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Summary

• What do we call Galactic X-ray transients?  

• How? from the discovery to the broad band studies

• Why? from astronomy to astrophysics model 
independent approach and physics of some sources

• Today/Tomorrow: large flows of data (radio, 
optical). What strategies, organization (to be 
discussed during this workshop)



Galactic Transients 
• Magnetically active stars (RS CVn) also > 20 keV emitters (Swift, INTEGRAL, Maxi)

• Supernovae : optical-X-ray-neutrinos-GW(?);  Rare events: 1-3 ev/century (?!!), none during the 20th 
century. Closer to 0.1-0.01/century

• type II, Ib/c <=> Collapse massive star 

• Type Ia <=> Thermonuclear,  white dwarf

• WD, isolated neutron stars: radio, optical, X/γ-rays

• incl. SGR and AXPs giant flares and bursts

• X/γ-ray Binaries/CVs: full em spectrum; neutrinos(?), GW (?)

• CV (IP) are > 20 keV emitters ; Fermi detection of HE flare from novae 

• Hadronic models for jets : VHE (TeV) emission, and neutrino production (pp interaction, and pions 
decay)

• Galactic Centre (Sgr A*): Radio, Optical/IR, Soft X-rays

• Quasi periodic flares

• TDEs 
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• Galactic Centre (SGR A*): Radio, Optical, Soft X-rays

• Quasi periodic flares
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q WD, isolated neutron stars : pure physics of compact objects (no accretion / 
companion evolved)

• Crustal quake => size of NS

• WD as SN progenitors of type Ia

q X/gamma-ray Binaries/CVs : compact source as a central engine for accretion
and related processes

• BH « visible » => access to mass ans spin

• Transient vs persitent sources : outbursts vs flares

• Numerous tools (timescale, multi-lambda)



Zoology of X-ray emitting binaries
Cataclysmic variables (jet/no jet) X-ray Binaries (jet/no jet)

γ-ray Binaries (no jet)
WD+star: Polar, IP, Novae

Pulsar+Be stars: a few objects (Fermi-HESS-Magic)

NS/BH+low mass stars: LMXB, microquasars

NS/BH+high mass stars: HMXB, microquasars



RXTE ASM (1.2-12 keV): 
16 years of monitoring (1995-2012)

Credit: Zhan Yan (SHAO)

Sco X-1
Cygnus

GRS 1915+105

Norma



Outbursts and profiles

Yan & Yu 
2015

Aql X-1 (NS) GRO J1655-40 (BH)

ASM data



Black hole binaries/microquasars
Thermal emission black body: soft X-

rays ~1keV

Hard X-ray (10-200 keV): 
« Corona » g-ray emission 0.2-10 MeV: Origin?

GRM
ECLAIRs

MXT

Potentiality brought by a wide band mission:
the SVOM view



X-rays: hardness intensity diagram

Phenomenological approach

Texte
Jet influence in X-rays ?

disc jet connection 

Radio vs. X-ray fluxes: « fundamental plane »



The « Jet line »
GRS 1915+105

Wilms+ ’06

Mirabel+ ’98; R.+ ’08



Physics of/from X-ray transients

Different families/sources => large number of key scientific questions (multi-λ 
and multi-instr. obs.)

• XRBs & CVs: physics of accretion (DIM, outburst mechanisms, state 
transitions,…) and links with jets/winds (energetic budget, particle 
acceleration, ISM feedback), plasma physics and MHD, GR=> multi 
lambda

• NS & WD: B topology, magnetic reconnection mechanisms and NS-quake
(glitches), thermonuclear burning/explosions (feedback), crustal cooling, 
EOS => Timing

• Gamma-Ray Binaries & VHE emitters: Leptonic vs. hadronic models
(HE-VHE), interaction with secondary, particle physics, shocks
=>HE,VHE



Constraining the physical processes: 
spectral diagnostics

(need for day/month basis observations – depending of the spectral state )

McConnell+ ’02

BeppoSax/Batse/OSSE/INTEGRAL

Rodriguez+ ‘15

=> Accretion geometry 

=>Origin of spectral 
components 

=>(fast – sec scale) Variability 

=>Disk-jet coupling (multi-λ)

=>Spin and parameters of 
CO

=>B of NS



Diagnostics (2): Timing

Some typical periods (isolated / binaries)

Ramsay+ ‘04

EP Dra

Bodaghee+ ‘06

IGRJ16393-4643

Occurrence of outbursts, NS-quakes, thermonuclear bursts ?

