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High Mass X-ray Binary

The majority of the HMXB population hosts a neutron star instead of a BH

Accreting
magnetized
O or B-type NS
Star B~10%G
Mopt > 10M®

X-ray pulsar



Two types of HMXBs
depending on the massive companion

* O or B-type supergiant
- They loose mass through a strong

(spherically symmetric) wind

- stellar wind capture by the NS

-~ SgHMXBs (persistent or transient -

Pap=2-1 days
Supergiant Fast X-ray Transients, SFXTSs)

* Bestar main sequence B stars with Balmer lines in emission

Rapidly rotating, they loose mass mainly from the equatorial region, through a circumstellar

decretion keplerian disc (coplanar or misaligned with the orbit). Also a polar wind is present.
The mechanism for the Be disc formation is unclear

(rotation is insufficient)

— accretion from the Be disc ""'--Be-star

- Bel/XRBs (mostly X-ray transients) expelled material

‘r._'____,_.—-'

neutron star




Corbet diagram before INTEGRAL (before October 2002)

sgHMXB Be-HMXB

® O, B supergiants ® Be stars with circumstellar discs
® Porb: 1-15d ® Porb: > 10 days to months

® (uasi circular orbits ® Elliptical orbits

® Dpeorsistent (Lx ~ 10 36 erg/s ® Transients (Lx~10 *°-1038erg/s)

“B-emission stars and X-ray sources”
Maraschi, Treves, van den Heuvel 1976
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Wind velocity v(r)
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Mass loss rate from the OB star Mww 10_6 M@/yT
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WIind accretion
Sg HMXBs

Wind velocity (beta-law):
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Tauris & van den Heuvel 2006

The rotation period,
the magnetic field strength and
the pressure of the wind

determine whether or not
accretion onto -—
the NS is possible :

stellar wind

In case of direct accretion: /

maanetosbheric radius (RM)

Ry~ 2 %100 a1 2/787 ,37 em.

corotation radius (Rco)
Reo = 1.7%x10'°P2° cm

accretion (Bondi) radius (Racc) ¥ 1

If matter outside the magnetosphere can cool down efficiently, p — ZGMNs/’U2 —37%x10%72 cm
all matter captured within Racc will accrete ¥ L 8




Transitions between different regimes

depending on changes of the relative positions of the three radii
(given a NS with its B-field & Pspin,
transitions depend on wind density & velocity at the NS orbit)

Racc < Rco < RM

Rco < RM < Racc

Direct accretion

RM < Rco < Racc

Superkeplerian magnetic
inhibition regime

Shock

Subkeplerian magnetic
inhibition regime

Supersonic propeller
regime

D

Subsonic propeller
regime

.

/Shock

E"‘_RI\'I—"'

-~—R, i |

—-—— Rcu

Direct accretion
regime

Racc < RM < Rco

RM < Racc < Rco

Bozzo, Stella & Falanga 2008
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Clumpy winds

complicate the picture

Smooth stellar wind Structured stellar wind

Credits;: ESA C. Carreau/Nazeé et al.

In principle, HMXBs can probe wind clumpiness (density and velocity wind structure)
- X-ray variability traces the mass inflow rate
- absorbing column density variations due to massive clumps passing in front of the NS

13



Clumpy winds

complicate the picture

In principle (in absence of any mediating mechanism),
HMXBSs can probe wind clumpiness

(density and velocity wind structure at the NS
separation) by means of:

- X-ray flux variability tracing the mass inflow rate
- Absorbing column density variations:

they can be due to massive clumps
passing in front of the NS

Credits: ESA Bozzo et al. 2011
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Structures in the stellar wind produced by the interaction with
the accretor & 4

Formation of a gas stream as the binary separation is decreased in HMXBs

Stellar wind clumps Blondin, Stevens, Kallman 1991
are likely disrupted by the accretion wake,
while other bubbles appear to form behind the shock

15



Sg HMXB simulations

Wind density distribution in a Sg HMXB hosting a neutron star with different masses
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Figure 1. Density distribution (in gr cm™; color bar) on the orbital plane after ~ 3 orbits. The wind terminal
velocity is ve, = 500 km s~! and the mass-loss rate is M,, ~ 10™° M, y r~!. The mass of the neutron star scales
from 1.5 (left) to 2.0 M, (right). The color version of this figure is available on-line.

