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3 Microquasars



Microquasar

• X-ray binary systems: accreting NS or BH + jets

• Variable X-ray emission

• Radio emission: variable low-level flux + giant flares (Cyg X-3) 

• Typically, correlated radio/soft X-ray/hard X-ray emission

Open question (pre-AGILE/Fermi):

➢ Can the jet emit  γ-rays above 100 MeV?



Cygnus X-1 Cygnus X-3 V404 Cygni

type HMXB HMXB LMXB

compact object BH (4.8-14.8 M☉) BH or NS (?) BH (9 M☉)

companion star 09.7 Iab (17-31 M☉) WR (> 7 M☉) K3 III (0.7 M☉)

distance 1.9 kpc 7-10 kpc 2.39 kpc

orbital period 5.6 days 4.8 hours 6.47 days

Microquasars in the Cygnus region



Cygnus X-1: flaring activity - AGILE observations

15-16 October 2009 30 June – 02 July 2010

3 γ-ray flares detected by AGILE

significance = 5.3σ

Fγ = (232 ± 66) 10-8 ph cm-2 s-1

significance = 3.0σ

Fγ = (145 ± 78) 10-8 ph cm-2 s-1

Sabatini et al., ApJL, 712, L10 (2010)

Bulgarelli et al., ATel #2512 (2010)

Sabatini et al., ApJ, 766, 83 (2013)

6

24 March 2010

hard state hard-to-soft transition

significance = 3.5σ

Fγ = (278 ± 121) 10-8 ph cm-2 s-1



Comptonization models: spectral ULs from long-term integration in the γ-ray 

energy band both for hard and soft states

hard state

soft state

Pointing mode (November 2007 – October 2009)

Spinning mode (July 2010 – March 2011)

Sabatini et al.,
ApJ, 766, 83 (2013)

Cygnus X-1



7 γ-ray flares have been detected between November 2007 and July 2009:
• significance ≥ 3σ
• γ-ray fluxes more than 10 times the steady flux [Fsteady = (14 ± 3) x 10-8 ph cm-2 s-1]

γ-ray activity discovered in late 2009 
AGILE → (Tavani et al, Nature, 2009); Fermi-LAT → (Abdo et al., Science, 2009)

Cygnus X-3



Repetitive multi-frequency emission pattern:
➢ STRONG ANTICORRELATION between hard X-ray and γ-ray emission: γ-ray activity associated with 

sharp/local minima in the hard X-ray light curve (Swift/BAT count rate ≤ 0.02 counts cm-2 s-1) 

➢ γ-ray flares coincident with soft spectral states (RXTE/ASM count rate ≥ 3 counts s-1)

➢ γ-ray flares around hard-to-soft or soft-to-hard spectral transitions

➢ γ-ray flares a few days before major radio flares

radio

soft X-rays

hard X-rays

γ-rays
state

quenched state is 
a key condition

for the γ–ray emission?

Piano et al., A&A, 545, A110 (2012)

Multi-wavelength light curve (December 2007 → September 2009)

Cygnus X-3



Both leptonic and hadronic emission models
can account for the γ-ray flaring spectrum detected by AGILE

leptonic

model

(IC processes)

hadronic

model
(π0-decay)

Piano et al.,

A&A, 545, A110 (2012)

can easily accounts for
the γ-ray modulation

detected by Fermi-LAT
(anisotropic IC scatterings)

Cygnus X-3



Cygnus X-3

Recent γ-ray activity → 2016 – 2017 (Koljonen et al., 2017, submitted to A&A)
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Cygnus X-3

Recent γ-ray activity → 2016 – 2017 (Koljonen et al., 2017, submitted to A&A)
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Cygnus X-3

Recent γ-ray activity → 2016 – 2017 (Koljonen et al., 2017, submitted to A&A)
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V404 Cygni
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AGILE-GRID (50-400 MeV)
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INTEGRAL (100-200 keV)
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INTEGRAL (annihilation line)
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Swift/BAT (15-50 keV)
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After ~26 years of quiescence → active phase in June 2015

High Energy γ-ray flare (50-400 MeV) coincident with outbursts in:

radio

X-ray
soft γ-rays (continuum & 511 keV annihilation line) 

AGILE 2-day intensity map (50-400 MeV)

Piano et al., ApJ, 839, 84 (2017)



V404 Cygni
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AGILE-GRID (50-400 MeV)
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Fermi-LAT (60-400 MeV)
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AGILE (50-400 MeV) simultaneous

with Fermi-LAT (60-400 MeV)
Simultaneous flaring SED

Soft emission in HE γ-rays:

no detected activity above 400 MeV 

Piano et al., ApJ, 839, 84 (2017)



Microquasars in the Cygnus region: evidences

• The HE γ-ray emission is related to a new component in the multiwavelength

spectrum (not coronal emission)

➢ Acceleration processes in the jet

➢ Leptonic/hadronic scenario?

