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Particle Physics and Axion
๏ The strong CP problem in QCD

✓ CP violating term in Lagrangian:

✓ Vacuum Angle : θ

✓ It gives neutron EDM of :

✓ But Current Experimental Limit of nEDM [1]:

✓ Lack of explanation for why θ≲10-10 so small

๏ Axion field is introduced as a dynamical θ parameter[2]
✓ a→a+constant, broken only by CP-anomalous term

[1] C.A.Baker et al. Phys. Rev. Lett. 97, 131801 (2006)
[2] R. D. Peccei and H. R. Quinn, Phys. Rev. Lett. 38, 1440 (1977)
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Dark Matter and Axion
๏ A large fraction of our Universe: some how “Dark Matter”

๏ The evidence comes from a variety of sources at all scales
✓ Galaxy Rotation Curves

✓ CMB Observations

๏ Axion as a Dark matter candidate :
✓ The coupling with matters suppressed by decay constant fa : 

- fa ≈109~1012 GeV

✓ Non thermal production mechanism

- θ→0, ma≠0 : axion get mass

- No damping mechanism for axion oscillation

- Energy density freezes out until today

- behaves like non-relativistic matter
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Dark Matter and Axion
๏ Cosmological boundary

✓ relic energy density Ωa∝ ma -7/6 

✓ for the condition of Ωa≲1 

✓ No over-close of  Universe

✓ 1μeV≲ ma ≲10μeV→ma > 1μeV

๏ Astrophysics boundary
✓ ma < 1meV

✓ SN1987a stellar evolution

[1] K. Zioutas, et. al., New Journal of Physics, 11(10):105020 (2009)
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Figure 7. Exclusion plots in the axion–photon coupling versus the rest mass
of the QCD-inspired axions. The limits achieved by helioscopes (RBF [25],
Sumico [26]–[28], CAST [29]–[31]) are put in the general picture of the axion
searches. For comparison are given the astrophysically and cosmologically
derived conclusions: HB stars [56, 58], the hot dark matter (HDM) limit for
hadronic axions ma < 1.05 eV c�2 [57] inferred from WMAP observations of
the cosmological large-scale structure, and the lower rest mass limit following
overproduction of dark matter axions (overclosure of the Universe).

Table 1. Comparison of figures of merit of the axion helioscopes. B is the
strength of the magnetic field, L its length, A the effective, axion-sensitive
magnetic aperture and t the tracking time per day (for the orbiting telescopes
see [55, 71]).
Helioscope (BL)2 (BL)2 A (BL)2 A t

T2 m2 T2 m4 T2 m4 h

RBF 16 ⇠3 ⇥ 10�2 ⇠1 ⇥ 10�2

Sumico 85 ⇠10 ⇥ 10�2 ⇠120 ⇥ 10�2

CAST 6946 2000 ⇥ 10�2 6000 ⇥ 10�2

In orbit 324 20000 ⇥ 10�2 –

According to (7), the sensitivity of an axion helioscope is determined by the following
parameters: the strength of the magnetic field B, its length L , the effective axion-sensitive
magnetic aperture A and the time of measurement t . Table 1 shows a comparison of the axion
helioscopes based on these characteristics. The figure of merit, the product (BL)2, which plays
the most important role, is given in the first column. The next columns enhance the comparison

New Journal of Physics 11 (2009) 105020 (http://www.njp.org/)

SN1
987

a

[1]

5



Center for Axion and Precision Physics

๏ Established in 2013 through Institute for Basic Science in 
Korea (Director : Prof. Yannis Semertzidis) 

๏ Focused on issues of modern particle and astrophysics
✓ Nature of Dark Matter : Axion

✓ Nature of Universe: Matter-antimatter asymmetry : pEDM
6



CAPP Axion program

๏ Extensive R&D on axion dark matter experiments with 
✓ Microwave Cavity Experiment at T< 100mK (Chung)

