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Binaries in Gamma-rays
Four Sources are claimed as TeV emitters
All of the four are high-mass X-ray binaries

LS 5039 LS I +61° 303

O star + ?
H.E.S.S. detected

Periodicity

Be star + ?
MAGIC & VERITAS detected

Periodicity



Binaries in Gamma-rays
Four Sources are claimed as TeV emitters
All of them are high-mass X-ray binaries

PSR B1259‒63 Cyg X-1
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TABLE 1

Cygnus X-1 Observation Log

MJD
(days)

T

(minutes)
Nexcess
(events)

S

(j)
Post
(j)

U.L.
[events (% CL)]

53,942.051 . . . . . . 61.1 3.6 ! 4.8 0.8 !0.1 15.02(11.1)
53,964.887 . . . . . . 105.6 4.8 ! 6.9 0.7 !0.1 21.49(9.2)
53,965.895 . . . . . . 195.3 !13.2 ! 10.1 !1.3 !0.1 8.74(2.0)
53,966.934 . . . . . . 124.8 9.4 ! 9.5 1.0 !0.1 33.07(11.9)
53,967.992 . . . . . . 48.5 !9.0 ! 4.7 !1.7 !0.1 1.57(1.5)
53,968.883 . . . . . . 237.5 !4.4 ! 11.6 !0.4 !0.1 22.76(4.3)
53,994.953 . . . . . . 53.6 !4.0 ! 4.9 !0.8 !0.1 6.84(5.8)
53,995.961 . . . . . . 58.1 !2.8 ! 4.6 !0.6 !0.1 7.76(6.0)
53,996.855 . . . . . . 176.2 1.6 ! 9.1 0.2 !0.1 22.15(5.7)
53,997.883 . . . . . . 132.7 5.2 ! 7.6 0.7 !0.1 22.95(7.8)
54,000.852 . . . . . . 165.2 11.4 ! 9.7 1.2 !0.1 35.41(9.7)
54,002.875 . . . . . . 154.4 36.8 ! 10.4 4.0 3.2 …
54,003.859 . . . . . . 166.9 !7.0 ! 9.1 !0.8 !0.1 13.35(3.6)
54,004.891 . . . . . . 123.3 !6.0 ! 7.9 !0.7 !0.1 11.33(4.1)
54,005.914 . . . . . . 87.9 !2.2 ! 6.3 !0.3 !0.1 11.88(6.1)
54,006.938 . . . . . . 28.0 5.4 ! 4.1 1.4 !0.1 15.26(24.6)
54,020.891 . . . . . . 65.5 !8.6 ! 5.9 !1.4 !0.1 4.27(2.9)
54,021.887 . . . . . . 68.6 !6.2 ! 5.7 !1.0 !0.1 6.30(4.1)
54,022.887 . . . . . . 58.1 1.6 ! 5.9 0.3 !0.1 14.55(11.3)
54,028.863 . . . . . . 68.6 3.4 ! 5.9 0.6 !0.1 18.28(12.0)
54,029.895 . . . . . . 33.5 3.4 ! 5.1 0.7 !0.1 15.93(21.5)
54,030.863 . . . . . . 19.6 !1.8 ! 3.0 !0.6 !0.1 5.41(12.5)
54,048.824 . . . . . . 47.2 1.6 ! 5.7 0.3 !0.1 14.99(14.3)
54,049.824 . . . . . . 47.9 !6.0 ! 5.4 !1.1 !0.1 6.09(5.7)
54,056.820 . . . . . . 27.1 !5.2 ! 3.8 !1.3 !0.1 3.55(5.9)
54,057.820 . . . . . . 21.5 1.2 ! 2.6 0.5 !0.1 7.96(16.7)

Note.—From left to right: Modified Julian Date of the beginning of the
observation, total observation EOT, number of excess events, statistical sig-
nificance of the excess, equivalent (posttrial) significance for 26 independent
samples, and signal upper limit for the different observation nights. A cut
SIZE 1 200 photoelectrons ( GeV) has been applied. Upper limitsE 1 150g

(Rolke et al. 2005) are at the 95% confidence level (CL) and are quoted in
number of events and in units of the g-ray flux measured for the Crab Nebula,
assuming the Crab Nebula spectral slope ( ).a p !2.6

Fig. 2.—Distribution of -values for the source (points) and background2v
(histogram) for an energy threshold of 150 GeV. [See the electronic edition
of the Journal for a color version of this figure.]

