1σ

2σ

3σ

4σ DFSZ I; WD, RGB, HB

IAXO

IAXO+

ARIADNE

��-� ��-� ��-� �

��-�

�

��

���

���� ��� ��� ���

[Giannotti,Irastorza,Redondo,AR,Saikawa 17]



Page 25

Searches for Dark Matter Axions

| Overview of Laboratory Searches for Axions | Andreas Ringwald, Axions in the Lab and in the Cosmos, CERN-Korea TH Institute, CERN, CH, 15-19 July 2019

Microwave Cavities

• Axion or ALP DM – photon conversion in microwave cavity placed in magnetic field

• Best sensitivity: mass = resonance frequency

Pout ⇠ g2 | B0 |2 ⇢DMV Q/ma

[Sikivie 83]
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Searches for Dark Matter Axions

| Overview of Laboratory Searches for Axions | Andreas Ringwald, Axions in the Lab and in the Cosmos, CERN-Korea TH Institute, CERN, CH, 15-19 July 2019

Microwave Cavities

• Currently running:

• ADMX

• HAYSTAC
• ORGAN
• CAST-CAPP
• RADES
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[AR,Rybka,Rosenberg in prep. for update PDG RPP 2019]
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Searches for Dark Matter Axions

| Overview of Laboratory Searches for Axions | Andreas Ringwald, Axions in the Lab and in the Cosmos, CERN-Korea TH Institute, CERN, CH, 15-19 July 2019

Microwave Cavities

• Currently running:

• ADMX

• HAYSTAC
• ORGAN
• CAST-CAPP
• RADES

• Currently in construction:

• CULTASK 

• Proposed:

• KLASH
• ACTION 
• IAXO-DM

[Irastorza,Redondo 18]
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Searches for Dark Matter Axions

| Overview of Laboratory Searches for Axions | Andreas Ringwald, Axions in the Lab and in the Cosmos, CERN-Korea TH Institute, CERN, CH, 15-19 July 2019

Dish Antennas

• Oscillating axion/ALP DM in a background magnetic field carries a small electric field component

• A magnetised mirror in axion/ALP DM background radiates photons [Horns,Jaeckel,Lindner,Lobanov,Redondo,AR 13]   

<latexit sha1_base64="BUPOBJHnm0o92l/XpyZxfX/PAAg="></latexit>
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Searches for Dark Matter Axions

| Overview of Laboratory Searches for Axions | Andreas Ringwald, Axions in the Lab and in the Cosmos, CERN-Korea TH Institute, CERN, CH, 15-19 July 2019

Dish Antennas

• Oscillating axion/ALP DM in a background magnetic field carries a small electric field component

• A magnetised mirror in axion/ALP DM background radiates photons

• Proposed axion/ALP DM dish antenna experiment: BRASS (U Hamburg)        

[Horns,Jaeckel,Lindner,Lobanov,Redondo,AR 13]   

[Horns et al.  (unpublished)]

• Permanently magnetized surface for
axion/ALP photon conversion
(Halbach array) 

• Dish antenna for photon signal
concentration

• Broadband acquisition (16 GHz 
bandwidth, 107 channels)        
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Searches for Dark Matter Axions

| Overview of Laboratory Searches for Axions | Andreas Ringwald, Axions in the Lab and in the Cosmos, CERN-Korea TH Institute, CERN, CH, 15-19 July 2019

Dish Antennas

• BRASS-6 in construction, data taking starting 2020 

[Le Hoang Nguyen, Patras Workshop 2019]
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Searches for Dark Matter Axions

| Overview of Laboratory Searches for Axions | Andreas Ringwald, Axions in the Lab and in the Cosmos, CERN-Korea TH Institute, CERN, CH, 15-19 July 2019

Dish Antennas

• Boosted dish antenna: Open dielectric resonator

• Add stack of dielectric disks with spacing in front of mirror (all immersed in magnetic field)

• Constructive interference of photon part of wave function
[Jaeckel,Redondo 13]   

[Millar,Raffelt,Redondo,Steffen 16]   