Serendipitous activity <=> Needs large field surveys/ all sky monitoring



Phase dependent diagnostics

X: Approach of disk, 
properties of corona, 
interplay

γ: jet composition, 
models of jet 
production/acceleration

Radio-Opt. :
Jet behaviour, energetics

=> trigger of 
outburst? 

Fine spectral analysis: line/reflection/link with jet-
external disk, γ-ray flares and connections to accretion

Disk @ LSO: 
line, inner radius 
=> spin of BH?

Outflows (wind), 
suppression of jets? 
Energetic feedback 
in ISM

Recession of disc (?), 
reappearance of jet

QPO

High fluxes



Example: (re)activity to a 
specific transient

June 15th 2015:

V404 Cygni



• Tens of multi-l ToOs : 
=>50 ATELs published on June 30th (2 weeks 

of outburst)
=> Another 15 in the first week of July, while 

the source was already entering into quiescence

The largest multi-l worldwide effort for a XRB 
outburst (strong french implication)

Tentative federation of the community



Early alerts permit fine monitoring 

Credit: Vincent Chambouleyron (CEA)

Timing
FOV

Temporal 
coverage

+spectra



And specific focus on peculiar transitions

Muñoz-Darias+ ’16

Courtesy J. Miller-Jones

R.+ ’15; Alfon-Garzon + in prep.

Observation @ GCT (10m)



Few selected results

50 Crab flares at 20 keV: brightest X-ray 
source, > 20 keV spectra have similar shape 
(R.+ ’15)

Detection of a variable 511 keV line (Siegert+ 
’16): e-/e+ jet, pair plasma production

Detection with Fermi @ GeV + 511 keV line 
=> origin related to jet (Loh+ ’16) 

Multi-λ flaring activity => evacuation of inner 
accretion disc before ejection (Radhika+ ’16)

Optical analysis => a sustained disc wind 
regulating the outburst (Muñoz-Darias+ ’16) 
but flares due to disk reprocessing (Kimura 
+’16) Loh+ ’16



Take away message

High throughput/ narrow field instruments (VLA, ALMA, VLT, HST, Chandra, XMM, 
et al…) => deeper into the physics of accreting sources/ Several important results 
over the past 20 years

This would have not been possible without alerts on outburst / state 
transitions / flares / unpredictable behaviour from wide field/all sky monitors

2020 is the era of large radio array and sky surveys / alerts in radio/optical with a 
very high expected discovery space

=> Need for all sky monitor at X/gamma rays ASM type monitor

=> Need for the possibility to quickly react to alerts mission design

=> Need to federate over common/automatized strategies given the expected high 
number of alerts (SKA, LSST, multi-messengers, …) selection of alerts required, 
criteria?



Take away message (2)

Transients phenomena cover different time scales : long declining ourburst (days to 
weeks) to fast events (SN, magnetars flares or Fast Radio Burts)

=> Good/very good time resolution necessary (not to be neglected in the 
instrument definition/data storage/alert system/follow-up strategy)

=> Alerts/strategy

=> HTRA (High Time Resolution Astrophysics) domain

=> Performant/dedicated instruments needed



NICER on ISS
NICER : Neutron star Interior Composition ExploreR

https://heasarc.gsfc.nasa.gov/docs/nicer2017, June 14th



Happily stolen from S. Markoff (UvA)


