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Key QuestionsKey Questions

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

What are compact binary systems?What are compact binary systems?

Which binaries emit gamma rays?Which binaries emit gamma rays?

Do we know all the types of gamma ray Do we know all the types of gamma ray 
sources in the galaxy?sources in the galaxy?
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OverviewOverview

Compact binary systemsCompact binary systems

Three compact binariesThree compact binaries

Powerful wind systemsPowerful wind systems



Compact Binary SystemsCompact Binary Systems
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XX--ray binariesray binaries

XX--ray binaries are bright and variable Xray binaries are bright and variable X--ray ray 
emittersemitters
Two stars orbiting each otherTwo stars orbiting each other
One of the stars is a compact objectOne of the stars is a compact object

Neutron starNeutron star
Black holeBlack hole

Artist’s concept of Cygnus XArtist’s concept of Cygnus X--1 from 1 from 
NASA HEASARC Imagine the UniverseNASA HEASARC Imagine the Universe

Compact object accretes Compact object accretes 
matter from the companion starmatter from the companion star
Periods are typically in daysPeriods are typically in days

Periods for pulsars are a few Periods for pulsars are a few 
seconds or lessseconds or less
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Is it a black hole?Is it a black hole?

How do we figure out if something is a black How do we figure out if something is a black 
hole? We can’t see it, but we can tell it is there hole? We can’t see it, but we can tell it is there 
because of its gravitational field.because of its gravitational field.
Measure the massMeasure the mass

Need to use a directly observable object or gas close Need to use a directly observable object or gas close 
to the candidate, velocity curvesto the candidate, velocity curves
This means binary systems are one of the best places This means binary systems are one of the best places 
to find evidence for a black holeto find evidence for a black hole

Look for accretion diskLook for accretion disk
XX--rays measure temperaturerays measure temperature
XX--ray line emission can reveal effects of strong gravityray line emission can reveal effects of strong gravity
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Stellar mass black holesStellar mass black holes

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

Mass is comparable to stars Mass is comparable to stars 
Black holes in the centers of galaxies are a Black holes in the centers of galaxies are a 
million or billion times the mass of the Sunmillion or billion times the mass of the Sun



Three GammaThree Gamma--Ray BinariesRay Binaries
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Interesting XInteresting X--ray binariesray binaries

Several interesting XSeveral interesting X--ray binaries were ray binaries were 
early targets of the new groundearly targets of the new ground--based based 
gammagamma--ray telescopesray telescopes

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

Strong stellar wind impacting a pulsar  Strong stellar wind impacting a pulsar  
wind nebulawind nebula

Simulations from E. van Simulations from E. van derder SwaluwSwaluw et al. 2001et al. 2001
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PSR 1259PSR 1259--6363

Pulsar Pulsar -- Be star systemBe star system
Radio pulsar Radio pulsar –– periodically eclipsed when it periodically eclipsed when it 
passes behind disk of stellar companionpasses behind disk of stellar companion
SS 2883 SS 2883 –– massive star with a high density massive star with a high density 
disk winddisk wind

3.4 year orbit3.4 year orbit
Last closest approach February 2004Last closest approach February 2004
Next is later this year (but not visible during Next is later this year (but not visible during 
the nighttime for groundthe nighttime for ground--based observations)based observations)
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PSR 1259PSR 1259--6363

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

PulsarPulsar

StarStar
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LightcurveLightcurve –– sampling the sampling the 
companioncompanion

How does the gammaHow does the gamma--ray rate change throughout the ray rate change throughout the 
orbit?orbit?
Can we match an emission model to the radio, XCan we match an emission model to the radio, X--ray, ray, 
and gamma ray behavior?and gamma ray behavior?

Pulsar closest to starPulsar closest to star

DaysDays

Very high gamma ray Very high gamma ray lightcurvelightcurve from H.E.S.S.from H.E.S.S.
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GammaGamma--ray surveyray survey

VHE gamma 
ray

--180°180°+180°+180°

Very high energy survey of inner galactic plane by H.E.S.S.Very high energy survey of inner galactic plane by H.E.S.S.
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MicroquasarsMicroquasars

Type of XType of X--ray binaryray binary
Compact object accreting Compact object accreting 
material from a normal starmaterial from a normal star

Neutron star/PulsarNeutron star/Pulsar
Black holeBlack hole

Distinguished by relativistic Distinguished by relativistic 
radio jets and Xradio jets and X--ray emission ray emission 
from hot accretion diskfrom hot accretion disk
Many found due to XMany found due to X--ray ray 
outburstsoutbursts
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LS 5039LS 5039

3.9 day period3.9 day period
Compact object passes within 2x the star’s radiusCompact object passes within 2x the star’s radius

Very high energy gamma ray Very high energy gamma ray lightcurvelightcurve from H.E.S.S.from H.E.S.S.
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LS 5039 spectrumLS 5039 spectrum

Energy distribution of gamma raysEnergy distribution of gamma rays

How do the energies of gamma rays change over the orbit?How do the energies of gamma rays change over the orbit?