[Baryakhtar,Huang,Lasenby18]   
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Searches for Dark Matter Axions

| Overview of Laboratory Searches for Axions | Andreas Ringwald, Axions in the Lab and in the Cosmos, CERN-Korea TH Institute, CERN, CH, 15-19 July 2019

Dish Antennas

• Boosted dish antenna: Open dielectric resonator

• Add stack of dielectric disks with spacing in front of mirror (all immersed in magnetic field)

• Constructive interference of photon part of wave function
[Jaeckel,Redondo 13]   

[Millar,Raffelt,Redondo,Steffen 16]   

[Baryakhtar,Huang,Lasenby18]   

[Garutti, Patras Workshop 19]   
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Searches for Dark Matter Axions

| Overview of Laboratory Searches for Axions | Andreas Ringwald, Axions in the Lab and in the Cosmos, CERN-Korea TH Institute, CERN, CH, 15-19 July 2019

Dish Antennas

• Boosted dish antenna: Proposed MADMAX experiment [Caldwell et al.  `16 ]   

[The MADMAX collaboration: Brun et al. 1901.07401]   
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MADMAX

• Boosted dish antenna: Proposed MADMAX experiment [Caldwell et al.  `16 ]   2017 -2019
Design 

2020 -2025
Prototype 

2025 -2035
Experiment 

The European Physical Journal

EPJ C
Recognized by European Physical Society

Particles and Fields

The European Physical Journal C
volume 79 · number 3 · march · 2019

volume 79 · number 3 · march · 2019           

123

179   H. Chakrabarty, A. Abdujabbarov and C. Bambi
Scalar perturbations and quasi-normal modes 
of a nonlinear magnetic-charged black hole 
surrounded by quintessence
Regular Article - Theoretical Physics

180   M. Azarkin et al.
Studying minijets and MPI with rapidity 
correlations
Regular Article - Theoretical Physics

181   R. Islam, M. Kumar and V. Rawoot
KT -factorization approach to the Higgs boson 
production in ZZ* → 4ℓ channel at the LHC
Regular Article - Theoretical Physics

182   B.-L. Du  et al.
Extending the predictive power of perturbative 
QCD
Regular Article - Theoretical Physics

183   G. Bruno  et al.
On the critical energy required for homogeneous 
nucleation in bubble chambers employed in dark 
matter searches
Regular Article - Experimental Physics

184   Z.-G. Wang
Strong decays of the Y(4660) as a vector 
tetraquark state in solid quark-hadron duality
Regular Article - Theoretical Physics

185   S. Boran, S. Desai and E.O. Kahya
Constraints on diff erential Shapiro delay between 
neutrinos and photons from IceCube-170922A
Regular Article - Theoretical Physics

186   P. Brun et al.
MADMAX Collaboration
A new experimental approach to probe QCD axion 
dark matter in the mass range above 40 µ eV
Regular Article - Experimental Physics

187   E. Benedetto et al.
On the general relativistic framework of the 
Sagnac eff ect
Letter

188   L. Fabbri
Polar solutions with tensorial connection of the 
spinor equation
Regular Article - Theoretical Physics

189   J. Bergner and M. Schulze
The top quark charge asymmetry in tt–g 
production at the LHC
Regular Article - Theoretical Physics

190   R. Del Grande et al.
K− multi-nucleon absorption cross sections and 
branching ratios in "p and  #0p fi nal states
Regular Article - Experimental Physics

191   V. Malvimat et al.
Holographic entanglement negativity for disjoint 
intervals in AdS3/C F T2

Regular Article - Theoretical Physics

192   E. Gotsman, E. Levin and I. Potashnikova
A new parton model for the soft interactions 
at high energies
Regular Article - Theoretical Physics

193   P. Goodarzi and H.M. Sadjadi
Reheating in a modifi ed teleparallel model of 
infl ation
Regular Article - Theoretical Physics

194   Y. Ling, Y. Liu and C.-Y. Zhang
Holographic subregion complexity 
in Einstein-Born-Infeld theory
Regular Article - Theoretical Physics

