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ÅThe axionmassrange

ÅThe dielectrichaloscopeconcept

ÅImportant milestonesreached

ÅFirst               axionand dark photon
dark matter limits
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Axionmassrange
ÅQCD axionsolvesstrong CP problem

ÅCan explaincolddark matter

ÅαHighlydegenerateBose Einstein 
CondensateάΥ
Ąwavelike with ⱦ▀▄║►▫▌■░▄╛▄●▬

ÅForPecceiQuinn symmetrybreakingafter 
inflation ~ 25µeV < ma < 0.1 eV

Ą coversmassrange~ 100 µeV 

takenfrom
https://cajohare.github.io/AxionLimits/

https://cajohare.github.io/AxionLimits/
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ϳⱫ =  Ᵽ░ϳⱫ
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The               dielectric haloscope
Axionfield oscillationin B-field
Ą InduceE-field oscillation

Dielectric discontinuityat 
boundary

ĄEmission of EM wavewith
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ĄDish antennaapproach

Horns et al JCAP04(2013)016
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https://iopscience.iop.org/article/10.1088/1475-7516/2013/04/016
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The               dielectric haloscope

Booster: dielectricmirror & disks

ĄEmission of EM waves@ all surfaces
ĄCoherentsuperpositionof waves
ĄConstructive(or destructive) interference
ĄBoost asfct. of frequency
ĄBoost dependson # of disks
ĄFrequencydependson diskspacings
ĄBroad-band vs. resonant

Jaeckel & Redondo, Phys. Rev. D 88, 115002 (2013)

Axionfield oscillationin B-field
Ą InduceE-field oscillation
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Caldwell et al., PRL 118, 091801 (2017) ╟
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https://link.aps.org/doi/10.1103/PhysRevD.88.115002
https://link.aps.org/doi/10.1103/PhysRevD.88.115002
https://link.aps.org/doi/10.1103/PhysRevD.88.115002
https://link.aps.org/doi/10.1103/PhysRevLett.118.091801
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The               dielectric haloscope
Axionfield oscillationin B-field
Ą InduceE-field oscillation

Jaeckel & Redondo, PRD 88, 115002 (2013)

Millar et al., JCAP01(2017)061
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Booster: dielectricmirror & disks

ĄEmission of EM waves@ all surfaces
ĄCoherentsuperpositionof waves
ĄConstructive(or destructive) interference
ĄBoost asfct. of frequency
ĄBoost dependson # of disks
ĄFrequencydependson diskspacings
ĄBroad-band vs. resonant

https://link.aps.org/doi/10.1103/PhysRevD.88.115002
https://doi.org/10.1088/1475-7516/2017/01/061
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The               dielectric haloscope
αōƻƻǎǘŜǊάŀƳǇƭƛŦƛŜǎ

axion- to E- field conversion
Ą Tune frequencyby adjustingdiskpositions

Magnet

Booster

Receiver

Cryostat

Caldwell et al., PRL 118, 091801 (2017)

https://link.aps.org/doi/10.1103/PhysRevLett.118.091801
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Technology: Actuationof disksfor frequencytuning

Important Milestones

Tunableboosterwith 1 disk:
at cryogenictemperature Motor movement

Cryostatfrom cryolab

MADMAX collaboration, 2024 JINST 19 T11002

https://iopscience.iop.org/article/10.1088/1748-0221/19/11/T11002
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Tunableboosterwith 1 disk:
in 1.6 T B-field @ CERN MORPURGO magnet

Technology: Actuationof disksfor frequencytuning

Important Milestones

Motor movement

MADMAX collaboration, 2024 JINST 19 T11002

https://iopscience.iop.org/article/10.1088/1748-0221/19/11/T11002
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Important Milestones
Booster understanding: 

RF response& boost factor determination

Determination of boost factor by
reciprocity:

Boost factor: integrate over E-field
insidebooster

Determination of E-field usingbead-
pull methodƛƴ αƻǇŜƴά booster

αƻǇŜƴ boosterά h.олл

Egge , JCAP04(2023)064 &Egge et al, JCAP04(2024)005

https://iopscience.iop.org/article/10.1088/1475-7516/2023/04/064
https://iopscience.iop.org/article/10.1088/1475-7516/2024/04/005
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https://iopscience.iop.org/article/10.1088/1475-7516/2024/04/005
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Booster understanding: 
RF response& boost factor determination

MADMAX collaboration, PRL 135, 041001 (2025)

Important Milestones
αclosedboosterά /.нлл

https://journals.aps.org/prl/abstract/10.1103/c749-419q
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Booster understanding: 
RF response& boost factor determination

