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~ » Rich time variability, such as

~twin QPOs at kHz frequencies:”
‘(from.400'to 1300 Hz, mcreasmg,

. with mcreasmg mass accretlon oA

".rate) 7. QPOsdre Jhdught;

-.1-

L A |
L

-0 Type-l X- ray bursts W|th
nearly:co erent “oscillations if -
the rani - (probably
-+ the'Nf frequency)

" « Mostare ,_-f' with ':3 %o NS with-B: < X0 G

" quiescent Ium'mosmes of AR T S B R R T

* 10% erg/s and qutburst e o, T % Rti?
 luminositiesof 10%-10% erg/s.. WL L L R : L

<. v Chia 18 dcf 2007
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- Soft compcgf (few keV) »
(blackbody or dlsk blackbody model)

= Power Iaw wn’rh exponen‘hal
cutoff (5- 20 keV) Ther'mal

Comp‘romza'rlon R I e £ -.'g

- - Sof1‘ and hard s’rafes.u i g
m' hard state the-cufoff shlf:rs

1'o hlgher' ener'gles (up to: > 200 keV

5 Iron emussuon (fluorescence) Ime

a’r~64keV AR
W

- Eyg.d_eqce for' a reflection compo'r_wen’r

Soft and Hard States

E<1931—-280 (High state)

g,
et T,

\\ GALA28—238 Low state)

: N

%

Energy {keV¥)




Very soft (thermal) spectra. Two components needed (at least).
Most popular proposed interpretations:

- Eastern model (Mitsuda et al. 1984):

multitemperature-blackbody + blackbody/Comptonized spectra
(disk emission with kT = a R-3/4, and NS surface comptonized emission)

- Western model (White et al. 1986):
blackbody + Comptonized blackbody spectra
(NS or disk emission, and disk emission modified by
Comptonization in a hotter region).

- Birmingham model (Church et al. 1997, 2006):
blackbody + Comptonized spectra

(NS emission, and Comptonized emission from an extended ADC).

Five Years of INTEGRAL
Chia, 18 Oct 2007



-I‘r’.r 4 : . L,

Fitted by, ot %0 Tl e
.+ Low energy b|GCkb°dY .} o .-
: iemper'a'rure abou‘r 0.1 keV) |
*+ Power law: : '
'r-r4-19

" 'Plus a hlgh ener'gy cu’roff df
about 100 KeV. ' .

St BhoL R ! « Five Years of INTEGRAL
: Lummo_su'ry < 0.1 LED!?- _ s . ohia, 18 Ocr.2007

Log E (keV)




‘ “0 SOthlgh -_ISI_*rafe_s |

55 Flﬁed by

‘A low, ener'gy blackbbdy (Temp

kT about 0.5-1KeV) dominating

the- X-ray spectrum (and ‘rhe LA
power- Iaw emussuon) e LR . 5

1 og tux

‘ -Power' Idyvi. ot ".. o
N S RSl A el
. Without any evudence'qf a hlgh G ! 10

energy cutoff. up to. ener‘gles of Log E (keV)
abou#O5- | MeV g

>

Lirhifosity > 0.2-0,3 L”!E'?. Pt
: - L33 bells " | Chia, 18 Oct.2007

. Five Yedrs of INTEGRAL = =



No high ener'gy cutoff is
- present up to 1 MeV :

“.Titarchuk & Zanmas 1998

- Luarent & Titarchuk 1999

proposed that the hard

emission might be caused by:a:

converging relativistic flow -
"rowarq':'rhe event homzon of

. 'The BH. -

_However, in br'ugh‘r NS ’rhe-_' 3
. converging flow should be " -

. stopped by the pressure of the’
radiation eml’r’red fr'om the: Nﬁ_.

