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Cyg X-3: a very peculiar source

* HMXB, probably a black hole wind-fed by a Wolf-Rayet star

* Short orbital period: 4.8 hr, distance 7.4 kpc

*The brightest X-ray binary in radio

* Giant radio flares of 10-20 Jy (e.g. Miller-Jones+04, Corbel+12)

* First microquasar firmly detected in gamma-rays with AGILE (Tavani+09)
and Fermi (Fermi/LAT collab.+09)



X-ray and radio states

* Canonical X-ray states + hypersoft state (Szosteck+04, Hjalmarsdotter+09)

* Radio states : quiescence, quenched jet, minor/major/giant flares

Hypersoft X-ray state : Giant radio flare > 10 Jy
- Soft X-ray emission very hight => |- Transition to harder X-ray state
- Hard X-ray emission extremely low - Inversion of the X-ray behavior
- Quenched radio state (< 30 mjy)

Waltman+96, Koljonen+10, Trushkin+16



S. Trushkin: http://www.sao.ru/hg/lran/XB/CygX-3/CygX-3 Ic rat sw 2016-17f.png
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Radio, X-ray and gamma-ray connections

S. Trushkin: http://www.sao.ru/hq/lran/XB/CygX-3/CygX-3 Ic rat sw 2016-17f.png
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The giant flare in September 2016
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The giant flare in September 2016
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What is happening in Cyg X-3 during
the mini and giant radio flares ?

*VLBI observations at 22 GHz : SRT, Medicina, Noto, Torun, Yebes, Onsala

=> Comparison between mini and giant flares

* Single-dish observations with SRT and Medicina at 7.2, 8.5, 18.6,22.7,25.6 GHz

=> Monitoring of the giant flare over 6 days

Credits: S. Loru



VLBI observations during the mini-flare

*VLBI light curve obtained on | Sept 2016

=> peak of 450 m]y at 22 GHz
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* Radius in mas of the emitting component

=>
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VLBI observations during the mini-flare

* Evolution of the size of the emitting component during the 4 first hrs
=> expansion at the velocity 0.06-0.09c assuming d = 7-9 kpc

* Short radio flare close to the core of the source
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VLBI obs at the end of the giant flare

* No VLBI detection on 23 Sept at 22 GHz whereas F = 1.4 |y
Without SRI, 5-sigma sensitivity of 20 m)y/beam.

* Source strongly resolved out
=> different jet morphology w.r.t. the mini-flare

* Beam area = 0.88 mas”2
Assuming a two sided ejection, jet extended over 30 mas
=> jet speed > 0.3c



What about the single-dish observations?
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Radio Data (Jy)

Spectral Index

SRT and Medicina observations

* Multi-frequency observations at 7.2, 8.5, 18.6,22.7 and 25.6 GHz
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Radio Data (Jy)

Spectral Index

SRT and Medicina observations

* Multi-frequency observations at 7.2, 8.5, 18.6,22.7 and 25.6 GHz

TTTTTTTTTITTTTTTTTITTTITTTTITTT IIIIIIIIIIIII

IIIIIIIIIIIIIIIIIIIII

15 OSRT 7.2 GHz  —
+ MED 8.5 GHz
AMED 1B.6 GHz -
¥ SRT 22.7 GHz
‘%‘ _____ P OMED 25.8 GHz 1
AN
AN
;)
N
W
n AN _
10 "k \
A
i N
"\
YA
LA
\& \
\
\
\
\
5+ \ -
\
\
¥ \
+
o] FAYEVITTUTNTUTERETIE TYTETETIINY ARUTEY FRUTINETI ANUTRRNTTL T
08 .
0.6 }} | } -
0.4 ‘ .
0.2F H —

57648 57649 57650 57651 57652
MJD

57653 57654

=> Clear spectral index change
at the peak of the flare on 5 hrs!
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Radio Data (Jy)

