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To be dlscussed .......

I. Are Iow m’rensu‘ry states in IGR J18027 2016
off s’ra’res7 ( wn’rh SW/fT) ’ .

II X -ray reprocessmg ’rhrough X- ray ecllpses
o WITh XMM NeWTon) e



What ar"e'off states ? & Causes?

| Intensity falls near/below the
deTec’rlon sensmw’ry of The de’recTer

% > 'Possuble Caus-es -

e Transu’rnon from accrehon reglme To mhlbmon i

| regime or propeller regime ( root cause : -
Varlable wmd densﬁry and/ velou’ry)

. Accre’rlon fr'om Iow densﬂry wnnd blgbs

e Blockmg of X-ray emission r'eglon by hlgh
- - density wind
* Unknown



The magnetic C_md centrifugal switches

Accretion radius

Magnetic
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Off-states in 6X 301-2
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Figr. 1. T aght curvwve of IR 3T E// PO observations oo C G232 301 —2 o 200 1O
MwrTan 28 (ObhsI>»: 9535403 O30 im thhe 3 —25 ke™ range. The wertics
dotted limes indicate the tirme imterwval of detailed termpporal and spectral
inNnvwestl sations prescecnted im Sect. 3.

- RXTE/PCA Iigh‘rcurve.(GX 3(')1-'2).,. i TSR

,, Y s-etal 2010 - e tg L,



e 3—25 keV band.

Fig. 2. Spin-phase light curves of GX 301—-2 in ©
a continuous time |

Each individual plot is one spin cycle of the pulsar i
sequence within the time interval indicated in Fig. 1.\he ¥ axes are on

a logarithmic scale.

Pulsation ceases during of f-states
2010



Variation of power-law photon index : 6X
* 301-2
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Fig. 4. Power-law indices obtained by spectrdl modeling (filled circles)
, and the background subtracted light curve of tlfe source in the 3—25 keV
. ' range (blue histograms). The horizontal bars\indicate one spin cycle

' F (i.e., 686 s) over which each individual spectrulyp is extracted. The ver-
tical bars are 1o errors in pnwer-law indices.

Increase of power-law photon index dur'mg of f- states
2010



Nature of ’rhe-off states in X 301-2

Groduol reduction and dlsoppeoronce of .pulsation ---->
- Possibly X- -ray emn“rmg regions are blocked by wmd
~material . , |

* Spectral hordenmg no’r observed durmg dnps _,
Emn’rmg reglons coﬂno’r be blocked by wmd mo’rerlal |

. GX 301-2 has rapid spin’up hns’rory (Koh etal. 1997) ———r
- Infalling material can be expelled via The propeller ol

- effect.

. Cesso’ruon of pulso‘rlon for 1 Spm cycle only 3 The of f-
| s’ro’res can not be due to propeller effec’r. >

. These. Off states could be due to decreose ond brlef
‘Cessation of matter flowmg into magnetic poles



Off-states in Vela x-1
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Fig. 1. Observation-long lightcurve in the 0.4-12keV energy range using data from all XIS units is shown in the bottom panel. The upper panels
show close-up views of the three detected off-states. Here, the time axis 18 ticked every pulse period.

~ Suzaku XIS Iigh"rcufve (Vela .x¥'1):. | |
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Vela x-1 with Suzaku

normal
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Fig, 2. Pulse profiles in four different energy ranges are shown for the normal (upper panels) and the “off-state” (bottom panels).
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Nature Off- STa’res in Vela x-1
: Pulsa’non during of - sTa’res —-—=>1 Emlssuon is
powered by accretion : . . i J

* Short Tlmescale of the, s’ra’re TPGHSITIOH B> Off—
states can not quue To sudden dr'op of wmd
densn‘ry/veloa’ry O 2N

+ Absence of emission lmes -——-> Off S’ra’res are no’r.
due to eclipse |

i Theslef—sTaTes mut have some magheioéphe-ﬁ-fe.orig'in



Off-states in OAO 1657-415
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Figure 1. Background-subtracted light curves of OAO 1657—415 with a binning of 10 times the pulsar period (369 s). The upper and middle panels represent
the XIS and PIN data, respectively. The lower panel represents the hardness ratio. The zero in time corresponds to MJD 55830.4 in this figure and the Figs 8
and 9.