Manousakis et al. 2013
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Corbet diagram before INTEGRAL (October 2002)

sgHMXB Be-HMXB
® O, B supergiants ® Be stars with circumstellar discs
® Porb: 1-15d ® Porb: > 10 days to months
® (uasi circular orbits ® Elliptical orbits

® Persistent (LLx ~ 10 36 erg/s ® Transients (Lx~10 36—10 38erg/S)
Corbet d|agram for Galachc HMXBS

Wlnd fed perS|stent ngMXBs




Be/X-ray transients

“B-emission stars and X-ray sources”
Maraschi, Treves & van den Heuvel 1976

Be star decretion keplerian disc

\ " Be-star

expelled material

‘r__._,_._.--"’
[
____________ neutron star
. X-ray flux
P-:rrb Type | outburst
\_ ) -//.__.," '-_____H- N hme-—

>

Most of the accretion takes place during periastron passages

Tauris & van den Heuvel 2006



Be XRBs: two outburst types
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Be star decretion disc
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The viscous decretion disc can undergo formation and dissipation episodes
(Negueruela et al. 2001)
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Be/X-ray binaries

Be disk

accretion disk

\ ' NS or BH
overflow from Be disk

<> accretion
high energy emission

The Be disc is truncated by tidal interaction with the NS
Type Il giant outbursts could be due to capture of larger (than in type 1) amount 22

Taken from a talk given by A. Okazaki

of matter from a tilted and warped Be disc



Supergiant Fast X- ray TranS|ents

INTEGRAL/ISGRI

20-40 keV
Sguera et al. 2005

~ lhr

1x1o‘ 2><10“ 3x10“ 4x10“ 5x1o‘
tme (s) [start time = 53612.164 MJD]

23

Negueruela et al. 2006

Figure 9. Lightcurve of the observation of XTE J1739—302, in the energy
range 18 — 60 keV (IBIS/ISGRI). Arrows indicates the peaks of luminosity.



SgHMXB

® O, B supergiants

® Porb: 1-15d

® Quasi circular orbits
® Persistent

After INTEGRAL
Supergiant Fast X-ray Transients
SFXTs

® O, B supergiants
® Transients

Be-HMXB

® Be stars

® Porb: days-months
® Elliptical orbits

® Transients

Corbet d|agram for Galachc HMXBS
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SgHMXB

® O, B supergiants

® Porb: 1-15d

® Quasi circular orbits
® Persistent

After INTEGRAL
Supergiant Fast X-ray Transients

Be-HMXB

SFXTs

® O, B supergiants
® Transients

® Be stars

® Porb: days-months
® Elliptical orbits

® Transients

Corbet diagram for Galactic HMXBs
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The SEXT

Suzaku/XIS

IGR J1/544-2619

Exceptional outburst from a SFXT near the periastron passage...BUT this occurs rarely!

ey

Rampy et al. 2009

Obs duration ~ 2.7 days
P orb ~ 4.9 days
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The SEXT IGR J17544-2619

Swift / XRT monitoring of a sample of SFXTs
| T T T T T [ T _a

= [ I 1
8 T ]
< . . :
% — iy vf. »® J" ve .
o < -g
Y 3 %W IGR J17544—2619 i:
=

3

Sidoli et al. 2008
Romano et al. 201.

544{}0 54600 548{]0 55{]00 55200 554{]0 55600
MID

Long-term SFXTs X-ray emission:

intermediate luminosity state of 1033-10 34 erg/s
(quiescence is at 10 32 erg/s in the 1-10 keV band)

Ada will discuss INTEGRAL results on SFXTs! 27



SEXT

® O, B supergiants + NS
® Transients

Observationally
® Mostly around 10%-10%* erg/s
® Sporadic, short and bright flares
(10%°- 10%" ergs/s)
® Flares: minutes - hours
® Qutburst: a few days
® Dynamic range up to 10 >— 10 °

\ Log (Lx)
37

o

36

35

34

33

32

persistent SQgHMXB

A
SFXT

Time

This is only a sketch, no real data!
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WIind accretion

* Bondi accretion Is an approximation to calculate the
time-averaged Lx of classical HMXBs

* If applied to the new class of transient SQHMXBSs, the
Supergiant Fast X-ray Transients, it results into
average Lx ~ 100 times higher than observed -
SFXTs are subluminous ,w:a» persistent SgHMXEB

* The mechanism for 3

the X-ray flares is unclear |”

34

33 ( ‘
The mistery of SFXTs SExT
is twofold . "

This is only a sketch, no real data!




SEXT
® O, B supergiants + NS
® Transients

Observationally
® Mostly around 10%-103* erg/sec
® Sporadic, short and bright flares
(10%°- 10°” ergs/sec)
® Flares: minutes - hours
® Qutburst: a few days
® Dynamic range up to 10°

Physical mechanism debated

® Peculiar wind and/or orbit
(in'tZand 05, Walter+07, Sidoli+07,
Negueruela+08, ...)
® Particular properties of NS
(gating mechanism, Grebenev+07, Bozzo+08)
® Subsonic settling accretion regime
(Shakura+12, +13, +14)

o

\ Log (Lx)
37

36

35

34

33

32

persistent SQgHMXB

A
SFXT

Time

This is only a sketch, no real data!
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SFXTs intermittent and sporadic
X-ray flares

* Are they produced by an intermittent input?
Dense clumps in the wind - X-ray flares ?