✓ CERN Axion Solar Telescope Collaboration (Miceli)

✓ ADMX Collaboration (Ko)

✓ R&D collaboration (with BNL) on High field SCM (Konikowska)

๏ Axion search from long-range, spin-dependent interaction 
with high precision NMR
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New Spin-dependent Interaction
๏ Theoretical ideas imply weakly-coupled, long-range 

interaction[1][2] :
✓ between macroscopic objects could exist

✓ could be induced by the exchange of new light bosons

✓ 16 interaction potentials : 8 parity-even, 8 parity-odd[2] 

๏ The discovery of new force with a range longer than a 
micrometer : 
✓ tremendous impact on contemporary physics

✓ few precision experiments have been conducted over “meso-scopic” ranges 
[1] J. E. Moody and F. Wilczek. Physical Review D, 30 (130), 1984
[2] B. A. Dobrescu and I. Mocioiu.  Journal of High Energy Physics, 11(5), 2006
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New Spin-dependent Interaction

Usp(r) =
gsgp~2
8⇡mp

(�̂ · r̂)
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◆
exp(�r/�a)

monopole dipole

Coupling Constants gs , gp

gs !gp

mass as they are fixed by the axion decay constant fa:

6⇥ 10�27
⇣
109 GeV

fa

⌘
< gs < 10�21

⇣
109 GeV

fa

⌘
, (2)

gp =
Cfmf

fa
= Cf10�9

� mf

1 GeV

� ⇣
109 GeV

fa

⌘
. (3)

The scalar coupling gs of the PQ axion is indirectly constrained from above by EDM searches and
the lower bound is set by the amount of CP violation in the Standard Model [19]. In the PQ axion
coupling to spin, Cf is a model dependent constant typically expected to be O(1) [20] and in what
follows we assume Cf = 1 for simplicity.

It is convenient to write these interactions that involve spins (i.e. dipoles) using the axion
potential Vas(r) where

Usp(r) = �~rVas(r) · �̂2, (4)

Here Vas(r) =
h̄2gsgp
8⇡mf

e
� r

�a

r for monopole-dipole interactions.

From Eq. (4), we see the axion generated potential by an unpolarized mass thus acts on a
nearby fermion just like an e↵ective magnetic field of size and direction given by

~Be↵ =
2~rVas(r)

h̄�f
, (5)

where �f is the fermion gyromagnetic ratio. However this e↵ective magnetic field is di↵erent from
an ordinary EM field – it couples to the spin of the particle, is independent of the fermion’s magnetic
moment, and is di↵erent for nucleons and electrons. It also does not couple to ordinary angular
momentum or charge, and is thus not subject to Maxwell’s equations. Therefore, it crucially is
not screened by magnetic shielding. A superconducting shield can therefore be placed between the
source mass and detector to reduce background electromagnetic fields.

For a cylindrical mass of radius R, an axion with �a < R will generate a potential a distance
r from the surface of the cylinder approximately given by Va(r) =

gsgpN
2mN

�2
anNe�

r
�a , where mN

and nN are the nucleon mass and density of the material, respectively. Here we assume the NMR
sample thickness is of order �a and the cylinder surface is e↵ectively flat. This is a reasonable
approximation if the sample width w << R. For our sensitivity estimates we numerically integrate
over the actual dimensions of the cylinder. Given the proximity of the sample, non-flatness a↵ects
the overall signal by less than 10%. We also assume the NMR sample thickness is of order �a.

A spin polarized nucleus near this rotating segmented cylinder will feel an e↵ective magnetic
field of approximately

~Be↵ ⇡ 1

h̄�N
rVa(r)(1 + cos(n!rott)), (6)

where �N is the nuclear gyromagnetic ratio and n is the number of segments, for a sample thickness
of order �a. ~Be↵ is parallel to the radius of the cylinder, The exact time-varying field can be
determined by numerical integration over the cylinder geometry.

