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A possible laboratory test for the axions
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Introduction

The axion is a hypothetical light boson with
spin zero which was introduced [1, 2] theo-
retically more than 3 decades ago, following
the Peccei-Quinn solution [3] to the strong CP
problem. The axion is one amongst the candi-
dates for dark matter [4] along with neutrinos,
WIMPS, SIMPS, CHAMPS and Super heavy
particles which could possibly be detected
by neutrino facilities like IceCube. Through
scalar (gs) and pseudo scalar (gp) couplings
with ordinary matter, the axion could gener-
ate a P and T violating force [5] at macro-
scopic distances, of the order of cm, if its mass
is sufficiently small of the order 10−5eV . As
such considerable interest has been evinced
in measuring the force in laboratory experi-
ments [6]. In the KSVZ model [7], the axion
interacts only with quarks but not with lep-
tons, whereas the axion in the DFSZ model
[8] interacts with leptons as well as quarks.
Photoproduction of axions, its inverse process,
bremstrahlung, decay of axions into two pho-
tons, axion production in NN collisions and
in electromagnetic fields have all been consid-
ered theoretically [9]. The CERN Axion Solar
Telescope (CAST) is designed to study such
processes taking place in the Sun. The study
of axion electrodynamics [10] has motivated
the development of topological insulators [11].
Axion search through QED vacuum birefrin-
gence [12] and recent solar axion studies [13]
may also be cited.
The purpose of the present contribution is to
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suggest a laboratory test for the existance of
axions.

Theoretical Calculation

Let us consider that the electron is energised
by the absorption of a photon with four mo-
mentum q1 as in the case of Compton effect
[14]. Using the same notations as in [14], this
could lead to the emission of a photon with
four momentum q2 such that p1 + q1 = p2 + q2

where p1 and p2 denote the initial and final
four momenta of the electron. If axions exist,
the possibility of the emission of an axion with
four momentum k such that p1 + q1 = p2 + k
cannot be ruled out. Therefore, if an exper-
iment is designed to observe the recoil elec-
trons at a given angle φ as shown in fig 1,

FIG. 1: Left: Axion Production, Right: Compton
Scattering.

the energy E2 > m of the recoil electron in
the laboratory is readily obtained using rela-
tivistic kinematics both in the cases of Axion
production and Compton effect. If the axion
is sufficiently heavy, the recoil electron energy
resolution at a given angle φ would right away
reveal the existence of axions. If the energy
resolution is not sufficiently fine in view of the
smallness of the axion mass mA ≈ 10−5eV ,
we propose measuring the spin polarization of
the recoil electron. The Feynman diagrams R
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and S for Compton scattering and RA, SA for
axion production are shown in fig 2.

FIG. 2: Clockwise from top left Feynman
R, RA, SA and S diagrams.

Working in the transverse frame employed
in [14], the interference between the matrix
elements M for the Compton effect and MA

for the axion production leads to a spin den-
sity matrix for the recoil electron with polar-
ization in the q1 − p2 plane, which is absent
if RA and SA do not exist. It is important
to note that the polarization of the electron
in the scattering plane contains terms propor-
tional to the weak coupling constant, whereas
the macroscopic force [5] generated by axion
exchange is proportional to gs gp. Numerical
estimates for the recoil electron polarization at
different φ and for different values of mA and
the weak coupling constant will be presented.

References
[1] S.Weinberg,Phys. Rev. Lett. 40,233(1978)
[2] F.Wilczek,Phys. Rev. Lett. 40,279(1978)
[3] R.Peccei and H.Quinn, Phys. Rev. Lett.

38, 1440 (1977); Phys. Rev. D 16, 1791
(1977)

[4] R.Cowsik and J.Mc Clelland, Phys.
Rev. Lett. 29, 669 (1972); M.L. Perl
et al.,Int.J.Mod.Phy A16, 2137 (2001);
I.F.M.Albuquerque and L.Baudis,Phys.
Rev. Lett. 90, 221301 (2003); P.Sikivie
and Q.Yang, Phys. Rev. Lett. 103,
11001 (2009); M.Kuster, G.Raffalt and
B.Beltran(Eds), Axion: Theory, Cosmol-
ogy and Experimental Searches, Lecture
Notes Phys 741, Spinger, Berlin, Heidel-
berg (2008);Gianfranco Berfone (Ed), Par-
ticle Dark Matter, Cambridge University
Press (2010)

[5] J.E.Moody and F.Wilczek Phys. Rev. D
30, 130 (1984)

[6] E.G.Adelberger, B.R.Heckel, C.W.Stubbs
and W.F.Rogers, Annu. Rev. Nucl.
Part. Sci.41, 269 (1991); E.G.Adelberger,
B.R.Heckel and A.F.Nelson, Annu. Rev.
Nucl. Part. Sc. 53, 77 (2003); Stephen
J.Asztalos, Leslie J Rosenberg, Karl van
Bibber,Pierre Sikivie, and Konstantin
Zioutas, Annu. Rev. Nucl. Part. Sci. 56,
293 (2006); B.R.Heckel, E

..
o t -Wash

Group [Pre-print]
[7] J.E.Kim, Phys. Rev. Lett. 43, 103

(1979); M.A.Shifman, V.I.Vainstein, and
V.I.Zakharov, Nucl Phys B166, 493
(1980)

[8] M.Dine,W.Fischler and M.Srednicki,Phys.
Lett. B104, 199 (1981); A.R.Zhitnitsky,
Sov. J. Nucl. Phys. 31, 260 (1980)

[9] S.J, Brodsky, E.Mottola, I.J.Muzinith
and M.Soldate Phys. Rev. Lett.
56, 1763 (1986); T.W.Donnelly,
S.J.Freedman, R.S.Lytel, R.D.Peccei
and M.Schwartz,Phys. Rev. D 18, 1607
(1978); Y.S.Tsai Phys. Rev. D 34, 1326
(1986); P.Sikivie, Phys. Rev. Lett. 51,
1415 (1983); M.Gasperini Phys. Rev. Lett.
59, 396 (1987); D.A.Dicus et al.,Phys.
Rev. D 22, 839 (1980); C.Hanhart,
D.R.Phillips, S.Reddy, Phys. Lett.B499,
9(2001); Daniel Grin, et al.,Phys. Rev.
D 75, 105018 (2007), [arXiv:astro-ph
0611502]

[10]F.WilczekPhys. Rev. Lett. 58,1794(1987);
[11]M.Franz, Physics 1,36 (2008); Xiao-Liang

Qi, Taylor L.Hughes, and Shou-Cheng
Zhang Phys. Rev. B 78, 195424 (2008)

[12]Hsien-Hao Mei, Wei-Tou Ni, Sheng-
Jui Chen and Sheau-Shi Pan,
arXiv:1001.4325V2[Physics.ins-det] 31Jan
2010

[13]V.D.Rusov et al., arXiv:1009.3340V3
[astro-ph.SR] 15Nov,2010; A.V.Derbin,
A.S.Kayunov,V.N.Muratova,D.A.Semenov
and E.V.Unzhakov,Phys.Rev.D83,023505
(2011); J.Galan,arXiv:1102.1406V1[astro-
ph.EA]7Feb 2011

[14]R.P.Feynman, Quantum Electrodynam-
ics, W.A.Benjamin Inc., 1961