-surface '

c
=
’_I'CD
£

[}

=
2

4
P
=

0.01 A
Energy (MeV)




g
*- < Strong anulogles wu”rh specfr'a of BHXEs:
'_'pr‘esence of hard/low and sof‘r/hlgh s‘rm‘es

-.-.. -
’:

S Possuble dtffer'ence in 1'he ‘Temper'amr'.es of 1'he
Compfomzmg region W i .

o ,Exfr'a coolmg due 19 ‘rhe sof1' emlsswn fr'orn |
The NS sur'face‘> e R |
g Ul

|
- I_u- L] o g 1
'-"|.|II= i

1 ke Sl

C‘h/a #4 8- ch 2007 '
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a .I..r-'-

“With incredsing -
.the Mdot the -
source state
.:changes from. - . .
hard thermal (6X -

" 354-Q), or very

hard (H 1608, .

. cutoff moves to.

' higher energies),
‘to inténgediate
.(6X 5-1), and to

soft thermal: (GX o

L3y

'w
TE
>
k-
o
i
L

Soft thernig
spectrum’\

(From Paizis et al. 2006)

_'_,_

H 1608—-522

Very hard (non-
rermal) spectra

GX 5—1

. Five Yedrs of INTEGRAL = =

Chia, 18 Oct.2007



T Sco X- 1 Ther'mal like specfr'um wu1'h kT 3:-4 keV
" BUT: evndence for a variable hqrd compbnen‘r domma‘rmg the’
specfr*um above 40 keV e

- Evudence for a har'd componem‘ was "found also it Cyg X-2
73) and GX 349+2 e R -

_.-'l '
l-'!

- leff i aieiniion, glven to These fmdmgs for' ﬂ\e Iack ef good
spm‘l r*esoluhon and br'oad band spet'rr'q MRS

e m‘rer'est Bmce frhe eqr'ly 2000 Thanks to The broad band

i studiés. performed with BeppoSAX (0.1.= 200 keV,) and RXTE
(2 200 keV) and more r'%:em‘ly INTEGRAL (3 200 keV)

F/ve Year's' af INTEGRAL 2.

C‘h/a #4 8- ch 2007



Hard tail in ".HB

8 % of source Lx -
.(1 -200 keV range)

':Po_w.er' law .sl'op'e_l 2.7

Hard tail intensity'. .
decreases by 'a”

- factor of > 20

‘in 'rhé

(i.e: hl er -mass

_ acc'r'e_fi on‘rates)..

keV/em”® s keV
0.0

i1

1074

107°

Upper HB
lower dot M

ower NB

higher dot M

f
s /] h 1L
f{ T
3 1 hy 1 1z ." |
L '{ % S
E i : E =
: ,é i I—tard IOOgBI C@lmmnlptl?nlza%on
’r':: | H‘L i | it T'J[
E K el L L l
#f 2F : A !
ol | i | | | |
Z% . :EL4> & : __}J
|,|J:.||| ;||E!||| I ! il il L1 |:Il||| |=|||
1 10 100 1 10 100

Energy (keV)

(Di Salvo e'r al. 2000)

Energy (keV)

& _
4

C'h/a 1 8- ch 2007
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-Radi-o Flux

Flux Density at 5 and 8 GHz

1
T T
P oo |

i
g 3

3-20 keV
..Count rate

~—

VRV IR NN

—_
Q)
N
w
5
=i
=
o
o
A
>
v
M
o
N
|
el
-
]
>
b
w0
a
[
5
5

110-2@kkeV]/
[7-10 keV]
Hardness

Mwmmmmw ‘ . ratio .

L L n 1 P L P L n L sl i L n L 1 L n
4.4x10° 45x10° 4.6x10° 47x10°  9.5x10°  9.6x10°  9.7x10° 9.8x10°  9.9x10°

Time (sec) . 1me(seC) b ) - a.lf INTEG_RAL._ .. ";
.6 ek \Chia, 18 Oct.2007 "
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Bigger - -
circles

" indicate
more intense.
radio .
‘emission.




