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X-ray Binaries and Gamma-ray Binaries
l X-ray binaries and gamma-ray 

binaries (GRBis) both consist of a 
neutron star or black hole in orbit 
with a “normal” star.

l In both cases the energy comes 
from an interaction between the 
two components.
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l X-ray binaries much more common than gamma-ray 
binaries. (Hundreds vs. handful.) 
l For X-ray binaries energy source is gravitational potential 
energy. Situation is more complex for GRBis. 
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How to Make a Gamma-ray Binary

●The “conventional” mechanisms are:

● Accreting microquasar (stellar mass black hole) with relativistic jets.

● Pulsar interacting with the wind of a hot (O or B type) companion. Pulsar and 
stellar winds collide and form shocks.

●Two ingredients needed:

● Power source.

● Non-thermal mechanism. e.g. Fermi acceleration at shocks + inverse 
Compton scattering.
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High-Mass X-ray Binary/Gamma-ray Binary 
Connection?

● X-ray binaries may go through a gamma-ray binary phase early in their 
lives. 
● A newly born neutron star is expected to be rapidly rotating and highly 
magnetized. 
● Relativistic pulsar wind interacts with companion's wind and produces 
gamma rays until neutron star has spun down (e.g. Dubus 2006).
● Meurs & van den Heuvel (1989) predicted ~30 such systems in the 
Galaxy in this brief phase. 

Pulsar wind pressure dominates for: 
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HMXBs Born as Gamma-ray Binaries?

HMXBs containing neutron stars may begin as gamma-ray
binaries with rapidly rotating neutron stars before spinning down.

PSR B1259-63

A 0538-66

B = Be star HMXB
R = Roche-lobe overflow HMXB
W = wind-accretion HMXB

(PSR J2032+417)
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The Fermi LAT

● Fermi was launched in June 2008.

● The primary instrument is the LAT: 100 MeV (or lower) to 300 
GeV (and higher).

Several advantages over previous detectors:
- Instrument performance: Improved 

effective area, field of view, angular resolution.
- Observation mode: LAT mainly operates 

in sky survey mode. Entire sky is observed 
every ~3 hours. Can study binaries on a wide 
range of timescales.



7

The Hunt for New Binaries

• Only a handful of gamma-ray binaries are known.

•But ~30 had been predicted in the Milky Way as early phase of 
HMXB evolution.

1. Only one “new” source had previously been 
found with Fermi: 1FGL J1018.6-5856 with two 
years of data.

2. Known gamma-ray binaries show modulation on 
their orbital periods.

• Hope to find new gamma-ray binaries from the detection of 
periodic variability.



Difficulties in Hunting Gamma-ray Binaries

• Binary signals are rare.

• Artifact signals are common in LAT data!

• e.g. 53 day satellite precession period, 1 day modulation 
(background variation), 3 hour survey period, 1.5 hour orbital 
period, 1/4 year period near bright sources, the Moon 27.3 day 
period.

• When a periodic signal is found, it can be hard to localize the source 
and find the counterpart.

• Fermi error circles large (many arc minutes) with systematics in 
crowded regions.

• Multi-wavelength observations vital to determine counterpart.

• e.g. find X-ray sources in gamma-ray error region, then do radio 
and optical observations of those. 8
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The Hunt for New Binaries

• There are 3033 unique sources in 3FGL catalog. 

• Many sources are “unassociated” without counterparts.

• Produced light curves and power spectra for all sources. With 
a few “tricks” to increase signal-to-noise: 

• Probability-weighted aperture photometry.

• Exposure-weighted power spectra.

• Known persistent binaries were easily detected.

• Pass 8 data increased binary signals in power spectra of 
known binaries by factor of 1.5.

• Also saw curious signal from J0526.6-6825e - LMC treated as 
single source…



Power Spectrum of LMC as Single Source
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1 day artifact

What’s this at 10.3 days?
Artifact??



Modulation Is Localized: Not an Artifact
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Image is difference of images at maximum phase and minimum phase for
10.3 day modulation.