• Cygnus X-1 → ULs to persistent HE γ-ray emission → constraints to coronal emission

• Cygnus X-3 → repetitive pattern of emission in a multifrequency context

• V404 Cygni → HE γ-ray emission correlated with radio and 511 keV annihilation line 

→ all-leptonic scenario with a strong antimatter (positron) component?



𝜂 Carinae

• Luminous Blue Variable + O Star 

• Orbital period ~ 5.54 years 
• First detection of a Colliding Wind Binary in γ-rays (E>100MeV; Tavani et al., ApJ, 698, 

L142, 2009)

• Shock acceleration mechanism in a wind-wind interaction scenario
( ሶ𝑀1 ≈ 2 × 10−4 𝑀⊙ yr-1, ሶ𝑀2 ≈ 2 × 10−5 𝑀⊙ yr-1, 𝑣1 ≈ 600 km/s, 𝑣2 ≈ 3000 km/s)

AGILE map
(July 2007 – October 2008)



AGILE source binary system binary type orbital period

1AGL J0242+6111 LS I +61 303 Be + ? (HMXB) 26.5 days

1AGLR J1822-1456 LS 5039 O + ? (HMXB) 3.9 days

AGL J1734-3310 IGR J17354−3255 SFXT (HMXB) 8.45 days
(Sguera et al., 2011)

AGL J2022+3622 IGR J20188+3647 SFXT (HMXB) ? ?
(ATel #1313; Sguera et al., 2006)

AGL J1037-5708 4U 1036-56 Be-NS (HMXB) 61.0 days
(Cusumano et al., 2013)

AGL J2241+4454 MWC 656 Be-BH (HMXB) 60.37 days    
(Casares et al., 2014; P. Munar-Adrover et al., 2016)

AGILE AND GALACTIC GAMMA-RAY SOURCES 

POSSIBLY ASSOCIATED WITH BINARY SYSTEMS



AGILE AND GALACTIC GAMMA-RAY TRANSIENTS: AGL J2241+4454

• Transient γ-ray activity detected in July 2010 (ATel #2761).

• AGILE detection → discovery of the first Be-HMXB hosting a Black Hole: 

MWC 656 (Casares et al., 2014 → optical data)

Be Star
(Fe II)

“Invisible” Companion
(He II)

Casares et al.,
“A Be-type star with a black-hole companion”,

Nature 505, 378 (2014)

MWC 656
(optical spectrum)

Black Hole

(M = 3.8 − 6.9 𝑀⊙)



AGL J2241+4454: AGILE OBSERVATIONS

• Blind search in 2-day bin lightcurve (Pointing and Spinning)

• 10 flaring events observed by AGILE between 2007 and 2013 5

TA BLE 1
AGI LE gamma-r ay t r ansient det ect ions ar ound t he posit ion of M W C 656.

t st a r t t en d Flux √
T S

[UT ] [UT ] [× 10− 6 cm− 2 s− 1 ]

2007-11-23 UT 00:00:00 2007-11-24 UT 00:00:00 1.5 ± 0.5 4.5

2008-06-28 UT 00:00:00 2008-06-30 UT 00:00:00 0.6 ± 0.3 3.2

2009-01-04 UT 00:00:00 2009-01-07 UT 00:00:00 0.5 ± 0.2 3.1

2010-06-13 UT 00:00:00 2010-06-14 UT 00:00:00 1.4 ± 1.1 3.2

2010-06-30 UT 00:00:00 2010-07-02 UT 00:00:00 1.3 ± 0.6 3.1

2010-07-25 UT 00:00:00 2010-07-27 UT 00:00:00 1.4 ± 0.6 5.3

2011-04-09 UT 00:00:00 2011-04-11 UT 00:00:00 2.2 ± 1.1 3.1

2011-10-08 UT 00:00:00 2011-10-10 UT 00:00:00 2.5 ± 1.1 3.4

2013-03-07 UT 00:00:00 2013-03-08 UT 09:00:00 2.6 ± 1.4 3.1

2013-07-10 UT 00:00:00 2013-07-12 UT 00:00:00 3.2 ± 1.6 3.5

At all t imes, the central target source MWC 656 kept all
its spect ral parameters free.

A systemat ic search in the Fermi / LAT data was car-
ried out searching for t ransient emission on a 2-day t ime
integrat ion bins ret rieving non significant events. The
t ime intervals of the 10 AGILE flares were also searched
and no detect ions arose, yielding upper limits at the level
of a few 10− 7 ph cm− 2 s− 1. We have also performed a
search for periodic emission in the Fermi / LAT data by
folding the data with the orbital period of 60.37 days of
MWC 656. For this purpose we divided the orbit in 8
bins to ensure having enough stat ist ics and repeated the
analysis procedure as explained. No detect ion arose at
any part icular orbital phase and upper limits were ob-
tained at the level of ∼ 2 × 10− 9 ph cm− 2 s− 1. In the
next Sect ion we discuss the implicat ions of these results.