From the Bloch equations, a NMR sample with net polarization Mz parallel to the axis of the
cylinder (and a Larmor frequency 2~µN · ~Bext/h̄ = ! determined by an axial field ~Bext) will develop
a time-varying perpendicular magnetization Mx in response to the resonant e↵ective axion field
Be↵ given by

Mx(t) ⇡ 1

2
nspµN�NBe↵T2(e

�t/T1 � e�t/T2) cos(!t), (7)

where p is the polarization fraction, ns is the spin density in the sample, and µN is the nuclear
magnetic moment. Mx(t) grows approximately linearly with time until t ⇠ T2, the transverse

CP Violation in
Standard Model

CP Violation allowed
by experiment

[1] J. E. Moody and F. Wilczek. Physical Review D, 30 (130), 1984

[1]
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New Spin-dependent Interaction
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New Spin-dependent Interaction

๏ Different than normal electromagnetic field

๏ Independent from fermion’s magnetic moment

๏ Does not couple to the angular moment or charge : No 
Maxwell equation ➜ can’t be screened by magnetic 
shielding

~Be↵ = ~rVa(r)

✓
2

~�f

◆
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๏ Time varying Beff drives spin precession

๏ Produce transverse magnetization [1]

๏ Signal linearly grows until t~T2 : Q~ωT2

ARIADNE Proposal

Beff

SQUID

Bext

mass as they are fixed by the axion decay constant fa:

6⇥ 10�27
⇣
109 GeV

fa

⌘
< gs < 10�21

⇣
109 GeV

fa

⌘
, (2)

gp =
Cfmf

fa
= Cf10�9

� mf

1 GeV

� ⇣
109 GeV
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⌘
. (3)

The scalar coupling gs of the PQ axion is indirectly constrained from above by EDM searches and
the lower bound is set by the amount of CP violation in the Standard Model [19]. In the PQ axion
coupling to spin, Cf is a model dependent constant typically expected to be O(1) [20] and in what
follows we assume Cf = 1 for simplicity.

It is convenient to write these interactions that involve spins (i.e. dipoles) using the axion
potential Vas(r) where

Usp(r) = �~rVas(r) · �̂2, (4)

Here Vas(r) =
h̄2gsgp
8⇡mf

e
� r

�a
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From Eq. (4), we see the axion generated potential by an unpolarized mass thus acts on a
nearby fermion just like an e↵ective magnetic field of size and direction given by

~Be↵ =
2~rVas(r)

h̄�f
, (5)

where �f is the fermion gyromagnetic ratio. However this e↵ective magnetic field is di↵erent from
an ordinary EM field – it couples to the spin of the particle, is independent of the fermion’s magnetic
moment, and is di↵erent for nucleons and electrons. It also does not couple to ordinary angular
momentum or charge, and is thus not subject to Maxwell’s equations. Therefore, it crucially is
not screened by magnetic shielding. A superconducting shield can therefore be placed between the
source mass and detector to reduce background electromagnetic fields.

For a cylindrical mass of radius R, an axion with �a < R will generate a potential a distance
r from the surface of the cylinder approximately given by Va(r) =

gsgpN
2mN

�2
anNe�

r
�a , where mN

and nN are the nucleon mass and density of the material, respectively. Here we assume the NMR
sample thickness is of order �a and the cylinder surface is e↵ectively flat. This is a reasonable
approximation if the sample width w << R. For our sensitivity estimates we numerically integrate
over the actual dimensions of the cylinder. Given the proximity of the sample, non-flatness a↵ects
the overall signal by less than 10%. We also assume the NMR sample thickness is of order �a.

A spin polarized nucleus near this rotating segmented cylinder will feel an e↵ective magnetic
field of approximately

~Be↵ ⇡ 1

h̄�N
rVa(r)(1 + cos(n!rott)), (6)

where �N is the nuclear gyromagnetic ratio and n is the number of segments, for a sample thickness
of order �a. ~Be↵ is parallel to the radius of the cylinder, The exact time-varying field can be
determined by numerical integration over the cylinder geometry.

