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« Probing pulsar wind with Gamma-ray binary

o PSR 72032+4127 (HE flares in coming periastron in
20172) ::f

o PSR Br259-63 (GeV flare?) 7
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Long orbital period binaries

o After -9 years of operation, Fermi/LAT, being an all-sky
monzitor, has accumulated a large data base - good time

to probe these long orbital period binaries

e Iinding more will belp us understand these systems and
probe the environments in the binaries and magnetization

of pulsar wind




Three emission regions normally considered modeling
1. Magnetosphere (<10%cm, pulsed)
2. Pulsar wind region (<103cm, no synchrotron, only 1.C.).

3. Shock accelerated pulsar wind (synchrotron & 1.C.).
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Pulsar wind.: relativistic electrons/positrons +

magnetic freld.

Magnetization parameter:

Magnetic energy
Kinetic Energy

Gl

At the l1ght cylinder,
G dlES e 10 Ipc
Pulsar wind nebulae
0(0.1pc) < 102

Magnetization parameter evolves with the distance. But how?
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1. Magnetization parameter affects the shock emissions

ol 1 2
(synchrotron emission). B, x o /
> Magnetic field strength :

Ucxol -

0.3-10KeV

> Internal energy of the shocked pulsar |
wind decreases with increase of 0. 5 |

-
S,

o Observations vs. Calculations ;
= Probing o at the shock £
*  Gamma-ray binary
2 Testing 0 at 0.1-1AU scale. T agmetation.
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2. Probing radial dependency of o

> Pulsar/Be orbit is extremely elongated.

> Shock distance varies -0.1-1 AU along §» 7
the orbit. - &
Testing radial evolution of o. f

— 15000 —10000 —5000 0
X (light—sec)

3. Probing cold-relativistic pulsar wind
>Stellar radiation (L-10+3L_ ) illuminates the pulsar wind.
- Inverse-Compton scattering process produces GeV emissions.

Direct measurement of cold-relativistic pulsar wind.
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comprising of a pulsar and

an Qe star, at d-2.3 kpc
orbital period: 3.4 years

Interaction between the
stellar wind/disk and the

pulsar wind => non-thermal

radiation close to periastron
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periastron
brightening

« Delayed compared to

X-ray/TeV peak o GeV flare
. inferior conjunction

« Next periastron passage | .
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PSR J2032+4127

o A gamma-ray pulsar (Camilo et al.2009)

o pulsar in a binary orbit best explains the

Radial Velocity (km/s)

‘tamino noise’ (Lyne et al. 2015) ,
: y : inary mode

0

Y (light—sec)

—-5000

—2000

. To Elarth | |
—20000 —15000 —10000
X (light—sec) s
1 II ) 1 1 1 1 I

55000
Date (MJD)




L — — - — P —

- A S Vo W 4 YW A )Py N W SN W A
P e — , / 4
~4 A= et \ e UV LA A L AVA A 1 Ll

Pulsed emission in Radio/GeV
P=143ms L, =1.7x10"erg/s
Very long orbit binary: Po-50 years.

(Ho et al. 2016)

Next periastron passage in late 2017.
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XRT Flux (10" erg/s/cm?)
(0.3-10 keV)

rmt G Nomat et \f s gt g e e\ ff i NNy o iy Nl N f s Seid o Nl i\ f s i
ray, o4 Vs £ /&3

