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LS 5039

Neutron star or Black hole XRB?

Richard Dubois(*)

(*) Usual caveats and groveling
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OutlineOutline

• HESS sees LS 5039 in TeV

• What is/was known about it

• Reminders about microquasars

• Evidence for black hole

• Evidence for pulsar References:
• HESS – Science 29 (2005) 746
• Casares et al – astro-ph 0507549
• Dubus – Einstein 2005 Paris talk

Thanks to Olaf, Guillaume and Berrie 
for advice!



GLAST LAT Project                                               GLAST Science at Lunch - Aug 11, 2005

R.Dubois 3
Aharonian et al., Science (in press) 
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H.E.S.S. preliminary

HESS: Detected again this yearHESS: Detected again this year
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H.E.S.S. H.E.S.S. lightcurvelightcurve (2004)(2004)

No significant variations Aharonian et al., 
Science (in press) 
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H.E.S.S. spectrum: hardH.E.S.S. spectrum: hard

Aharonian et al., Science (in press) 

O6V star
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Orbital Parameters Orbital Parameters –– McSwainMcSwain et alet al

d ~ 3 kPc
Mcomp ~ 1-1.5 Msun
Mopt ~ 22 Msun

Use rotational 
broadening of optical 
lines to get rotation 
velocity

Doppler shift of 
centroids show 
motion relative to 
CoM
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Orbital LayoutOrbital Layout

Looks plausible that LS 5039 
was ejected from SNR 
G016.8-01.1
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Relativistic Radio JetRelativistic Radio Jet

VLBA/VLA radio map

They assume these are 
2 jets with Doppler 
boosting affecting 
apparent luminosity.

2:1 density difference 
v > 0.15 c

Hence = microQuasar!

Paredes: Science 288 (2000) 2340
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O6.5V((f))

Inverse Compton
Scattering

Synchrotron
Radiation

e-

e-

e-

vjet ≥ 0.15c

Lopt ~ 1×1039 erg/s

γ-ray, E > 100 MeV, Lγ ~ 4×1035 erg/s
Φ = 35.2 10-8 ph/s/cm2    Γ ~2.2

γe ~ 103

Radio, L0.1-100 GHz ~ 1×1031 erg/s

X-ray
L3-30 keV ~ 5×1034 erg/s

UV, E ~ 10 eV

e-

e-

e-

Proposed scenarioFrom Paredes
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QUASARQUASAR--MICROQUASAR ANALOGYMICROQUASAR ANALOGY

The scales of length and time are 
proportional to MBH

Rsh = 2GMBH/c2 ;  ΔT α MBH

The maximum color temperature
of the accretion disk is: 

Tcol α (M/ 10M )-1/4

(Shakura & Sunyaev, 1976)

For a given accretion rate: 
LBol α MBH ; ljet α MBH ; 
ϕ α  MBH

-1 ; B α MBH
-1/2

(Sams, Eckart, Sunyaev, 96;  Rees 04)

QUASAR                   MICROQUASAR M. & L.F. Rodriguez; Nature 1992, 94, 98 

From Mirabel: Hong Kong 2003

Length scale better for spatial 
measurements with quasars

106-109 M 10 M
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Compact Compact 
Object as Object as 

Black Black 
Hole:Hole:

CasaresCasares et et 
alal

Use rotational 
broadening of optical 
lines to get rotation 
velocity

Doppler shift of 
centroids show 
motion relative to 
CoM

Eccentricity shown in 
non-sinusoidal phase
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Compact Object Mass EstimateCompact Object Mass Estimate

Assumes Moon-like 
synchronicity of 
orbits

Limit from mass 
function and 
inclination only
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HESS Variability?HESS Variability?

Re-plot HESS times against new orbit period: 
hint of regularity?? 
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BlazarBlazar--like jet emission ?like jet emission ?

• jet is natural interpretation for resolved radio.
• black hole ⇔ low inclination ⇔ microblazar
• But:

– No resolved motion, low bulk Lorentz factor
– Radio and X-ray properties ≠ known microquasars
– Low variability in radio-X-γ ?
– Low luminosity ?

Does a ms pulsar provide a (better) alternative ?

G.Dubus
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e.g. PSR B1259e.g. PSR B1259--6363

• ms pulsar in 3.5 yr orbit around Be star
• Pulsar spindown power 5 1036 erg/s
• Containment of pulsar wind by stellar wind: shock acceleration, 

VHE emission.

H.E.S.S. detection at 
periastron in 2004

G.Dubus
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LS 5039 spectrum similar to that of millisecond LS 5039 spectrum similar to that of millisecond 
PSR B1259PSR B1259--6363

G.Dubus



GLAST LAT Project                                               GLAST Science at Lunch - Aug 11, 2005

R.Dubois 18

LS 5039 spectrum similar to that of millisecond LS 5039 spectrum similar to that of millisecond 
PSR B1259PSR B1259--6363

G.Dubus
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Pulsar bow shock emission ?Pulsar bow shock emission ?