(Continuation on the reverse page)
Projection of sensitivities for DM axions and ALPs on the axion–photon coupling gagg as a function of the axion mass. The lines 

denoted by DFSZ and KSVZ show representative gagg values associated with the corresponding two most popular classes of 
QCD axion models. The MADMAX projected sensitivities are compared to existing limits from ADMX [15, 16], other haloscope 

experiments [13], from HAYSTAC [18] and ORGAN [17]. Also the IAXO [72] sensitivity for solar axions and ALPs is indicated.
From MADMAX Collaboration: A new experimental approach to probe QCD axion dark matter in the mass range above 40μeV.

The European Physical Journal C
  volum

e 79 ∙ num
ber 3 ∙ m

arch ∙ 2019          

Scaling:  Area       1/10    (of final experiment) 
# discs     1/4 
B [T]         1/5

@CERN @DESY
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Searching for axion-induced magnetic fields

• ABRACADABRA (MIT) currently being set-up

• Exploit toroidal magnet with fixed magnetic field:

• Axion DM generates oscillating effective current
around ring

• ... this generates oscillating magnetic field through
center

• ... this can be detected by pickup loop

• DM-Radio (Stanford): similar experiment in path-
finder status [Silva-Feaver et al. 16]

[Irastorza,Redondo 18]

[Sikivie,Sullivan,Tanner 14; Kahn,Safdi,Thaler `16]

[Ouellet `16; adapted from Kahn,Safdi,Thaler `16]
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Searching for axion-induced magnetic fields

• ABRACADABRA (MIT) currently being set-up

• Exploit toroidal magnet with fixed magnetic field:

• Axion DM generates oscillating effective current
around ring

• ... this generates oscillating magnetic field through
center

• ... this can be detected by pickup loop

• DM-Radio (Stanford): similar experiment in path-
finder status

• Probe QCD axion dark matter in mass range pre-
dicted by Grand Unified Theories (GUTs)  

[Ernst,AR,Tamarit 18; Di Luzio,AR,Tamarit 18]

[Silva-Feaver et al. 16]

[Sikivie,Sullivan,Tanner 14; Kahn,Safdi,Thaler `16]

LHC
 SK
 HL-LHC

HK, tuningSK, tuning

0.1 1. 10. 100.
10- 20

10- 19

10- 18

10- 17

10- 16

10- 15
1016 1015 1014 1013

HK

ABRACADABRA
Broad II

Broad III

Broad I
Res. IRes. II
Res. III minimal SU(5) x  U(1)PQ

DFSZ-QCD axion

[Di Luzio, AR, Tamarit, arXiv:1807.09769]
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Searching for axion-induced magnetic fields
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Searching for axion-induced magnetic fields
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Magnetic Resonance Searches 

• Axion DM field induces oscillating NEDMs:

• Place a ferroelectric crystal (permanent electric
polarisation fields ) in external

• Nuclear spins are polarised along ,   and precess
at Larmor frequency

• Interaction                       of DM induced NEDM with
the -field leads to resonant increase of transver-
se magnetisation of sample when

• CASPEr-Electric currently being set-up in Boston 

• Probe QCD axion dark matter in mass range pre-
dicted by GUTs    
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Magnetic Resonance Searches 

• Axion DM field induces oscillating NEDMs:

• Place a ferroelectric crystal (permanent electric
polarisation fields ) in external

• Nuclear spins are polarised along ,   and precess
at Larmor frequency

• Interaction                       of DM induced NEDM with
the -field leads to resonant increase of transver-
se magnetisation of sample when

• CASPEr-Electric currently being set-up in Boston 

• Probe QCD axion dark matter in mass range pre-
dicted by GUTs
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Magnetic Resonance Searches 

• Axion DM field induces oscillating NEDMs:

• Place a ferroelectric crystal (permanent electric
polarisation fields ) in external

• Nuclear spins are polarised along ,   and precess
at Larmor frequency

• Interaction                       of DM induced NEDM with
the -field leads to resonant increase of transver-
se magnetisation of sample when

