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The All-Sky Monitor Perspective
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Why Population Studies?

Population studies are our best option to understand the
wide range of physics involved in the formation and
evolution of accreting binary systems harboring stellar-mass
BHs

Current Problems:

» Current theoretical framework > observational data limited
doesn't fully describe outburst by small sample sizes
behaviour

» physical mechanism(s) dictating > the known sample is not
state transitions remain largely representative of true
unknown population
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The WATCHDOG Resource

the Whole-sky Alberta Time-resolved Comprehensive
black-Hole Database Of the Galaxy ...

Is an all-sky X-ray study of the current state of the known BH
and BHC X-ray binary population

» Built to operate as an interactive
online interface

Uses the vast data archives
available to us via the All-sky
instruments aboard INTEGRAL,
MAXI, RXTE, and Swift.

Probes the whole transient X-ray
sky across decades of time
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WATCHDQOG Outburst Tracker

The first of its kind, this comprehensive algorithm has the ability to discover and
track outbursts using the all-sky instruments aboard four separate telescopes

. » Detects transient outburst events:
1995 2000 2005 2010 201 Ly o> 1036 erg s

(fx por~ 10"%erg cm2 s or a few mcrab)

»Performs long-term monitoring of
persistently accreting sources

AXI/GSC ON

RXTE/PCA ON
M

RXTE/ASM ON

»So far, detected >140 separate outbursts
occurring in 48 transient sources
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Detecting
~4-12
outbursts/yr.

53000 55000 57000
MJD (days) Tetarenko+2016

Swift & INTEGRAL ON

» Interactive detection app uses the tracker
results to provide accurate detection rate

estimates that can be used to plan
observations
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WATCHDOG Outburst Classification Tool

“successful” outburst “hard-only” outburst

—
hard-soft

transition

no state
definitive transition definitive
soft occurs hard
state state onl

X-ray Hardness X-ray Hardness

Uses the empirical hardness ratio parameter, computed via a Markov Chain
Monte-Carlo method, to categorize outburst behavior into two classes.
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Characterization of the long-term temporal and spectral

evolution observed in BHXBs

{ EXAMPLE:
20 Years

Of Activity

in GX339-4

WATCHDOG's

algorithms detect,
track accretion
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Characterization of the long-term temporal and spectral

1995

evolution observed in BHXBs
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Characterization of the long-term temporal and spectral

evolution observed in BHXBs
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Characterization of the long-term temporal and spectral
evolution observed in BHXBs
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Prevalent "Hard-only” Behaviour

215995 2000 2005 2010 2015 » Exhibited in both transient

and persistently accreting

Successful
systems

(I Indeterminate

Hard-only
» Of 92 classified transient

outbursts, ~40% do not
involve a state transition
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» There is a steady
appearance of these “hard
only” outbursts over the

51000 53000 55000 57000 last ~50 years
MJD (days) Tetarenko+2016
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Mass-Transfer History of the Galactic Population

Using
WATCHDOG,
we have derived
a two-decade
long mass-
transfer history
for the entire
transient and
persistent BH
population in the
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Mass-Transfer History of the Galactic Population

Outburst
o always B always hard- A mixed behaviour SR Nel o1 a1y

successful only outbursts
outbursts ' . .

System -scatter in transient srcs
Transient

BH-LMXBs

1000
Tetarenko+2016
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Mass-Transfer History of the Galactic Population

Outburst
: always always " -
® suceassini M hard-only A incomplete transitions [EERVY/-We el1=1aV/-¥

behaviour behaviour
System -scatter in transient srcs

- Persistent srcs below
YNSRI critical accretion rate
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Mass-Transfer History of the Galactic Population

Outburst
: always always " -
® suceassini M hard-only A incomplete transitions [EERVY/-We el1=1aV/-¥

behaviour
* I System -scatter in transient srcs
-

- Persistent srcs below
YNSRI critical accretion rate
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> Possible

= . Persistent Explanations:
E BH-HMXBs
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- change in efficiency
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-long P, persistent
systems are long-term
transients
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1(')() 1(');60 - significant loss of

P,,, (hrs) Tetarenko+2016 matter via outflows
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Mass-Transfer History of the Galactic Population

Outburst . .
-. always always g Mixed behaviour/ _
Behaviour . successful . hard-only incomplete transitions > Vw
outbursts outbursts

e System -scatter in transient srcs
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Looking To the Future . . .

First Results paper now published in ApJS :
Tetarenko et al. 2016, ApJS, 222,15

Future Plans for WATCHDOG include:

» Infrared Pilot Program: identification and study of
binary counterparts in candidate BHXBs

> Discovery, identification, and study of low-luminosity
accreting stellar-mass BHXBs

» X-ray Light Curve Modeling: Derivation of key binary
parameters in candidate BHXBs

B Y BERTA THANK YOU!!




