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Abstract

It isshown that the drift waves near thelight cylinder can cause the modulation of emission
with periods of order several seconds. These periods explain theintervals between
successive pulses observed in " magnetars' and radio pulsarswith long periods. The model
under consideration givesthe possibility to calculatereal rotation periods P of host

neutron stars. It isshown that P S 1 sec for the investigated objects. The magnetic fields at
the surface of the neutron star are of order 10** —10" G and equal to the fields usual for
known radio pulsars.

Magnetar s

Table 1. Observed parameters of well studied AXPs and SGRs.
(fp ispulsed part of emission (Kouveliotou et al.1999,1brahim et al.2003, Kaspi
& Gavriil 2004), Wy pulse width)

Ne Source Pobs (S) (dP/dt).11 | log Ly fo (%) W,/Pops
(erg/s)
AXP
4U0142+61 8.69 0.196 34.52 ~88 0.53
1E1048-5937 | 6.45 ~3.81 34.53 ~80 0.44
RXS1709- 11.00 1.86 35.83 ~73 0.67
4009
: 1E1841-045 11.77 4.16 35.36 100 0.64
5. 1E2259+586 | 6.98 0.0483 35.00 ~50 0.48
6. XTEJ1810- 5.54 1.15 36.20 ~70 0.41
197
SGR
SGR1806-20 | 7.48 0.083 35.30 ~2.5 0.65
SGR1900+14 |5.16 11 34.48 ~5 0.38
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If follows from the model of the magneto-dipole slowing down, that magnetic fields
B at the surface of a neutron star in AXPs and SGRs must be 10* — 10" G, two
orders of magnitude higher than fieldsin " normal" pulsars. It was suggested that
X-ray radiation took its energy from a magnetic reservoir. In this case the total
ener gy of such reservoir is

E=(B%8n)(4n R*/3)=1710%-1.710" erg, (1)

where R = 10 km isthe neutron star radius. The X-ray luminosity of SGR 1806-20 is
2 10* erg/s. For E = 10 erg this source will exist during 10° yearsonly. Ener getic
difficulties become more seriousif we take into account that SGR 1806-20 injects
relativistic particlesin the ambient SNR with therate ~10* erg/s (K ouveliotou,
Dieters, & Strohmayer 1998). In this case the magnetic reservoir will be exhausted
during 360 years. However the age of SGR 1806-20 is 1400 years.

Toavoid thisdifficulty it is necessary to postulate the existence of magnetic fields
B ~10"° G inside a neutron star (Thompson, & Duncan 1996).

It iswell known that the necessary stage to generate pulsar radio emission is
creation of electron-positron pairs. But a gamma-quantum will convert in very
strong magnetic fields (B >> 10" G) into two other gamma-quanta (Baring, &
Harding. 1998). Therefore AXPs and SGRs must be radio quiet objects. However
Shitov, Pugachev, & Kutuzov (2000) detected radio emission from SGR 1900+14
and Malofeev et al.(2005) registered pulsed radio signals from AXP 1E2259+586.

So thereisthe alter native: either we do not under stand how radio pulsarsradiate
or magnetic fields of AXPsand SGRsare much lessthan 10" — 10 G.

The braking index n isequal to 3 for the magneto-dipole slowing down. However
the data of Shitov et al. (2000) have given n = 0.20 £ 0.47 for SGR 1900+14. Hence,
the basic suggestion on the magneto-dipole braking isnot correct.

Other models

1. Accretion (see, for example, Marsden et al. 2001). Accr etion from ambient
plasma gives an additional energy sour ce for Bs~ 10" G and it is not necessary
to suggest super -strong magnetic fields. However the accretion from the
interstellar medium can provide luminosities L ~ 10* erg/s, much less than the
observable ones (see Table 1). If accretion is connected with arelic disk then
time of life of thisdisk isvery small and such accretion does not describethe
observed slowing down of AXPs (Li 1999). Plasma from a secondary component
could explain the observed luminosities for therate of accretion dM/dt ~ 10™*
but there wer e any evidences of such companionsin all AXPsand SGRs.