3FGL location of LMC



The Magellanic Clouds
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Large Magellanic Cloud

Small Magellanic Cloud



The Magellanic Clouds
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• The LMC is at a distance of ~50 kpc
• About 1% the mass of the Milky Way.
• However, star formation rate/unit mass is several times 
Galactic.
• The expected number of high-mass X-ray binaries 
depends on star formation rate, not mass. (Because 
lifetimes are short).

• If gamma-ray binaries are early HMXBs, the relative 
population of GRBis should be similar.

LMC

SMC



Recent Fermi Survey of LMC

• From 6 years of Fermi observations LAT team identified diffuse 
emission and four point-like objects in LMC (Ackermann+ 2016):

• P1 = pulsar, PSR J0540-6919 (most luminous pulsar)

• P2 = pulsar, PSR J0537-6910

• P3 = ? several candidates suggested, but no good evidence

• P4 = supernova remnant, N132D

• Our modulation map suggested we might be seeing periodic 
signal from “P3”…
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Modulation Center
Near “P3” from New Fermi Survey
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Image is difference of images at maximum phase and minimum phase for
10.3 day modulation.

“P3” Fermi source

3FGL center of LMC

M. Ackermann et al.: A deep view of the Large Magellanic Cloud

Fig. 1. Total counts map in the 0.2–100 GeV band and residual counts
map after subtracting the background model described in Sect. 3.1 (top
and bottom panels, respectively). Both maps have 0.1◦ × 0.1◦ pixels
and were smoothed with a Gaussian kernel with σ = 0.2◦. Colours are
displayed on a square-root scale. White lines are contours of the atomic
hydrogen distribution in the LMC at a relative value of 1/8 of the peak
in the distribution (see Sect. 3.3 for the origin of the data).

3.1. Background model
As a first step in the process of modelling the emission over the
ROI and before developing a model for the LMC, we have to
account for known background and foreground emission in the
form of diffuse or isolated sources. These are:

1. The Galactic interstellar emission, arising from CRs in-
teracting with the ISM in our Galaxy. In the Fermi-LAT
energy range, this emission is dominated by hadronic emis-
sion from interstellar gas (Ackermann et al. 2012c). Even
at the Galactic latitude of the LMC, b ∼ −33◦, this fore-
ground radiation is clearly present as structured emission in
the counts map. We modelled it using the template provided

by the Fermi Science Support Center, gll_iem_v05_rev1.fit,
with free normalisation in the fit. In the preparation of this
template (Casandjian 2015), any signal from gas in the LMC
was removed, so that the γ-ray emission from the LMC is
not erroneously absorbed in the Galactic diffuse emission
model. Importantly, the LMC region is not affected by the
large-scale residual structures re-injected into the template.

2. An isotropic background, which accounts for an approx-
imately isotropic diffuse γ-ray emission component and
residual CRs misclassified as γ-rays in the LAT. The ori-
gin of the astrophysical emission is currently unclear and it
may come from multiple sources, ranging from the solar sys-
tem to cosmological structures (Ackermann et al. 2015a). It
was modelled using the publicly available isotropic spectral
model iso_source_v05.txt, with free normalisation in the fit.

3. All isolated sources in the region that were previously de-
tected and listed in the Fermi-LAT second source catalogue
(2FGL, Nolan et al. 2012). A total of seven sources fall
into the ROI defined above. Four of them were dismissed be-
cause they are located within the LMC boundaries and may
actually correspond to components of the LMC emission
that we aimed at modelling. Source 2FGL J0532.5−7223
was excluded because its significance was too low (be-
low 3σ), but a source not listed in the 2FGL catalogue
was found nearby, at the position (α, δ) = (82.4◦,−72.7◦),
with a TS above 100, a power-law spectrum, and a vari-
able flux. This additional source is present in the Fermi-LAT
third source catalogue as 3FGL J0529.8−7242 (Acero et al.
2015). The other field sources are 2FGL J0438.0−7331 and
2FGL J0601.1−7037, the latter being associated with the ra-
dio source PKS 0601−70 and exhibiting strongly variable
emission. All three were included in the model as point-like
sources using the spectral shapes identified as most suitable
in the 2FGL catalogue and leaving their spectral parameters
free in the fit. We also included sources lying outside the
ROI, up to a distance of 3◦, to account for spillover of their
emission inside the ROI at low energies, where the point-
spread function has a degree-scale size. A total of ten such
sources were included in the model, with spectral shapes and
parameters fixed at the catalogue values.

