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In the magnetic field of pulsars, photons can convert in arions, which are massless Goldstone 
particles. It is shown that this can lead to the new constraints on arion properties. 
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1. INTRODUCTION 

Investigation of neutron stars as well as other astrophysical considerations can 
lead to constraints on new particle properties. For example one can obtain some 
information about neutrino dipole moments or about the axion mass from the 
analysis of young NS cooling ([l]). We shall consider, on the classical level, how 
the existence of another particle, arion ([2]), can affect the radiation of a NS. 

Arion is a pseudoscalar Goldstone particle very similar to the "invisible" axion. 
The only phenomenological difference is that arions are strictly massless. So, all 
the constraints obtained for axions can be applied to arions as well. In particular, 
the arion-photon coupling constant must be g 5 10-"' GeV-'. 

2. PHOTON-ARION OSCILLATIONS 

Let us consider the plane arion and electromagnetic wave ($l)e'f"'-k") propaga- 
ting along the z-axis in a medium with the refractive index n (181 = 11 - nl << 1) in 
the presence of an external transverse magnetic field B(B, = 0). Here A , ,  denotes 
the amplitude of electromagnetic vector potential of the wave polarized along B 
(the wave polarized perpendicular to the field does not interact with arions), Q, 

denotes the arion field. B is supposed to be constant and homogeneous. 
The arion coupling to  the photon has the form: 

L~~~ = ~ ~ F P ~ F , , .  

So our plane wave must obey the following equations of motion: 

We use natural units with h = c = 1, (Y = A. 
313 
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The matrix in (1) has nondiagonal terms; hence if there was a “pure photon” at 
z = 0 (i.e., A,,(O) # O  and q ( 0 )  = 0), then, at z > 0, two waves with q f O  
propagate, each with its own speed and amplitude. Their wave numbers can be 
found from (1). As a result we have the following expression for the intensities:? 

Thus one can easily see that, in the presence of external magnetic field, a part of 
photons transforms into arions, which in their turn transform into photon, and so 
on. The size of this part is determined by the value of x.  We stress once more that 
all the above applies only to the wave polarized along B. So we can expect 
birefringence effects. 

3. OSCILLATIONS IN THE MAGNETIC FIELD OF STARS 

To estimate the effect of the photon-arion interaction on the radiation of a NS we 
adopt the following simple model. Let this radiation be a plane wave propagating 
in plasma with constant electron number density N, along the radius lying in the 
equatorial plane of magnetic dipole: 

1 4 n a  N, 7 4a2 
= 2 - (-) me 02 - 5 (m) B2. 

Hence x = ( a / w )  - bw, with a = 10-7N,/Bg and b = (1OP2’/4g)B. 
Since B is not homogeneous now, ( 2 )  cannot be used directly. So we simplify 

the model by assuming that photons convert into arions only on the interval (to, 
z , ) ,  where 1x1 << 1 and by neglecting here x in comparison with 1. 

Then we have 
ZI 

I,, = 1 - sin2 $gl,, B ( y )  dy  = 1 - sin2 A. (3) 

w E ( O * - d ,  O * + 6 ) .  (4) 

The condition 1x1 < 1 is equivalent to the requirement 

Here w *  = v m - ,  S = 1 /2b  and wO= is such a frequency that 

The requirement A > C together with (4) yields a system (5) showing the limits 
& (w0)  = 0. 

within which one can expect to observe the arion-photon transition: 

Here R,, is the radius of the star and Bo E B(Ro).  

t The analogous expressions were obtained in [3], [4]. 
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4. POSSIBLE EFFECTS 

We see that, for a star with a strong magnetic field, the radiation in the range (5) 
can be strongly affected by the photon-arion interaction (if we choose C >> 1). 

One can expect the following effects: 
1) The intensity qf electromagnetic waves drops (unless they were polarized 
perpendicular to B from the beginning). 
2) The unpolarised component of radiation acquires a partial linear polarization 
P, when A<< 1, P, - A2. 
3) The polarized radiation turns its positional angle. 
4) The ellipticity changes. Indeed, when 1x1 << 1 

k+  - k-  
2 

cos ___ 2 
A - ei (kc+k- ) /2  

II - 

and 
2 2  

A ( A @ ) = ( S + Y ) z .  

We took into account in (6) that o >> Bg. 

5. NEUTRON STARS 

The probability of the photon-arion transition is proportional to the product of 
the magnetic field strength B and the radius of the star. Therefore NSs are good 
candidates for observing this effect. Let us use (5) for an analysis of a concrete 
situation. 

We have from (5) the following conditions: 
A 

g 10I2G A 3f2 

(c) (10-12 GeV-l) (x)* 
Rankin ( [ 5 ] ,  see also [6]) has studied the profile morphology and polarization 

characteristics for a large number of pulsars and has come to the conclusion that 
pulsar radio emission arises in two distinct beams which are generated at different 
distances from the NS. The so-called core emission, the one which dominates at 
frequencies around 400MHz, is generated in the close vicinity to the NS. It 
exhibits circular polarization predominantly, shows no evidence of a periodic 
subpulse modulation and has a steeper spectrum than the emission from the 
hollow cone. The hollow cone emission is generated at light-cylinder distances. 

Keeping this fact in mind, one can expect a stronger effect of the photon-arion 
transition for core-cone emitted pulsars. 

If we substitute B,, = 101’G, Ro = lo6 cm into (7) we find that 400 MHz satisfies 
(7b) and one can hope to observe the effects mentioned above up to g =  

GeV-’ (with C - 1). And delicate effects (C - 0, 1) can be expected even up 
to g = GeV-*. 



D
ow

nl
oa

de
d 

B
y:

 [B
oc

hk
ar

ev
, N

.] 
A

t: 
11

:5
5 

19
 D

ec
em

be
r 2

00
7 

316 Y U .  N. GNEDIN A N D  S. V.  KRASNlKOV 

In particular, note that under these conditions 

and arions can affect the ellipticity. 

References 
[ I ]  G.  R .  Raffelt (1990). Phys. Rep. 198, "1, 2. 
(21 A.  A .  Anselm and N .  G .  Uraltzev (1982). Phys. Lett. 116B, 161. 
(3) G. R .  Raffelt and L. Stodolsky (1988). Phys. Rev. D37, 1237. 
141 A. Anselm (1988). Phys. Rev. D37, 2001. 
[5] J. M. Rankin (1983). Ap. j . ,  274, 333, 359. 
[6] J .  M. Taylor and D. R. Stinebring (1986). Ann. Rev. Asrr. Ap . ,  24, 285. 