Spectral Index

SRT and Medicina observations

* Multi-frequency observations at 7.2, 8.5, 18.6,22.7 and 25.6 GHz

TTTTTTTTTTTTTT T TTIT TTITTTTITTTTT TITTITTITTITTTT

15 OSRT 7.2 CHz  —
+ MED 8.5 GHz
A MED 1B.6 GHz E
¥ SRT 22.7 GHz
‘M‘ _____ . OMED 25.8 GHz -
N
~_ #\\
S
AR
n (% _|
10 "k \
A
i N
Y
YA
LA
\& \
\
\
\
\
5+ \ —
N\
\
. \
4
o) FERTRRTE NS IR TRNNT R SRRRERRE IR N RRTRI AARRRIRERIARRTRRRTNA RN
08 .
0.6 — }} | J[ —
0.4 h .
0.2 H —

57648 57649 57650 57651 57652
MJD

57653 57654

=> Evolution from optically thick to optically thin
plasmons in expansion moving outward from the core
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The giant flare in April 2017

S. Trushkin: http://www.sao.ru/hg/lran/XB/CygX-3/CygX-3 Ic rat sw 2016-17f.png
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Radio observations in April 2017

* Medicina ToO observations for 8 consecutive days from 4 April
=> 8.5, 18.6 and 24.1 GHz
=> long sessions from 3 to |3 hrs per day

*2 runs e-EVN triggered at 5 GHz on 10 and I3 April for |5 hrs each: @
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Flux (Jy)

Medicina observations at 8.5 GHz

Cyg X—=3 at 8.5 GHz
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Flux (Jy)

Medicina observations at 8.5 GHz
Cyg X—=3 at 8.5 GHz bin: 3 min

| » |

ﬂ”
P
"‘;
Y

10 ~
2 /
- ’ -, N
5 *4
: ) . -
- .‘. i
- ‘ -
A L L l 1 1 1 l L L 1 l 1 1 1 l L L 1
57846 57848 57850 57852 57854 57856

MJD

Peak reached on 5 April 2017, F =16.5 +/- 0.5 ]y at 8.5 GHz



Medicina observations at 18.5 GHz

Cyg X—=3 at 18.6 GHz
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VLBI observations at 5 GHz on 10 April

Plot file version 1 created 20-SEP-2017 10:21:16
Amplitude vs UV dist for CYGX-3-AV.UVAVG.2 Source:CYGX3

* Amplitude of the visibility as a Ants *-* Stokes FULL IF#1 Chan# 1
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VLBI observations at 5 GHz on 10 April

Plot file version 2 created 20-SEP-2017 10:22:48
Amplitude vs Time hrs for CYGX-3-AV.UVAVG.2 Source:CYGX3

* Amplitude of the visibility as a YL AN AN | | —
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Conclusions

* Rare, fascinating and complex case of giant radio flares in Cyg X-3

* Mini radio flare in 2016: ejection close to the core, associated with a slight
increase of the size of the emitting component

* Giant radio flares in 2016 and 2017: transition from the hypersoft to a

harder X-ray state, jet extended, with emission of blobs of plasma at the peak
of the radio flux in 2016

* Why do we observe such giant flares in Cyg X-3?
What is the disk - jet connection during giant flares ?
What is the role of the strong wind from the companion star ?

* Use the Italian antennas in single dish and/or VLBI !



Thanks!
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Declination (J2000)

Calibrator J2007+4029

40 29 48.65

48.64

48.63
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48.57

48.56

48.55

PLot file version 1 created 22-SEP-2017 18:00:14
CONT: J2007+40 IPOL 4926.490 MHz J2007+4029CL.ICL001.1

I I . 1 | r I I

fO

I l l I I l l l

20 07 44.949 44.948 44.947 44.946 44.945 44.944 44.943 44.942 44.941

Right Ascension (J2000)
Cont peak flux = 9.9139E-01 JY/BEAM
Levs = 3.186E-03 * (-1, 1, 2, 4, 8, 16, 32)