All the components described above form the basis of the emis-
sion model and are referred to as the background model. It has
a total of nine degrees of freedom (one for each diffuse emis-
sion template, three for 2FGL J0601.1−7037, and two each for
2FGL J0438.0−7331 and 3FGL J0529.8−7242). We now de-
scribe the modelling of the excess signal that is not accounted
for by this background model.

3.2. Analytic model

Starting from the background model, we first aim to describe
the remaining emission with a combination of point-like and
2D Gaussian-shaped spatial intensity distributions, adding new
components successively.

Point-like sources can be identified if they have hard spectra
and are bright enough, because the angular resolution at high en-
ergies >10–20 GeV is relatively good and allows distinguishing
them from any extended emission. Inspection of the >20 GeV
counts map suggested the presence of two such sources (called
P2 and P4 in the following), the significance and point-like na-
ture of which was confirmed by subsequent analyses. In addi-
tion, one source was identified as a γ-ray pulsar from its char-
acteristic pulsations: the source called P1 in the following was
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identified as PSR J0540−6919 (see Sect. 4.1), and its position
was fixed to the position of the pulsar from optical observations
(Mignani et al. 2010). Starting from these three point-like con-
tributions to the LMC emission, an iterative procedure was used
to characterise the remaining emission.

At each step, a scan over position and size of the new emis-
sion component is performed to identify the source that provides
the best fit to the data. For each trial position and size, the
full model is multiplied by the exposure, convolved with the
point spread function, and fit to the data in a binned maximum
likelihood analysis for Poisson statistics. A power-law spectral
shape is assumed for the new component (which turned out
to be a good approximation for most components). If the im-
provement of the likelihood is significant – which we defined
as TS ≥ 25 – the component is added to the model and a new
iteration starts. The process stops when adding a new compo-
nent yields a TS < 25. The subsequent step is to re-optimize
the positions and sizes of the components, from the brightest to
the faintest in turn. The final stage is deriving bin-by-bin spectra
for all components to check that the initially adopted power-law
spectral shape is appropriate. If not, it is replaced by a power-
law with exponential cutoff or a log-parabola shape, depending
on which provides the best fit and a significant improvement
over the power-law assumption (for the formulae of the differ-
ent spectral functions, see Nolan et al. 2012).

This procedure resulted in an emission model with eight
components: four point-like objects and four Gaussian-shaped,
spatially extended components. In the following, this model is
referred to as the analytic model. The properties of all compo-
nents are summarised in Tables 1 and 2, and their layout is illus-
trated in Fig. 2 (the positions listed in Table 1 correspond to the
emissivity model described below; the positions corresponding
to the analytic model are very similar and fully consistent with
them, as illustrated in Fig. 4). Point sources are labelled P1 to P4,
and extended sources are labelled G1 to G4.

3.3. Emissivity model

The diffuse emission part of the analytic model includes a large-
scale contribution, which is located close to the geometrical cen-
tre of the LMC disk and covers a large part of its area, and three
well-separated smaller-size components. It is reasonable to as-
sume that the extended sources correspond to populations of
CRs interacting with the ISM, and we explored this possibility
with a dedicated modelling.