Fig. 1.—Differential energy spectrum from Cygnus X-1 corresponding to
78.9 minutes of EOT between MJD 54,002.928 and 54,002.987 (2006 Sep-
tember 24). Also shown are the Crab Nebula spectrum, the best fit of a power
law to the data, and the 95% confidence level upper limits to the steady g-
ray flux (Rolke et al. 2005).

Fig. 3.—Gaussian-smoothed ( ) map of g-ray excess events (background-′j p 4
subtracted) above 150 GeV around Cygnus X-1 corresponding to 78.9 minutes of
EOT between MJD 54,002.928 and 54,002.987 (2006 September 24). The black
cross shows the best-fit position of the g-ray source. The position of the X-ray
source and the radio-emitting ringlike structure are marked by the green star and
contour, respectively. The purple circles mark the directions tracked during the
observations. Note that the bin contents are correlated due to the smoothing.

photons by thermal electrons in a corona or at the base of a
relativistic jet. The results from observations in the soft g-ray
range with COMPTEL (McConnell et al. 2002) and INTEGRAL
(Cadolle Bel et al. 2006) strongly suggest the presence of a higher
energy nonthermal component. In addition, fast episodes of flux
variation by a factor between 3 and 30 have been detected at
different timescales, ranging from milliseconds in the 3–30 keV
band (Gierliński & Zdziarkski 2003) to several hours in the 15–

300 keV band (Golenetskii et al. 2003). Radio emission stays
at a rather stable level during the low/hard state, except for rarely
observed flares (Fender et al. 2006), and appears to be quenched
below a detectable level during the high/soft state (Brocksopp
et al. 1999). On the other hand, VLBA images have shown the
presence of a one-sided, elongated radio structure (15mas length)
during the hard state (Stirling et al. 2001), indicating the presence
of a highly collimated (opening angle !2") relativistic (v ≥

) jet. Romero et al. (2002) have suggested that Cygnus X-0.6c
1 is a microblazar, where the jet axis is roughly aligned with the
line of sight. The interaction of the outflow from the jet with
the interstellar medium appears to produce a large-scale (∼5 pc
diameter), ringlike, radio-emitting structure (Gallo et al. 2005),

O star + Black Hole
MAGIC reported a flare 

Be star + Radio Pulsar
H.E.S.S. detected
around Periastron



Periodic Behavior in TeV
Periodic VHE γ-ray emission from LS I +61◦303 3
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FIG. 1.— VHE (E > 400GeV) gamma-ray flux of LS I +61◦303 as
a function of the orbital phase for the four observed orbital cycles (4 upper
panels) and averaged for the entire observation time (lowermost panel). In the
lower most panel the previous published (Albert et al. 2006) averaged fluxes
per phasebin are shown in red too. Vertical error bars include 1σ statistical
error.

Figure 1 presents the gamma-ray flux above 400 GeV mea-
sured from the direction of LS I +61◦303 as a function of the
orbital phase of the system for the 4 observed orbital cycles.
The probability for the distribution of measured fluxes to be a
statistical fluctuation of a constant flux (obtained from a χ2 fit
to the entire data sample) is 4.4×10−6 (χ2/dof = 108.9/51).
In all orbital cycles significant detections (S > 2σ) occurred
during the orbital phase bin 0.6–0.7. The highest measured
fluxes are dominantly found in this phase bin. Among those
nights around phase 0.65, the night MJD 54035.11 shows the
maximum flux, with statistical significance of 4.5 σ.

At the periastron passage (phase 0.23, according
to Casares et al. 2005) the flux level is always below
the MAGIC sensitivity and we derive an upper limit
with 95% confidence level of 4 × 10−12 cm−2s−1 (MJD
53997). If we take for the periastron passage the phase
value 0.3 as obtained by Grundstrom et al. (2007), we
detect a marginal signal on MJD 53999 with a flux of
F (E > 400 GeV) = 5.3 ± 2.4 × 10−12cm−2s−1. Since the
correct value for the periastron passage is yet debated we can
put strong constrains to the emission only in the case of phase
0.23.
Summing up all data between phase 0.6 and 0.7, where the

maximumflux level is observed, we determine an integral flux
above 400 GeV of

F (E > 400GeV) = (7.9±0.9stat±2.4syst)×10−12cm−2s−1.

