Suzaku Observation of HESS J 1825-137; Discovery of an unusually extended
X-ray pulsar wind nebula of PSR J1826-1334

H. Uchiyama, H. Matsumoto, T. G. Tsuru, K. Koyama
We observed the brightest part of HESS J1825-137 with the Suzaku XIS, and found that diffuse X-ray emission extends at least up to 15' (~17 pc) from the pulsar PSR J1826-1334, which is
farther than previously reported. We made spatially resolved spectra and studied the dependence of the emission properties on the distance from the pulsar. The spectra have no emission
line, and they can be fitted with an absorbed power-law model. Thus the X-rays can be understood as synchrotron X-ray emission from a pulsar wind nebula. The photon indices are
spatially constant at I'=2.0, except for the neighborhood of the pulsar where I'=1.7. We made a direct comparison of the spectral energy distribution between the Suzaku and H.E.S.S.
results, and found that the distribution can be explained by high-energy electrons of a single population in a magnetic field of ~7nG. If electrons emitting the X-rays are accelerated only at
the pulsar, these facts indicate that the electrons are transported over 17 pc within its synchrotron lifetime. This condition requires that the transportation has a velocity of at least 8.8x103

km/s.

1. Introduction; Previous observations
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2. Observations & Imaging

*We observed the source and background region for ~50 ksec each. The galactic
longitudes are selected to be almost same between the regions considering the GRXE.

Region s rdinate (RA., Dec)”  Obs. start time Obs.endtime  Efective exp. (ks)
Source 00", —13741742°)  2006/10/17 19:37:16  2006/10/19 04:03:15 0.3

.,B‘.:::gm«nd '36°, ~13415"36° 2006/10/19 04:03:16  2006/10/20 12:10:25 221 Suzaku XIS FOV
*The X-ray images of XIS are shown below. NXB
was subtracted and vignetting was corrected. The Background
star mark show the peak of the VHE y-ray. A-D
show the regions from which we obtained spectra. PSR 826
The circles show point-like sources we exclude for
the analysis of radial profile and spectroscopy.
*Region B-C corresponds to the emission detected ¥
by XMM-Newton. - S

Diffuse component extending farther than
previous reported was found.

Radio:Pulsar VHE y-ray:PWN Suzaku XIS X-ray image1-3keV
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+Distance ~4 kpc (by dispersion measure) L 3%10% 1 g g
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X-ray:PWN *There seems little X-ray emission coming =2 3
+Diffuse emission extending mostly to the south from the y-ray peak which is separated from § §
has been found. (Gaensler 2003, Pavlov 2008) the pulsar by 10'. E‘ E
*The diffuse component is ~5’ in extent, but it We searched dim X-ray emission from the g E
was not clear whether the diffuse component is - B a I
extended farther or not due to the high NXB VHEy-raylpeakipositionwithiSuzakin
background of XMM-Newton. *Due to the low-earth orbit, the NXB level of
*Diffuse component: I' ~ 2.3 Suzaku XIS (CCD) is 3 times lower than that of 48 24 18:26:00 25:36 48 24 18:26:00 25:36
N,,~1.4x1022/cm? L,~3%x10%3 erg s™! XMM EPIC at 5keV.
(Gaensler 2003) Right ascension (J2000) Right ascension (J2000)
3. Radial Profile & Background Evaluation 4. Spectroscopy
0.01 Frontiluminated XIS «\\/e extracted spectra from
Source - Back illuminated XIS i i
_ Background o ) B . spatially separated regions A-D
y + 1-9keV eckground Gl e & ] and fitted them with absorbed
= -+ 2 3 power-law models. The best fit
E] - ackgro | parameters are tabled below.
e T - In the regions B-D, I'is 2.0 in
é e 1 the rage of 90% error.
g N R 3 i K * *We merged the spectra of the
g 0.001 * 4 F,oan "y ety # T ec = i . 0o o  regions B-D and tested
! ' o, RegionC| RegionD| absorbed power-law model
4 8 £ 2 [The regions where radial profile was made] i and thin thermal plasma model
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*Radial profile of the surface brightness in the 1.0-9.0 keV band. The NXB is subtracted and
the vignetting is corrected. The vertical error bar of each data point is the 10 error. The position
of the peak of VHE y-ray emission is shown by a vertical broken line.
*The intensity of the source is 5.0 X 10 photons/s/arcmin? larger than that of the background
outside 10’. We evaluated the fluctuations of unresolved point sources, Galactic ridge X-ray
emission (GRXE), cosmic X-ray background (CXB) and the systematic error of

pro

| (APEC). The result is below.
| The one-solar-abundance thin
I thermal plasma is rejected. In
= the case of abundance-free
=+ thin thermal plasma, quite low
0o 3 5 0 abundance (zero in the 90%

