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Key Questions

\

5> What other classes of objects in our
galaxy produce gamma rays?

4 \What are compact binary systems?
 Which binaries emit gamma rays?

% Do we know all the types of gamma ray
sources In the galaxy?
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Overview

\

s Compact binary systems
% Three compact binaries
s Powerful wind systems

April 14, 2007




Compact Binary Systems

\




X-ray binaries
\

» X-ray binaries are bright and variable X-ray
emitters

% Two stars orbiting each other

% One of the stars Is a compact object
® Neutron star
& Black hole

*Compact object accretes

matter from the companion star

*Periods are typically in days

sPeriods for pulsars are a few

seconds or less Artist’s concept of Cygnus X-1 from
NASA HEASARC Imagine the Universe
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Is It a black hole?

\

¢ How do we figure out If something Is a black
nole? We can’t see it, but we can tell it is there
pecause of its gravitational field.

& Measure the mass

> Need to use a directly observable object or gas close
to the candidate, velocity curves

% This means binary systems are one of the best places
to find evidence for a black hole

> Look for accretion disk
* X-rays measure temperature
* X-ray line emission can reveal effects of strong gravity
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Stellar mass black holes

\

s Stellar mass black holes form when a
supernova core collapses and becomes
too dense to remain a neutron star

% Mass Is comparable to stars

¢ Black holes in the centers of galaxies are a
million or billion times the mass of the Sun
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Three Gamma-Ray Binaries

\




Interesting X-ray binaries

\

& Several interesting X-ray binaries were
early targets of the new ground-based
gamma-ray telescopes

* Interesting = radio jets or energetic pulsar +
high energy gamma rays detected by space
telescopes (EGRET)
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\Pulsar wind meets stellar wind

% Strong stellar wind impacting a pulsar
wind nebula
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Pulsar Wind
material

Simulations from E. van der Swaluw et al. 2001
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PSR 1259-63

\

% Pulsar - Be star system

¢ Radio pulsar — periodically eclipsed when it
passes behind disk of stellar companion

4 SS 2883 — massive star with a high density
disk wind

s 3.4 year orbit
* Last closest approach February 2004

% Next Is later this year (but not visible during
the nighttime for ground-based observations)
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PSR 1259-63

\

% Very high energy gamma rays detected by
H.E.S.S

wind interface -
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Lightcurve — sampling the
\ companion

* How does the gamma-ray rate change throughout the
orbit?

* Can we match an emission model to the radio, X-ray,
and gamma ray behavior?
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Gamma-ray survey

\
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Very high energy survey of inner galactic plane by H.E.S.S.
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LS 5059

3.9 day period
Cornpact ooject passes wWiinin 2 ine star's |
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Very hign energy garnra ray ligntcurve from rlLE.S.S.



Flow co the energies of garmnrma rays cnearnge over tne oroit?
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\Very nigrn energy garnrme ray soecira frorr FLE.S. S,
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« Radio and JA-ray jeis are presernt

v« Accretion Is accelerating particles
« Good candidate

VLBA radio map for LS 503¢



Anotner Microguaseayr



v Periodic very nigh energy geunrre
rewy signal discovered by MAGIC |
and corffirrned by VERITAS 26.5 day orbit
Orbit Phase (Y) 0.75 to 0.88

ema,
.....

8.25 hrs combined 7 hrs combined
Garnrna ray images frormn VERITAS



Varlapility

v« VERITAS regenrJ/ oserved additionzl poriions
of irie orolial pnase
« 33 nrs accurnulated over 5 rmonins

Period = 26 5 da;Ls_ll

Orbit is 26 days. Parts of the
orbit conflict with the moon .
being up! /

Geaurnrna-ray ligntcurve frorm VERITAS



Jets or wind?

3

Source of ine garnmea-ray emission Is
oelng depaied
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Moclels consider ine Importance of
accreion and tne relatvisilc jet cormnpared
to collisions of tne jet and possiole pulsar
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Blg Winds In trie Galasy



v« Aran energeiic wind is a general way to
get a sirong srock

« Wrere else in the galauy migni tnese
icitions exisi?
v Collidling wincls with kinetic energles
cornparanle o sUpernova snocy wayve
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v Low energy pnotons



« Masslve siar =40
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« Violent wind plows
off ouier layers
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Gerrrnel relys frormn sters

© A YEUNIME-rey SOUrce neer & stellar cluster and a0 Wolf-
Fayet oinary

WR stars \

Wind
oubple

Garrnrne-rely Mep Fadio Map



Wirids, rmas:
rmagnetic flelds

« Model of accurmnulation region for plaisra frormn 2 massive rotating
star with au strong meagnetic figld
«  Wind outflow frorn the star populates this region with not plasrna

30° su”

~

Rigidly rotating rnagnetosphere model frorm Townsend, R.HL.D., & Owocki, S.P. 2005, MINRAS, 357,251



v Meagneiosonere
rocdel for sigrmza
Orl £, 2 Bp star
v« Dopoler velocity

(Dlue/red)
« Density of plasma
(color scale)

Described in Townsend, R.HLD., Owocki, S.P., & Groote, D. 2005, ApJ, 630, L81
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stellar winds do play a role in evvJ/ fo md
arnrna-ray ermission frorm a massiy |



