SGRs AND AXPs: WHITE DWARF PULSARS VERSUS MAGNETARES
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SUMMARY

The recent observations of SGR 0418+5729with arotational period of P = 9.04 s, an upper limit of thefirst
time derivative of the rotational period P < 6.0 x 10~'%, and an X-ray luminosity of Ly = 6.2 x 103! erg/s
[1] offer an authentic Rosetta Stone for dedphering the energy source of SGRs and AX Ps. The “magnetar”
model, appeds to a yet untested new energy sourcein astrophysica systems: a primary energy source due
to buk magnretic energy. It leads for SGR 0418+5729to resultsin contradiction with observations. Our aim
isto show how a consistent model for SGRs and AX Ps can be expressed in terms of canorica physics and
astrophysics within massve, fast rotating, and highly magnetized white dwarfs[2].

The energetics of SGRs and AXPs, including their outburst adivities can be well explained through the
change of rotational energy of the white dwarf, asociated to the observed glitches, the sudden changes of
the rotational period. In addition, we evidence that the sources PSR J18460258with P = 0.3 s, SGR
162741 with P = 2.59 s, 1E 15470-5408with P = 2.07 s as well as PSR J16224950with P = 4.33 s,
traditionally indicated as magnetar candidates, can be indeed interpreted as ordinary neutron stars. Their
rotational periods are below the limit of stability P ~ 5 sfor uniformly rotating carbonwhite dwarfs; their
steady X-ray luminosity can be well explained within the neutron star model, and their magnetic fields are
close to the ones of some known radio pusars. Excluding these sources, we find for al the other sources
traditionally indicated as magnetar candidates, a consistent model based on rotating white dwarfs. Their
surfacedipole magnetic fields are comprised in therange 7.5 x 105G < B < 2.1 x 10'1G, well below the
criticd field B, = m2¢/(eh) = 4.42 x 101 G.

SGRsAND AXPsWITHIN THE WHITE DWARF MODEL

The pioneaing works of M. Morini et a. (1988 and d B. Pacznski (1990 on 1E 2259+586 are ex-
tended and further developed to describe the observed properties of all known SGRS and AX Ps by assuming
spin-down powered massive, fast rotating, and Hghly magnetized white dwarfs. We adopt the white dwarf
parameters: mass M = 1.4Mg, radius R = 10° km, and moment of inertia I ~ 10*) g cm®. Such a con-
figuration leads for SGR 0418+5729to a magretic field B < 7.45 x 10° G. The X-ray luminasity can then
be expressed as originating from the loss of rotationa energy of the white dwarf leading to a theoretica
prediction for the first time derivative of the rotational period:
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where the lower limit is established by assuming that the observed X-ray lumincsity of SGR 0418+5729
coincides with the rotational energy lossof the white dwarf. For this gedfic source the lower limit of
P given by Eq. (1) is Psgrosigs 5720 > 1.18 x 10716, The upper limit on the magnetic field obtained by
requesting that the rotational energy lossdue to the dipdle field be smaller than the dedromagnetic emisson

of thedipdle, is given by
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where P and P are commonly observed properties and the moment of inertia I andtheradius R of the object
are model dependent properties. For the ebove mentioned parameters of a fast rotating magnretized white
dwarf, Eq. (2) becomes
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Figure 1: (Left panel:) X-ray lumincsity Ly versusthe lossof rotationd energy £, describing dAXPs by fast ized white dwarfs.

The green star andthe green triangle correspondto SR 0418+ 5729 sing respedtively the upper andthe lower liit of  given by Eq. (1). Theblue
L < E, within the magretar model. (Right panelz) P-P diagram for all known S3RsandAXPs. The arves of
constant magreic field for white dwarfsgiven by Eq. (3) are shown. The blue dashed line correspondsto the aitical magretic field B, = m?c*/(ch).