From the Bloch equations, a NMR sample with net polarization Mz parallel to the axis of the
cylinder (and a Larmor frequency 2~µN · ~Bext/h̄ = ! determined by an axial field ~Bext) will develop
a time-varying perpendicular magnetization Mx in response to the resonant e↵ective axion field
Be↵ given by

Mx(t) ⇡ 1

2
nspµN�NBe↵T2(e

�t/T1 � e�t/T2) cos(!t), (7)

where p is the polarization fraction, ns is the spin density in the sample, and µN is the nuclear
magnetic moment. Mx(t) grows approximately linearly with time until t ⇠ T2, the transverse
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The scalar coupling gs of the PQ axion is indirectly constrained from above by EDM searches and
the lower bound is set by the amount of CP violation in the Standard Model [19]. In the PQ axion
coupling to spin, Cf is a model dependent constant typically expected to be O(1) [20] and in what
follows we assume Cf = 1 for simplicity.

It is convenient to write these interactions that involve spins (i.e. dipoles) using the axion
potential Vas(r) where

Usp(r) = �~rVas(r) · �̂2, (4)

Here Vas(r) =
h̄2gsgp
8⇡mf

e
� r

�a

r for monopole-dipole interactions.

From Eq. (4), we see the axion generated potential by an unpolarized mass thus acts on a
nearby fermion just like an e↵ective magnetic field of size and direction given by

~Be↵ =
2~rVas(r)

h̄�f
, (5)

where �f is the fermion gyromagnetic ratio. However this e↵ective magnetic field is di↵erent from
an ordinary EM field – it couples to the spin of the particle, is independent of the fermion’s magnetic
moment, and is di↵erent for nucleons and electrons. It also does not couple to ordinary angular
momentum or charge, and is thus not subject to Maxwell’s equations. Therefore, it crucially is
not screened by magnetic shielding. A superconducting shield can therefore be placed between the
source mass and detector to reduce background electromagnetic fields.

For a cylindrical mass of radius R, an axion with �a < R will generate a potential a distance
r from the surface of the cylinder approximately given by Va(r) =

gsgpN
2mN

�2
anNe�

r
�a , where mN

and nN are the nucleon mass and density of the material, respectively. Here we assume the NMR
sample thickness is of order �a and the cylinder surface is e↵ectively flat. This is a reasonable
approximation if the sample width w << R. For our sensitivity estimates we numerically integrate
over the actual dimensions of the cylinder. Given the proximity of the sample, non-flatness a↵ects
the overall signal by less than 10%. We also assume the NMR sample thickness is of order �a.

A spin polarized nucleus near this rotating segmented cylinder will feel an e↵ective magnetic
field of approximately

~Be↵ ⇡ 1

h̄�N
rVa(r)(1 + cos(n!rott)), (6)

where �N is the nuclear gyromagnetic ratio and n is the number of segments, for a sample thickness
of order �a. ~Be↵ is parallel to the radius of the cylinder, The exact time-varying field can be
determined by numerical integration over the cylinder geometry.

From the Bloch equations, a NMR sample with net polarization Mz parallel to the axis of the
cylinder (and a Larmor frequency 2~µN · ~Bext/h̄ = ! determined by an axial field ~Bext) will develop
a time-varying perpendicular magnetization Mx in response to the resonant e↵ective axion field
Be↵ given by

Mx(t) ⇡ 1

2
nspµN�NBe↵T2(e

�t/T1 � e�t/T2) cos(!t), (7)

where p is the polarization fraction, ns is the spin density in the sample, and µN is the nuclear
magnetic moment. Mx(t) grows approximately linearly with time until t ⇠ T2, the transverse[1] p: polarized fraction, ns: spin density of sample, T2: spin relaxation time
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Searchable Regime
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[1] J. Beringer et al. [Particle Data Group Collaboration], PRD 86, 010001 (2012)



