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Introduction
Introduction

Axion is one of most probable candidate for Cold Dark Matter
The Peccei-Quinn symmetry violation scale

f, > 108 GeV (PDG 2008)
The experimental detection of the axion is a complicated problem

The efficient axion production is possible in the extreme conditions
of magnetars B ~ 10'* — 10*®> G > B,

Be = m?/e ~ 4.41 x 1013 G.
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Introduction
Introduction

The electron number density in the region of closed field lines is
estimated as (Lyutikov et. al. Astrophys. J. 2002)

1 10k
n~5-.10° < Orad/s> ( 0 m) ngy > ngy,

Q Rns

where

B 10s
~ 2. 13 -3
ngy~3-10"cm <1OOBE> <P >

is the Goldreich-Julian charge number density.
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General reaction
General reaction

We have consider the production of axions in the general reaction
i — f + a. The initial (i) and final (f) states can involve the

electromagnetic multipole components of the medium.
a
|
[}

S

It is easy to see that the process under consideration can be
resonant owing to the presence of a virtual photon.
A similar situation for the region close to resonance was recently
considered (V.V. Skobelev JETP 2007. Vol.132. p.1121)
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General reaction
The effective va interaction constant

ga'y = 8 Tt Ag‘ﬁ T Agpﬁf/

L. A. Vassilevskaya et al., Yad. Fiz. 62, 1662 (1999) N. V. Mikheev
and E. N. Narynskaya, Mod. Phys. Lett. A 21, 433 (2006)

8ay W Agﬂ are not take into account in the paper V.V. Skobelev
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General reaction

The effective Lagrangian and amplitude of the process

i— f+a

The effective Lagrangian ~ya interaction
Lay(x) = garF™ [0, A(x)]a(x) +
- 2g;ff [d (x) 77595 (x)]0ua(x) +
+ Qrlbr ()7 (X)) Au(x)
The axion-photon and axion-fermion couplings

8ay = a&/27hs,  gar = Crmp/fa, &, Cr~ 1
Amplitude

MIM., ., - ~
i Mya= ’ga'y(qu/)

a

imf = 7 q2 — PE(q)’

Frv is the dual tensor of the external field
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Photon and axion dispersion

Photon and axion dispersion properties

Resonance condition wg = 4”—,7?‘" > m>

2 m; =P (q")

w /

TN

k2

k*Q
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Photon and axion dispersion

Polarization operator

The photon is unstable in active medium
PE) =R — i
The S is due to the processes of the absorption and emission of
photons in the plasma

= w' (ew//T — 1) rcrv
rcr = Z/|M7}|2d¢n‘a
if

(Weldon, Phys Rev D 1983)
d®;r is the phase volume element of the states i and f for the
process i — f + ~. Summation is performed over all of the possible
initial and final states.
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Photon and axion dispersion
Axion emissivity

Taking into account the above consideration, the axion emissivity,
due to the reactions involving the particles of the plasma, can be
represented in the form

0— / do' | M,.|? S
/T —1 (q2—R)2+32°

do’ s is the phase volume element of axion.

_ &K
= rPow

Near the resonance, the last factor of the integrand can be
interpolated by the ¢ function

3 12
(q/2_%)2+%2:7r5(q - R).
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Photon and axion dispersion

Resonant axion emissivity

The axion emissivity in the resonance region, owing to the reactions
involving the particles of the medium, is certainly expressed in
terms of Q.

Q ~ Q‘/%a = ga%y(eB)z /1 dX ZEk(ESEq)z

22 i ew/T -1 ’1 _ dw?

k=k*

dk?

Here x = cos 0,
k* = k*(0) is a root of the equation
w2 (k) = m2 + k2,
$ap = Fap/B,
Z7l=1- % corresponds to the renormalization of the photon
wavefunction.
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Photon and axion dispersion
Particular cases

o Weakly magnetized dense plasma, m? < eB < T2, /2

o B(eBP (k)
48m2q ek /T — 1’
(Mikheev et al. Phys. Rev. D V.58. P.055008. 1998)
o Strongly magnetized plasma eB > m?, 12 > T2, gay = gay

o When the axion mass is the smallest parameter of the problem,
W, T>>m, ~107° eV
_ 1)

2 2
Q~ &,(eB) w3(1 +n)°2 exp | 2
16m2cc P 7P/ T

w2(i€*) _ mg + k*2

-1

1
1+=
"

owp>>7_fvma

2 2
ga'y(EB) Tm2 e_wP/T
16m2a a ’
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Number of axions

In addition to emissivity, it is also of interest to estimate the
number of axions produced in the magnetar magnetosphere in unit
volume per unit time through the above resonant mechanism

dN g7 (eB)? /1 dx  kZ.(epq)?
dtdvV 32720 1 ew/T—lw‘l_dWZ

k=k*

dk?
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Number of axions

Strong field limit eB > m?, uz > T2

° wp, T >m,
dN _ g3(eB)* ,1+1 wp 1 -
~ ot R B
dtdV 16m2a P n? &P i n ’

@ wp>T ~m,

2 2
N EBP TR
dtdV 16m2a  wp
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Number of axions

In particular, for the number of axions produced by the CMB
radiation
T ~m,~10"3eV, B= 1008,

The resonant scattering is possible npmi, ~ 10> cm™3
dVdt cmi s
For magnetar magnetosphere we obtain V ~ 1019 cm3,
d7N ~ 102%° L
dt 5

In the most optimistic variant, estimating the number of magnetars
in the Galaxy as Npag ~ 10°, they produce Nyor ~ 105 axions in
t ~ 10% yr. Therefore, the number density of axions in the Galaxy

should be

n,~1072 em3 < n~10" cm3
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Conclusion

@ We have considered the resonant photoproduction of axions in
the general reaction i — f 4 a. It has been shown that the
calculation of axion emissivity owing to this process is reduced
to the calculation of the emissivity of the photon — axion
transition.

@ The number of axions produced by the equilibrium cosmic
microwave background radiation in the magnetar
magnetosphere has been determined.

@ It has been shown that this mechanism is inefficient for the
production of axion even at the plasma density n ~ 10> cm~3.
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