“Energy (keV) Energy (keV) . L
error) is required. It suggests
| Bestfit parameters for spectra separated spatially with an absorbed power-law mode! |  the emission is non-thermal.
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reproductivity of non X-ray background. — . .
Region® () Ny (107 %) __ Norm.* (10 110~ fx*(107) (107 y*/do.f
Excess of the source compared with the background 50x 10 this work 1; 71“: 920 06 0 : ;7 a x:‘: :;‘]’4'l
2 2 7 8
(a)Fluctuation of unresolved point sources (95% error level) <1.2x10™ 1 c 39.8 12 17 43 207.7/201
. _ D 76.3 0.847515 14 1.9 25 152.9/185
(b)Fluctuation of GRXE (95% error level) <1.1x10™* 2,3 . !
are shown in section 2‘ ! Observed flux in the 0.8-10 k
(c)Positional dependence of GRXE 9.8x10°° 3 of the region ; arcmin =2 Absorption ¢
: — a5 * Photon index of the power-law model. Absorption 0.8 eV ba em~2 aremin2),
(d)Fluctuation of CXB (95% error level) <2.4%10 3 = Tor wits an absorbed power faw mode |
(e)Systematic error of of the reproductivity of NXB (95% level) <1.6x10° 5 Model  [/kT(keV) Abundance (Sola Ny (102 cm 2) \%/d.o.f
Sum of (a) ~ (e) <3.7%x10 Power law  1.987(00 - 0.9370 534.9/531
1. 2XMM catalog 2. Yamauchi et al. 1996 3.Revnivisev et al. 2006, 4. Kushino et al. 2002 5.Tawa et al. 2008 APEC I (fixed) 0487 747.9/531
APEC 0.15 0.70+9.% 549.0/530
WLOCL O LS L DO ST One-solar-abundance thin thermal plasma is rejected.
even if 95 % error level of the fluctuation of the background is considered. u ! P IS rej :

5.Discussion

Non-thermal emission extends over ~15’ (=17pc@4kpc) without softening.

*The extended emission is suggested as non-thermal. *The X-ray diffuse emission newly detected covers the peak of the VHE y-ray,
*The morphology is not shell-like characteristic of so we can compare the intensities of them directly for the first time. *The photon indexes of the diffuse emission is
non-thermal SNR. It is thouaht to be a PWN. 01 -Spectral energy distribution of the constantly ~2.0 over 17pc without softening.
Name Rx" (pc) Morphology VHE . . . . .
\ = lluru\ 1 :mﬂ.us of the e extended component from the X-ray to VHE The smooth decay of tlhe |ntens!ty Wlth' the distance
09 2 spherical measured in X- ; L from the pulsar shown in the radial profile
- ¢ ’ . Suzakn y-ray bands. Assuming the origin of VHE y- N .
Ve 4 one-sided rays; if the o1 Suz ; N suggests that the accelerator is the pulsar itself.
G327.1-11 7 spherical morphology is 2 BsSuG uess | ray is IC with CMB, we plot the synchrotron 3
wad 25 bow-shock ot ciroular 8 = diation fi he el ible f » These mean the high-energy (E~100TeV) electrons
PSR B1957+20 02 bow-shock the distance - radiation from the electrons responsivie 1or o ould be transported over 17pc within its
o 7 elipoidal from a pulsar z VHE y-ray toward the left for three different - _ o jite time ~1.9(E/100TeV) (BI7uG)? kyr
ii?ﬁ g:;lfau«fx L : bls:[;:)rl\::'k 7 ::vyvae::etle X 2 oom values of the magnetic field. V! ’ H Y-
G0.9+0.1 8 one-sided listed. =
Koo 03 bipokr o Eggrvﬁergwahas B-1uG In the case of 7uG, both the X-rays To explain such a widely extended PWN, the
PSRIIS26 133 =17 onceided o been detected oun and VHE y-rays can be explained transportation mechanism should have
1100 10000 16406 1es08 le+l0 le+12 lesld by high-energy electrons a velocity of at least 8800 km/s.
[ PSR J1826 (~17pc) is unusually large as a PWN. ] Energy (eV) of a single population (20-100TeV).




