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m We propose a model to explain the X-ray and soft gamma-ray spectra and light curves of a class of young
pulsars: PSR B1509-58, PSR J1846-0258, PSR J1811-1925, PSR J1617-5055 and PSR J1930+1852.

Introduction: Simulation Resul
The five young spin-down powered pulsars, PSR B1509-58, PSR J1846-0258, PSR

J1811-1925, PSR J1617-5055 and PSR J1930+1852, have similar shapes of pulse profiles and R P§R “"81‘1'1?25 " L BSR "“617'5‘055‘ _ | . P$R J‘1939+18‘52 . .

spectra of non-thermal X-ray, which can be described by power law with photon index around o hanra 1. e AL 0 . RXTE E

1.2. None of them has multi-GeV photon detected. We explain the non-thermal X-rays and soft 0y v RXTE 3 L] R
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The outer gap model predicts that most pairs created inside the gap are around the null charge % % 3 ! 4 3 % 0] L

surface, and the electric field separates the opposite charges to move in opposite directions & 14 T FE Nf i

(Cheng, Ho & Ruderman, 1986). Consequently, the region from the null charge surface to the 0 Eoo] L

light cylinder is dominated by the outflow of particles and that from the null charge surface to the 10 E

star is dominated by the inflow of particles. Since the electric field decreases rapidly from the T T T T 10 Sy e P e R

null charge surface to the star, the incoming radiation flux is weaker than that of the outgoing At it specunt < Seb st comparing win o ATno st spociot SR 31617, comparng i ho Amm; 5,::“.3‘5‘1':pec.m:gqu;g:msol‘ommpa:ng wwr:nthe

flux. These particles emit curvature photons, and the incoming curvature photons are converted observed data of Chandra, INTEGRAL (Dean et al. 2008) and observed data of BeppoSAX, INTEGRAL (Landi et al. 2007) and  Gpserved data of RXTE (Kuiper & Hermsen 2013)

RXTE (Kuiper & Hermsen 2013). | RXTE (Kuiper & Hermsen 2013),
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A e simutated tight curves of PSR 1617 (arey histograms). A\ The simulated light curves of PSR J1930 (grey histograms),
comparing with the observed data (solid lines) of XMM (Becker &  comparing with the observed data (solid lines) provided by RXTE

by the strong magnetic field of the neutron star to pairs. We suggest that the outgoing curvature
photons of the five pulsars are missed by the lines of sight, and the X-rays and soft gamma-rays
of them are the synchrotron radiation of the pairs generated by the magnetic field.
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Simulation Method:

. Trace the field lines and calculate the direction of the curvature radiation, Ucur, at each step T

2. Trace Ucur of the incoming curvature radiation to find the place, 7/, where the pair creation
happens
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A he Simuiated ight curves of PSR 1811 (grey histograms),
Comparing with the observed data (solid fines) of RXTE (Gavril et
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3. Calculate the pulse phases and viewing angles, (¥ ), along the hollow cone at 7/ (etel 2007
ot Yy — < 0'50 . N N
4. g:;:late the spectrum of the radiation that satisfies ¢ =8l , where Bis the viewing PSR J1846-025 PSR B1509-58
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5. Trace the direction of synchrotron radiation to calculate the attenuation of the radiation caused v RXTE PCA '
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by the pair creation, and remove the photons that covered by the star ] - TEGRAL 04 Eod (oo e
6. Integrate the phase resolved spectra to obtain the energy dependent light curves Ng 3 = : psR 81500-58
v < 2 - [t
2 H g & oo ove
The sketch of the structure of the gap. Outside the 5 g T q: s s 17 5055
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A he simulated phase averaged spectrum of PSR J1846,  AAThe simulated phase averaged Specirum of PSR B1509, comparing with the
comparing wih the observed data provided by RXTE, INTEGRAL  observed data provided by RXTE, INTEGRAL (Kuiper & Hermsen 2009), EGERT,
(Kuiper & Hermsen 2008). COMPTEL (Kuiper et al. 1999), AGILE (Piia o al. 2010), Fermi (Abdo et a. 2010),

The pulse phase and viewing angle of the synchrotron radiation may be much different

with the original curvature radiation. Fitting Parameters
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PSR B1509-58 30 15 0.25 0.3

« In the skymap, the highly beamed curvature radiation is
represented by a point,

the hollow cone with a small pitch angle is represented by a

i . : PSR J1846-0258 10 35  0.20
circle’ surrounding the polar cap 09

Viewing angle

PSR J1930+1852 20 a1 0.02 0.28
the hollow cone with a large pitch angle is represented by a ‘line’

PSR J1617-5055 15 25 0.50 0.21
that goes across the skymap.