ARIADNE Proposal

๏ Polarized 3He gas at 4K with precession : ω3He

๏ Rotating mass oscillates force in resonance at : 
n ωrot 

๏ Detect Mx with SQUID

๏ Limit : Transverse spin projection noise

๏ Longer T2 and Higher n3He↑

Bmin ⇡ p�1

s
2~b

nsµ3He�V T2
= 3⇥ 10�19T⇥

✓
1

p

◆s✓
b

1Hz

◆✓
1mm3

V

◆✓
1021cm3

ns

◆✓
1000s

T2

◆

Beff

[1] A. Arvanitaki and A. Geraci, Phys. Rev. Lett. 113, 161801 (2014).

Axion Resonant InterAction DetectioN Experiment(ARIADNE)
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October 16, 2014

Abstract

Axions are CP-odd scalar particles appearing in many extensions of the Standard Model. The well
motivated Peccei-Quinn (PQ) axion can explain the smallness of the neutron electric dipole moment, and
is also a promising Dark Matter candidate. Axions and axion-like particles also generate macroscopic
P-odd and T-odd spin-dependent interactions which can be sought in sensitive laboratory experiments.
We propose to develop and start to conduct a new magnetometry experiment to search for axion-like
spin-dependent interactions between nuclei at sub-millimeter ranges. The experiment involves a rotating
non-magnetic mass to source the axion field, and a dense ensemble of laser-polarized 3He nuclei to
detect the axion field by NMR. The signal from an axion field can be resonantly enhanced by properly
modulating the axion potential at the nuclear spin precession frequency. The method has the potential
to improve previous experimental and astrophysical bounds on axions by several orders of magnitude
and probe deep into the theoretically interesting regime for the PQ axion. The constraints from this
experiment would be orthogonal in parameter space to resonant cavity searches and independent of the
cosmic axion abundance. The experiment is also sensitive to more exotic axion-like particles.

1 Introduction

Axions are light, CP-odd, scalar particles that naturally appear in several Beyond the
Standard Model theories, including String Theory [1, 2]. The QCD axion [3], whose presence
would explain the unnaturally small size of the neutron electron dipole moment, has been
the subject of a number of experimental searches since it was first proposed in the 1970s by
Peccei and Quinn. Today the focus is on cosmic axion searches, as axions can be part or all
of the Dark Matter in our Universe. Axions can also generate novel spin-dependent P-odd
and T-odd short-range forces [4]. Our proposal sources the axion locally and can therefore
constrain axions independently of the cosmic axion abundance.

The allowed axion window can be parameterized in terms of the axion decay constant
fa and mass ma. For the PQ axion, the mass and the decay constant are inversely related
by: ma = 6 ⇥ 10�3 eV

h
109GeV

fa

i
. The mass of the axion in turn determines the range of

the short-range interactions between nuclei, set by the Compton wavelength �a =
h

mac
. Our

proposal will be sensitive to axion masses between ⇠ 10�2 and 10�5 eV (with fa = 109�1012

for the PQ axion), corresponding to interaction distances between matter ranging from ⇠ 30
µm to 3 cm. The best existing bounds on axions come from astrophysics. The PQ axion
decay constant in particular is constrained to be 109 GeV < fa < 1017 GeV. The lower bound
comes from red giant cooling and SN1987a [5], while the lesser known upper bound on fa
arises because the wavelength of a large fa PQ axion is of order the size of stellar mass black
holes. If such an axion existed it would have caused these black holes to spin down through
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Expected Reach
Unpolarized Source Mass with 106 sec integration
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Systematic Effect/Noise source Background Level Notes
Magnetic gradients 3× 10−6 T/m Limits T2 to ∼ 100 s

