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The origin of the X-
ray-emitting object

moving away from

PSR B1259-63

(Pavlov et al 2015)

ObsIDs 16553+16583

L. ,=8x10% erg/s
L =103 erg/s
If it is thermal X-ray:

M=10%g
T, dM,. ,/dt<10% g




The origin of the X-
ray-emitting object
moving away from

PSR B1259-63

(Pavlov et al 2015)

If it is thermal X-ray:
M_=10%° g

L, =10% erg/s

Torb dlv'wind/dt <10%® g
L., = 3%10%7 erg/s
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Linear fit: V = (0.07+/-0.01)c
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Between 3rd and 4th observations
the extended structure moved by
2.5 05",

This corresponds to the apparent
proper motion

V=(0.13£0.03)c
atd = 2.3 kpc

Apparent acceleration (?)
90+40 cm s7¢




Binary Systems in VHE Regime

Type O8+Pulsar 06+? Be+? BO+Pulsar 06+? Be+? 09+BH
L, erg/s 3 x 1037 7 x 1038 1038 1038 7 x 1038 1038 1.3 x 103°
Orbit Size, cm 1013 1012 1013 1013 ~1013 2 x 1012 3 x 1012
— 1014 — 3 x 1012 — 7 %x 1013 — 5x 10 — 1013
Eccentricity 0.87 0.31 0.83 0.97 0.25? 0.72 0
Inclination 35 10-75 10? 20-50 ?7?7? ~30 ~30
HE Instrument EGRET EGRET Fermi Fermi Fermi EGRET AGILE
Fermi Fermi Fermi
GeV detection LC+Spctr LC+Spctr LC+Spctr LC+Spectr LC+Spctr LC+Spctr Point
VHE Instrument HESS HESS HESS, MAGIC VERITAS, HESS MAGIC MAGIC
VERITAS MAGIC VERITAS HESS
TeV detection ~200 ~100c ~500 ~200 ~10c ~10c 4c
signal periodic Periodic, periodic flare periodic Periodic, flare
variable variable

SAlI MSU, Moscow



Binary Systems orbits

Dubus et al 2013
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H.E.S.S.
The best studied system in VHE is LS5039

SUPC
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Ferm| Observatmns of LS 5039
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What are the Scenarios? .. spherical

Binary Pulsar accretion to BH
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The parameters of the system LS5039

Table : Casares et al. 2005 and Sarty et al 2011

Description Designation Value

Mass of star M 26 M-

Radius of star Rs 9.3R;
Temperature of the star Ts 39, 000 K
Stellar Wind termination velocity V.. 2, 400 km/s
Stellar Wind loss rate Ms 4 x 10~ "Mgyr-!
Orbital period Ps 3.9 day
Eccentricity of the orbit £ 0.24

The mass of the BH Mpy 3M
Semimajor axis ao 3.5H;

SAlI MSU, Moscow
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Jet formation from spherical accretion =

of magnetized wind to rotating BH | /'_

Owocki et al 2011
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Stellar wind collision

1 ﬂuz
Fwr = 1 + n”z D, rop= 1+ nuz D
n= M (non-relativistic)

Mwg Ve

cally by Girard & Willson (1987). The results of the calcu-
lations may be approximated by the following analytic
equation (L. M. Ozernoy 1991, private communication)

2/5
¥

9"‘_"‘21(1 —T)ﬂl"a for 10_4£ﬂ£ 1 (3)

Eichler & Usov 1993
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Stellar wind collision

(Romero et al. 2007) SPH Newton, LS 1+61 303

t=—=08577%— 10d) t==—0.3774(= 10d)

Ny=365345 N;=365345
N,=27238 N,=27238

SAl MSU, Moscow



Stellar wind collision

(Bogovalov et al. 2008,2012) 2D RHD, RMHD
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How to form back shock without orbital motion?
» 17 = 0.001 n = 0.05

SAlI MSU, Moscow
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How to form back shock without orbital motion?

If stream lines goes to axis,
the back shock can be formed.

SAlI MSU, Moscow



Stellar wind collision + orbital motion

(Bosch-Ramon & MVB 2011) a) U
y advected flow |
1/2 ‘IF \ Spiral bra_nf:h__ e
X ~ 31 Uw/zﬂ ” neho oo
9,1/2 —1/2
Vexp~10"Lgy3,M_g'5 cm/s

SAI MSU, Moscow
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SteHar wind collision + orbital motion

D —— _ — b) (Bosch Ramon & MVB 2011)
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Density and tracer (Newton HD) n=-=

(Lamberts et al. 2012)
Outflow is stable.
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Density I'=2; n1=0.6

(Bosch-Ramon, MVB, Khangulyan and Perucho 2012)
2D RHD, PLUTO with AMR Chombo
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Density I'=2; 1 =0.6 N Lsa

(Bosch-Ramon, MVB, Khangulyan and Perucho 2012) MUWC

2D RHD, PLUTO with AMR Chombo

70

(Lamberts et al. 2013) RHD
Outflow is unstable.
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KHI in pulsar stellar wind collision region:

Density '=2; 1 =0.3

Log Proper Rest-Mass Density
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Density and velosity I'=10; n = 0.3

(Bosch-Ramon, MVB, Khangulyan and Perucho 2012) RHD
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The Coriolis force trigger of RTI and RMI!

