Searches for Axion Dark Matter /«AN
with IBS-CAPP
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(is) Axion dark matter

- Solution to the Strong CP problem
- PQ mechanism (1977)
- SSB of U(1) symmetry => Goldstone boson (1978)
- QCD axion: m2f2 ~ mif?
- Cf. axion-like particle (ALP)

12
- Invisible axion (1979): m, ~ 10—6ev“’fﬂ
- Cosmological implication
- Account for dark matter (1983)
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- Detection principle
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/i) Axion models and detection (ram)

- Axion coupling to SM
—-EM_
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NMR, polarimeter, ...

- Axion models
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- Sikivie effect (1983)
- Macroscopic Primakoff
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Jr) Axion searches
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) Haloscope searches
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i) Cavity haloscope —in a nutshell (==

- Most sensitive in the ueV region

Cryogenics T Quantum noise
df limited amplifier T
: B V C QL oyt B OsQ ]

‘\"I (fmf] 777m m
Signal amplification w/
minimal noise added

Lowerln thermal noise a .
g Tunable High-Q resonator

High field Magnet B

Small-scale experiments!

Boosting a—yy conversion rate Resonant frequency tuning
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i) IBS-CAPP (since 2013) ¥
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CAPP-8T(B),12T CAPP-18T CAPP-12TB

Manufacturer AMI, Cryomagentics SuNAM Oxford
B @ 4K 8-12T 18T 12T
Bore (clear) 96-165 mm 70 mm 320 mm
SC material NbTi, Nb;Sn GdBCO (HTS) Nb;Sn

Delivery 2017-2021 2017 2020
Frequency >2 GHz >4 GHz >1 GHz

Sensitivity KSvz KSVvz DFSZ
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i) QNL amplification

- Flux-driven Josephson parametric amplifiers (JPAS)
SST 34 085013 (2021)
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ReBCO HTS tapes (2

Stabilizer (Cu) 20 um

Superconducting
ayer (GdBCO) 2 um

Buffer layer (MgO) 0.7 um

Substrate [Hastelloy) 50 um

+ 3D body = SC cavity
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Axion search with IBS-CAPP
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High-frequency approach Z~svicigr fas)
J g y app i st
Multiple-cell (pizza) Higher-mode (Wheel) Photonic crystal
PLB 777 412 (2018) mm PRD 107 015012 (2022)
TMop 1 1 069
TMps, 3.6 1.9 1 0.05

JPG 47 035203 (2020)

Larger volume
Simpler receiver chain

~4 X fry010

+ f o spacing
* ~10 X frmo10
* Boosting effect
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Frequency [GHZ]
1 QO

v,
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CAPP-12TB
(12T/320mm)
Toys < 250 MK

df/dt~1.5 MHz/day @ DFSZ

DFSZ club!
PRL 130 071002 (2023)

m, [eV] Extended scan (Af~120 MHz)
to be published

Ready for up to 1.5 GHz
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i) Search highlight [
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Frequency [GHZ] CAPP-PACE
10° (8T/125mm)
- JPA (Tys ~ 200 mK)
PRL 130 091602 (2023)
1010 HTS SC cavity (Q ~ 0.5 M)
KSVZ
To be published
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CAPP-8TB |
(8T/165mm)
8-cell pizza cavity
Tgys ~ 400 mK
KSVZ @ 6 GHz

To be published 1 0_5

Extended setup underway
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- Axion addresses fundamental questions
- Strong CP problem and dark matter mystery |

- Experimental efforts are growing internationally

- CAPP makes substantial contributions to this business
- Powerful equipment and high-performance devices
- Unique development of high-frequency, high-quality cavities
- Multi-experimental search in different mass regions

Frequency [GHz]
10° 10!

- Next decade must be exciting
- Uncovering the nature of dark matter

oy [GEV 1]

- Please stay tuned!
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10-2 Mass, in electron volts (eV)
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ULTRALIGHT
DARK MATTER

Mass range

~1to ~30
solar masses

«—

Mass range

~10-22 gV to ~10-6 eV
Experiments

CASPEr, MAGIS-100

Experiments
LIGO/Virgo

Mass range
~1 GeV to ~1 TeV

What Could

Experiments

107 Dark Matter XENONNT,
Be? PandaX-4T,
LZ, CRESST, DAMA,
COSINE-100
10

AXIONS 4 SUB-GeV
/ DARK MATTER

Mass range /
~1076 &V to ~10-3 eV —m
Experiments A ~1 keV to ~1 GeV

ADMX, MADMAX,
QUAX, CAPP

Experiments
SENSEI, TESSERACT

55

Samuel Velasco/Quanta Magazine
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1) WISP

%
\2
\
LN

s

aaaaaa

- Pseudo-scalar
WISP + Axion
- PQ solution to strong CP problem (1977)

mafa"' AQCD
- Invisible axion (1979)
- Dark matter candidate (1983)

- Axion-Like Particle (ALP)

- Generic axion w/o solving strong
CP problem

mafa * AQCD

Mili-chaged particle

JP = 0-

@ALP

Hidden
photon

Jp =0

- Scalar

- Chameleon (2003)
- Dark energy candidate

- Vector

- Hidden photon
- Gauge field in hidden sector

- Others
- Mili-charged patrticle, ...
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- Different PQ breaking scenarios
=> Different mass ranges

=> Different search strategies

Depending on Ag,,,, W.r.t. D,

Theoretical scenarios

. B = 1
hoton couniing © PostinflationNpy > |
Fermion/gluon coupling _DstinﬂaﬁnnNDw: 1

0+ 6, =T Sub dominant
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}\Comp > DeXp ;)\Comp ~ Dexp; )LComp 18 Dexp
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v) Detector of halo axions

- Most sensitive approach in ueV regime
- Microwave photons resonantly converted from axions

- theoretical parameters

- Conversion Slgnal pOWGF (a_)VV) - experimental parameters
a -21
A B* Ve mln(Q Q) ~ 10 W
7] ; Cavity Q factor > R
Coupling Consfant Q J Effective volume  Axion Q factor -
Axion number density Magnetic field Ampmem

- Signal-to-noise ratio (SNR)

SNR= Psignal B Pa—>gg tintl Integration time
- p - kT Df Axion bandwidth
ul noise B syst a (~107¢1) Magnetic field (B,)

System noise temperature

o (V[P O
gt ~{snr) LkTJ SV,

B syst L

- Scanning rate (F.O.M.):