Under this hypothesis, the emission model was refined by
adopting a more physical approach to determine the extended
emission components. In the ∼0.1–100 GeV range, the interstel-
lar radiation is dominated by gas-related processes, hadronic in-
teractions especially (see for instance Ackermann et al. 2012b).
The intensity in a given direction can be expressed as the prod-
uct of an emissivity q(Eγ), the γ-ray emission rate per hydro-
gen atom per unit energy per solid angle (which depends on
CR density and spectrum and on nuclear interaction physics),
and a hydrogen gas column density (assuming that all gas is per-
vaded by the same CR flux). Instead of searching for a best-fit
combination of 2D Gaussian-shaped intensity distributions, we
therefore performed an iterative search for a combination of
2D Gaussian-shaped emissivity components, which, when mul-
tiplied with the gas column density distribution of the LMC, pro-
vides the best fit to the data. We refer to this second model as
the emissivity model. The gas column density map used in this
work includes atomic, molecular, and ionized hydrogen, and its
preparation is described in Paper I. For the dominant atomic and

Fig. 2. Charts illustrating the layout of the model components. Point
sources are indicated by green stars. The green circles correspond to the
1σ extent of the Gaussian emission components of the analytic model
(top) and to the 1σ extent of the Gaussian emissivity components of the
emissivity model (bottom). The background map is the total gas column
density distribution in arbitrary units and a square-root scale.

molecular hydrogen species, the map is based on ATCA plus
Parkes and NANTEN data, respectively, assuming optically thin
emission for atomic hydrogen, and a CO intensity to H2 column
density conversion factor of XCO = 7×1020 H2 cm−2/(K km s−1).

In this context, the large-scale component G1 of the ana-
lytic model is interpreted as arising from a large-scale popula-
tion of CRs spread almost uniformly across the LMC disk and
interacting with the gas. An assumption in building the emis-
sivity model is that there is a large-scale CR population in the
LMC, which is described with a 2D Gaussian emissivity distri-
bution initially centred on (α, δ) = (80.0◦,−68.5◦) and having a
fixed width σ = 3.0◦ (approximately the angular radius of the
galaxy; using a flat emissivity profile over the entire extent of
the LMC was found to degrade the fit by 38 in logL). We then
searched for additional emissivity components on top of that.
The method is very similar to the technique used to build the
analytic model: at each iteration, a scan over position and size
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10.3 day Signal Boosted Using P3 Location
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Implies the modulation as coming from “P3”. But what is P3? 
This was an unassociated source in the LAT survey. (i.e., no definite counterpart)

10.3 day modulation

1 day artifact



Counterpart? HMXB Candidate in an SNR
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Figure 1. H ii region DEM L241 showing H emission in red and [S ii] emission in yellow. The [S ii] emission defines the supernova remnant and correlates well with
the X-rays. Figure from R. C. Smith & the MCELS Team (1999).

Figure 2. Field of the 8′ × 8′ Chandra S3 chip. This is an adaptive smoothing
of X-ray data in the energy range 0.3–3 keV. The color map shows increasing
surface brightness going from red to green to white. The scale has been set so
that the supernova remnant in this figure is green. The point source in the SE
part of the remnant is quite bright and is unresolved by Chandra. The next figure
better shows the true prominence of this source. Other unresolved sources in this
field are foreground or background objects. One of these, the star HD 269810,
is indicated by an arrow and serves as a fiducial reference.

instrument which integrates for 3.2 s, leads to a 3% chance
of two events being recorded as one. This pileup is not severe
but enough to distort the spectrum. We therefore incorporated
a pileup correction, jdpileup, in the Chandra CIAO/SHERPA
spectral analysis. Results are listed in Table 1. The best fit was
a power law with index −1.28 ± 0.08 and is shown in the
figure. Without the pileup correction the best-fit index was
−1.10 ± 0.06. (The uncertainties given are 1σ .) The index
measured with XMM, free of pileup but with larger background
subtraction, was −1.57± 0.05 (Bamba et al. 2006). The lack of
agreement could be due to an inadequate pileup correction,
larger uncertainties than quoted, or a variable source. The
Chandra- and XMM-measured luminosities are the same. The
luminosity range in Table 1 is due to the observed variability.
We also fit an xsdiskbb model to the data since this is appropriate
for accretion-powered sources and there is reason to believe this
object may be part of a binary system. The fit is reasonable but
the absorption is too low. If this is an accretion-powered system,
a more elaborate model is needed.