• Neutron star easily fits radial velocity
• Steady, low luminosity
• Similarity to PSR B1259-63 spectrum
• Radio pulse dispersed/absorbed in strong wind
• Radio jet = electrons advected in comet tail !

G.Dubus

Fast moving Mouse
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Spectral fitSpectral fit

• Take PSR B1259, put it in LS 
5039. 

• Wind parameters & orbit are 
constrained.

• Solve for stagnation point, MHD 
shock conditions and 
acceleration with Nγ~γ-2.

• Calculate synchrotron and 
inverse Compton emission close 
to system.

G.Dubus

High Energy Absorption:

• bounce them off star light – peaks around 1 eV
• f(q) max at qmax = 0.05 1 eV absorbs 500 GeV gammas
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Angle dependence of absorption
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Spectral fitSpectral fit

Pulsar wind parameters:
1036 erg/s, γw=106 and σ=0.001

Dubus, in prep.

But Tev and star photons 
create e+e- pairs !

nebular emission

no absorption

G.Dubus
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Fraction of absorbed 1 Fraction of absorbed 1 TeVTeV fluxflux

Puls
ar 

orb
it

O6V star

99%

90%
50%

10%

1%

Dubus, in prep.

Observer at far right

G.Dubus
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Expect orbital variationExpect orbital variation

Dubus, in prep.

Pure absorption

G.Dubus
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Some predictionsSome predictions

• Orbital variability in gamma-rays.
• Pulsed gamma-rays ? (but cascade).
• One-sided radio outflow changes position angle with orbital 

phase.

LSI +61 303 (Massi et al. 2004)

G.Dubus
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Guillaume Rebuts BHGuillaume Rebuts BH

• He believes the radial velocities might be messed up by 
contamination of the lines

• If a pulsar, the system is much younger than the 1 MYr needed 
to synchronize (pulsar would have spun down)
– Plus co-rotation is an assumption

• Perhaps backed up by CNO overabundance – still unmixed 
from SN?

• Otherwise consistent with NS masses

• He wonders if LS5039 is a “Crab with optical companion”
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In a HESS NutshellIn a HESS Nutshell

• The binary system LS 5039, at a distance of about 3 kpc, was discovered by Motch et al. 1997, cross-
correlating X-ray sources from the ROSAT catalog with OB star catalogues in order to locate systems 
made of a compact X-ray source orbiting a massive star. Using the VLA radio interferometer, Marti et al. 
1998 identified LS 5039 as a nonthermal radio source, supporting the identification. New X-ray 
observations (Ribo et al. 1999) showed a hard spectrum, but neither pulsed nor periodic emission. 
Paredes et al. 2000 discovered that the system exhibits radio jets at the milliarcsecond scale; this was 
confirmed in Paredes et al. 2002. Clark et al. 2001 showed that the mass donor was a O6.5V(f) star. Using 
radial velocity measurements, McSwain et al. 2001, 2004 succeeded in determining the orbit period to 4.4 
days, with an eccentricity of about 0.4. McSwain et al. 2002 suggest, on the basis of the modest X-ray 
flux, that the compact object accretes matter from the stellar wind of its companion, rather than by direct 
Roche-lobe overflow. McSwain et al. 004 favors a mass range for the compact object of 1-2 solar masses, 
a massive companion of 20 to 35 solar masses, and small inclination of the orbit relative to the line of 
sight. In a recent paper by Casares et al., the orbit period is revised to 3.9 days and based on atmosphere 
model fitting to the spectrum of the optical companion, a mass of the compact object of about 4 solar 
masses is estimated, which would point to a black hole rather than a neutron star. LS 5039 is moving 
with more than 100 km/s perpendicular to the Galactic plane, probably as a result of a recoil generated in 
the supernova explosion that generated the compact object (Ribo et al. 2002).

• The detection of LS 5039 in very high energy gamma rays by H.E.S.S. (Fig. 1, Fig. 2) provides clear 
evidence that microquasars are indeed capable of accelerating particles to multi-TeV energies. LS 5039 
was initially discovered in the H.E.S.S. survey of the central region of the Galactic plane; follow-up 
observations were conducted to confirm the result. The photon spectrum is rather hard, with a spectral 
index of ~2.1 (Fig. 3). The detailed mechanisms how the gamma rays are generated are still under 
discussion. Possible scenarios include inverse-Compton scattering of photons from the companion star, 
from the accretion disk, or of synchrotron photons (e.g. Bosch-Ramon et al. 2005, Romero et al. 2003 and 
earlier references given there). However, the flux of photons from the companion star is so large, that 
gamma rays produced in the vicinity of the compact object are likely to be absorbed, resulting in 
production of electron-positron pairs (e.g. Bednarek 1997). If nucleons are accelerated, they ought to be 
able to carry their energy far enough away before interacting and generating gamma rays. A clue could 
come from an orbital modulation of the gamma-ray flux according to the 4 day orbital period; more data 
is being collected to probe the time dependence.