The above quoted flux corresponds to 7% of the integral

TABLE 1
OBSERVATION TIME, ORBITAL PHASE, INTEGRAL FLUX (ABOVE

400 GEV), FLUX UPPER LIMIT AT THE 95% CONFIDENCE LEVEL (GIVEN
IN CASE FLUX SIGNIFICANCE IS ! 2σ, (ROLKE ET AL. 2005,
FOLLOWING)). NIGHTS PARTLY TAKEN UNDER MOONLIGHT

CONDITIONS ARE LABELED WITH A STAR.

Middle Time Obs. Time Phase Flux Upper limit

(MJD) (min) 10−12 10−12

(cm−2 s−1) (cm−2 s−1)

53993.18∗ 137 0.08 3.7± 2.3 8.5

53994.17∗ 112 0.11 0.6± 2.7 6.2

53995.17∗ 157 0.15 −2.0 ± 2.2 3.0

53997.15 229 0.23 0.3± 1.8 4.0

53998.15 211 0.26 2.0± 2.0 6.0

53999.10 133 0.30 5.3± 2.4 · · ·

54001.12 82 0.38 −3.6 ± 3.8 5.1

54002.09 188 0.41 2.4± 2.3 7.1

54003.08 144 0.45 1.8± 2.7 7.2

54004.08 158 0.49 −4.0 ± 2.5 2.5

54005.07 155 0.52 3.0± 2.5 8.1

54006.07 162 0.56 1.8± 2.7 7.2

54007.08 139 0.60 4.4± 2.8 10.2

54008.07 152 0.64 8.8± 3.1 · · ·

54009.08 147 0.68 4.4± 2.6 9.7

54013.24 7 0.83 0.8± 10.7 26.7

54022.10∗ 186 0.17 1.7± 2.0 5.8

54023.10∗ 269 0.20 −2.9 ± 1.5 1.4

54024.08∗ 20 0.24 −0.4 ± 7.0 15.2

54029.02 134 0.43 −1.1 ± 2.5 4.1

54030.01 161 0.47 −0.4 ± 2.3 4.2

54031.01 163 0.50 5.9± 2.6 · · ·

54032.01 139 0.54 3.4± 2.9 9.2

54035.11 150 0.66 12.7± 2.9 · · ·

54039.09 93 0.81 −1.4 ± 1.2 1.7

54055.97 181 0.45 4.0± 2.2 8.5

54056.96 223 0.48 −0.2 ± 2.1 4.2

54057.90 66 0.52 3.3± 3.8 11.2

54058.90 57 0.56 2.3± 3.3 9.2

54060.00 17 0.60 16.5± 6.8 · · ·

54061.96 221 0.67 5.9± 2.2 · · ·

54062.96 228 0.71 5.5± 2.1 · · ·

54063.95 56 0.75 3.6± 4.0 12.1

54065.00∗ 71 0.79 4.5± 3.8 12.4

54066.02∗ 185 0.82 1.1± 2.4 5.9

54067.04∗ 188 0.86 0.3± 2.3 5.0

54068.08∗ 77 0.90 −1.5 ± 3.6 6.1

54081.89 17 0.42 −0.3 ± 5.4 12.6

54082.85 77 0.46 2.9± 3.7 10.6

54083.88 31 0.50 4.4± 5.3 15.9

54084.85 63 0.54 1.5± 4.5 10.8

54085.95 111 0.58 2.4± 1.4 5.5

54086.95 282 0.61 8.6± 1.8 · · ·

54088.01 82 0.65 9.7± 3.6 · · ·

54088.95 83 0.69 3.4± 2.9 9.4

54089.89 29 0.73 0.4± 3.7 9.0

54090.88 176 0.76 3.6± 2.2 8.1

54091.90 140 0.80 1.9± 2.8 7.6

54092.92 92 0.84 15.6± 3.8 · · ·

54093.97 92 0.88 7.0± 3.5 · · ·

54095.01∗ 57 0.92 1.1± 1.1 4.1

54096.02∗ 49 0.96 3.6± 4.4 12.8

Crab nebula flux in the same energy range. The mean flux
for all other phase bins can be found in Table 2. This is well
in agreement with the flux measured by MAGIC in the first
campaign (Albert et al. 2006). The data we presented here
have been reanalized with an improved energy estimation.