3.2. Location and Variability

The bright optical counterpart, a V = 13.5 O5III(f) star, is
easily visible within the Head of the remnant in Figure 1. This
had been noted as a possible counterpart to the Einstein source
CAL 60 (from the catalog of Long et al. 1981) by Crampton et al.
(1985) who published a finding chart and spectrum. Since the
source CAL 60 includes the diffuse emission as well as the point
source, we will refer to the point source as CXOU 053600.0-
673507. Our X-ray position is 2.′′2 S of the XMM position and
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Table 1
Compact Source Spectral Fits

Form Energy Range Photon Index ISM Absorption Reduced Lx

(keV) NH (1022) χ2 (erg s−1)

Power law 0.3–10 Γ = 1.28 ± 0.08 0.19 ± 0.034 1.26 2.5–3.2 × 1035

diskbb 0.3–10 kTin = 2.43 ± 0.23 0.073 ± 0.023 1.38 2.3 × 1035

Table 2
Measured Source Positions

Source Waveband R.A. (2000) Decl. (2000)

CXOU J053600.0-673507 X-ray 05:36:00.01 ± 0:0:0.02 −67:35:07.5 ± 0:0:0.2
O star Optical 05:35:59.9 ± 0:0:0.08 −67:35:06.3 ± 0:0:0.5
O star IR 05:36:00.01 −67:35:07.6

HD 269810 X-ray 05:35:13.82 ± 0:0:0.05 −67:33:28.0 ± 0:0:0.3
HD 269810 IR 05:35:13.89 −67:33:27.6
HD 269810 TYCHO-2 05:35:13.90 −67:33:27.6

Figure 3. Chandra observation of the remnant showing contours of constant
X-ray surface brightness overlaid on a smoothed image. Smoothing is Gaussian
with σ = 5′′. Contours are linear with separation 0.3 counts arcsec−2. Note
the diffuse structure just south of the bright unresolved source. The three boxes
show spectral extraction regions.

<0.′′6 from this O star. X-ray positions are listed in Table 2
with uncertainty the larger of that from counting statistics or
the difference between positions from the two halves of our
observation. The systematic error associated with Chandra
positions is 0.′′6 at 90% confidence. The star HD 269810 is also
in the field and our X-ray position for this star is 0.′′5 from
the optical and Two Micron All Sky Survey position, so the
registration of the Chandra field is good and we adopt 0.′′6 as
the uncertainty of the X-ray position.

The source is variable. The count rate in the second part of
the observation increased 25% over that obtained in the first
part. No variability was seen on timescales shorter than ∼104 s
although the observation was not sensitive to periods shorter
than 6 s or to pulsed fractions <20%. This object cannot be
an unresolved PWN as was reasonably inferred from the XMM
observation by Bamba et al. (2006).

Since in ≈12 hr the Chandra flux varied 25% we searched
for variability in past observations. These were all of limited
sensitivity but could show variability extremes. Table 3 lists

Figure 4. Radial surface brightness of CXOU 053600.0-673507 compared
with the Chandra telescope point-spread function (PSF). The diffuse SNR
emission has been subtracted. Data points are crosses with 1σ uncertainties
due to counting statistics. The solid curve is the Chandra mirror PSF from
Jarius (2002). Units of radius are ACIS pixels (=0.492 arcsec). Units of surface
brightness are counts s−1 pixel−1.

imaging observations which have detected this remnant. We
inspected the archival Einstein and ROSAT fields and, in all
cases could distinguish the Head and Tail of the remnant but
could not separate the point source in the Head from the diffuse
emission. The diffuse and compact parts of the remnant are only
well separated in XMM and Chandra observations. Indeed, the
spatial resolution and low count rate in Einstein and ROSAT
observations make it impossible to do this if the point source is
no stronger than in our observation. In these past observations
only 10%–20% of the counts in the Head should be from the
point source and total counts from the Head range from ∼30
to ∼200 with the higher rates from detectors with the lower
spatial resolution. In all cases the counting rate was about the
same from the Head and Tail regions as it is in the Chandra
observation, so this is reassuring.
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Seward, Charles+ (2012) had previously identified a candidate HMXB in the SNR DEM L241. 
(Lx ~2x1035 ergs s-1).
Optical counterpart is O5III star. 