Suzaku XIS & PIN Ilgh’rcurve (OAO 1657- 415)
20190 S
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Figure 1. Background-subtracted light curves of OAO 1657 —415 with a binning of 10 times the pulsar period (369 s). The upper and middle panels represent
the XIS and PIN data, respectively. The lower panel represents the hardness ratio. The zero in time corresponds to MJD 55830.4 in this figure and the Figs 8
and 9.

. large hardness ratio with largé N H dnc.i_mpdet'"d‘re_e_qu'ivqlen‘r width
:"Hakdnéss; ratio is low with low N Hand low e'qu'i\/'alfeﬁf-,\_aiifcﬁh-.'

_:.hqr'dnéss ratio is high with very large NH and 'Iar'g'e.. eduiv'qle'n"r width
D: same aé B | | |
: same as B, but flux higher by a factor of ~6



Nature of the Off-state in OAQ 1657-415

Iarge mcr'ease in h&rdness F'GTIO N - nd equuvalen’r
width (In segmenT C) -=--> The neutron star is
passmg Through gdensa clump of ma‘r’rer‘

N, .

: . » ; . . ' 7 .._
.. -. 4 ‘.'- . o A ".‘-
3 u + . 4 -~ 3 b . . &

y The Off state is mosTIy due to-the absorp’rlon of source
| " © “ emission by dense wind clump -



Few low in"revnsi-fy states : Off states ???

(BAT)
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Figure 3. Top panel: orbital intensity profile of IGR J18027—2016 obtained
by folding Swifr-BAT light curve with orbital period of 394 843 s. Bottom
panel: Swift-XRT light curves modulo same orbital period in three colours:
pulsation detected where the number of source photons is greater than 600
— blue, number of source photons is less than 600 — black; faint — red.

Swift BAT & XRT lightcurveS (IGR J18027-2016):
2016




Variability in IGR J18027-2016
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Figure 4. Left-hand panel: the top and middle panels show the light curves of two observations centred at orbital phase 0.48—0.52. In the top panel, the light
curve of an observation (MJD 56141) shows a high count rate whereas the middle panel shows another observation (MJD 56118) in the same orbital phase
range, having a low count rate. The lower panel is the plot of spectra of these two observations which bring out the fact that in the same orbital phase range.
the X-ray intensities vary by a factor of —10. Right-hand panel: same is shown for another set of observations (MJID 56142 and MJD 56156) centred at orbital
phase range 0.69-0.75, but showing a large change in X-ray intensities.

SW/fT XRT lightcurves and specTra (IGR J18027 2016)
i 2016




‘ Variation in low energy absorption

Black: MID 56086
Red: MID 56126

Energy (keV)

Figure 5. Spectra at MJD 56086 and 56126 are plotted together to show
the variation in low-energy absorption.

- 'SW/ff XRT spectra (IGR J18027 2016)

2016



‘ Variation of spectral parameters
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9 Figure 6. Variation of column density of hydrogen (Nyg in units of 102 cm™2), photon index (I"), total flux (F in the units of 10~ erg cem2 57!,

Swift XRT (IGR J18027-2016):
2016
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- X- my r'epr'ocessmg ’rhrough X—ray ecllpses
| ( WlTh XMM Nveon)
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The Sources ....... ‘AR L e

e x 7

Cen X 3 - s . .