Periodic behaviors reflect geometry & physical processes in the binary systems 

LS 5039 LS I +61° 303
H.E.S.S. (Aharonian et al., 2006) MAGIC (Albert et al., 2008)

P = 3.9 days P = 26.5 days
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Fig. 1.—EGRET light curve of 2CG 135!01 (vertical axis in logarithmic
scale) for the best near-axis observations (photon energy greater than 100
MeV): (a) 1993 February–March, (b) 1994 April–May, and (c) 1996 September
(JD is time in Julian days). Space between ticks on the horizontal axis marks
1 day intervals. The three panels have different sizes, reflecting the different
durations of EGRET pointings at 2CG 135!01.

photons cm"2 s"1 (1993 February–March), F # (53!b

photons cm"2 s"1 (1994 April–May), and"812)# 10 F #c

photons cm"2 s"1 (1996 September). Time"8(55! 12)# 10
variability of the gamma-ray flux from 2CG 135!01 is there-
fore established by comparing different EGRET pointings at
2CG 135!01. The overall spectrum for 2CG 135!01 may be
approximated by a power law with index (Knif-"2.05! 0.06
fen et al. 1997). The spectrum for the 1996 September exposure
is consistent with this description within errors. There is no
compelling indication of a difference in the spectrum during
episodes of high and low flux.

3. DISCUSSION

The possibility of variability of 2CG 135!01 on a 1 day
timescale is established. Compared with the results of Mc-
Laughlin et al. (1996), the V index appears to be typical of an
AGN. However, we emphasize that the results of McLaughlin
et al. (1996) were obtained for timescales of weeks to months.
A normalization problem exists for observations widely sep-
arated in time by an instrument whose performance is known
to be time variable. The variability reported here for 2CG
135!01 is for 1 day timescales, where the normalization is
not an issue. No radio-loud source (besides LSI 61"303) above
a flux level of Jy at 5 GHz is within its 95% confidenceS ! 0.25

level error box (Becker et al. 1991). The only prominent nearby
radio source at 5 GHz is 87GB 023740.5!611333, with a
moderately variable flux of mJy (Machalski &S # 225–3605

Magdziarz 1993) and a radio spectral index of "0.6 (Becker
et al. 1991). This source is just outside the 99% confidence
level error box of 2CG 135!01 (Kniffen et al. 1997). Another
radio source (4C !61.06) with low-frequency (178 MHz) flux
near 2 Jy is not detected at 5 GHz, setting an upper limit to
its spectral index . There is a definite correlationa ! "1.2r

between the peak gamma-ray flux of AGNs and their average
5 GHz radio flux and spectral index (Mattox et al. 1997).ar

All unambiguously identified gamma-ray blazars have
Jy and (Mattox et al. 1997). We demon-S " 0.7 a " "0.65 r

strate below that interpreting 2CG 135!01 as a radio-quiet
AGN near the Galactic plane would contradict what is known
about the population of extragalactic sources detected by
EGRET (Tavani et al. 1997, hereafter T97). We are left with
the conclusion that 2CG 135!01 does not belong to the pop-
ulation of radio-loud blazars or standard isolated pulsars. We
emphasize that this conclusion is reached independently of the
possible association of 2CG 135!01 with the star LSI 61"303.
Another variable gamma-ray source was recently discovered

by EGRET near the Galactic plane, GRO J1838"04 (T97).
2CG 135!01 and GRO J1838"04 share many characteristics:
variability of the gamma-ray flux within days/weeks, occasional
peak gamma-ray emission of comparable flux (∼ pho-"64# 10
tons cm"2 s"1), absence of radio-loud AGN or prominent radio
pulsar counterparts, and lack of strong X-ray (Bignami et al.
1981; Leahy et al. 1997; Tavani et al. 1998) and/or hard X-
ray sources within their error boxes (which excludes black hole
candidates of a type similar to Galactic jet sources; see, e.g.,
Harmon et al. 1995; Foster et al. 1996). The same arguments
applied to possible extragalactic counterparts of GRO
J1838"04 (T97) can also be made for 2CG 135!01. The
probability of finding a single gamma-ray blazar as bright as
GRO J1838"04 and 2CG 135!01 in the Galactic plane sky
area within !2" of Galactic latitude is estimated as ∼4#

(T97). At the gamma-ray flux level near 10"60.4/4p ! 0.1
photons cm"2 s"1, there is no lack of sensitivity for EGRET
observations near the Galactic plane. If radio-quiet AGNs also
contributed to the gamma-ray emission, EGRET would have
detected many more sources than observed. If is thef ∼ 0.1l

fraction of radio-loud AGNs with detectable gamma-ray emis-
sion (Montigny et al. 1995; Mattox et al. 1997), one can set
an upper limit to the fraction of radio-quiet AGNs, , producingfq
gamma-ray flares similar to those of 2CG 135!01 and GRO
J1838"04, i.e., (see also T97). Furthermore, it isf ! 0.03fq l