At 'rhe same 'rlme: ’rhe
: hard power=law

T

- component becomes. mor'e

intense going to lower: .
mass accretion rates

o

do1' M

-l keV-!

normalized counts s

5
w
A
T
i
P
B
=
=
o
%]
=
£
5
=
=
e
&

10

20

channel energy (keV)

20
channel enerev (keV)




Flux density at 8.5 GHz (inJy)

; . 5 ' ; L

66X 17+2
(Migliari et al. 2007)

10 20 30
PL flux 2—100 keV (x10~%erg s~ cm™)



T TR

osco X—1 I.'SGRI &: =Pl spectra i
' Sof’r Comptomza’rlon. .
KT (seed) = 1.3 KeV (fixed)
kTe =.4.7 keV

10

1

::—}
r .:U
l,l = I
o & ". e 2 .-4
'E]J — 1 -
f' - A
. 1
U150
E ‘|* =
5 < 1
= -
D = e g
LR el
re} 2 -||'=' m
Qo
|
=5 O f
© cf:a_' | .
= g - 8
L O T
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= |D '
.:1|:. 5 L]
a
) ¥
— ] b ] = i
02 .}
"
&
Yy

Dl- Salvo et“al: ( 005 J'L) g

100 200 500 1000 . .« Five Years of INTEGRAL,
: Chia, 18 Oct. 2007
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UL RRL|

0.01

Hard Colour

normalized cou.nts/sec/kev

107%

NN RTIT] B B (IR TTT] |||||§ Lol vl

PL = 2.7

KT > 290 keV

Flux (40 - 200 keV) =
0.48 10-° ergs/cm?/s

20 100

channel energyv (keV)



-8
o)
A
\
3)
19)
[2a}
\
[
)
&
=
o)
o O
ol
Q
=
g
=
b
. B
g

Hard Celour

PI = 2.7 (fixed)

" Flux (40 - 200 keV) =
0.06 10-° ergs/cm?/s

20 100

channel energy (keV)



ngh energy. excess fl’r’red
 with a power:law or hybrid -
*". Comptonization model
(EQPAIR) 5

i, l.g: _

A H)./br'id Comptonization:
model gives good fit
results. Non-thermal

fractionup 16 45'% of -
totdl-heating fraction.

T

‘v
o
e
o

(4]

o
—
%)
=
c
=3
—
-
=
D
o
=
£
=
_
=
o
Q]
L
o

. Five Yedrs of INTEGRAL = =

Chia, 18 Oct.2007



Comnd
==
©
-
@
(2]
£
<
-
()
X
o
>
©
-0

4y 1636-53
Fiocchi et al. 2006

Hard power-

_ Law component

‘See cils'd"P'éiiz'is'le'*l'.q:I,; PRt s o
(2006) for the hard tail in
- the*INTEGRAL: spectrum of

the br'lghf atolt 6X .13+1

*.and- Targna et al::(2007)
. for the har'd tail in.

NTEGRAL spectrum of the

'_'m‘oli source 4V 1820 30

. Hve_l)’ear'.s" a_f INT&_’G_RAL_ &
Chia, 18 Oct.2007



'.IQ'XTE/VLA obs.'er"vdﬁonérof' 'I :
the.bright atoll 6X13+1, ; g M
When-the count rate is- 'rhe et PR
1 {11 {{{ 1]

highest in the hard (20-100 -
keV) range the radio flux:is g
. the highest, :suggesting a
strong correlation between
the’ hard *X-ray ‘component

“and ﬁe r'adlo flux

I

(From Homan &t al. 2004) " |




Broad band
residuals -
without the
hard power-
law.
'componem‘

Broad band
+ residuals with .
. " i ] i'il",” ;:{n' | ‘the' hard .

Sl U powenralaw
|L|| + ‘Hﬁﬁ compI‘em‘

L]
10

_ _Energy (keV)

- (From Piraino ef al: 2007) '




ﬁ:‘-f

i

'
"
a

powerlaw

dizkline

1

10
Energy (keV)

#A' BeppoSAX
observatiaon
confirms the
results from

- Chandra and

discovers a
hard (power-.