Very high energy gamma ray spectra from H.E.S.S.Very high energy gamma ray spectra from H.E.S.S.

1 TeV
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Is it a black hole?Is it a black hole?

Radio and XRadio and X--ray jets are presentray jets are present
Accretion is accelerating particlesAccretion is accelerating particles

Good candidateGood candidate

VLBA radio map for LS 5039VLBA radio map for LS 5039



Another Another MicroquasarMicroquasar
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LS I 61+303LS I 61+303

Periodic very high energy gamma Periodic very high energy gamma 
ray signal discovered by MAGIC ray signal discovered by MAGIC 
and confirmed by VERITASand confirmed by VERITAS

Orbit Phase (Y) 0.63 to 0.71 Orbit Phase (Y) 0.75 to 0.88

Gamma ray images from VERITASGamma ray images from VERITAS
8.25 hrs combined8.25 hrs combined 7 hrs combined7 hrs combined

26.5 day orbit26.5 day orbit
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VariabilityVariability

VERITAS recently observed additional portions VERITAS recently observed additional portions 
of the orbital phase of the orbital phase 
33 hrs accumulated over 5 months33 hrs accumulated over 5 months

Period = 26.5 days

GammaGamma--ray ray lightcurvelightcurve from VERITASfrom VERITAS

Orbit is 26 days. Parts of the Orbit is 26 days. Parts of the 
orbit conflict with the moon orbit conflict with the moon 

being up!being up!
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Jets or wind?Jets or wind?

Source of the gammaSource of the gamma--ray emission is ray emission is 
being debatedbeing debated

Models consider the importance of Models consider the importance of 
accretion and the relativistic jet compared accretion and the relativistic jet compared 
to collisions of the jet and possible pulsar to collisions of the jet and possible pulsar 
nebula with the stellar windnebula with the stellar wind



Big Winds in the GalaxyBig Winds in the Galaxy
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Gamma rays from particle windsGamma rays from particle winds

An An anan energetic wind is a general way to energetic wind is a general way to 
get a strong shockget a strong shock

Where else in the galaxy might these Where else in the galaxy might these 
conditions exist?conditions exist?

Colliding winds with kinetic energies Colliding winds with kinetic energies 
comparable to supernova shock wavescomparable to supernova shock waves

Low energy photonsLow energy photons
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WolfWolf--RayetRayet starsstars

Massive star >40 Massive star >40 
SunsSuns
Violent wind blows Violent wind blows 
off outer layersoff outer layers
Surrounded by Surrounded by 
nebula of the hot nebula of the hot 
gas ejected from gas ejected from 
the starthe star
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Gamma rays from starsGamma rays from stars

A gammaA gamma--ray source near a stellar cluster and a Wolfray source near a stellar cluster and a Wolf--
RayetRayet binarybinary

Radio MapRadio MapGammaGamma--ray Mapray Map

WR starsWR stars

Wind Wind 
bubblebubble
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Winds, massive stars and Winds, massive stars and 
magnetic fieldsmagnetic fields

Model of accumulation region for plasma from a massive rotating Model of accumulation region for plasma from a massive rotating 
star with a strong magnetic fieldstar with a strong magnetic field
Wind outflow from the star populates this region with hot plasmaWind outflow from the star populates this region with hot plasma

Rigidly rotating magnetosphere model from Townsend, R.H.D., & Rigidly rotating magnetosphere model from Townsend, R.H.D., & OwockiOwocki, S.P. 2005, MNRAS, 357,251 , S.P. 2005, MNRAS, 357,251 

30°30° 80°80°
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Massive magnetic starMassive magnetic star

Magnetosphere Magnetosphere 
model for sigma model for sigma 
OriOri E, a Bp starE, a Bp star

Doppler velocity Doppler velocity 
(blue/red)(blue/red)

Density of plasma Density of plasma 
(color scale)(color scale)

Described in Townsend, R.H.D., Described in Townsend, R.H.D., OwockiOwocki, S.P., & , S.P., & GrooteGroote, D. 2005, , D. 2005, ApJApJ, 630, L81, 630, L81
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SummarySummary

Three XThree X--ray binary systems in our Galaxy emit ray binary systems in our Galaxy emit 
periodic gammaperiodic gamma--ray signalsray signals

Each is uniqueEach is unique

Unclear if emission is from a jet caused by the Unclear if emission is from a jet caused by the 
black hole or interaction with the stellar windblack hole or interaction with the stellar wind

Stellar winds do play a role in newly found Stellar winds do play a role in newly found 
gammagamma--ray emission from a massive star ray emission from a massive star 
systemsystem