2. Paczynski (1990) and Usov (1993) proposed the model of white dwar fs with B
~10® —10° G. But the reasonable models of white dwar fs give log (dE/dt) ~ 36.
It isnot enough to explain injection of relativistic particlesin ambient SNRs.
Moreover extremely short periods of white dwarfsarerequired.

3. Strange stars (Dar & De Rujula 2000, Usov 2001)). The existence of these
objectsisrather problematic, and the possible models are not wor ked out.

4. Free precession of a neutron star can have periods of order 10 seconds
(Shaham 1977, Sedrakian et al. 1999) but such long living precession is doubtful
realized. Shaham (1977) wasthe first author who said that the pulse period was
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not equal to the rotation period but was deter mined by the other periodic
pr ocess.

We believe also that the interval between two successive pulsesis not equal tothe
rotation period .
Inthisreport we discuss a drift model for describing the “magnetar”
phqu)menon using usual values of magnetic fields at the surface of a neutron star By
~10°G.

M echanism for changing the field line curvature

Aswas shown by Kazbegi et al.(1991), transver se electr omagnetic drift waves
could be generated in the magnetospher e. These waves propagate almost
per pendicular to the magnetic field and ar e char acterized by the frequency

0o = Re® = ky u,” 2

and the increment
nb YI03/2

)Y? Ky Uy 3
np Ypllz

In (2) and (3) k isawave number and u isadrift velocity
Vo Yr
U = : (4)
p OB

where p istheradius of curvature of thefield lineand y, istheLorentz factor of the
resonant particles.

Thisincrement is quite small: when y,~ 10° and Yo ~ 10, weobtain I" ~ 10" wy.
However, since the wave is almost per pendicular to the magnetic field, it propagates
around the magnetosphere and islocated in the generation region for along time.
Asaresult, the amplitude of the drift waves can increase to large values (K azbegi et
al. 1991) via the kinetic ener gy of the particles moving along the magnetic field with
velocity V., while the wave remainsin nearly the same place. Itsamplitude
increases until nonlinear processes (in particular, induced scattering by the
particles) begin to transfer wave energy to the region with the minimum wave
number Kk (i.e., the maximum wavelength Aa ). The value of A.x depends on the
transver se size of the magnetospher e, which can beidentified with the radius of the
light cylinder r c =cP/2r .

The resulting change of the field line curvatur e caused by such drift wavesis

K=(1—-keyr B, /By)/Ir (5
If ko r >>1 the change of K may be significant. Asfar asradiation is emitted along

a tangent to thelocal direction of magnetic field the change of its curvature leadsto
the change of the radiation direction.
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The modd under consideration

L et usconsider the case of small angles 8 between the rotation axis of a neutron
star and the vector of its magnetic moment p (Fig.1). Radiation from such object
can beregistered during almost all its period. If a distur bance of field lines takes
place due to theinteraction with the drift waves, an additional emission appears.
This part of emission missed the line of sight before such interaction (the broken
linein Fig.1). Now it goesto the observer (thesolid linein Fig.1). Thispart of
emission has pulsed character. Itsperiod is Py = 2 /®g,, and such emission
explainsthe main properties of " magnetars". Thisperiod deter minesthe interval
between observed pulses:

Par = 21/ (Kg Uy ) = Agr /Ugy” (6)

Aswe noted earlier the maximum value of the wavelength was Ama = € P/27. In this
case taking for the curvatureradiusvaluep =c P/ 2a we can write (Malov,
Machabeli, & Malofeev 2003):

Pe™ =eBP*/(4n°mcyp) (7)

To obtain the observed value of the pulse period Py, " ~10 s we must fulfil the
following equality:
BP? =2245G (8)

Here we put v, = 10°. If magnetic field is dipolar and itsvalue at the surface of a
neutron star is B~ 10 G then B ~ 1000 G at distancesr ~ 1000 R. The rotation
period of such a star must be equal to P = 0.15 s accor ding to the equality (9). Hence
"normal” magnetic fields of
neutron stars can explain observed periods of " magnetars' Py,s~10sif thereare
drift wavesin thevicinity of the light cylinder. If therotation period P = 2 sand the
value of the surface magnetic field Bs = 10 G, then P4™ =~ P~ 2 sat thelight
cylinder. In thiscase drift of subpulses can be observed (Kazbegi et al. 1991).

