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Setting the stage axionsasdark matter

— Jdy

CPvioltaéenmgEDSMLagr angi an= Hh;ﬁﬂh

A QICALD,
Random phase / \ phases from Yukaw_a coupling:
from -vacuum CKM matrix

Two sourcedor CP violation A Phasedifferencd

Physically observable CPviolation expected non vanishingneutron EDM
L ecm

Limit on EDM of neutron:
- < ¢ Abel et al.,

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

A Strong CP problem
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Setting the stage axionssolving strong CP problem
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Setting the stage axionsasdark matter

If axion exists:
A Contribution to Dark Matter:

as relic oscillations of around minimum

Oscillationsamplitude: padicle densityo
damped by expansion of universe H(t)
Damping depends on ratio
oscillation frequency [ 4) to H(t)
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Setting the stage axionsasdark matter

Results and Progress of AxioklaloscopeExperiments

nary scenario

Dark Energy
Accelerated Expansion
Afterglow Light
Pattern  Dark Ages Development of
375,000 yrs. | Galaxies, Planets, etc

Quantum
Fluctuations

1st Stars
about 400 million yrs.

Big Bang Expansion

13.77 billion years
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e Setting the stage axionsasdark matter

One value of @::in entire visible universe

|@ l Z
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Setting the stage axionsasdark matter

Complications byo

Dark Energy
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375,000 yrs.

Quantum’
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Setting the stage ALPs asdark matter

No directerelation btw.
Mup andfyp

Some astrophysical inconsistencies:
A Transparency hint

A Cooling anomalies

ALPs emerging from string Could be explained by ALPs
compactification: theAxiverse
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How to detectaxions(ALPS): ]
axion photon coupling

The Axion (ALP) carries
same quantum numbers

Suppressed
by —

A Quantum mechanical
mixing with P & s® A 2 photons!

Light Dark World, Karlsruhe, 19-21. Sept. 2023
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How to detectaxions(ALPS)

.____ ]

Real photon

Axion detection: 5
Primakoff Effect: O aw ™

: Suppressed b
B-Field PP a
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How to detectaxions(ALPS)

.____ ]

Real photon
Axion detection: ~
Primakoff Effect: O dw ‘th
. Suppressed by—
B-Field

Additional axion sourceterm in Maxwell equations
A Axion in B-field inducesE-field oscillations!
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How to detectaxions(ALPSs)
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Someexperimentalefforts LC circuits

Resonator

A Pick up with LC resonatorusing SQUIDs

I ret inducedby B

LC Resonator

readout using
SQUID amplifier

Increasesensitivity.
A Increaseof Volume, B-field, resonatorQ-factor
A Decreaselemperature, LC Pickup Impedance

Taken from M SimanovskaiaPatrs 2023 conference
Light Dark World, Karlsruhe, 19-21. Sept. 2023 BélaMajorovits

Figure takenfrom Magnet
https://irwinlab.stanford.edu/dark -matter-radio-dm-radio

B_-field oscillationsin centerof toroidal magnet
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Someexperimentalefforts LC circuits
DM Radio

DMRadio Science Goals

v, [Hz| )
DMRadio-50L 100 10 10° 10 107 108 1¢° DMRadio-50L |
e 5kHz-5MHz 10~ o | e Commissioning in early 20241
e Quantum sensor testbed - | ¢ | ® Quantum Sensing in 2025
| DMRadio-m®

. 3 . 1012 ‘v
DMRadio-m® (arXiv:2204.13781) — Nu e Engineering Complete Spring 2024

e Primary goal: | w _
C DFySg 30 MHz - 200 MHz % 10-15L _— ® Construction Ready 2025
e Secondary goals: e . -
KSVZ down to 10 MHz $ D:ﬂRgtlilso,-Zﬁ%E I(fl‘—rl ;('Vggﬁﬁ_ly 246)

o QCD axion band to 5 MHz 10-18
e Funding: DOE DMNI
_ _ o Magnets 16 Tesla
DMRadio-GUT (arXiv:2203.11246 L0-21E i “'1“(')1“)‘ el o Quantum sensing (from 50L)

e DFSZ 100 kHz - 30 MHz TR (R LR ') > Active Feedback
e Next-generation detector my [eV]

e Technological improvements in

Taken from Dale Li Patrs 2023 conference
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FFFFFFFFF Someexperimental efforts Cavities

A Use resonator to "pump cavity"
Adjusting resonance frequency

high-Q resonator FFT

—

low-noise receiver
cryogeniag quantum limited a

Tuning rods for
changing resonant
frequency

high Bfield

Taken from StefanKnirck Patras 2023 conference
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Someexperimental efforts ADMX
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Someexperimentalefforts ADMX
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Taken from: A Multi cavity

N. Du, PATRAS 2023
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Someexperimental efforts ADMX
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Taken from: Increasenumber of cavities
N. Du, PATRAS 2023 New magnet(MRI)

to scanup to 4 GHz
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Someexperimentalefforts CAPP

Sensitivity (preliminary)
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Frequency [MHz]

Ultra low temperatures
Quantum detectors- JPAs
High Q cavity - HTSuperconductor

Taken from: S. Ahn, PATRAS 2023 A Running at DFSZ Sensitivity
Light Dark World, Karlsruhe, 19-21. Sept. 2023
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Someexperimentalefforts CAPP novel designs
Taken from: W. Chung, PATRAS 2023
Coupled smallercavitiesA higher frequencies Superconductingcavity at 8T (RebCo)

~  Third Gen. (2.2 GHz & 5.4 GHz)
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Dish Antenna:

WAL ey

electromag. wave emission_ \NWWWV\WWWW’

scaled
ﬁeldA
strength
d detector
E /™ \ A\/\@ center sph.

[Horns et al, arXiv:1212.2970]

I (s
(;) X ¢ lrl_ <_J|> (I + 7 4 =|=) Hidden photon measurements (neB field):
O s » L BRASS, Tokyo, SHUK]
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s Dish Antenna: BRASS
Hidden Photon search
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BRE/D Broadband Reflector Experiment for Axion Detection

COLLABORATION

Byt Light house reflector design -
—— | Broad banddischantenna in solenoid = S

Low noise
amplifier

* >
2V2 R A Increase area
A Cryogenic temperatures
Taken from: S.Knirck , PATRAS 2023 A Quantum limited amplifier

Single photon detection
A Brood band read out

Light Dark World, Karlsruhe, 19-21. Sept. 2023 A Solenoid magnet BélaMajorovits 28
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COLLABORATION

Power [W/7.8kHz]

Dish Antenna:
Broadband Reflector Experiment for Axion Detection

Results and Proaress of AxioklaloscopeExperiments

First data with proof of principle without cryostat,
no B-field A HP limits
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Taken from: S.Knirck , PATRAS 2023
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Results and Proaress of AxioklaloscopeExperiments

BRE/D Broadband Reflector Experiment for Axion Detection

COLLABORATION

Upgrade soon: cryostat + 4T magney ALP senstivity
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Dielectric Haloscope
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