5.2.1. Comparison between AGILE and Fermi/ LAT data

Given the dist inct results found by both gamma-ray
telescopes we wanted to invest igate why this had hap-
pened, as it is not the first t ime that one event is seen
only by one of these telescopes. It is important to note
that the detectability of t ransient emission for a specific
sourcedepends on theeffect ivearea (larger by a factor 5–
10 in Fermi / LAT compared to AGILE depending upon
energy in therange100 MeV–1GeV, and decreasing with
off-axis angle for both inst ruments), on the effect ive t ime
on source (depending on the observat ion mode, which
is different in the two telescopes) and marginally on the
spect ral energy dist ribut ion of theemission (with AGILE
opt imized in the 100-400 MeV channel and Fermi / LAT
opt imized for higher energies).

For example, Figure 5 shows the t ime evolut ion of the
source off-axis angle - i.e., the angular distance between
MWC 656 and thefield of view (FoV) center - for each in-
st rument , during the event detected by AGILE on 2010-
07-25 (Lucarelli et al. 2010). We can note that - most of
the t ime - the source is inside the AGILE -GRID FoV at
small off-axis angles, whereas it t ransits at large off-axis
angles (or outside the FoV) in Fermi / LAT: MWC 656
is observed at angular distance lower than 50◦ in 41%
of the total t ime for AGILE and 25% for Fermi / LAT.
It is important to remark that , at high values of the off-
axis angle (> 50◦ ), the sensit ivity of Fermi / LAT is poor
respect to the nominal on-axis value ( 50% smaller).

The other t ime intervals of t ransient emission detected
by AGILE are also marginally exposed by Fermi / LAT
and Figure 6 shows the fract ion of t ime during which the

0.5 1.0 1.5

MJD + 5.5402×104

0

10

20

30

40

50

o
ff

-a
x
is

a
n
g
le

[◦
]

AGILE

Fermi/ LAT

Fig. 5.— T ime-evolut ion of t he M WC 656 off-axis angles, as
observed by AGI LE and Fermi / LAT during the t ime interval re-
port ed by Lucarelli et al. (2010).

sourcehasbeen observed at a given interval of theoff-axis
angleby AGILE and Fermi / LAT during all theevents in
Table 1. AGILE has a much bet ter angular exposit ion of
the source with respect to Fermi / LAT. The low exposed
Fermi / LAT observat ions, related to a reduced visibility
of the source, provides a flux UL of 2.6 × 10− 8 cm− 2 s− 1

for the stacked analysis of all the events in Table 1, and
typical ULs of the order of ∼ 9 × 10− 8 cm− 2 s− 1 for a
2-day integrat ion t ime. Thus, these values are not con-
sistent with the AGILE results. However, these ULs are
related to average gamma-ray emission during the 2-day
t ime intervals. Nevertheless, short radio flares, possibly
related to the binary system act ivity, have been recent ly
observed (Dzib et al., 2015). Therefore in the follow-
ing we discuss the hypothesis that the flare durat ion is
shorter than the integrated t ime.

A soft spect rum flare with a short durat ion of about
∼ 3-4h could have been seen by only one telescope if the
arrival t imes of the (few) incident photons are within the
good t ime intervals (GTI) of that telescope. Alexander
& McSwain (2015) studied the discrepance between AG-
ILE and Fermi / LAT. In their Fig. 4, they show that ,
during the t ime intervals of higher AGILE count rates,
Fermi / LAT was not in a GTI data-taking, and possibly
lost most of the photons detected by AGILE. In order to
discuss these cases, we carried out simulat ions of short
t ransient emission with gt obssi m(Fermi / LAT Science
Tools). We simulated a source with the same flux as the
average flux seen by AGILE in the 2010 event (2.0× 10− 6

Munar-Adrover et al., ApJ, 829, 101 (2016)



AGL J2241+4454: AGILE OBSERVATIONS

• Searching for periodic γ-ray emission 

• Folding data with 60.37 day period

No periodicity observed

Munar-Adrover et al., ApJ, 829, 101 (2016)



AGILE AND GALACTIC GAMMA-RAY SOURCES 

POSSIBLY ASSOCIATED WITH BINARY SYSTEMS

Ongoing analysis…

AGILE source binary system binary type orbital period

1AGL J0242+6111 LS I +61 303 Be + ? (HMXB) 26.5 days

1AGLR J1822-1456 LS 5039 O + ? (HMXB) 3.9 days

AGL J1734-3310 IGR J17354−3255 SFXT (HMXB) 8.45 days
(Sguera et al., 2011)

AGL J2022+3622 IGR J20188+3647 SFXT (HMXB) ? ?
(ATel #1313; Sguera et al., 2006)

AGL J1037-5708 4U 1036-56 Be-NS (HMXB) 61.0 days
(Cusumano et al., 2013)

AGL J2241+4454 MWC 656 Be-BH (HMXB) 60.37 days    
(Casares et al., 2014; P. Munar-Adrover et al., 2016)



Thanks for your attention