PSR J1811-1925 10 35 0.10 0.2

(Y:inclination angle (Deg)

viewing angle (Deg)
 density of the inflow of the particles in /G-

 size of the gap

Ao simuiated energy dependent light curves of PSR 1846 A\ The smulated energy dependent light curves of PSR B109 (grey

(grey histograms), comparing with the observed data (solid lines), histograms), comparing with the observed data (solid lines), which are

which are provided by RXTE and INTEGRAL (Kuiper & Hermsen  provided by, COMPTEL (Kuiper et al. 1999), OSSE (Matz et al. 1994) and
BeppoSAX (Cusumano et al. 2001).

Where are the GeV curvature photons?

The outgoing GeV curvature photons are missed
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v by the viewing angle. If the viewing angle or
Are siymap of the viewing angle ¢ and the puise inclination angle increases, the GeV curvature
phase ¥ of the synchrotron radiation (solid line) and the photons can be seen. -
incoming curvature radiation (dashed line) originate from g
one magnetic field line, where the inclination »Th oW >
. h e skymap of the viewing angle and the pulse phase of the
angle=20Deg. The incoming curvature photons, which oo Y ’1’ o g|'d |‘g it (“p thp on If inclination angle=20 Deg,
are represented by the points in the dashed line, are oul ﬁQO'"% Ct‘r:val‘ul:f p |_° gns ((ShOIv ines) emitte / mmh ;3 nu dC ﬂhrgz % the outgoing curvature
emitted by the particles moving from the null charge surface to the light cylinder, the incoming curvature pl otons (dashe: 2] photons can be missed by the
surface to the stellar surface along one magnetic field lines) emitted from the null charge surface to the stellar surface, and { viewing angle that < 60 Deg
AThe light curves of the synchrotron radiation (solid lines), which do not ne: And the synchrotron photons are emitted from the tha synchratron photons (color) emitted from the places, where the

consider the attenuation of the original incoming curvature radiation, and the ~P1aces where pair creation happens. Along the directions

light curves of the outgoing curvature radiation (dashed lines), of different fl':e"éeon?m :‘tuor'e g,r:oé‘r’::";:ec':nag: s"a‘?glyezla'lgs: r\:g;li’e
inclination angles and viewing angles. The two types of radiation have i pai i istied. W

different scales in y-axis. :Z‘r‘\;i:;sme synchrotron radiation are represented by the Why is the cut-off ene gy of the Spectrum So |ow?

pair creation happens. The inclination angle =20Deg.

Conclusion: This is because of the attenuation of the synchrotron = {= e
The lines of sight of these five pulsars are in the directions of incoming beams instead of photons caused by the magnetic pair creation. i
outgoing beams, otherwise a characteristic power law with exponential cut-off spectrum 3
with cut-off energy around a few GeV should be observed. The observed spectrum is the :T: ;0':’ "')’;]z s ‘2‘;0"‘: "‘”‘20‘“ ?g’;ﬂf’ec”“gt,':e attenuation of the £ L

Pl . . . . ynchrotron ns Dy the magneti Ir creation. z
synchrgtron radlatloq emltt.ed by the pairs produced by the magnetic field that converts The dashed line is the speatrum of the survival synchrotron photons e
the major part of the incoming curvature photons. from the magnetic pair creation. e E
The dot-dashed line is the contribution of the synchrotron radiation
THE DETAILS OF THE SIMULATION CAN BE FOUND IN : of the pairs converted from the synchrotron photons. 0
Wang, Y., Takata, J., & Cheng, K.S., 2013, Ap], 764, 51 e
How to constraint the inclination and viewing angles?
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