From “HESS Source of the Month”
http://www.mpi-hd.mpg.de/hfm/HESS/public/som/current.htm

http://adsabs.harvard.edu/cgi-bin/nph-bib_query?bibcode=1997A&A...323..853M&db_key=AST&data_type=HTML&format=&high=40ac50378426058
http://adsabs.harvard.edu/cgi-bin/nph-bib_query?bibcode=1998A&A...338L..71M&db_key=AST&data_type=HTML&format=&high=40ac50378426346
http://adsabs.harvard.edu/cgi-bin/nph-bib_query?bibcode=1998A&A...338L..71M&db_key=AST&data_type=HTML&format=&high=40ac50378426346
http://adsabs.harvard.edu/cgi-bin/nph-bib_query?bibcode=1998A&A...338L..71M&db_key=AST&data_type=HTML&format=&high=40ac50378426346
http://adsabs.harvard.edu/cgi-bin/nph-bib_query?bibcode=2000Sci...288.2340P&db_key=AST&data_type=HTML&format=&high=40ac50378427128
http://adsabs.harvard.edu/cgi-bin/nph-bib_query?bibcode=2002A&A...393L..99P&db_key=AST&data_type=HTML&format=&high=40ac50378426932
http://adsabs.harvard.edu/cgi-bin/nph-bib_query?bibcode=2001A&A...376..476C&db_key=AST&data_type=HTML&format=&high=40ac50378428041
http://adsabs.harvard.edu/cgi-bin/nph-bib_query?bibcode=2001ApJ...558L..43M&db_key=AST&data_type=HTML&format=&high=40ac50378426569
http://adsabs.harvard.edu/cgi-bin/nph-bib_query?bibcode=2004ApJ...600..927M&db_key=AST&data_type=HTML&format=&high=40ac50378408240
http://adsabs.harvard.edu/cgi-bin/nph-bib_query?bibcode=2002ApJ...568L..27M&db_key=AST&data_type=HTML&format=&high=40ac50378426700
http://adsabs.harvard.edu/cgi-bin/nph-bib_query?bibcode=2004ApJ...600..927M&db_key=AST&data_type=HTML&format=&high=40ac50378408240
http://xxx.lanl.gov/multi?archive=astro-ph&file=new+abstracts&year=%2705&month=07&args=0507549&/abs=+Show+Abstract+&search_year=past+year&field_1=au&query_1=&subj_cond-mat=--%3E+cond-mat+subject+classes&subj_physics=--%3E+physics+subject+classes
http://adsabs.harvard.edu/cgi-bin/nph-bib_query?bibcode=2002A&A...384..954R&db_key=AST&data_type=HTML&format=&high=40ac50378424304
http://www.mpi-hd.mpg.de/hfm/HESS/public/som/current.htm#Fig.%201
http://www.mpi-hd.mpg.de/hfm/HESS/public/som/current.htm#Fig.%202
http://www.mpi-hd.mpg.de/hfm/HESS/public/som/current.htm#Fig.%203
http://adsabs.harvard.edu/cgi-bin/nph-bib_query?bibcode=2005A&A...429..267B&db_key=AST&data_type=HTML&format=&high=40ac50378414017
http://adsabs.harvard.edu/cgi-bin/nph-bib_query?bibcode=2003A&A...410L...1R&db_key=AST&data_type=HTML&format=&high=40ac50378416584
http://adsabs.harvard.edu/cgi-bin/nph-bib_query?bibcode=1997A&A...322..523B&db_key=AST&data_type=HTML&format=&high=40ac50378417246
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Prospects for GLAST?Prospects for GLAST?

Φ = 35.2 x 10-8 ph/cm2/s
Γ~ -2.2

From LAT Performance 
on glast.stanford.edu

Perhaps we can see an orbital 
dependency? Guillaume shows 
some dependency still at 200 GeV


	Outline
	HESS: Detected again this year
	H.E.S.S. lightcurve (2004)
	H.E.S.S. spectrum: hard
	Orbital Parameters – McSwain et al
	Orbital Layout
	Relativistic Radio Jet
	QUASAR-MICROQUASAR ANALOGY�                                       ��
	Compact Object as Black Hole:�Casares et al
	Compact Object Mass Estimate
	HESS Variability?
	Blazar-like jet emission ?
	e.g. PSR B1259-63
	LS 5039 spectrum similar to that of millisecond PSR B1259-63
	LS 5039 spectrum similar to that of millisecond PSR B1259-63
	Pulsar bow shock emission ?
	Spectral fit
	Spectral fit
	Fraction of absorbed 1 TeV flux
	Expect orbital variation
	Some predictions
	Guillaume Rebuts BH
	In a HESS Nutshell
	Prospects for GLAST?