. law) ‘X-ray

emission

. during a'soft

state

(Frqm‘r’qino
et al. 2007,
A&GA)




' .Iq-l:_'-

_ BHCs in Il ate: 'exténded'd; .
power law, ¥ hlgh energy. -
cutoff. (plus faint.very soft and: -

" reflection components seen
occasuonally) argar e L ARG

- BHCs in IS/VHS ver'y sof’r
thermal componént: plus :power’ _
law without high energy cutoff A
] up 1'o 1 MeV ; e

1 -
1 '
' § i 1 i
ar : ' T AN R
i ¥ oy .
| i - I- A' AI 3
L

Flux (ph cm? s* MeV™?)

= BHCs in HS‘ ver'y sof’r “rher'mal
component .- . : :

- ont s . 0.10
b= B ~ Energy (MeV)




; ‘r

If we asst he. snmples'r

pofhesus of. a common -origin of the

ha[:d X:ram\ponenf m so 't s'rm‘es of BHC and NS LMXBs

Thermal .Comp’s‘onizaﬁon' e

 Non-thermal 'Co.mﬁfoﬁiz'aﬁ,on{ i i

from a radial converging .

W Cahptoniz:atiblr\ on Ly
(relativistic) electrons with

a non-thermal dlSTr‘lbLI'l'lon . E

of velocmes

. .' Predicts high energy cutoffs or
- ‘very high inferred . °

. temperatures, not compahble
«'with expected. Compton cooling

- It does .rfg'-r"‘éxplai'n the”

presence of the hard X-ray

componen# in brlghf NS '-
. LMXBs -

e Power' Iaw r"esultmg spec‘: with
- .no necessnty of a hlgh -energy’

- cutaff;
| Possnble for both BHC and NS;

Mayn-explﬁiﬁ the: SEWEGQ_"‘L

' corre[a‘rloﬁ:hﬁtﬁg &dig?’” .



Pt Bulk mo’ruon Comp’romsa’non cenvergmg
" “radial or disk inflow '

: (Tu’rurchuk et.dl. 1996, 1997; Psaltis 2001;
Far'melll et al. 2007) i

) |r...-

lll: .--1"-
n (]

+ Comptonisation by -non-thermal e-.in a

? (noh-conf’iﬂéa') ¢corona or injected in the
~ corond by rela’rwus’rlc Jeton
(Pou‘ranen & Coppi 1998;.Zdziarski 2000;
Vadawale eT al ZOdl “Di Salvo e‘r al iO)

F/ve Year's' af INTEGRAL 2.
C‘h/a #4 8- 0(:1' 2007




- Radio jets: likely a common phenomenon also in X-ray binaries

Class Fraction as radio sources
Persistent BHCs 4/4
Transient BHCs ~15/35

NS Z-sources 6/6

NS Atoll sources ~5/100

In NS LMXBs:

- At lower accretion rates (e.g. HB, NB), optically thick, compact (often
unresolved on arcsec scales), continuously replenished jet (similar to the
ones usually observed in BHCs and AGNs)

- At high accretion rates (or state transitions), transient optically thin
(arcsec-scale) plasmons moving away from the binary core at ultra-

relativistic velocities. Five Years of INTEGRAL
Chia, 18 Oct 2007



- Radio emission

(probably due to ..

jets) is anti-

o correlated with

the'mass
. acceretion rate .

_Siwiilgrity with

_the h@d X-ray
i L |

*Atoll’ sources

—’_

B (surtﬂ-.,cl ~ 10°% G7
m ~ 0.01-0.1 Edd

*L sources

13

B (surtaq.,:l — 10 G7
m~ 0.5-1.0 Edd

(Fender 2001)

A-tay col-col diag.