LAT team previously noted DEM L241 as a candidate for the counterpart of P3 (along with AGN, 
HII region etc.), although it was just outside LAT error ellipse.

We investigated this candidate HMXB with Swift TOO and ATCA…

Chandra
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Figure 1. H ii region DEM L241 showing H emission in red and [S ii] emission in yellow. The [S ii] emission defines the supernova remnant and correlates well with
the X-rays. Figure from R. C. Smith & the MCELS Team (1999).

Figure 2. Field of the 8′ × 8′ Chandra S3 chip. This is an adaptive smoothing
of X-ray data in the energy range 0.3–3 keV. The color map shows increasing
surface brightness going from red to green to white. The scale has been set so
that the supernova remnant in this figure is green. The point source in the SE
part of the remnant is quite bright and is unresolved by Chandra. The next figure
better shows the true prominence of this source. Other unresolved sources in this
field are foreground or background objects. One of these, the star HD 269810,
is indicated by an arrow and serves as a fiducial reference.

instrument which integrates for 3.2 s, leads to a 3% chance
of two events being recorded as one. This pileup is not severe
but enough to distort the spectrum. We therefore incorporated
a pileup correction, jdpileup, in the Chandra CIAO/SHERPA
spectral analysis. Results are listed in Table 1. The best fit was
a power law with index −1.28 ± 0.08 and is shown in the
figure. Without the pileup correction the best-fit index was
−1.10 ± 0.06. (The uncertainties given are 1σ .) The index
measured with XMM, free of pileup but with larger background
subtraction, was −1.57± 0.05 (Bamba et al. 2006). The lack of
agreement could be due to an inadequate pileup correction,
larger uncertainties than quoted, or a variable source. The
Chandra- and XMM-measured luminosities are the same. The
luminosity range in Table 1 is due to the observed variability.
We also fit an xsdiskbb model to the data since this is appropriate
for accretion-powered sources and there is reason to believe this
object may be part of a binary system. The fit is reasonable but
the absorption is too low. If this is an accretion-powered system,
a more elaborate model is needed.

3.2. Location and Variability

The bright optical counterpart, a V = 13.5 O5III(f) star, is
easily visible within the Head of the remnant in Figure 1. This
had been noted as a possible counterpart to the Einstein source
CAL 60 (from the catalog of Long et al. 1981) by Crampton et al.
(1985) who published a finding chart and spectrum. Since the
source CAL 60 includes the diffuse emission as well as the point
source, we will refer to the point source as CXOU 053600.0-
673507. Our X-ray position is 2.′′2 S of the XMM position and
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Counterpart Confirmed!
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Gamma-ray

X-ray

Radio

Folded on 10.3 day period



LMC P3 - A Luminous Source

• LMC P3 is at a distance of ~50 kpc.

• Compare to first binary found with Fermi, J1018.6 at a distance 
of ~5 kpc.

•Gamma-ray luminosity ~4 × J1018.6 (~4x1036 erg s-1)

•X-ray luminosity ~10 ×  J1018.6 (~1035 erg s-1)

•Radio luminosity is ~10 × J1018.6

•Optically brighter: companion is giant rather than main 
sequence (factor ~1.5).
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Origin of Orbital Modulation

•There are two main effects that could modulate gamma-rays.

• Eccentric orbit with increased interactions near periastron.

• System geometry.

• Gamma-rays arise from anisotropic inverse Compton scattering of seed photons 
from star on electrons in shock. 

• Strongest gamma-ray emission expected at superior conjunction.

20

LS 5039
Casares+ 2005



Optical Radial Velocity Measurements Favor Neutron Star
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f(M) = (1.3 +1.1, -0.6) x 10-3M⊙

For 1.4M⊙ neutron star, i ~ 34-63◦; for 10M⊙ black hole, i =8±2◦

Gamma-ray 
maximum after 
superior conjunction.

⇒ some eccentricity?

