The reflection spectrum of the low-mass X-ray binary

4U 1636-53

Yanan Wang

Kapteyn Astronomical Institute, University of Groningen, the Netherlands
12-01-2017, T'1FR

In collaboration with Mariano Mendez, Andrea Sanna, Diego Altamirano and T. M. Bellon:

Wide Band Spectral and Timing Studies of Cosmic X-ray Sources yanan@astro.rug.nl


mailto:yanan@astro.rug.nl

- - - - - E .- - - - ~ - - & - - r‘ :.- ~ - l:-. -~ . 4 » Y [ - - - ~ R'(:‘ - " l‘-—- - "-':..- - '- f—- - ’1 '—- - '~ :- - ’o ’.— ~ -r I’—-— - ’o'z:- ~.- — u':— - --l:-—» - — 4:. /v —
a—-./.-/’-v/l-—/—/-~/4~./ —/-O/I—-/./-:’J——./—/-;t———/ ./.-.(,l—--l /—4/1-—-/-/‘—,[ —/ /-w/ -d/ / : > / /-—/ -/ /«-/ —/ /-/ -/ /-,l ./ /-/l -/ /-f‘ —/ /—/( —/ /-‘/ -/ /-/ q/ f-',‘ -/ /—'/ J /-"1 o /.—’

PR el N S 7 s~ s N ] N s g e~ N s e /"’»/'_./_"./.' / and " i : T B i~ R A T ) Bt s <) e T e~ 7 i R T e N I ' e\ il e\ ‘-//—/

¥

university of
groningen

Introduction

Primary radiation Reflected component

IRXS J180408.9-34205
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e Pandel, Kaaret & Corbel (2008): no correct for pileup; at least two Fe-K lines from 1ron 1n different

lonization states; > 64°, most cases peg at 90°

e Cackett et al. (2010) : no correct tor pileup; the boundary layer 1lluminating a geometrically thin disc; all

cases peg at 90°
* Ng et al. (2010) : considering pileup and background effects; symmetric line profiles; upper limit at 70°

e Sanna et al. (2013) : considering pileup and background effects; both the NS surface/boundary layer and the

corona illuminating the disc; ~ 48-89°, most cases peg at 90°

High inclination? Pileup eftects? Line profiles?
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Table 1, NSTAR Qbservetions of 4U 1636-53 used inthis peper

| o Observation Times (UTC)
Obervation ~ [dentificaion Number Exposure (ks
(daymonteat hr:min)

Okl 00000 ISOR0IS0251- 150820151836 214" (13 0
Ond SO0 05092015 741 0RO T101 503 (302'j304" (03

Ohs. 3 301020 [B092015 0706~ 130920152326 28 (284")29.° (289
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AN

NCh '\,.-i"’\ NG
D) 'Q*\..
g - ¢ . ‘:'- . P '-‘_

/‘L
S

N

\"\ '\'-‘
.'\;n

. ‘\‘~. ,\f'~ v
FERY

\14

N

MAXI [cts/s/cm2 (2-4 keV)]

57250

e exposur i of FPMA of NuSTAR Time (MJD)
ol exposurstime of FPMD of NuSTAR:
"Final exposure time excluding X-ray bursts

- .l-
A PN

N {
- e e f §

Figure 1. Hard and soft long-term light curves of 4U 1636-53. Top
and bottom panels show, respectively, the Swift/BAT (15-50 keV)
and the MAXI (2—4 keV) light curve of this source.
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Figure 2. NuSTAR spectra and models for the fit with

const*phabs™(bbody+nthcomp) for 4U 1636-53. The
bottom panel shows the residuals 1n terms of sigmas.

TE The spectra have been rebinned for plotting purposes.

Sool b |

o | e Jlarge positive residuals at around 5-10 keV
10+ | e no clear Compton hump at high energies

(above 10 keV)

(data—model)/error
o

Note: In Obs.1, we only fit the spectra at the energy range of 3-30 keV.

Energy (keV)
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Models we used to fit the line in this work:

e asimple symmetric model, GAUSSIAN;
e relativistically broadened emission line model, KYRLINE;

 two models including relativistically smeared and 1onized reflection off the accretion disc

with different coronal heights, RELXILL and RELXILLLP.