The equality (7) gives the possibility to link the observed derivative of the period
(dP/dt)4, with thereal rate of the owing down of the neutron star rotation dP/dt:

(dP/dt)y = eB P dP/dt /(272 mcyp) 9)

The dependences (7) and (9) show that if there are jumps of the rotation period
and its derivative (“glitches’) then similar jumps must be in observed values of Py,
and (dPg,/dt) aswell.

Taking into account two peculiarities of objects under consider ation, namely i)
small angles p between rotation and magnetic axes (p < 10°) and ii) small rotation

periods (P < 0.1 sec) we can estimate the expected number of AXPs and SGRs
among the known radio pulsars. Thefirst group (i) contains about 10 % of the
whole pulsar population, if neutron stars areformed with an arbitrary angle p. The
second one (ii) number approximately 0.1 part of all pulsars. So, we can expect ~ 1
% of “magnetars’ in the whole sample of 1500 radio pulsars. In fact, we observe
about 15 such objects.
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So, our model can describe all main characteristics of the known AXPs and SGRs
Radio pulsarswith theregistered X-ray pulsed emission are characterized by the
mean value of the parameter y,%* /vy, = 4,37 10° (Malov 2003). We take this value
for our sample. The estimate for the synchrotron luminosity can be obtained for
AXPsand SGRsfrom L,, if wetakeinto account the beam width and the
per centage of pulsed emission:

L = (W/P,)? fo Lx (10)

Then we can calculate P, dP/dt and B from (7),(9) and the following equality (
Malov 2003):

32 ae |y, ¥?dP/dt
L = , (11)
32 m1/2 C3/2 P7/2 ’sz

We have
(PH )-11
P(s)=832107] 125, (12)
(I—x)34 (W/ I:)obs )2 I:)obs f pl
P (dP/dt)gps
dP/dt = —— | (13)
2 Pobs
B (G) = 22.45 Py | P? (14)

We assumethat | = 10® g cm? and y, = 10”. The results of our calculations can be
seen from Table 2.

It isworth noting that the values of dE/dt in Table 2 is higher than 10* erg/sfor
many objects and they are quite enough to explain the observed injection of
relativistic particlesinto ambient SNRs. Moreover the objectsin our sample and
radio pulsars with X-ray emission have asarule short periods. For AXPsand
SGRsin Table2 <P> =89 ms, and for 41 pulsarsfrom the paper of Possenti et al.
(2002) <P> =128 ms.

The values of magnetic field in the region of observed X-ray emission have been
calculated without any additional assumptions about its structure and value B at
the surface of a neutron star. If emission is generated at the light cylinder and this
field isdipolar we can estimate Bg(Table 2):

logBs=11+1logB + 3log P (15)

The mean value < log Bs > = 11.73 issimilar to the strength of the surface field for
normal radio pulsars.

In our model we can expect a modulation of observed emission with therotation
period. The detection of such modulation will be the good evidence of the vitality of
this model.
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Fig.1. Scheme of the model
Quiescent X-ray emission and gamma-bursts from AXPs and SGRs
Transitions between Landau’s levels lead to the for mation of spectral lineswith
energies

em'en:(p"mz'p"nz)/zme:hnOS, (16)
S=(m-n) =12 ...
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Fig.4. Location of AXPs and SGRs on the diagram (dP/dt)- P in the frame of
our model (black circles) and the “magnetar” model (Woods, &
Thompson 2004).