Possible to improve w/shield geometry
Vibration of mass 10−22 T For 10 µm mass wobble at ωrot

External vibrations 5× 10−20 T/
√
Hz For 1 µm sample vibration (100 Hz)

Patch Effect 10−21(Vpatch

0.1V )2 T Can reduce with V applied to Cu foil
Flux noise in squid loop 2× 10−20 T/

√
Hz Assuming 1µΦ0/

√
Hz

Trapped flux noise in shield 7× 10−20 T√
Hz

Assuming 10 cm−2 flux density

Johnson noise 10−20( 10
8

f )T/
√
Hz f is SC shield factor (100 Hz)

Barnett Effect 10−22( 10
8

f ) T Can be used for calibration above 10 K

Magnetic Impurities in Mass 10−25 − 10−17( η
1ppm )( 10

8

f ) T η is impurity fraction (see text)

Mass Magnetic Susceptibility 10−22( 10
8

f ) T Assuming background field is 10−10 T
Background field can be larger if f > 108

Table 1: Table of estimated systematic error and noise sources, as discussed in the text. The
projected sensitivity of the device is 3× 10−19(1000sT2

) T/
√
Hz

which is less than the field from the Barnett Effect. In the worst case that the impurity spins
are all perfectly aligned and not screened, we expect a residual field of ∼ 10−9( η

1ppm) T for a Fe
concentration η. In this case developing a higher purity mass (at the ppb level) may be necessary
depending on the shielding factor of the Nb coating.

Patch Potentials. The sputtered niobium and metal films which coat the test mass will
generally be polycrystalline, and therefore will exhibit local regions of varying work function and
hence local contact potential differences [52]. Such effects can be measured with a surface probe.
The Stanford team has access to two separate scanning tunneling potentiometer instruments [53, 54]
as well as two STM systems that can be modified to do local potential measurements. Such
fluctuating electrostatic potentials can generally cause time-varying Stark shifts on NMR energy
levels in higher spin nuclei. The 3He nucleus is spin 1

2 and is not sensitive to electric field gradients.
Fluctuating electric patch potentials can drive an oscillating time varying force on the copper heat
shield membrane between the quartz sample container and the rotating mass. Assuming a 100
mV periodic signal, the force on the copper membrane will be ∼ 1.4× 10−8 N. This will cause the
stretched copper foil to vibrate at an amplitude of 5 pm. If this copper foil has an additional 100
mV potential difference with respect to the gold/Nb coated quartz, this can drive the quartz sample
block with a force of 6× 10−15 N. This in turn can vibrate the sample container’s thin quartz wall
with a very small amplitude of 0.5 fm. With a gradient of 10−5 T/m, this causes a magnetic field
background on resonance of 5 × 10−21 T. A voltage can be applied to the copper foil to minimize
the DC component of such coupling, although smaller local variations can remain [55]. We do not
anticipate being limited by patch potentials through either of these two mechanisms. By slightly
increasing the thickness of either the copper foil or the quartz container wall, we can increase their
stiffness and thus further suppress the effect if necessary.

4 Statement of Work

This experiment involves three phases of implementation. Initially, design and assembly work
will be performed locally at each location: University of Nevada, Stanford University, CAPP Korea,
and Indiana University. The second phase involves final construction of the cryostat and testing
the performance of critical components. Following assembly and testing, the experimental cryostat
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Metastability Exchange Optical Pumping

๏ The ground state (11S0)
✓ singlet with L=0 (orbital)

✓ total electron J=0

๏ Total angular moment 
✓ purely nuclear F=I=1/2

๏ RF discharge to populate higher 
excited states (50W, 1~10MHz)

