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Outline

e AXxion resonance effects
* |nduced Gravitational waves in difference frequencies

e Superradiance around the primordial blackhole.

e Axion detection (RE-LEAP)



The Milky Way’s
19 black holes _ O
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Black holes abound
in our galaxy, particularly in
the densely populated regions of its
plane. In this all-sky view, the plane runs
horizontally through the map’s center, The numbers
correspond to their order in the table below. Asronomy: Roen xelty



Active Galactic Nuclei (AGN) and Black hole binary(BHB)

e Sgr A (Supermassive Compact Object) in the galaxy center, Nobel prize in
physics(2020)

. . . IE NOBEL PRIZE
 Active Galactic Nuclei v IN PHYSICS 2020

Roger Penrose Reinhard Andrea
Genzel Ghez

“for the discovery that
black hole formation “for the discovery of a
is a robust prediction supermassive compact object
of the general theory at the centre of our galaxy”
of relativity”

Credit: NASA/JPL-Caltech

THE ROYAL SWEDISH ACADEMY OF SCIENCES

lllustration of MAXI J1820+070. Credit: John Paice.



Black hole energy levels and gravitational waves
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Comparing different channels:

e Summary of different channels with different Chern-Simons types of couplings:

a, »a_+g

a—gg a— yy or aa — Yy
aa—g

e A conference white paper

e (Living Reviews in Relativity (2021) 1, 4 « e-Print: 2011.12414, Impact Factor: 40.43 (2020)):

Ultra-High-Frequency GWs: A Theory and Technology Roadmap

Oct 12 — 15, 2021
CERN

Europe/Zurich timezone

Challenges and Opportunities of Gravitational Wave
Searches at M Hz to GHz Frequencies
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Branch Ratio and Triangle Feynman Diagram

m [ he triangle Feynman diagram, where the axion-photon
coupling is generated from CS gravity coupling.
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m [his diagram is quadratically divergent, with 4 extra
powers of momentum from 3 vertices in the loop and two

powers of M, from h,,, T"” coupling

m It is evaluated as o, ~ ag(A/My)*, where A is the
cut-off for Chern-Simons theory.




Resonant Electric Probe to Axionic Dark Matter 220613543

 AXxion detection communities:

e Cavities:ADMX [70], HAYSTAC [27], CAPP [25],QUAX-ay [““], TASEH [20], DANCE [ 1], ORGAN [>”], CAST-RADES [>°],
® non-cavity high-frequency designs:MADMAX [34], BREAD [7], etc

e lower axion masses : ADMX-SLIC [57/], DM-Radio [*%], BASE [7], ABRA CADARA [0, 41]

Frequency (Hz)

i
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Filled areas: Present exclusion limits
Dashed lines: Projected sensitivities

Yellow band: QCD axion band
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Axion modified Electromagnetism
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* Axion effective charge and current satisfies:
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W/O cavity? — 'aQED’ induction effects

» axion-modified Maxwell equations: s i e a5 ALY
/ (j%of the locally conserved 4-current @,j; =0 )

— — a - o _’8a .
VXxB—-—=gE xVa—gB— +
YV B=0 Axio-magnetic current:
- ol LC, Abracadabra, ADMX-SLIC, DM-Radio, etc
ﬁ X E = ——

Axio-electric current j, = gE x Va

DM axion flow Induces a magnetic signal
inside E field: see 2012.13946 (broad-band)
& 2204.14033 (narrow-band)

Axion’s effective sources:

effective (moving) charge &
effective displacement currents
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Cryogenic resonant EM cavity
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Cavity frequency tuned to expected

i axion decay signal frequency
T i QCD axion DM: emergence of a microwave signal
B | . V B C
S e = P,‘ ion — 2.2 10_2'3 W 2=
: (136 L)(7.6 T_) (0.4)
B2 gy i abuals ( 9y )2( Pa : )( f )( Q )
0.36” “0.45 GeV em—>7" 740 MHz’ " 30000

> single photon level: 0(10) photonss? .



Magnetic signal from B field

»‘LC’-type designs: ADMX-SLIC, Abracadabra, DM-Radio, etc.

Enhanced by LC resonance
and measured with a

Realization in ADMX-SLIC (2019)
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Long solenoid SO|l_.Iti0nS
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Numerical solutions:

« With COMSOL Multiphysics:
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Experimental setups:
Resonant ELEctric Axion Probe(RE-LEAP)
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summary

 We have many ways to detect axions.

Direct (Lab) vs indirect (through gravitational waves!)
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