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Microwave photons may address fundamental physic

AXions Neutrinos Gravitational waves
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ShOFtCUt! New physics
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Outline

AWe need new physics!

ADM axion as classical waves
AAxions at higher mass
AQuantum sensing
AConclusion
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Clear need for new physics: e.g. Dark Matter (DM)
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Weakly Interacting Massive Particles (WIMPs

Direct search Indirect search Accelerator production
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Axions: a byproduct to cancel the strong CP

Quantum Chromodynamics includes

A« F s o S
L 0 —-0T0 —P0O O
T O (
This term generates electric dipole moment in neutron
A Theory:Qx ¢& p8t pmPSTY. ..
A Experiment]Q| p& pm ST Y=o
Ol+ ™ pm L op

Naturalness problem without anthropic solution

“Symmefry (ng

| éaxiom (NG boson)

12

Introduce a new global chiral U(1) (PQ symmetry) ﬁ@I(Pj -
"0 =|= o ) A )
W(— 6)0 O OT[A/E(B/&O
Spontaneous Symmetry Breaking
A A NambuGoldston boson appears as a byproduetx#®on



Axion after QCD phase transitiond & & "Q

CROWS

FChadhab I 8= W& 9 f f AxioaDarEMatteMMPhates @ andWhidoRkKsE €+ NJ A € 107°
ALPS-I

1077
ABRA OSQAR
V(q}). .

1078 10 ecm

107 CAST
Figure 3: “Sombrero” potential of the Peccei-Quinn field ® is shown schematically before (left) and after 1016
(right) the QCD phase transition. The axion corresponds to the angular direction of this potential, shown
by the orange line. The state of the field is given by a point in the potential. Low energy configurations
are favoured. For illustration, the potential on the right is shown for a scenario with a large amount of PQ 1018
symmetry breaking. More details are given in appendix A.2.
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Axion as dark matter (PQ scale > inflation)

Axion loses kinetic energhnon-thermally by coherent oscillation in the PQ potential
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Outline

ADM axion as classical waves



De Broglie wavelength vs densﬂy of Dl\ﬂ
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Standard model of dark matter axion distribution functi

Velocity
dispersion of If O p TGHz
Mllkyway 05'_|""|""| """" ML B LA s
Galaxy around ~p Maxwelt
- Boltzmann
0.4} distribution
200 il potl.e.nltitall:‘ t:lc;t citrtcula;'—.spte:e('i cruxrve1 i I; :
' tracers: r,=160kpec, y=3.5, n=2 0'3:_
— B=0.0, x*=18.7 | B
- 150 - . e §=0.26, ¥2=9.6 ] 0.2
§obkgl. ceees s : ,‘
E 100 — f[? ' 0.1F - 2l
50 %4\\ 4] o P S
0 cemmo [N 1625 0 5 10 15 20 25 30
. f—10 GHz [kHz]

T T T Microwaves converted from DM axion

NASAUPCalteciR. Hurt (SSCaltech " [KPC]

17
Mon Not R Astron Sp¥olume 369, Issue 4, July 2006, Pagesclitse, IS Very narrow band CIaSSICaI Waves



Wakefieldinks accelerators & axion dark matter detectors
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Classicatlectrodynamics is the mean to hunt axic
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Photon (energy) detection vs wave detection
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Axion Dark MatteeXperimeni{ADMX)

Signal to Noise Ratio Is the key for discovery ArXiv:2010.00169
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AAxions at higher mass
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Issue of higirequency resonators for dark matter searc

An RF cavity (ADMM{pe) becomesy "Q An oversized cavity cancels the signal
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Signal® @ 0 The dark matter is cold, De Broglie wavelength is long
The signal is lost by higher frequency Spatial integral is cancelled!
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Four ideas toward heavier axion dark matter

Multiple small cavities Dish antenna Dielectric disks Wire metamaterial
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