tﬁ}l;Jv/p:}l;Jfﬁ}/;Jvf:}l;J-—/::/ll‘;wﬂr./"rf:‘*/ﬂ:——/vf:\/(:v—q/v - 'l»q/vf:},;q/-/, ;;./‘,/.. L-.././_.
7
-
7Y
=7
[ ] i y 4
ray/GeVdata ., . . . B
akata, Tam et al. (2017) B
T T T T T T T T T T T T L S
| | A
3.0 ! ’ ! V i L : :‘ T T T L T N:'(p
1 el
3.0 F . ' T+ wAl
O | | | | | 200.4././"'._:& ) V'
25 ¢ v < =)
és 25| - : : :‘f’
P ! ! Y o )
20 979 ,5| - VT 73 e
=S TL+ 5y z " ¢
= A | = ety
15F x4 15¢ - 1 =~ g A
o b Lo g T
1.0 g 1or 1 ';{ E_ | T To 131111 :: = 4
. ) ) | o : 5
| | 3 i a
| | g o Dllse?vef‘y Y -1 S -~ :{
05 L ; L ! —150600 —10000  —5000 0 “"/
: X (light—sec) s
v
0.0 ! v . ! ! | : { ! I L : -Z:F
54000 54500 55000 55500 56000 56500 57000 57500 ~ o
o o X-ray flux bas increased for |
: 2
a factor of ten in last -3 years |
2.1E-10 ‘ Energy qu>§ of PSRJ2032+4127 throughouF the 8 years of s:iata *
. Enérgy Flux | (4
3K T S —,—,——_——"——————_SMtt i i 4
(see also Ho et al 2016) %
L L L .
Ng 1.8E-10f /4
| | | | ? | ° 7
St T 1 =t~ |« Whatcause the increase of |
N mys.? S/?O(Jk.? /
1T4AE10F i Qg Ay AP MY AT AarAr -
- Steady GeV flux
1.3E-10 55600 55.1300 56600MJD 56_‘500 57000 57_‘500 £

- - - - . AN A NS . T . KT N : - prm—— ‘ L T ) X
»-/.~.'1f~-et’: - ,/". :’;{o--( v/w;rlw-,-/ .,,;«’.PJ r,v:"ﬂq/. »fv}lwa-/ ofr}lmqi7/-—:/lu—-r{ v:,nr:'t-—J V/’;’l-"‘f ’/'Q,l-w-{ va‘ t,‘/i:/ ﬁ//‘—(—’: v, v/-r/ poves o
s * -~ » - » » 2 > &-.“ R » — » » ». L&-‘ - » @

N

———

P [




4\ 1 D £ N "k h
w C C

»y W i Q. W @ Wy § 5 | W s A

Emissions from pulsar wind/stellar wind interaction.
Isotropic pulsar wind and stellar wind.

Magnetization parameter:
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0.3-10keV flux [erg cm=2 s7]
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” - The pulsar is close to inferior conjunction.
2 — Shock pulsar wind moves toward the Earth.
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Recent X-ray light curve
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« Instead of a monotonically increase in X-ray flux,

the light curve may be characterized by:

1) a long-term increase trend from 2013-2015: the
low state
2) short-term (weeks-months) flares: the flaring

state




Recent X-ray light curve
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« Instead of a monotonically increase in X-ray flux,

the light curve may be characterized by:

1) a long-term increase trend from 2013-2015: the
low state=> lower nH
2) short-term (weeks-months) flares: the flaring

state=> higher nH




o It would ease the difficulties faced by too rapid increase of

magnetic field at the shock (proportional to binary

separation)

o Local clump(s) of clouds from stellar wind, consistent
with high nH required
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X-ray light curves
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Spectrum of L.C. from pulsar wind
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* Relativistic pulsar wind

--1.C. scattering off the stellar photons.
-- Predicted flux ~10%erg cm?s? at

periastron.

-- Good target for Fermi.
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« It’s now a good time to study gamma-ray binaries with %
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orbital period of years i

« Pulsar/Be binary : laboratory of the pulsar wind,
studying magnetosphere/Pulsar wind/Shock emissions. X
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= Prototype: PSR B1259-63/L52883, origin of GeV flare
still not solved
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Summary(2): PSR J2032+4127 |
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s PSR J2032+4127/MT91 213 : what causes the X-ray 3
flares?

= Prediction from the shock model: Orbital modulating
GeV/TeV emissions in the next periastron passage (late X

2017, Takata, Tam et al., 2017). S
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PSR J2032+4127

o Gamma-ray pulsars with radio timing solutions (Camilo+ 2009)

o It has TeV and X-ray counterparts (PWN?)
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connection?

wind interface

wind flow line

PSR B1259-63

stellar disc

2,
20,
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H.E.S.S. pulsar orbit :

PSRB1259-63  becouticsy 2067

Flux (>380 GeV) -10-12¢cm-2s-1
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X-ray/GGeV connection?
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