31



Clumpy SG winds + different orbital configurations
are not enough to explain SFXTs flares & their low time-averaged Lx

classical

supergiant HMXRB SFXT

random
flaring

Supergiant winds
are clumpy

SFXT
periodic or
quasi-periodic
flaring

Blay, Negueruela, Reglero 2012 32



SFXTs intermittent and sporadic
X-ray flares

* Are they produced by an intermittent input?
Dense clumps in the wind - X-ray flares ?

® Are the flares produced by a gated
mechanism?

33



SFXTs: centrifugal or magnetic barrier?

To explain transitions between quiescence to bright flares in SFXTs in presence of variations
in the supergiant wind parameters:

- either a magnetic barrier (magnetar with a Pspin of ~ 1000 s)
- or a centrifugal barrier (neutron star with a B ~ 102 G and a Pspin ~ 10 s)

Direct accretion

Racc < Rco < RM Rco < RM < Racc RM < Rco < Racc
Superkeplerian magnetic Subkeplerian magnetic Supersonic propeller Subsonic propeller Direct accretion
inhibition regime inhibition regime regime regime xqgiplc

.

/Shock

Shock

E"‘_RM—"'E

D

Racc < RM < Rco RM < Racc < Rco
Racc = accretion radius (Bondi) Bozzo, Stella & Falanga 2008
RM = magnetospheric radius ’ 34

Rco = corotation radius



NuSTAR unvells the magnetic field
strength in a SFEXT

1 IGR J17544 - 2619
ﬁ NuSTAR (Bhalerao et al. 2014)
é Swift | XRT . |
::} =
W ) —
U T

| Elnergy(ke\:f}l oo 1
B =(145+003)x10"” G-(1 +2)
‘ The magnetar nature of IGRJ17544 is ruled out %



Quasi spherical accretion in slow pulsars

L > 410 erg/s L <4 10% erg/s
X X
(usual
Aéye%%légﬁmoyle-uﬂleton Subsonic settling accretion without shock near magnetosphere

Matter subsonically

settles down inside the
- T y ~, T 7 _ the:shell with radius ~Rg
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Figure 1. Supersonic (Bondi-Hoyle-Littleton) accre- Figure 2. Subsonic settling accretion onto magne-
tion onto magnetized NS tized NS

(Shakura et al. 2012) 36



L >410% erg/s

Accretion Bondi-Hoyle-Littleton
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L <410% erg/s

Subsonic settling accretion without shock near magnetosphere
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® Accretion rate controlled by plasma cooling (Rayleigh-Taylor instability,
matter through magnetosphere: radiative cooling or Compton cooling)

® Mediates angular momentum transfer from/to magnetosphere
® Accretion can be significantly smaller than Bondi direct accretion

® Flares no more “tied” to orbit

® HMXB unified scenario

(Shakura et al. 2012; 2014)
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REGIMES OF QUASI SPHERICAL ACCRETION

SUBSONIC ACCRETION SUPERSONIC (BONDI) ACCRETION

PENCIL BEAM
LOW ACCR. COLUMNS/MOUNDS

RADIATIVE COOLING
MEAR MAGMETIC EQUATOR

‘Off'-states in eg.Vela X-1,
4U 1907+09, GX 301-2

FAN BEAM
LOW ACCR. COLUMNS/MOUNDS

COMPTON COOLING

MEAR MAGMNETOSPHERIC EQUATOR

Mormal luminosity levels in eg.Vela X-1,
41 1907409, GX 301-2

FAN BEAM
HIGH ACCRETION COLUMNS

RAPID COOLING, MATTER IN FREE FALL
SHOCK ABOVE MAGMETOSPHERE

Luminous accreting X-ray pulsars

L=3

Usual SFXTs state
103 — 103 erg/s

Magnetic reconnection is
Shell of captured matter

10%

SFXTs bright flare

5 a proposed mechanism to &
above the magnetosphere o

> I«

L#=4-10°6

Brigthest SFXTs flares

llow the collapse of the
nto the NS in SFXTs

« SFXTs supergiant col
than in other HMXBs

mpanions should display higt

1er B stellar field 38
(Shakura et al. 2012, 2014)



COSPAR 2016
event E 1.10 on HMXBs

WE LOOK FORWARD TO HOSTING YOU IN
A g e SRRTAE

A broadband perspective on
massive X-ray binaries:

iSTANBUL towards a unified picture

IN 2016

MSO: Lara Sidoli
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