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The strong CP-Problem -

The non-trivial vacuum structure of QCD predicts violation of CP-
symmetry:

g From neutron EDM we get:
Gb G’” =
327 ~0-107"° ecm <3-10™° ecm

L=6-%

Original proposal for Axion (R. Peccei, H.Quinn PRL 38(1977),1440)
as possible solution to the ,,strong CP-Problem® that cancels the CP
violating term in the QCD.

a g b ~uv g i
L, = Cf o G,G, <a> E with: maocz

AXIONSs: Light and weak interacting particles.
Modern Interest: Dark Matter candidate.



LS —

SN 1987A:  Too many

Too much Dark  Too much events in
Stri dark matter Matter €netgy loss  detectors
Scenaro " TN I
Inflation — Lol i i
Scenario ; axionmass | Globular cluster stars

‘ window 3
| Illlm IIIIIH]| |I|IIM |IIIII LI IIII|[II| Illllmf |||H||I |||||III |||||III ||||||I‘ ||||||||| |||||||I| |||||III -
neV ueV meV eV keV

g1 |Iﬂ||||| hIJIIII |iIIIIIII |NII||| |U||I||I hUIIIII |LUIII|| hIIIIIII IHJIIIII [NIIIIII ||||IIIII hIIIIII M
f,10% 102 107 100 10?
[GeV]




LS —

SN 1987A: Too many

Too much Dark  Too much events in
String dark matter Matter €netgy loss  detectors
Scenarlo W W \\\\\W
Inflation — LiiiHEREEEEEN A
Scenario i axion mass | Globular cluster stars

f window i
| IIIIIUJ‘ IIIIIW| ||IIIU|I |l|||l LI I|I||lll| Illllm ||IHIII |||||||I| ||||||||| ||||||I‘ |||||||| |||||||I| |||||||| -
neV ueV meV eV keV

DIRECT

Tele-
g UL b1 b |||| AoV AT AT [scope) fy, d aporatory DETECTION
f,w® ot 1?7 100 10?
[GeV]




‘\

Yukawa type potential with monopole-dipole coupling [1]

Axion Potential:
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Axion Potential:

Yukawa type potential with monopole-dipole coupling [1]

~ - 1 1)\ _ 7
V(r)=Kn°G(—+—2)e i N
Ar 1
g\..... ceee
with: K = 558 , A= i —
8rm, m c N, N

=> Indirect search of the axion via the axion potential in the range

of the ,axion mass window": 10° eV < m <1072 eV
10°m < A <10 m

[1] J.E. Moody and F. Wilczek. Phys. Rev. D, 30, 130 (1984). 4
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Principle of measurements
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How to measure?

4 N
[ unpolarized W e (t) =W e (t) T
3He — matter
:: Bi,Ge,;0,, crystal with: a)L,He (t) = )/He ) B(t)
— A w =2xv =2V /h
Position: close — Sp Sp
é
4 )
“He (Ddistant (t) = (DL,He (t)
\_ J

Position: distant

Requirement: o, , (7) = const.
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Principle of measurements
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3He/12°Xe Co-magnetometer
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Experimental Setup
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7 layered magnetically

=3~ shielded room

o

#" & (residual field < 1nT)

J. Bork, et al., Proc. Biomag 2000, 970 (2000).
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Helium:

T,* ~ 53 h
SNR ~ 7500

Xenon:

T,* ~5h
SNR ~ 2250




Data Analysis
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1. To cancel magnetic field influence we calculate the weighted phase
difference:
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2. Temporal dependence can be described by:
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Exclusion Plot

Excluded region
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Free spin precession of 3He and 22Xe
with long spin coherence times:

T,,.~353h T, = 5h

2.Xe
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* Improvement:
Direct contact of spin probe and crystal — more sensitive to A <1 mm
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« Free spin precession of *He andee\

‘
with long spin coherence times:

T,,.~353h T, = 5h

2.Xe

longer T7, v, — increase of sensitivity (o, ~ 1/7°7)

Clock comparison experiment
Spin-dependent short-range interaction:
2
gs8p I
/()= Etr )
4

o, ﬁ)[% + Lz] e‘”/l J.E.Moody, F.Wilczek PRD 30 (1984), 130
r 2

n

Av,, = (2.9 3.6) nHz —> 3(Av,)

_ =7.1nHz (95% CL)

* Improvement:

Direct contact of spin probe and crystal — more sensitive to A <1 mm

THANK YOU!
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