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PSR B1259-63

. Binary system consisting of a Be star and a 48
ms pulsar in a 3.4 year orbital period

. Spin-down luminosity of E =8.25x10%°ergs™

. Detected at Very High Energy (>100 GeV) with
HESS (Aharonian et al. 2005) and at High
Energy with Fermi (Abdo et al. 2011)

. The star is a Be type star, indicating the
presence of an extended circumstellar disc.

- Extended density region
- IR excess associated with the disc

o Close to periastron (every 3.4 years) the pulsar
appears to pass behind or through the
circumstellar disc,

- evidenced by the eclipse of the radio
pulsar emission.

. Itis near periastron that the majority of the
non-thermal emission occurs. NASA/Goddard Space Flight Center/Francis Reddy
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PSR B1259-63
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Pulsars/PWNe

. Since we are dealing with a Be stars, the
circumstellar disc provides an additional source

of photons.

. We have considered the effects of the IR
excess on the IC scattering rate, taking into
account the geometry of the circumstellar disc.

. Taking into account a modified version of the
Curve of growth method proposed by Waters

(1984).
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Be stars — modified COG method

When determining the anisotropic IC scattering, calculated using the Dubus (2008) kernel, the disc
photon contribution is calculated by numerically integrating over the circumstellar disc.

For each direction the intensity along the line-of-sight is determined by calculating the optical depth
from the modified geometry.

|, =B,(T)1—e ) r,=E,,q"" j cos”"* wdw

« The model parameter are found by fitting the unmodified COG model to IR 0

and optical data. % A
€x
/ A
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Application to PSR B1259-63

. The application of the AIC scattering to
PSR B1259-63 is complicated for two
main reasons:

« The IR excess associated with the
star

— Curve of growth method applied
to archive and VLT data

. The extended geometry of the
circumstellar disc

— Stars and disc treated separately

- Change in the IR excess during
the orbital period
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PSR B1259-63 — COG method

Archive data

Optical W&GR9 K&N77 S8 DOl
v 1001 1004 10.05 10.07
B-V 0.754 074 072 0.73
U-B 0506 044 047 -0.47
(U-B)y  -1.261
A, 3.95

M, (U-B)y  -4.6

IR
Band Wavelength  Magnitude Flux
pm Jy
J 1.235 8.026 + 0.027
H 1.662 7.699 + 0.055
Ks 2.159 7.248 + 0.020
A 8.98 0.2675 4+ 0.0136  Appears to be
C 12.13 1.087 + 0.5859 | @n €rroneous

detection.
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PSR B1259-63 — COG method

« VLT observations 5 January 2011

Filter central wavelength half-band width  F' error

(m (m mJy mJy
PAH1 8.59 0.42 261 40
ArIII 8.99 0.14 241 30
SIV 10.49 0.16 218 32
SIV_2 10.77 0.19 188 21
PAH2 11.25 0.59 208 31
SiC 11.85 2.34 198 18
PAH2_2 11.88 0.37 196 54
Nell 12.81 0.21 143 51
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PSR B1259-63 — Fermi flare

* IR photometry taken near periastron

* Observations undertaken with the IRSF
telescope, Sutherland, South Africa, in
December 2010

* No indication of a large change in magnitude.

« Measurements are consistent with previous
2MASS observations.

19 Dec 10 7.999+0.038 7.584+0.045 7.176+0.082
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PSR B1259-63 — COG method
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Combined data set, de-reddened using E(B-V) = 0.85. Also shown in the fitted Kurucz stellar
atmosphere with T=33000 K and log g =4.0.
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PSR B1259-63 — Fermi flare

Spectroscopic observations — T

* Observed with SAAO1.9 m in April 2011 and
with SALT in May 2012

5 May 2012

* We find that the Ha emission line remains
dominate a few months after the disc crossing,
and is still dominant in May 2012.

* Indication that the disc is not “destroyed” during
the disc crossing or recovers quickly.

Normalized flux

. Equivalent Width:
-50 + 5 A'in April 2011

-49 + 2 A in May 2012 10 April 2011

* Most likely “normal” variability of the
circumstellar disc.

6550 6555 6560 6565 6570 6575 6580
Wavelength (A)
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PSR B1259-63 — COG method

« Archive/VLT data:

Free-free+free-bound

« Dereddening

. E(B-V)=0.85 T e -
(Negueruela et al, 2011) COGygy ===
. Star '
« T.=33000K T
« logg=4.0 NE
. COGfit x
free-free  ff+tb
n 3.0550 2.8389
logo Xx  10.245 9.9073 !
Rdisc 50R* 50 R* ] L -....|l4 R ......15
10 10
Taisc 12 800 K 1‘3 800 K / Frequency [Hz]
Oaisc ! 1 Free-free
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PSR B1259-63 — anisotropic scattering
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PSR B1259-63 — anisotropic scattering
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PSR B1259-63 — anisotropic scattering
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PSR B1269-63