highly improbable that a first detection of a new type of gamma-
ray AGN would occur near the Galactic center, as in the case
of GRO J1838"04. GRO J1838"04 and 2CG 135!01 are not
bright gamma-ray blazars of the kind usually detected by
EGRET.
Both of these nonblazar gamma-ray sources point to a new

class of gamma-ray sources of Galactic origin. The transient
GRO J1838"04 is within ∼30" in longitude of the Galactic
center, and its detectability as a steady source is strongly af-
fected by the Galactic gamma-ray diffuse emission. On the
other hand, 2CG 135!01 is in a region of the Galactic plane
relatively unaffected by the diffuse emission. However, it is
clear from Figure 1 that if 2CG 135!01 were close to the
Galactic center, only high values of its gamma-ray flux could
be detectable by EGRET. A population of sources similar to
2CG 135!01 near the Galactic center region could be detected
with high confidence only because of a large gamma-ray var-
iability. We also note that other unidentified EGRET sources
near the Galactic plane appear to be time variable in
McLaughlin et al.’s (1996) work with . Their natureV " 1.5
is uncertain, and more observational work is necessary to es-
tablish whether time variability of their gamma-ray flux is sim-
ilar to what is observed for 2CG 135!01 or GRO J1838"04.
Several possible counterparts for this new class of gamma-

ray sources can be considered theoretically. The lack of strong
X-ray sources within the error boxes of both 2CG 135!01 and

EGRET Era
Association

◆ 3EG J0241+6130 ↔ LS I +61° 303
◆ 3EG J1824‒1514 ↔ LS 5039
◆ GRO J1125‒6005 ↔ Cen X-3

However.... Error circles are large
No clear periodicity detection 
LS I +61° 303 with EGRET

Tavani et al. (1998) Contour: EGRET, Color: ASCA



Expectation for Fermi-LAT
◆ Larger effective area
◆ Better angular resolution
◆ Covers the all sky ~ every 3 hr

◆ Precise spectral/timing information 
◆ Better localization
◆ Periodicity/Flare detection
◆ Connection with the TeV emission?
◆ Simultaneous observations with other wavelengths
    (Large contribution from the Hiroshima group with Suzaku, Kanata......)



In the Bright Source List

– 35 –

• Five of the EGRET sources seen at 10-σ significance (all associated with flaring blazars:

NRAO 190, NRAO 530, 1611+343, 1406−076, and 1622−297) do not appear in the
LAT bright source list.

• 28 of the EGRET sources that have counterparts in the 0FGL list were previously

listed as unidentified. Half of these, 14, have now been firmly identified in this early
LAT analysis.

• Of the 40 sources in the first AGILE catalog (which is contemporaneous but does not
overlap in time with the 0FGL data), 32 are also found in the 0FGL list and 7 more,

while not formally overlapping, are “near misses” to 0FGL sources. The one exception
is AGL J1238+04, a source associated with a FSRQ. A LAT source consistent in
position with this one is found at a lower significance during the first 3 months of

operation, but the source has since flared (Tramacere & Rea 2009).

6.3. Some Results from the Association Analysis

Table 5 summarizes the census of associations in the Bright Source List. This list
includes firm identifications as well as other associations.

• The AGN class (121 members) is the largest source type identified in the LAT data.
Details of the analysis, together with the implications for AGN studies, are given by

Abdo et al. (2009c). Two of the AGN found in this analysis are associated with radio
galaxies; the rest are categorized as blazars. Note that 5 of the 0FGL AGN are not

Table 5. LAT Bright Source List Source Associations

Class Number

Radio/X-ray pulsar (PSR) 15
LAT gamma-ray pulsar (LAT PSR) 14
HMXB 2
BL LAC (bzb) 46
FSRQ (bzq) 62
Other blazar (Uncertain type, bzu) 11
Radio galaxy (rdg) 2
Globular Cluster (glb, see text) 1
LMC (see text) 1
† Special cases (see Table 2) 13
Unassociated 38

ar
X

iv
:0

9
0
2
.1

3
4
0

v
1
  
[a

st
ro

-p
h

.H
E

] 
 8

 F
eb

 2
0
0
9

Submitted to Astrophysical Journal Supplement - Not Yet
Refereed

Fermi Large Area Telescope Bright Gamma-ray Source List

The Fermi LAT Collaboration

A. A. Abdo1,2, M. Ackermann3, M. Ajello3, W. B. Atwood4, M. Axelsson5,6, L. Baldini7,
J. Ballet8,9, D. L. Band10,11, G. Barbiellini12,13, D. Bastieri14,15, K. Bechtol3, R. Bellazzini7,