SMCX-L ». ¥ 'EX0.0748-676
4U 1538-522 Cet 0 PMXB1659-298
4U1700-377 | - AXJ17456-2901

| I6R J18027-2016 .. - .XTEJ1710:281
¥+ IGR J16418-4532 | . | it

 I6R J16479-4514 R . e R

© IGR J17252-3616



EPIC pn Ligh’r'c.urves covering eclipses
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Data Treatment |

4U 1538-522
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Fe
o D’Lir"i.hg eclipse: 1.2/1'3‘ .

(0111010101)

Cen X-3

LMC -4 - S (0142800108

SMC X-1 (0011450101),

4U 1700-377 .~ (0600950101)
© 4U 1700-377 (0083280401)
| 4U1538-522 - (0152780201)

" IGR J 18027-2016 (0745060401)
I6R,J 16479-4514 (0512180101)
. IGR J 16418-4532 (0679810101)

‘emission lines

by D.uri r.ig"quT3d1‘.-écl-i psé: /T

o *(011‘1_0'1o1b1')~';

LMCX I (0142800101) * -
‘a LMC bis 4 ‘ (0203500201)
' 4u 1700 3%r". (0083280401)
4u 1538 522 (0152_780_201.)

IGR J 172523616 (0405640201)

IGR T 17252-3616 (0405640601)
" 'IGR J 17252-3616 (0405641001)



4 types of HMXB Spec’r_'ra(pn) : during and outside eclipse
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O-O-E: Strong
Fe Ka line
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Cen X-3: Ec'l_-i,pse vs. Out-of-eclipse

Counts s keV-!

X

Enel 2y (keV)

TE0PY , SRS .
Flux: 43.60 x 107" * et RS TR
"~ ergsem %sec ™' T el e rergs Cm_2°5_"—c-'-_1' )
x? (DOF)= 272.49 (150) . - - x* (DOF)=.250.79 (130)
FexKd line flux - 17.25 x 10~ ' | Felkaline T ia 0.88 x 107

photons cm™2 sec ~* photons cm™? sec ~*

229.73 | - 102.40



LMC X-4: E-C_l,ipse vs. Out-of-eclipse

10

© [OBID: 01428000101]

Counts s keV-!

Energy (keV)

 r-058 . | BT FTR
Flux : 3449 x 107 ** RERRI (1 ¢ Gt
- - .ergscm”® sec ! - 25 o a YergoRCHT - @ec
o x? (DOF)= 192.40 (157) ; ; . x2 (DOF)= 38.09 (35)
. -Fe : lli_ne flux = 3.6 x 1074 | . Fe Ka line flux« 0.08'x 10~*

1 T

photons cm™2 sec ~ photons cm™2 sec ~
147.81 | - 663.33



4U 1538-522: Eclipse vs. Out-of-eclipse

1 Ww**’..” o
[OB ID: 0152780201]
h
EEEET Y

Counts s keV-!

1 2
Energy (keV)

Counts s™' keV-!
Counts s ' keV-!

X
X

Energy (keV)

r=073 - . A 022 ™ .

Flux: 13.93 x 10~ Tt Flix: 046 %1030t
~ ergscm”? sec 1 - {5 T * ergs cm”%wsec. Tt
~ x? (DOF)= 12559 (125) ., : . x? (DOF)= 178.19 (128)
Fe Ka line flux - 2.43 x 10~* " Fe Ka line flux 0,57; 10-4
photons cm™* sec ~* photons cm™2 sec ~*

78.51 | ' 792.38
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SMC X-1: Eclipse

_ =0.20
Flux:: 39.84 x 10" **
ergs cm~2 sec 7!
x? (DOF)= 198.21 (156)

Counts s keV-!

X

vs. Out-of-eclipse

.1xmﬂu
a.,u»umﬂhl\uﬂwmwlﬂhmlmi N
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[OB ID: 0011450101]
|
. 1
L I,

C N ‘-.r':O;ZO".