*hard® colour

Radiv

*hard’ ¢ol our

Chia, 18 ch 2007 '




1000 E ]
O - i
a - ]
0 - i
REE , GX 1742 -
o I GX 5-1 )’< |
_ B GX 1%+1 |
i 100 E ¥ )l( >\< Cyg X-2 E
é : Sco X1 G 34040 ]
. ] % B GX 34942 _
Lo Il" _Ig 1 O o GX 3+1 L . 6xon -
. - ]
o) - (_j J_)] GX 949 -
O ! (From Paizis 1
v - et al. 2006) -
are l 10 100

fverage hard tail Lg_igo wev (x10%erg/sec)



o | 171998 Jun 11 at 02:47 ~ invisible
Feceding Lobe

o ] oog w—1
| Advancing Lobe Binary Syatem
15 —10 —3 0 °
- = T W a oy i Wy o e r. y ;

F
l.. B =

Th!mbwe (made using -data from sever'al r'adlo telescopes) caver's'-
"period:-of 56 hours dur'mg June-of 1999. Num‘ber‘s 'in"the dxes ar
distances’ in bﬂlons of miles. The zero pom‘t is: The Iocanon of ‘the
binary-system.

(From www.nrao. edu- Cr'edn's to E B Fomalonf & C F' Br'adshaw
-.NRAO/AUI/NSF) N et A

F/ve Years' af INTEGRAL 5

a‘ua 4 8- 0(:1' 2007


http://www.nrao.edu/

& The end

2 ” Thank yau veny much/

C‘h/a #4 8- 0(:1' 2007 :
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_ Soff/hlgh States. - ‘

=
1 Irl.-

4— : ;n‘re_rft\e_;_'cjja_"r'e'-'Si'aTejs

R ,:--.

B =

" iquummm Low/habd States:

L ..
L] I-I u

4— Quuescen’r Sta‘l’es T

C'h/a 18 Oct. 200_7
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AREE

No high energagutoff is’ Fo eh
present: up -_ﬂ"\ev; Y
_Titarchuk & Zannias 1998, -
Luarent & Titarchuk 1999 -~
“proposed that the hard.. =~ ~
_ emission might:be caused by a.
converging relativistic'flow.
towards the event: hor'rzon of
! the BH. ; ' |
-Smcé ‘| br'lgh’r NG ’rhe
_converging flow should be . - .-
stopped-by.the pressure of the
" radiation emitted from the NS
“surface this component was-.
- proposed to-be a signature of:
the presence of ‘an ‘event .
horizon in the system. . : | 0.01

%
=
’_I'CD
=

[

v
E
]

i
=

Energy (ﬁME;V'J



'NB X-ray transition (see lower

S | \hirmaera
T - e : ] 5
] i '.I. . - I _ 3 Y E
: : 2 : . = } -".. .: T Jet off
Two RXTE orbits ‘showirig a FB to '

panel) contemporaneous to the t
formation: of a compat'r jet (see: ..
‘l'he u.per' panel) L S e
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- L
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o T |
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Liow:Meass X=ray Binaries
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LOwW:MgassiX=ray Binaries

r.r+'|

: i Rlch the va |I|fy, such as
“twin QPOs at kHz frequenmes-
(frem 400 to 1300 Hz,. mcreaSmg :

‘with mcreasmg mass accretion
rate) kiz, QP@S are thought 01,

' reflect Keplerian freC]Ueneles at
the i INNEr aecretlon dlsk &t

L "ﬁ o e B T e,
+*s Tk .'-.‘ s .. F _ .' £ -I. ; :_"_'- ) '- ; .. : e -:' __IP_ '-: % -f ;-. .Cqmpanlo.n STGI":
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Two peaks. arga _ua!!y'
present, who T
frequency: increses. when. -
‘the mass accrietion rate’,
increases, with almost -
.“constant separation.