Post-shock adiabatic cooling
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PSR B1259-63
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PSR B1259-63 — anisotropic scattering

a) b)
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PSR B1259-63

Normalized integrated flux (0.1-100 GeV)
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PSR B1259-63

Normalized integrated flux (0.1-100 GeV)
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PSR B1259-63
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Nomalized scattering rate

PSR B1259-63
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PSR B1259-63

. Pre-shock electron distribution
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PSR B1259-63
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PSR B1259-63
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PSR B1259-63
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PSR B1259-63
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Conclusion

* Observations of PSR B1259-63 show a
large bright circumstellar disc around the
star

 This flux from the disc has been modelled
using the COG method

e This COG method as been modified to
account for the IR emission as seen from
the pulsar

« Anisotropic and isotropic IC scattering
models show that the IR excess could
increase the flux by a factor >2 at GeV
energies,

« However the maximum contribution occurs
at periastron and not near the disc
crossing phase.

« The degree of shock heating is not clear,
and additional observations near the disc
crossing epochs is required.
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Be stars — COG method

Curve of Growth method (Waters 1986)

Model the IR flux from the circumstellar disc

Optical depth

—nn
r
P = pPo (—> Isothermal disc
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Be stars — COG method
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Be stars — COG method

Waters (1986) showed that the
observed flux does not change
dramatically with inclination,
particularly for low inclinations

However, from the pulsars point-of-
view, the size and orientation will
change dramatically around periastron

A modified COG method must be
implemented determined the IR
excess as observed from the pulsar.
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Be stars — modified COG method
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Inverse Compton scattering

The total scattering rate is

dNy.e, . mrie(l — [cosb) 5 ver )2 (1 — Bxo)?(1 — po)?
dide, 0T oA T Bmgy |TTHOT (mec2 1= 29.(1 - Bao)(1 — juo)
where
xro — 3 cosby — 3
— C —
Ho (1 — 5990) " Coo 1 — Bcosby
o — 1 —2(1—Bcosbth) + -2 (1 — Beosbtp)(1 + BCh,)

B+ 9% (1 — 500890)(5 + Co, )

2
(1= 7% [1+ BCo, — (8+ Cy) 0]

€
,87(:_1 m 162 090
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Be stars — COG method

. Waters (1986):

oo |
Line of
. [
« The intensity along any line-of-sight is then sight |
|
|

Tmax(Q)
L(g) = /O B(v,T)e~"™ dr

B(v,T) (1 - e—Tmax@)

9

« The optical depth through the disc is given by

r, =E,, 2””J'cos 2y dy

y

where Ev,d _ X*Xl

K= W {1 e™/NT) [ (o /RT) | {9(v.T) + b, T)}

h R.
= 8 —2 3/2 2
Xeag = [3.692>< 10° —-m* R ]ZZT 2 2wp? R

R,

= 4.923 x 10%°227 732, 22—~
Rg
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Be stars — COG method

« The observed flux from a Be star is then given by

Line of 4

sight :
/ I,,(q) cos @ dS2 |

2 —_—
- / / ) cos ¥sin ¢ dfde The assumption is made that
> | the disc is observed face-on

_ zw/qIV(Q)(l) (qﬁ*) (%) di at infinity

disc
R* ) 2 /Rdisc/R*
= | = 2mq I, (q) dg,
(5) |

F

= E ®§E ®E =
A
2
)
o
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PSR B1259-63 — anisotropic scattering

« The anisotropic approximation takes into account the geometry of the star and the

circumstellar disc o g
tot 716
= e 9 d~ dep dS)
Yo dide /EO /Q [Y” () pn(e0) 35 - cos vy deo

1' 2T pody
() = / / sin @ dfdo
J 0 J ()

271 04
0 = / / sin @ dfdo, (p < Rdisc)
J0 J0
— O ()0 > Rdisc);
.09 -27T—cos_1('rd))
Qg = / / sin 6 dod®,
JO1 Jcos—1(71y)
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Be stars — modified COG method
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Be stars — modified COG method

« The impact parameter is determined by

q — Te, Sinf,
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Be stars — modified COG method

« The limits on w are determined by the positions X;,y;,Z; & X5,Y,,Z,
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AIC model comparisons
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AIC model comparisons

Normalized flux (.1-100 GeV)
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PSR B1259-63 — Comparison between the COG fits
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PSR B1259-63 — Other disc orientations
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PSR B1259-63 — Other disc orientations
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PSR B1259-63 — Other disc orientations

4e-39

3.5e-39

3e-39

2.5e-39

2e-39

1.5e-39

1e-39

5e-40

I’com.int.dét’
'hess.int.dat’
fermi.int.dat’” --------

"""""" booooo--oo0 oo |,1'] [ o | .
1 o
1=90
(e}
edisc _ 72

2012/07/09

van Soelen & Meintjes - Gamma2012

80

47



PSR B1259-63 — Other disc orientations
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