• CASPEr-Electric currently being set-up in Boston 

• Probe QCD axion dark matter in mass range pre-
dicted by GUTs

• CASPEr-Wind (Mainz) and QUAX (Legnaro) 
search for spin precession about axion wind

•
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Searches for Axion Mediated Forces

| Overview of Laboratory Searches for Axions | Andreas Ringwald, Axions in the Lab and in the Cosmos, CERN-Korea TH Institute, CERN, CH, 15-19 July 2019

Magnetic Resonance Searches 

• Experiments searching for axion mediated forces
particularly effecMtive in meV mass range

• Monopole-dipole interaction between nucleon
and fermion: 

• Proposed ARIADNE experiment searches for for-
ces between a rotating cylinder, made of unpola-
rized material, and a vessel containing hyper-
polarized 3He gas

• Since 3He magnetic moment dominated by neutron
contribution: sensitive to monopole-dipole  interac-
tion between nucleus and neutrons, [Arvanitaki, Geraci 14]
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Searches for Axion Mediated Forces
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Magnetic Resonance Searches 

• Experiments searching for axion mediated forces
particularly effecMtive in meV mass range

• Monopole-dipole interaction between nucleon
and fermion: 

• Proposed ARIADNE experiment searches for for-
ces between a rotating cylinder, made of unpola-
rized material, and a vessel containing hyper-
polarized 3He gas

• Since 3He magnetic moment dominated by neutron
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Searches for FCNC Interactions

| Overview of Laboratory Searches for Axions | Andreas Ringwald, Axions in the Lab and in the Cosmos, CERN-Korea TH Institute, CERN, CH, 15-19 July 2019

• Introduce right-handed singlet neutrinos       and 
complex scalar field      with flavor-dependent spon-
taneously broken global chiral               Froggatt-
Nielsen (FN)  symmetry

• Explains SM fermionic mass hierarchies and mixings 
by FN mechanism

• Explains neutrino masses and mixing by seesaw
• FN symmetry is at the same time a PQ symmetry

• Nambu-Goldstone boson of FN breaking solves also 
strong CP problem (“axion”): “flaxion” or “axiflavon” 

• Flaxion has flavor changing neutral current (FCNC)  
interactions
• Currently best bound from    

Minimal flavored SMASH 
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• Flaxion properties:

• Decay constant: 

• Typically large domain wall number 
• Viable example:

• Coupling to photon:

• For example above:

• NA62: reach in decay constant increased by order of 
magnitude!
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Conclusions

| Overview of Laboratory Searches for Axions | Andreas Ringwald, Axions in the Lab and in the Cosmos, CERN-Korea TH Institute, CERN, CH, 15-19 July 2019

• Boom in axion/ALP searches!

• Large parts in axion/ALP parameter space will be tackled in the upcoming decade by a number of terrestrial
experiments: 

• Light-shining-through-a-wall experiments (ALPS II, ...)
• Solar axion searches (IAXO, ...)
• Axion Dark Matter searches (ABRACADABRA, BRASS, ADMX, CASPEr, CULTASK, HAYSTAC, MADMAX, ORGAN, 

QUAX, ...)

• Searches for axion-mediated forces (ARIADNE, ...)
• Searches for axion-induced FCNC (NA62, ....)
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• Boom in axion/ALP searches!

• Large parts in axion/ALP parameter space will be tackled in the upcoming decade by a number of terrestrial
experiments: 

• Light-shining-through-a-wall experiments (ALPS II, ...)
• Solar axion searches (IAXO, ...)
• Axion Dark Matter searches (ABRACADABRA, BRASS, ADMX, CASPEr, CULTASK, HAYSTAC, MADMAX, ORGAN, 

QUAX, ...)

• Searches for axion-mediated forces (ARIADNE, ...)
• Searches for axion-induced FCNC (NA62, ....)

• If 100 % of DM consists of QCD axions, one of the ADM searches will see a signal in the upcoming decade! 

STAY TUNED!