B. Berenji3, G. F. Bignami16, E. D. Bloom3, E. Bonamente17,18, A. W. Borgland3,
J. Bregeon7, M. Brigida19,20, P. Bruel21, T. H. Burnett22, G. A. Caliandro19,20,

R. A. Cameron3, P. A. Caraveo23, J. M. Casandjian8, E. Cavazzuti24, C. Cecchi17,18,

E. Charles3, A. Chekhtman25,2, C. C. Cheung11, J. Chiang3, S. Ciprini17,18, R. Claus3,
J. Cohen-Tanugi26, L. R. Cominsky27, J. Conrad5,28,29, L. Costamante3, S. Cutini24,

D. S. Davis11,30, C. D. Dermer2, A. de Angelis31, A. de Luca16, F. de Palma19,20,
S. W. Digel3,9, M. Dormody4, E. do Couto e Silva3, P. S. Drell3, R. Dubois3, C. Farnier26,
C. Favuzzi19,20, S. J. Fegan21, E. C. Ferrara11, W. B. Focke3, M. Frailis31, Y. Fukazawa32,

S. Funk3, P. Fusco19,20, F. Gargano20, D. Gasparrini24, N. Gehrels11,33, S. Germani17,18,
B. Giebels21, N. Giglietto19,20, P. Giommi24, F. Giordano19,20, T. Glanzman3, G. Godfrey3,

I. A. Grenier8,9, M.-H. Grondin34,35, J. E. Grove2, L. Guillemot34,35, S. Guiriec26,
Y. Hanabata32, A. K. Harding11, R. C. Hartman11, M. Hayashida3, E. Hays11,
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P. S. Ray2, M. Razzano7, N. Rea43,44, A. Reimer3, O. Reimer3, S. Ritz11,33,
A. Y. Rodriguez44, R. W. Romani3, M. Roth22, F. Ryde5,28, H. F.-W. Sadrozinski4,

D. Sanchez21, A. Sander38, P. M. Saz Parkinson4, J. D. Scargle45, T. L. Schalk4,
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2 sources are 
associated with HMXBs
     ◆ LS I +61° 303
         (Main topic of this talk)
     ◆ LS 5039
         (Work in progress...... )



LS I +61° 303
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◆ We clearly detect the source (> 50σ)
◆ The best fit position is (α, δ) = (40.076, 61.233) with    
    a 95% error radius of 1.8 arcmin, which is consistent    
    with the location of the known optical counterpart 
◆ Clear variability seen in the light curve 



Periodicity Detection!!
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◆ We detect a significant periodicity 
◆ Period = 26.34±0.25 days, which is compatible with 
    the know orbital period 
◆ Highest flux around phase 0.3 and a smaller peak    
    around phase 0.7

Periodogram Folded Light Curve



Orbit-by-Orbit

◆ We’ve covered ~ 8 orbits
◆ Investigating signs of orbit to orbit variability
◆ More data is needed to give an answer



Spectrum

Unbinned likelihood fitting of the 
Fermi flux to a power law yields 

dN/dE = A E-Γ:

   Flux (E>100 MeV)  
        = 0.77 ±  0.03 (stat) ± 0.21 (sys) 
           10‒6 ph/cm2/s

 Γ = 2.40 ± 0.03 (stat)  ±  0.17 (sys)

Points: Fitted energy bins
Red:    Fermi unbinned power law fit
Grey:   EGRET
Blue:    MAGIC  (Only phase 0.4-0.7)
            VERITAS data points overlaid
(systematic errors not shown)

No apparent dependence of 
photon index on orbital phase 

Note: The Fermi and TeV data are 
NOT simultaneous



Other Sources?

◆ MAGIC reported a flare at VHE from Cyg X-1 in 2006
◆ We are monitoring 68 sources on a daily basis

◆ Challenging work due to the high contribution of diffuse 
    emission in the galactic plane.



Flaring Sources

◆ The LAT has and will discover new 
unknown sources; some of which could 
potentially be gamma-ray binaries.
 
◆ 2 bright transients detected in the 
Galactic Plane (ATels 1771 &1788)



Summary

• Two HMXBs are detected by the Fermi LAT

• Firm detection of LS I +61° 303

• First detection of orbital modulation (P = 26.5 
days) in the GeV domain from LS I +61° 303

• LS 5039 under investigation

• More binaries to look for both persistent and 
flaring