Superior conjunction
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The new Gamma-Ray Binary LMC P3

• We finally have a new gamma-ray binary!

• Second found with Fermi. First took 2 years. This took 5 more years, and 
improved “Pass 8” data.

• Surprisingly, it’s in the LMC, not the Milky Way.

• Up to 10x more luminous than Galactic sources across a range of 
wavebands.

• Neutron star is faster rotating? (P < 39 ms required).

• Because primary is a giant, not main sequence?
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Gamma-ray Binary Population

• Implications for lifetime of gamma-ray binaries? Number of 
gamma-ray binaries in the Milky Way?

• Have we found all (or at least most) “classical” gamma-ray binaries in the Milky 
Way?

• Statistics of neutron star birth spin periods?

•Faucher-Giguere & Kaspi derive 300 +/- 150 ms, resulting in little/no gamma-ray 
emission. 

• Lifetimes of gamma-ray binaries?

•Estimate of 105 years overestimate?

• Even this bright source would still not be visible at distance of 
Andromeda Galaxy. (How bright can gamma-ray binaries get?)
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Approved AO-16 XMM and NuSTAR 
Observations of LMC P3 (Coley et al.)

Investigate phase dependence of NH, Γ, and X-ray flux 
Search for possible neutron star rotation period with EPIC-pn 
Measure Γ and X-ray flux out to 40 keV (NuSTAR)

Image Courtesy:  http://sci.esa.int/xmm-newton/18015-xmm-newton-spacecraft/25



XMM-Newton Simulated  
Spectrum

χ2=0.92

Three Observations: X-ray Max, X-ray Min, Inferior Conjunction 
Estimated Uncertainties on Γ and flux better than 5% and 8%  
Three Measurements of NH
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Other Nearby Galaxies: SMC

•We had a surprise with the LMC, what about our other 
neighbors?

•The SMC less massive than LMC, but has an overabundance of Be 
star high-mass X-ray binaries. 

•Suggests burst of star formation several million years ago.

•Also one supergiant binary: SMC X-1

•In 3FGL the SMC is listed as a single source (like LMC is).

•Any hints of anything…?
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•Nothing in SMC power spectrum so far. (Only artifacts)

•But with better model of SMC with individual sources?

•As observation length increases, see long period systems? 29

SMC1 day artifact

Fermi precession

Fermi precession/2

Survey

Fermi orbit



Other Nearby Galaxies: Andromeda

•The Andromeda galaxy (M31) is > 10x greater distance than the LMC 
(~780 kpc).

•So, don’t expect binary systems to be detectable… But ought to look!  

30

•Unsurprisingly, nothing seen.

•Will continue to monitor power 
spectrum.  



Work in Progress: Marginal Candidates

•From our 3033 power spectra we to search for signs of other 
binaries.

•Concentrate on sources:

•(i) close to the Galactic plane

•(ii) candidate periods > 1 day.  (high-mass systems, reduced search frequencies)

•Three sources of potential interest.

•Statistical significance is modest.

•We are using multi-wavelength approach (that worked for J1018.6 
and LMC P3) : 

•(i) find radio and X-ray counterparts

•(ii) search for consistent modulation in multi-wavelength counterparts
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“A”: P ~ 80 days (Be-like period)
Significance ~1%
b = -1.1 degrees

“B”: P ~ 0.25 days (Cyg X-3 like period, lacks bright X-ray counterpart )
Significance ~0.1%
b = 0.8 degrees

“C”: P ~ 1.7 days
Significance ~2%
b = 0.05 degrees, near Supernova Remnant

Note: significances only based on number of frequencies searched. 
Does not take account of number of sources.



Future Prospects

•The “4FGL” LAT source catalog is anticipated for later this year.

•The LAT team is also updating the model for the diffuse emission 
from the Galactic plane.

•These will result in:

•(i) Better models for existing sources.

•(ii) An large number of new sources.

•We will have both higher signal-to-noise light curves of known 
sources, and many new sources to search for signs of binary 
modulation.

•Pass 8 gave us one more binary, will 4 FGL give us another one?!
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