L ines corresponding to such har monics have been detected in fact (Rea et al.
2003). They correspond to B ~ 10" — 10" G. There are some attempts (see, for
example Zane et al. 2001) to inter pret them as the absor ption lines of non-
relativistic protonsin magnetic fields ~ 10 10" G. However accordingtoHo et al.
(2002) the vacuum polarization effect suppresses proton cyclotron lines and other
spectral features due to bound species. Mor eover in this case the electron cyclotron
linesin therange near 1 MeV must be observed. Their detection will be the good
evidence for the magnetar model. In our model such lines must be absent in spectra
of AXPsand SGRs.

The frequency n inthe observer’s coordinate system depends on the frequency ng
inthe system whereV) =0:
(1 _V?/ 2 )1/2
N=Ng %%% %% %% , (a7
1-VCosalc

Here a isangle between the particle velocity and the line of sight.
If the L orentz-factor of emitting particles g>> 1, and the angle a issmall, the
formula (9) can be presented in the following form:

2 Ng
N=%%%Ya¥a (18)
1/g+a’g

If a? g<< /g then n»2ny,g For 1< a’gs 10 and B ~10" G theelectron
cyclotron frequency isin the soft X-ray range ( 1 — 10 keV) in the observer’s system.
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This emission can penetrate through the € - magnetosphere and arrivetothe
observer. The diapason of angles a can be very wide, and the distribution function
of emitting particlesis not mono-ener getic, ther efore the resulting spectrum must be

wide too.
Table 2. Calculated parameters of AXPs and SGRs.
No Sour ce P dP/dt |logL |log |[log - logBs
(ms) (erg/s) | B (dE/dt) |logn | (G)
10" (G) |(erg/s)
AXP

1. 4U0142+61 1981 223 |3391 |570 |37,06 3,15 | 11,60

2 1E1048-5937 |87.22 12,58 |33,72 |4,28 |37,18 3,46 | 12,10

3. RXS1709- 11.84 |10 35.35 | 6.25 |38.38 3.03 | 11.46
4009

4. 1E1841-045 22.41 |40 3497 |5.72 |38.14 3.17 | 11.77

5. 1E2259+586 [10.75 |0.372 |34.06 |6.13 |37.07 3.01 [11.22

6. XTEJ1810- 13.78 |14 35.27 |5.82 |38.33 3.06 |11.24
197

SGR

1 SGR1806-20 |[25.60 [142 |[33.32 |541 |36.52 3.20 | 11.64

2. SGR1900+14 | 520 5545 [32.34 |2.63 |36.19 3.85 [ 12.79

If dueto any reason (for example, star-quakes) the angle o becomesvery small

(@’ of S 1) for ashort time then the frequency can achieve the high value (n ~ 2 gng
). Thisfrequency can find itself in the gamma-ray range. Particleswith different

L orentz-factors can take part in this process, and the observed spectrum must be
wide. Thetransformation of the power into the observer’s system is described by
the following for mula:

1
Pn=Pro %% ¥%1%2%2%2%2%a (19)
1-VCosalc

For a® 0 P, increasesdrastically and becomesequal to

Py » 2 Prodf (20)
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So, the power in the gamma-ray range can be 2 ¢ times higher than in X-ray one.
If X-ray power is 10% erg/s, the Lorentz-factor must be g~ 10* to provide a gamma-
ray burst with the power 10* erg/s. In the traditional model such energy
characterizesthetail of the distribution function for the secondary particles. To
achieve the power 2 10 erg/ sec asin SGR 1806-20 we must put g~ 10°. Thereare
such particlesin thetail of the secondary plasma as well. Any changesin the angle a
must cause significant changes in observed spectra as well. This can explain
differences between spectra before and after bursts

Radio pulsarswith very long periods (L omiashvili et al. 2006)

Table3: Radio pulsarswith observed long periods.

