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Introduction to CAPP-8TB

« CAPP-8TB is an axion haloscope experiment at IBS/CAPP
» Searches for 6.62 - 7.04 peV (1.6 - 1.7 GHz) mass range

» Aims to touch QCD axion band in the first stage
- Utilizing HEMT (high electron mobility transistor) based low-noise amplifiers
- Will take data for ~3 months

» Targets KSVZ sensitivity in the later stage
- Adopting SQUID-based amplifiers
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Parameters of the Experiment
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Inner diameter: 134 mm
Inner height: 236 mm
Inner volume: ~3.5 L
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Parameters of the Experiment
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Average B field inside cavity volume: 7.3 T
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Parameters of the Experiment
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Prospects

+ 1st stage: w/ HEMT-based amplifier (~3 months of operation)
» Touching QCD axion band
} EXpeCted CommiSSioning in a feW months Search for Axion Dark Matter in a Mass Range of 6.62

e 2nd sta ge. w /S Q UlID-based am o lifier ot hton i e s s SOOYuNG Lee

Since P. Sikivie had introduced an experimental technique for detection of the axion dark matter with a microwave resonant cavity, a number
of experiments have attempted to search for it using this haloscope technique in various mass ranges, but no axion signal has been seen so

u u u far. Although those excluded mass regions with certain sensitivities in terms of axion-photon coupling constant (gay), broad mass regions still
need to be explored with a good sensitivity. To unveil one of those regions, a yet another attempt to search a mass range of 6.62 to 7.04 peV
is being made at IBS/CAPP employing a new locomotive frequency tuning mechanism. The experiment aims the most sensitive axion dark

matter search in this axion mass range, where the sensitivity could reach the QCD axion band. In this presentation, the configurations and
technical details of the experiment are discussed.

CAPP-8TB

CAPP-8TB is an axion search experiment at IBS/CAPP. We  Conversion power and scan rate of the experiment is proportional to:

search for 6.62 - 7.04 peV (1.6 - 1.7 GHz, equivalently) mass 477212
e e n C range. With commercial low-noise amplifiers based on P, x BZVCOlOQL % o M
r q u y Z HEMT (high electron mobility zme are. dt T2
travnS|st0r), we aim to touc.h Qcb Pa: Axion conversion power df/dt: Scan rate for axion search
axion band for the experimental 5 -
— 1 2 _ sensitivity. & B: External magnetic field V: Volume of the resonant cavity
1 O T T T T T . Coro: Cavity form factor for TMoro mode Qv Loaded quality factor

We will touch QCD axion band T: System temperature

Microwave Resonant Cavity

To search 1.6 - 1.7 GHz frequency range, we
use a copper microwave resonant cavity with a
diameter of 134 mm and a height of 236 mm.
The volume of the cavity is ~3.5 L. The cavity is
able to search 1.4 - 1.7 GHz with an alumina
tuning rod, and the measured quality factors
are in a good agreement with the simulation
results.

[

with HEMT-based amplifiers in
the first stage of the experiment,

[ |
and will aim KSVZ with a SQUID-
based amplifier.
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Tuning Mechanism

We employ a locomotive tuning mechanism for the
tunings of resonant frequency and antenna couplings. To
prevent heat penetrations, the moving shafts are made
of CFRP (carbon fiber reinforced polymer) tube. Since
the shafts are all thermally linked to each stage, we do
not find any heat penetration to the system.

From the frequency mode i 3
map measured at room
temperature, we do not find o
any mode-crossing within =
our frequency region of
interest. Therefore, we do . -
not expect any loss of the = -
sensitivity in the experiment. e s e et e g

Prospects

The experiment is being developed for the moment, and it will
be in a commissioning stage in a few months.

, frequency (GHz) We expect about 3 months

RBF  HAYSJAC of operation to reach the

sensitivity of QCD axion

Bsicapp _«svz band. We will upgrade the

" receiver chain with

SQUID-based amplifier,

mov" and will pursuit to touch
KSVZ sensitivity.

KSVZ

CAPP-8TB utilizes HEMT-based low-noise amplifiers

to amplify signals picked up by the resonant cavity.
The total gain is ~108 dB, and noise temperature is
< 2 K. Since the noise power from the chain is
dominated by the noise temperature of the 1st
amplifier in the chain, we use a low-noise amplifier at
1 K stage to minimize the noise power.

I

of the coldest stage is ~20 mK. Cavity temperatures are
measured as ~25 mK (w/o B field) and ~37 mK (w/ B field).
a Temperature of the alumina tuning rod is measured as <150
mK

Magnetic Fields

With AMI superconducting magnet, we operate the
experiment under 8 T magnetic fields. The average
magnetic fields over the cavity volume is 7.3 T.
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