๏ small faction of the atoms in 
23S1 (~ppm) : metastable state

23S1

F=1/2

F=3/2
F=1/2

F=3/2

F=5/2

11S0

F=1/2

F=3/2

F=I=1/2

Radiative Cascade

Excitation by
RF discharge

23P0

Metastable state

Excited state
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MEOP in standard condition
๏ OP with σ+ light at 1083nm 

enables transitions between 23S1 
and 23P0 (C8) with angular 
momentum selection

๏ Population of mF=-1/2 is 
depleted relative to mF=1/2

๏ The electronic optical 
orientation enforces nuclear 
orientation : hyperfine coupling

๏ Net polarization of total angular 
momentum 

23S1 (F=1/2 )

mF=+1/2

σ+
1083nm

23P0 (F=1/2 )

mF=-1/2

mF=+1/2

mF=-1/2

B=0 B≠0 

Metastable State

Excited State
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MEOP in standard condition
๏ Nuclear polarization of 3He by 

metastability exchange 
collision

๏ 3He+3He*↑→ 3He*+3He↑

๏ Net transfer of nuclear 
orientation from 23S1 to 11S0

๏ Repeat whole process to 
accumulate more 3He 
polarization

23S1 (F=1/2 )
3He*↑

11S0

Metastability Exchange
Collision

3He

23S1 (F=1/2 )
3He*

11S0

3He↑

Metastable State

Ground State
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3He Polarization System

๏ at Indiana University

๏ Polarization of 3He and 3He/
4He mixtures by MEOP at 1 
mbar pressure

๏ Compression system can 
produce polarized 3He unto 1bar

๏ Can deliver arbitrary pressure of 
3He or 3He/4He between 1mbar 
to 1bar

๏  Complication of polarized 3He 
transport 

B

[1] D. S. Hussey et. al,  Review of Scientific Instruments, 76(5),053503 (2005)
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CAPP’s contribution 
(Yun Shin, Dong-Ok Kim)
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Compact 3He Polarization Unit
๏ Integrated 3He polarization 

system with
✓ pumping cell, compressor and 

storage are in one single unit

✓ non-magnetic parts

✓ integrated uniform guide field from 
multi coil set

✓ within layers of μ-metal shielding

✓ can be mounted in any position

✓ no field complication
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Uniform Guiding Field
๏ Uniform guide field simulation with OPERA 3D 

✓ six square coils configuration : more volume

✓ less than 1% of field fluctuation with different number of turns for each coil and distances

23
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Magnetic Shielding Room
๏ Dimension : 2.8m×2.5m×2.5m(H)

๏ Built with Coam-Tech in S. Korea

๏ Shielding performance
✓ 0.01 Hz: 200 times or more

✓ 0.1 Hz: 300 times or more

✓ 1 Hz: above 2000 times or more

✓ 10 Hz ~ 400 MHz: more than 10,000 times 

✓ 400 MHz ~ 1000 MHz: more than 1,000 times

๏ Residual Field : 2nT

๏ Field gradient : 0.5nT

๏ will be installed in Creation Hall

๏ plan to improve : with Prof. Fierlinger at 
TMU

24



PIT (Anti-vibration platform)
๏ Creation Hall Experimental area 

✓ Located at KAIST Munji Campus

✓ Seven anti-vibration platforms

25

Frequency Supression Efficiency (dB)
10Hz > -15
20Hz > -25

>30Hz > -35



CAPP Concept

3He Polarization System

PIT

MSR

Setup
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Plan at CAPP
๏ Ongoing R&D in ARIADNE Collaboration

✓ prototype cryostat cold test at Indiana University

๏ Contribute with 
✓ Compact 3He polarization system

✓ Magnetic Shielding (with Coam-Tech)

✓ SQUID (with help from Dr. Yong-Ho Lee at KRISS)

★ Anti-vibration platform (at CAPP at KAIST Munji Campus)

✓ Other improvements

๏ Launch the experiment at CAPP
27



Summary

๏ Various approaches to look for axions at CAPP

๏ Laboratory search for axion from long range spin-
dependent interaction can be very complementary

๏ Improvement in sensitivity can be made from new spin-
dependent interaction experiment
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