P dpP/dt(10") Bs(10¥  "E(10*ergls)

No Pulsar 9 G)
PSR J2144-

I 3933 8.5 0.48 2 0.00032
PSR J1847-

[ 0130 6.7 1275 94 1.7
PSR J1814-

[ 1744 4.0 743 55 47

Discussion

One of the main characteristics of observed emission isthe stability of pulse
periods. The drift waves are stabilized dueto the neutron star rotation and the
per manent injection of relativistic particlesin the region of their generation.
Moreover asisshown by Gogoberidze et al. (2005), the nonlinear induced scattering
leads to a transfer of waves from higher to lower frequencies. Asthe result one
eigenmode becomes dominant. So the wave ener gy accumulatesin waves with the
certain azimuthal number m, characterizing the lowest frequency. This means that
the period of the modulation and the interval between observed pulses must be
rather stable.
In fact, the spectral energy of the drift waves with smaller periodsis much lessthan
that of the mode with the period P = Py, ™.

We have used the suggestion on the small angles between rotation axes and
magnetic moments of neutron starsin AXPs and SGRs. In fact observed X-ray
pulsesin these objects are quite wide, and thisindicatesthat they are nearly aligned
rotators.

Recently discovered transient radio pulsars (McL aughlin et al. 2005) may belong
to the population of objects described by our model. Indeed, 5 of them have rather
long visible periods (P > 4 sec) and one of them has the surface magnetic field
obtained in the magneto-dipole model B = 510" G > B,. Precession, star-quakes or
other reasons can lead to the fulfillment of the condition e, < 6 for ashort time
and to an appear ance of a number of visible pulses.
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Pulsar

Table 4. Calculated values of pulsar parameters.

P (dP/dt). B, dE/dt Ap  Bo= O Wo/P
(T (10% (10%erg/s) (deg) & (deg)
G) (deg)

PSR
J2144-
3933
PSR
J1847-
0130
PSR
J1814-
1744

10 170 0.85 0.048 0.2 0.032 7 7 1.5 0.1

6 134 112 210 16 61 5 5 3 0.3
8 80 05 190 6.9 300 5 5 2 0.2
Yo

-

Fig.7. Geometry under consideration. K isemission

axis, A isobserver’sone. Anglesé and 6 are
constant, while p and a are oscillated with time.

Conclusions

1. It isshown that there are many difficultiesin the magnetar model.

2. Thedrift model is proposed to explain the main peculiarities of AXPsand

SGRs.

3. Inthe framework of the drift model rotation periods P, their derivatives dP/dt,
and magnetic fields B in the region of emission generation are calculated for
AXPsand SGRs. P = 11 -520 ms, <P> = 89 ms, dP/dt = 3.7 10"°-5.5107", log B

= 2.63-6.25.

4. Magneticfields at the surface of AXPsand SGRsare estimated: log Bs= 11.22 —
12.79, <logBs>=11.73

5. In thedrift model a modulation of emission with periods of order 0.1 sec should

be observed.

6. The persistent X-ray emission in therange 1 — 10 keV can be explained by
cyclotron radiation at the surface with magnetic fields Bs ~ 10 G.
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Fig.8. The oscillating behaviour of a with timefor By =6 = 0.12, Ap = 0.12,
g = 2n/17 sect, Q = 27/0.85 sec?, @ = 0.

7. Electron cyclotron lines can be observed in this diapason.

8. If the magnetar model isrealized an absor ption line with energy of order 1
MeV must be observed

9. Any cataclysms at the surface of a neutron star in AXPsor SGRs should cause
bursts of emission in X-ray or gamma-range with power 2y® times higher than
persistent X-ray one.

10. Radio pulsars with observed periods P > 4 sec can be described in the
framewor k of the drift model too. In this case observed pulses must be quite
narrow, as seen in pulsars under consideration. Sometimes we can see several
subpulses asaresult of subsequent neutron star rotations. Our model predictsa
detection of such objectsin future.
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