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Today, "Anomalous X-ray Pulsars" (AXPs) and "Soft Gamma
Repeaters" (SGRs) are generally understood as magnetars, which are
neutron stars with unusually high magnetic fields[1]. One of the most
interesting topics of magnetars is their origin. Although neutron stars,

5. Solving Age Discrepancy with B-decay

Usually characteristic age is calculated assuming a constant magnetic
field. But magnetars are thought that they consume their magnetic field.
Then we have to recaluculate their characteristic ages considering field
decay. We use simple decay model [8][9].
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Fig 4. Relation between SNR ages and characteristic ages.
(ATNF [10] and McGill [11])
Magnetic field decay can explain overestimation of Characteristic ages of
magnetar. Magnetars are younger than we thought so far.
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6. Spatial Distribution of Magnetars
We compared galactic spatial distribution of magnetars with that of other
pulsars. Neutron stars get away from the galactic plane gradually. In spite of
characteristic age, the distribution of magnetars is narrower than other pulsars.
This also implies that magnetars are younger than other pulsars.

4. Suzaku Studies (This work)

Suzaku observation of 1E
2259+586/CTB 109 was made on
two occasions.

2009/5/25 (AO4 Key Project) [6]
Target : 1E 2259+586
Instrument : XIS 1/4-win mode
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We applied non- equilibrium model(NEI) and variable-abundance non- [ ° Magnetar
equilibrium model(VNEI) to explain with two different temperatures. (See 0.1 5 4 o8 '0 0'5 '1 e

Fig.2) We assumed lower (kT1) and higher (k72) temperature plasma are
interstellar medium(ISM) and ejecta respectively. Abundance profile is
explained by theoritycal model of core-colapse supernova[7]. (See Fig.3)
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Fig 5. Spatial distribution of pulsars.

- 10 . °
3 1 FIV won g o ] Nomoto et al.1997 7. c°n‘|us|on
201 ‘ e S0 oM sig B We analyzed Suzaku data of CTB109 and reconfirmed overestimation of
Sh01 3 _ & 3 characteristic age of 1E 2259. This age discrepancy can be solved considering
LI g 4 : magnetic field decay. Thus, true age of magnetars are younger than their
£ c o . . . . .
104 S characteristic ages. The distribution from galactic plane of magnetars also

4 . . .« e

2 3041 supports the overestimations of characteristic ages.
< 0 <

2 00 Refferences

5 10 15 20 25 30
Energy (keV) Atomic Number [1] Thompson, C., & Duncan, R. C. 1995, MNRAS, 275, 255
Fig 3 [2] Vink, J. 2008, Advances in Space Research, 41, 503

[3] Iwasawa, K., Koyama, K., & Halpern, J. P. 1992, PASJ, 44,9
[4] Sasaki, M., Plucinsky, P. P., Gaetz, T. J ., et al. 2004, ApJ, 617, 322
e [5] Kothes, R., & Foster, T. 2012, ApJ, 746, L4
[6] Enoto et al. ,2010a, ApJ, 715, 665
[7] Nomoto, K., Hashimoto, M., Tsujimoto, T., Thielemann, F.-K., Kishimoto, N.,
Kubo, Y., & Nakasato, N. 1997, Nucl. Phys. A, 616, 79
[8] Colpi M., Geppert U., Page D., 2000, ApJL., 529, L29
[9] S. Dall’Osso, J. Granot, and T. Piran, Mon. Not. R. Astron.Soc. 422, 2878 (2012).
[10] The ATNF Pulsar Database (http://www.atnf .csiro.au/people/pulsar/psrcat/)
[11] McGill SGR/AXP Online Catalog (http://www.physics.mcgill.ca/~pulsar/magnetar/main.html)

Fig2
Age estimation with Sedov solution

Using the Sedov similarity solution and the fitting parameters, w
estimated the explosion energy E and the SNR age 7T as

E=(1.7-7.0) x 10°" erg

T=(1.3-1.7) x 10*year We cofirmed the age discrepancy