Important Milestones

Boost factor of CB200

ÅAvoidoverlapwith parasiticmodes:
Field shapemeasuredusingαbead
Ǉǳƭƭά method

ÅExtractionof parametersusing
reflectivity and power spectra

ÅBoost factor & uncertaintiesfrom
modellingusingexperimentally
verified parameters

MADMAX collaboration, PRL 135, 041001 (2025)

https://journals.aps.org/prl/abstract/10.1103/c749-419q
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Cryogenicenvironment:

ÅSwitchingbtw. Spectrumanalyzerand 
VNA Ą needfor extra components

ÅReflectivityat coldneededfor all 
components

ÅDevelopment of SOL reflectivity
calibration& TRL calibrationunderway

ÅPower calibrationusingheateron 
cryogenicmatch (30dB attenuator)

Work in progress
Cryogeniccalibration
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Cryogeniccalibration

First cryogenicmeasurements
with closedboosterCB100:

ÅUsedG10 cryostatfor fast cool 
down

ÅMeasurementsinside
MORPURGO magnet@ CERN

ÅSOL calibrationand 
limit settinganalysisongoingKreikemeyeret al., JINST 20 T02005 (2025) 

Work in progress
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2025 JINST 20 T02005

Cryogeniccalibration

First cryogenicmeasurements
with closedboosterCB100:

ÅUsedG10 cryostatfor fast cool 
down

ÅMeasurementsinside
MORPURGO magnet@ CERN

ÅSOL calibrationand 
limit settinganalysisongoing

Work in progress
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ÅMeasurementstaken 2024 at CERN 
insideMORPURGO magnet

ÅCB200 at Room temperature

Å17 daysof measurementsin different 
configurations

Å1.0 T < B < 1.6 T 

The 1st ALP dark matter search
with dielectric haloscope

MADMAX collaboration, PRL 135, 041001 (2025)

https://journals.aps.org/prl/abstract/10.1103/c749-419q
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ÅScanned5 different ~20MHz f
requencyranges

ÅBoost factor peak@ ~ 2000

ÅNoexcessobserved

ÅLimits on ALP Dark Matter exceed 
ALPS limits from CAST and astrophysics

The 1st ALP dark matter search
with dielectric haloscope

MADMAX collaboration, PRL 135, 041001 (2025)

https://journals.aps.org/prl/abstract/10.1103/c749-419q
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https://journals.aps.org/prl/abstract/10.1103/c749-419q
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ÅScanned5 different ~20MHz f
requencyranges

ÅBoost factor peak@ ~ 2000

ÅNoexcessobserved

ÅLimits on ALP Dark Matter exceed 
ALPS limits from CAST and astrophysics

50 MHz

The 1st ALP dark matter search
with dielectric haloscope

MADMAX collaboration, PRL 135, 041001 (2025)

Assume” πȢσὋὩὠȾὧά

https://journals.aps.org/prl/abstract/10.1103/c749-419q
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Dark photon dark matter search
using a     open booster ςOB300

ÅBoost factor peak@ ~ 600

ÅBroad band configuration:
♫ over 100 MHz
♫ over 400 MHz

ÅLimits on dark photon dark matter 
improvedby up to factor 500 

MADMAX collaboration, PRL 134, 15, 151004 (2025)

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.134.151004
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ÅBoost factor peak@ ~ 600
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Dark photon dark matter search
using a     open booster ςOB300

MADMAX collaboration, PRL 134, 15, 151004 (2025)
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http://vietnam.in2p3.fr/2025/tmex/transparencies/5_friday/morning/DM4/04_Dabhi.pdf

CB200 & OB300  Dark photon dark matter limits complementary

Dark photon dark matter search
using a     open booster ςOB300

MADMAX collaboration, PRL 134, 15, 151004 (2025)

ÅBoost factor peak@ ~ 600

ÅBroad band configuration:
♫ over 100 MHz
♫ over 400 MHz

ÅLimits on dark photon dark matter 
improvedby up to factor 500 

http://vietnam.in2p3.fr/2025/tmex/transparencies/5_friday/morning/DM4/04_Dabhi.pdf
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.134.151004
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ongoing work: extended CB200
Finding the axion: scaling up sensitivity

Distance 
rings

Mirror

Sapphire 
Disks

Bead Pull
thread

taperĄ implemented 10 disk configuration

Simulation predicts: three booster peaks

▌╪♬▼▄▪▼
ᶿ ♫ Ⱦ ᶿ ΠἷἮἬἱἻἳἻȾ