In the co rotating CS
Coriolis force produce acceleration

a=2(v,, X )

SAlI MSU, Moscow



Density I'=2; n1=0.6

(Bosch-Ramon, MVB, Khangulyan and Perucho 2012) RHD
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Light curve formation

!E—I]

(Zabalza et al 2013)
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Four velocity. e

3D runwithT'=2;n1=0.1

Streamline
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3DrunI'=2;n=0.1
Density and four velocity in XZ plane
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The first hydro and radiation simulations:

Dubus et al 2015
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Comparison of the 3D §:
case and 2D cases
with different

resolution. 2P

3D

Density presented in the XY
plane.

2Dx2 2Dx4

0
X
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Comparison of 3D and 2D
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2DI'=2;n1=0.3
with high
resolutionin a

large domain,
density in
XY plane.




The origin of the X-ray-emitting object moving
away from PSR B1259-63 in (3-1)D and more



PSR B1259-63
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The origin of the X-
ray-emitting object

moving away from

PSR B1259-63

(Pavlov et al 2015)




The origin of the X-
ray-emitting object
moving away from
PSR B1259-63

Between 3rd and 4th observations
the extended structure moved by

(Pavlov et al 2015): G |
¥ This corresponds to the apparent
: | proper motion

a .,

V=(0.13+0.03)c
< Str a0 o0 w0 1000 100 14 atd = 2.3 kpc

Days since periasiron passage

Linear fit: V = (0.07+/-0.01)c Apparent acceleration (?)
90+40 cm 572
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Model:

Uy =

2Lsd(torb - tpe) L \/WUWC m — M&
) - Q M,

MQt e
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Results:

T=3.4 year
e=0.87

Density
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BMV & Bosch-Ramon (2016)
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Jeremy Hare et al (2017)

04/21/2015 01/12/2016 gy 01/ 06/2017 04/24/2017

New clump detected moving in
same direction with same velocity

Shows strange “whiskers”
in Jan 2017, brightens in
Apr 2017




Clump separation from the binary vs time.
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Jeremy Hare et al (2017)
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Preliminary

FGL J1086 & LSI +61
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Preliminary

FGLJ1086 & LSI +61 303
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Preliminary

FGLJ1086 & LSI+61 303
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H ESS JO63 2+57 Bosch-Ramon, Barkov, Mignone and Bordas (MNRAS 2017)
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HESS J0632 .+ .
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Our radiation model:

UcelLNT = INT Xpw 3PT

1.4y mee -
. 5 g 173 = 272 =
Yic = 20X 10 Tmcc‘)’f logl()(l + O'SDYTIHCC)X (I_HE)’ Tmcc) & TII]CC = kT*/meCE
I+ 25yTinec r
1/2
€y.keV
v, ke
Egync = 0.2 ( B[G] ) rg
6x 107 .
fsyne =~ :7 S, fic = v/vc fnonrad ~ T'/Vf.
’ B~ Egync

B = \eg8nP

J e NT
LlC/sync ~ {Band ——dV
vV 11C/syne

f o~ min(1L, 74/t h0nrad)

Barkov &
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(2018)
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Binary Systems in VHE Regime

Type O8+Pulsar 0O6+? Be+Pulsar? BO+Pulsar 06+? Be+? 09+BH
L, erg/s 3 x 1037 7 x 1038 1038 1038 7 x 1038 1038 1.3
x 103°
Orbit Size, cm 1013 1012 1013 1013 ~1013 2x10%  3x10%2
— 1014 — 3 x 1012 — 7 %x 1013 —5x 10 — 1013
Eccentricity 0.87 0.31 0.83 0.97 0.257 0.72 0
Inclination 35 10-75 107 50 27?7 ~30 ~30
HE Instrument EGRET EGRET Fermi Fermi Fermi EGRET AGILE
Fermi Fermi Fermi
GeV detection LC+Spctr LC+Spctr LC+Spctr LC+Spectr LC+Spctr LC+Spctr Point
VHE Instrument HESS HESS HESS, MAGIC VERITAS, HESS MAGIC MAGIC
VERITAS MAGIC VERITAS HESS
TeV detection ~200 ~100c ~500 ~200 ~10c ~10c 4c
signal periodic Periodic, periodic flare periodic Periodic, flare
variable variable

SAlI MSU, Moscow



Conclusions:

 First 3D RHD simulations of stellar and pulsar wind collision confirm that the
interaction of stellar and pulsar winds yields structures that evolve non-linearly
and get strongly entangled.

* Large scale simulations show that spiral arms loose their integrity on scales about
300a.

* Orbital eccentricity leads to variation of the Coriolis turnover tail size.

3nt/2y,,
2()

* The X-ray transient observed in PSR 1259 can be explained as result of pulsar and
stellar winds interaction on the eccentric binary system.

* the non-thermal activity before and around apastron can be linked to the
accumulation of non-thermal particles in the vicinity of the binary, and the
sudden drop of the emission before apastron is produced by the disruption of the
two-wind interaction structure.

.XN
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BMV, Lyutikov, Klingler and Bordas (2018)

Pulsar and ISM interaction - fopapd

Contact
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