Flux-:0.52 x 108*
. ergs cni® 2.seem™.

x* (DOF): 194.10,(147) .-

Fe Ka line flu$_< 0.08'.x 105 .

photons cm™? sec ~*

136.75



Fe Ke emiss'ion"Ec'lips-e vs Out-of-eclipse

Flux Ratio: O-O-E/E (8- 313)
(Mln 4U17OO 377 20-02- 2001 Max LMCX 4. 09 09-2003)

Ecllpse .- ' ‘." | OuT of ecllpse
Lar'es’rEW -‘eV ol Lar'es‘rEW 22973eV"
IGR J"17252 3616 (04056@201) o % Cen X- 3 (0111010101)
Smallest EqW: 10240 eV’ . - smallest EGW: 7851eV
Cen X-3 (0111010101) il 4U 1538- 522 (0152780201)
e Ldr:ges‘r Fe Ka emissioh flux: f_Lar'ges’r. Fe emussuon flux:
ho’rons cm™° sec ~t | [ | pho’rons c@® sec ~*
4U 17OO 377 (0083280401) .  4U 1700 377 ('008 80401)
qullesf_Fe. emission flux: = - Smallest Fe l emussmn flux
| 0.07x-10'f“p-ho’rons cm=2 sec ~* | 1 53 x 10 % pho’rons cm™ 2 sec -i

IGR J16418-4532 (0679810101) = . LMC X-4 (0203500201)



 Fe XXV, Fe XXVI emission lines
'«-Echpse | .
g -’Cenx 3 (0111010'101) Fe xxv Fe XXVI
LMC x-4 (0203500201-) Fe ><><v "
4y 17oo 377 (06?90950101) Fe ><><v Fe xxvr
4U 1538- 522 (0152780201) Fe xxv Fe xxvr f'
. IGR J17252-3616-(0405640201-). Fe XXVI |
. Out- of Ecllpse ) : T -». .

Cen X-3 (0111010101) Fe. ><><v Fe xxvr '



Cen X-3: . -,Fe]XXV, Fe XXVI emission lines

| Echpse ~ : R -
 Emission flux: .' -t : | EqW eV

phoTons cm=5gsec "

FeKa: B8 4 o' |® Fe g . 10240
Fe XXVi dil3" =+ i | S XX\/ 243.48 .
FeXOVE 166" T .+ L FeXXVI 208.29

”Ou‘r of - eclupse

Emussuon flux | | T e Qe
“ photons cm™2 sec. ™t ' Beie & 2

'Fe L. 17.25 E RO e .
| FeXXV: 11.65 e, e Re REGRce 4
' Fe XXVI: 875 | o
i~ | - ~ Fe XXVI: 12556



LMXB: EXO 0748-676

[OB ID: 0160760401 ]

1 2
Energy (keV)




EXO 0748-676: 7 EPIC pn observations

1 2
Energy (keV)

Intesity in the 7
Observations overlaps

o Nearly same emission
property of the source

Below 5 keV Tn;résif; variés, above

.- 5 keV overlaps

b - .
. . . ! .
C T
‘ ..

R® . Nearly same harder X-ray

reprocessing property

variable soft energy reprocessing
~ property of the accretion disc



LMXB spec’r'rd (ph), : during and outside eclipse
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Summary

Low m’rensu’ry states may/ may not be off states
-Mos’r of the HMXB envnr'onmen’r is r'|ch in neu’rral Fe a’rom excepT
MCXl T Rt | -
Cen X-3: Mos‘r of ’rhe neuTral/l’ess |on|zed Fe aToms are along or
around the line of sugi’r and hlghly |on|zed Fe aToms are far away

Omgm of the sofT X r'ays are far qway from
the NS s | _

LMXB EXO 0 The par"r of ‘rhe dnsc absorbmg |
low ener'gy X-rays varies over 2 mon’rhs ‘source . . .
emission pr'oper’rles are nearly same e

LMXB 'very small accretion dusc e



Thanks a lot .....
To the Designer of
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