Hereafter, rel is short for RELXIILL and relp is short for RELXILLILP!!!
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7 e = e e Results of M1:
Z 0.1 ke oy N * KTy goes down from Obs. 1 to Obs. 3;
f e [ decreases while kT, increases from Obs. 1 to Obs. 3,
%ODI indicating the soft, transitional and hard state;
10~ * Equ decreases from Obs. 1 (~6.7 keV) to Obs. 2 and 3,
i z suggesting the disc becomes less ionized.
:

Figure 3. NuSTAR unfolded spectra and models fitted with the
model const*phabs*(bbody+ gaussian+nthcomp) for 4U 1636-53.
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1 Results of M2:

with them 1in M1;

7 ¢ 1nclination ~88°,

of XMM-Newton.

groningen

fied = e ]
T e e i M st b bl Fi ]
T'M 0.1 M:Iia_: n + + ‘i_‘z
‘?E o ;
o= U PR s = j:__,. ™\
= W *‘—\}

LT e
é 001 = ]‘_/lj \:—\ X_\ \ . -
o /F 7 A TS
% o X\ \
4 VAR O A
L ik \\E'I‘
=/ | .
S il __\
10~ A E R R S R AT ' —t——o
1| | ‘ | _

3 2 - LL bl e 1134 | Il ¢ :
R
é -2 k= | ‘ . | t ‘ I { ]
"g | ‘ |

|
10

Energy (keV)

Figure 4. NuSTAR untolded spectra and models fitted with the
model const*phabs*(bbody+kyrline+nthcomp) for 4U 1636-353.

e the parameters more or less followed the same trend

excluding the possible effect of calibration uncertainties
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Figure 7. The unfolded best-fitting

model const*phabs*(bbody+relxill)
to three spectra of 4U 1636-53.

; Results of M3:
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* most of the parameters follow the same trend as those in other
models; inclination ~88°;
Rin Increases from ~6 Ry 1n Obs. 1 to ~17 Ry 1n Obs. 3;

 the ionization parameter & decreases with time;

supporting the standard accretion disc model.

Figure 6. NuSTAR untolded spectra and models fitted with
the model const*phabs™(bbody+relxill) tor 4U 1636-33.
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M4
Component
Gmp. 1 Grp. 2 Grp. 3
const 1.005 1 .02+0.01

kT (keV) 2.13+0.01 1.8240.02 .93-002

BB Ky, (1073) 0.24+0.02 0.6+0.01 0.5+0.01
o 71.320.07 4.44D.05 2.0+0.03

Fep (10770) 64.610.07 4.410D.05 2.510.03

hiRg 2.310.2 2.510.1 2.8+0:1
Rin /Rg 5.7+0.07 10.320.04 11.4=0.08
Crep 2.1210.01 1.9310.01 1.76-0.01
Loyt (keV) 7.9+0.05 61.5:0.6 135.9+0.7
r 4.94+0.04 1.5+0.02 0.910.01

RELXILLLPF
log (&) 4.410.03 3.440.03 3.110.06
kreip (1073) 289.9+332 46.7+0.05 21.3=0.03
o 1.440.01 1.1+D.01 1.2:0.01
Freip (1077) 1.420.01 1.1+0.01 1.220.01
. " 2.12+0.01 1.13+0.01 1.17=0.01
Total fux Fiy (1077) 2.11+0.01 1.12+0.01 1.19=0.01
yZ (dof) 1.04(4636)
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Results of M4:

most of the parameters follow the same trend as those 1n other

models;

the height of corona, h, increases from 2.3 Ry in Obs. 1 to 2.8 Rg

in Obs. 1;

inclination ~56°.

Table 3. Best-fitting parameters of the NuSTAR spectra of 4U

1636—53 with reflection model RELXILLLP.

——— A ————— e <

No geometry assuming and no relativistic boosting eftects considering in the RELXILL model.}
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* Four models fit the data well with different line profiles, even the simple symmetric

model Gaussian;
e The inclination 1s ~88° in KYRLINE and RELXILL, but is ~56° in RELXILLLP;

e The variation of the direct and reflection continuum evolves with the source state.

Submitted!
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