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The dark universe

Estimated matter-energy content of the Universe

26.8%
Dark Matter

68.3%
Dark Energy

The bullet cluster (ESA) : X-ray: NASA/CXC/CfA/M.Markevitch,

Optical and lensing map: NASA/STScl,
Magellan/U.Arizona/D.Clowe, Lensing map: ESO WFI

CERN

e Many « good reasons » for the existence of dark matter in the universe

e Dark matter non-zero density at our location in the Milky Way but extremely weakly
interacting with light and normal matter
‘ Use of quantum microwave techniques to probe « invisible » axions in laboratory
experiments



The axion paradigm

CP Conservation in the Presence of Pseudoparticles™

R. D. Peccei and Helen R. Quinnt
Institute of Theovetical Physics, Depavtment of Physics, Stanford University, Stanford, California 94305
(Received 31 March 1977)

We give an explanation of the CF conservation of strong interactions which includes the
effects of pseudoparticles. We find it is a natural result for any theory where at least
one flavor of fermion acquires its mass through a Yukawa coupling to a scalar field which
has nonvanishing vacuum expectation value,

R.D. Peccei and H.R. Quinn, PRL'77, Weinberg, PRL'78, Wilczek, PRL'78...

e « Mexican hat potential » very general for symmetry breaking

e Axion, new particle/field (Nambu-Goldstone boson)

® Alot of theory litterature and very motivated by QCD (strong CP problem) but never
observed so far...

‘Very light (LeV range for mass) and very weakly coupled field called axion good
candidate for dark matter



The axion paradigm
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e Appears as a modification of Maxwell’s equation lagrangian (magneto-electric
coupling).

‘ How to detect such a small correction to Maxwell’s equations ?



Sikivie’s cavity haloscope

P. Sikivie, PRL 51, 1415 (1983)

¢

e Mixing term in the lagrangian revealed in coupled cavity/static magnetic field mode

(chiral anomaly)
e Axions «drive » a cavity at rest (fictitious port) and populate it with photons at the

axion energy
‘ « Needle in a haystack » problem (linewidth ~ kHz)) and very feeble signal (n~10-3 - 107)




Limitations of current haloscopes

P. Sikivie, PRL 51, 1415 (1983)

° FrOm |inear amp”-ﬁcation (LA) tO Minimum detectable power vs. Temperature
phase resolved haloscope 1024
Qp e s
= WA
Q. 10-23 4
10-24 4
. Time=10%s, Q= 10°
| e v e e s
T(K)
Conventional haloscope Limitation of Linear Amplifier (LA) (courtesy

) of . Irastorza)
In-phase(l) and Out of phase (Q) conjugates

e Detection SNR limited by standard quantum limit (SQL) in all mass ranges
e \Very narrow range can be probed in a single experiment

‘ Substantially slow down the Axion Dark Matter search




What about changing conjugate variables ?
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Conventional haloscope
® Change of conjugate variables within QRADES

e Fi., “mHz range in conventional haloscopes

‘ Implementation of single photon detectors, SQUID amplifiers

‘ New ideas using anharmonic quantum limited interferometers



Partners and Kick-off

Coordinator: Takis Kontos (LPENS/LPEM, France)
» Wolfgang Wernsdorfer (KIT, Germany)

-Babette Dobrich (MPP, Germany)

* Igor Garcia Irastorza (University of Zaragoza, Spain)
*Forn-Diaz pol (IFAE, Spain)

*Gheorghe-Sorin Paraoanu (Aalto University, Finland)

‘ Start of the project on April 1st 2024

‘ Kick-off meeting at MPP (Munich node) on May 7-8, 2024