MASSIVE ROTATING HIGHLY MAGNETIZED WHITE DWARFS OBSERVATIONS

A spedfic example is the highly magnetized white dwarf in AE Aquarii, where spiky pulsationsin hard X-
ray are observed [3]. Althoughit isabinary system with orbital period ~ 9.88 hr, there is evidencethat the
power due to acaetion o matter isinhibited by the fast rotation o the white dwarf. Many of the observed
physicd properties of this white dwarf are very similar to the recently discovered SGR 0418+5729 as we
explicitly show in Table 1.

SGR 0418+5729  White Dwarf in AE Aquarii
9.08 33.08

P(s)

i <06x107 5.64% 1071
Age (Myr) 24 94

Ly (erg/s) 6.2% 10% ~10%
KT (keV) 0.67 05
Bup (G) <745% 108 ~10
Pulsed Fraction 03 ~02-03

-

k Table 1: Comparison of ies of SGR 0418+57; dwarf in AE Aquarii

SGRsAND AXPsWITHIN THE MAGNETAR MODEL

Within the magnetar model [4], [5], a neutron star of M = 1.4M, and R = 10 km andthen I ~ 10% g cm?
asthe source of SGRs and AX Ps, the limit of the magnetic field oltained from Eq. (2) becomes

B=32x10°(PP) G, 4

which is four orders of magnitude larger than the surfacemagnetic field within the fast rotating magnetized
white dwarf model (seeFig. 2).
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Figure2: (Left panel:) X-ray lumincsity L versus thelossof rotational energy £, describing S5Rs and AXPs as neutron stars. The green star
correspondsto SGR 0418+ 5729 wsingthe upper limit of > given by Eq. (1) he ord jth L. < E,,, within the
magretar model. (Right panel:) /- diagramfor all known SGRsandAXPs. The aurves of constant magretic field for neutron stars given by Eq. (4) are
shown. The blue dashed line corresponds to the aitical magretic field 3, = m?c’/(ch)

GLITCHES

In this magnetar model there is no role of the rotational energy of the source [6]: the X-ray luminasity is
much higger than the lossof rotational energy of the neutron star (seeFig. 2 - left panel). Paradoxicadly,
athoughthe bursts appea to be correlated to the presence of glitches in the rotational period o the neutron
star, the correspondng increase of change of rotational energy of the neutron star canna explain the burst
energetic ~ (10%-10*") erg. Thisis a dea major difference between the two models based respedtively on
neutron stars and white dwarfs (seeFig. 3).
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Figure3: Changein the rotationd energy A, asa function d the rotationd period P of the objed for different fractiondl changes of period AP/ P

SGR 0526-66 TE 2250+586 TE 1048.1-5937 SGR 1806-20
Date March 1979 Tune 2002 March 2007 December 2004
Observed Energy (erg) 3.6% 104 3x 10 42% 102 ~10%
|API/P 12% 10 (predicted)  4.24 x 10 (observed) 163 x 10~ (observed) 3 x 1073 (predicted)
Predicted Energy (erg) 3.6x 104 7x 108 7.7x 108 g
Table2: Outbursts of Rsand AXPswithin model

CONCLUSIONS

The recent observations of the source SGR 0418+5729cast a firm separatrix in comparing and contrasting
the two models for SGRs and AX Ps based respedively on a neutron star and a white dwarf. The limit on
the magnetic field derived in the case of neutronstar B = 7.5 x 10'2 G makesit not viable & an explanation
based onthe magnetar model both from a global energetic point of view and from the undercriticd value of
the magnetic field. In the white dwarf model, the picture is fully consistent.
Our theory predicts the value of the first derivative of P given by Eq. (1), the surfacemagretic field is,
acordingly to Eq. (3), constrained by 1.05 x 10° G < BsaRrosisasmg < 747 x 10° G (seeFig. 1). ~
From the above considerations it is evident that the charaderistic changes of period AP/P ~ —(107'—
10~3) andthe relating busting adivity ~ (10*!-10%0) ergin SGRsand AX Ps can be explained in term of the
rotational energy lossof white dwarfs. It is also appropriate to recdl that similar changes, on smaller scale,
are dso observed in pusars and routinely expressed in terms of the rotational energy lossof neutron stars,
without appeding to any magnetars phenomena.
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