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Outline

� Why look for an axion?
� What do we know about the axion?
� Who is looking for an axion?

How can we learn more?

Part I: Axion Theory and Experiment Review

� How can we learn more?
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� Tests of Gravity, Equivalence Principle, Lorentz 
Symmetry

� Axion Search

Part II: Torsion Pendulums and exotic forces
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Most Discussed Models:

� KSVZ: “Hadronic.” One super-heavy quark. 

� DFSZ: “GUT.” Quarks and Leptons. 
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detector

Axions decay here
a®gg

20 GeV electrons

earth shield

axions produced here
via Primakoff effect

Beam Dump: SLAC E137
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Primakoff Process:

•Our Sun

•Life time of HB Stars

Compton Scatter:

•Our Sun
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Charged Bremsstrahlung: 

•Degenerate Red Giants

•White Dwarfs

Neutral Bremsstrahlung:

•Supernova

G. Raffelt, Stars as Laboratories for 
Fundamental Physics, 1996

-e or nuclei

-e or nuclei
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G. Raffelt, Lecture Notes in Physics 741 (2008)



. ���������	
���  ���
�����������
��
��
������
��
�	
����#E��%�/�	��8���
	�

a+«+ ppp

p

a
p

pgor  g

��
�

�
��
�

�
@W

)(*
10

130
2

D

a
a TgeV

m
h

8
�����		� 
���� �?/�A=�A=�A=�A=�)0(')'&?*�&@))A*

()

$�	��������
���������
�	��
����
	������������ ����

eVma 4.0<



. ������� �	
���  ���
�������������
������
�
������ ���
�"��
�/�	��8���
	,

112.022 =W<W hh dma

+��������������
���������� �������	������
	�
,

afT <reheat
8��������
���4���

����� 1�
�
 <  
����
�
���
������� �
�"/�G�����

afT >reheat

8��������
�����
�
#$�	���%�/
���

2iq$�����
��>
����-��
��

�������� A0(A0(A0(A0( &@))B*

((

iq

�"/�G�����

6/7
22 eV 1

3.1 ��
�

�
��
�

�
@W

a
ia m

h
m

q

2

inf2

2 ��
�

�
��
�

�
>

a
i f

H
p

q

D
��	��� 
���� �?/�A:�A:�A:�A:�()':)A�&@))A*

1iq

6/7

2 eV1
3 ��

�

�
��
�

�
@W

a
a m
h

m
6/7

eV 1
100 ��

�

�
��
�

�

am
m

eV10m>am eV300m>am

�������� A0(A0(A0(A0( &@))B*

D����
���
�$�
���	
��
���	����HFF)F@'(

4	4	4	4	



Excluded by 
understanding:

•Supernova 
1987A

•HB Lifetime

•White Dwarf 
cooling rate

•Hot Dark Matter

•K+��� � pppp++a
Fine Tuned Inflation

Battye and Shellard 
Axion “Strings”

Hagmann and Sikivie
Axion “Strings”

dma W<W
.�������������
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Torsion Pendulums?

UCN?

•K ��� � pppp +a

10 meV 1000 meV

Microwave Cavity
Experiments ������ ������� ������� ������� ������ ��������������� ����
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10,000 meV

20 mm

ma = 1meV

l a = 20cm
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for                   , flux < 2.9 1011 a/cm2/sec    JCAP04(2007)010-111GeV108.8 -´<ggag eV 02.0<am
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For ma=1 meV:
Expect 1016 axions/cm3 , 
v ~ 100 km/s
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ADMX exclusion bounds
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K. Yamamoto et al hep-ph/0101200
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PVLAS observed:

•A dichroism of 3.9 0.5 10-12 rad/m 

•A birefringence of 4.5 10-12 rad/m 

•Consistent with a scalar particle.

-16GeV102   meV 1 -´»» fgggma

Zavattini et al PRL 96 110406 (2006)

@)

•Inconsistent with astrophysics and cosmology.

•Inconsistent with Eot-Wash 1/r2 limits by 1011.

Zavattini et al PRL 96 110406 (2006)

Excluded by PVLAS upgrade 

Zavattini et al arXiv:0706.3419
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Four experiments have results:

Experiment Sensitivity Reference

Robilliard et al (LULI) PRL 99 190403 (June 2007)

GammeV / Fermi-Lab A.S. Chou et al PRL 100 080402 
(2008)

OSQAR/CERN P. Pugnat et al PRD 78 092003
(2008)

(95%)  GeV102.1 -16-´<fggg

(99%)  GeV105 -17-´<fggg

(95%)  GeV105 -17-´<fggg

@@

(2008)

LIPSS/JLAB A. Afanasev et al PRL 101 120401 
(2008)

fgg

Experiment Reference

ALPS/DESY arXiv:0905.4159 (May 2009)

One experiment is still working:

(95%)  GeV101 -16-´<fggg
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Moody and Wilczek PRD 30 130 (1984)
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Advantage: Does not depend on cosmology or astrophysics.

Disadvantage: Coupling proportional to qQCD.
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Hammond et al PRL 98 081101 (2007)

Measured torsion angle of levitating 
pendulum as polarization of adjacent 
magnet flipped.

W.T. Ni et al PRL 82, 2439 (1999)

Measured the induced magnetization of 
a paramagnetic salt as a function of the 
position of a copper mass. r~6 cm.
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Outlook…

•The axion remains a compelling solution to the 
Strong CP Problem and a well motivated dark 
matter candidate.

•Experimental community is vibrant

26

•Experimental community is vibrant

To be continued after lunch…To be continued after lunch…