Rt L e 500 Hz
T ' 4V 1608

The pedk:séparation is™ - ;
.usudlly close to the NS

. spin frequency: (if known -
from pulsations.‘or burst:
-oscullahons) or ‘half Thls .
value ' o




.Cygnus X'-_-l.gppoSAX Br'oad, Band (0 By 200 keV) Specfr'um
during a hard7low state - -_ : i :

Di Salvo et al. (2001) Schetch of the Emission Region

residuals res

L T T T T T _X_[ays

. A 6.4 keV Fe Kut line

I MECS ] X-ray Reflection
. Hot Coona

-
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Soft photons

iron line

s‘ ¥ M #ﬂ% Wﬂ

r Jq_ zoft excess
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- ‘on the inner disk radius

* Doppler and. heiahvfsﬂc :
_ effects due to'the .
keplerian motion..in the.’l. S
disk modify the profile = _

! (light bending, Doppler- - '
-shifts gDoppler boosting, -~ - [EMCIRUE
: Gr'a:vlfdD onal r'edshlff) .
 From hlgh f‘éSO'UTIOﬂ 2 I_ _

" 'spectra we can obtain info

2 and mclmaﬂon of 1'he d'lSk *
: ; y oot I-'cyw/éf',}?bé?.;;oaf—’ ST



The r'eflecflon component is given by the hard..
Comp‘romzed component that-is (direct). Comp‘ron
scattered by the accrehon dlSk .
i For' ener'gles of ’rhe mcndemr photons Iess 'rhan 10 keV
‘photoabsorption is dominant, === . emission lines

«. 2 -and absorption edges: (the sTrongesF m. the Fe’ 6.4-7:
A . __keV ener'gy r'ange) - : L I R

o Fdr' ener'gles of ‘rhe mcuden'r phofqns hlgher ’rhan 10
~ .keV: Compton ' r'eflec‘l'lon is, dommahng  m—

Iarge “bump" befween 10e 50 I(eV

C‘h/a #4 8- Oct. 2007

F/ve Year's' af INTEGRAL 2.
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MCG—6-30—15

XMM obServation

. of the iron line
region in MCG- 6-
30-15 taken in .
2001 . The red wing

“extends to less .

. ¥han 4 kev, - -

‘ ‘indi¢ating an:inner

- radius of less than

66 MEC, -

- T 1‘ .
L ¥ || I - |
L u - '
Y .
2 1
K L

data/model

Fablan e'r al. 2002).-

Energy (ke) — 5 C'h/a 1 8- Oct. 2007 : i

10 Flve Year'S' af INTEGRAL 5






eV

sec,

normalized counts/;

L]
"4U 1705—44 data and folded model

TE Mode 25 ks

channel energy (keV)
- B

Bz 1476keV, oT=17 eV "
' __(ID Mg XII Ly a, 1473 keV)

L E2-203 JeE 3 28 eV
A(ID: Si xxv Ly-0t, 2.006 keV)

S E3- 264kev ‘3= 40eV.

(I E xvx Ly a, 2.6223 keV)

" YE.Fe-654 keV GFe 051 keV -

EW 17.0 er\Flve Viears af INTEGRAL 24
: C'h/a #4 8- ch 2007 : =



. Fitting the iron line p-r'ofile,
" with a" disk. (r'ela‘l'lvns‘l'lc)‘ line
Iwe fmd |

- o

ki Hintsof a | 8 L d

B double- :
peaked line . Al‘rer'na'rlvely Comp'ron
profile “broadening .in‘ the exteny

{
parts-of the Cpmptqmz*; .
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CHANDRA (*alvo o al 2005)

.°'E Fe = 6 40 +/ 0. 04 keV

; °-Rm --7 11 Rg (15 23 km)

y . Inclmahon 2 55 84 deg
i Fe Eq W = 170 eV

1 - Inclma’ruon = 20 48 deg"
Fr Fe Eq W : 109 eV
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Beppos;gx (Plr'amo et al. 2007) i
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XMM Observation of X1'705—4 in a hard state . I  *

T - The iron line observed by
"' XMM during a hard/low
state appears:less intense
“-,;and ‘narrower than during
~the sof] state obsérved by_
'Chandr'a and BeppoSAX :
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