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Motivation
A closer look...

X-rays are produced by mass accretion:

@ white dwarf

\compact object | piack hole

@ neutron star

Known since ~40 years... (see, e.g., Pingle & Rees 1972)
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A (too) simple picture Motivation

A closer look...
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A (too) simple picture

Motivation
A closer look...

stro_ng_
magnetic field X-ray observables

Y @ pulsations (lighthouse effect)

@ bremsstrahlung continuum N

Alfven\radius
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Motivation
A closer look...

Companion
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Motivation
A closer look...

Disk-accretion
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A (too) simple picture

Motivation
A closer look...

Wind-accretion
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Motivation
A closer look...

Be-mechanism
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Motivation
A closer look...

Be-mechanism
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supersonic
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Becker & Wolff (2007)
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A (too) simple picture

supersonic
flow
relativistic velocities

strong magnetic fields (10'2 G)
Comptonization effects 17’ ofi

Motivation
A closer look...

magnetic field
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Motivation
A closer look...

Subcritical
Accretion :
LX = Lcm

radiation-dominated
shock = (

subcrilicaM‘
A —
emission ZQH;\,\I"NN |

Coulomb braking

A=V
Vv

’\H\l“!*ariation of emission

Z=h, height with increasing Ly

to rest at surface

Neutron Star

Becker et al. (2012)
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Pulse profiles
Observational clues Orbit & spin

Spectral Evolution

Pulse Profiles
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Spectral Evolution
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Pulse profiles
Orbit & spin
Spectral Evolution
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Spectral Evolution

= -
}‘4
e B
g 3
R

£ PomR U E
: Zg’ r I‘ ] ]
g it E
A T (LR X
- seminar talk by G. Schonherr ]
$asa = 3
i on November 14 T
= — £
T= 1200 — 210
R Mo
Tg 1000 — 6
s r 5
% 800 4
=
E 3 .
& 600? 0.0 0.5
<
U 400
A~
0.0 0.5 1.0 0.5 1.0 oE |

I I I
0.0 0.2 0.4 0.6 0.8 1.0 0.2 0.4
Pulse Phase

o

Pulse Phase

Matthias Kiihnel The puzzling observables of accreting neutron stars



Pulse profiles
Observational clues Orbit & spin

Spectral Evolution

Matthias Kiihnel The puzzling observables of accreting neutron star:




Pulse profiles
Observational clues Orbit & spin
Spectral Evolution

700F T w \ \ =
600 ; ;
500 ; E
A E GRO J1008-57
300 o R, =7Rg
. 200 4
g : o Ruisk = 52R5 (?)
é 100; E Coe et. al (2007)
j: : o Pop, = 249.48d
-100 - B
F E @ Qoutburst = —0.03
-200 — =
C | ] Kiihnel et. al (2013)
-300 i =
g ! ]
-400 — To Earth -
E | | | | I I | 4
-800 -600 -400 -200 0 200

[It-sec]

Matthias Kiihnel The puzzling observables of accreting neutron stars



Pulse profiles
Observational clues Orbit & spin
Spectral Evolution

Outbursts in 2005 and 2007
RXTE, Suzaku and Swift
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Outbursts in 2005 and 2007
RXTE, Suzaku and Swift
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Spectral Evolution

XTE J1946+274
Fermi-GBM, RXTE, Suzaku, and Swift
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XTE J1946+274
Fermi-GBM, RXTE, Suzaku, and Swift
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GRO J1008-57
Simultaneous fit of Swift + RXTE and Suzaku + RXTE spectra
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GRO J1008-57
Simultaneous fit of Swift + RXTE and Suzaku + RXTE spectra
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GRO J1008-57
Simultaneous fit of Swift + RXTE and Suzaku + RXTE spectra
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All spectra from 2005 and 2007
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All spectra from 2005 and 2007
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Pulse profiles
Orbit & spin
Spectral Evolution

Outbursts in 2005, 2007, and 2011
monitored by RXTE, Suzaku and Swift

@ outbursts are predictable
— scheduled observations during the rise of an outburst
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All spectra from 2005, 2007, and 2011

2.0 AR R RERRY
1.5 —
+°
u @
1.0 — m _
@(?Pq)ﬂ]
0.5 ‘ | | 2o |
1070i f -+ f -+ -+ —t—+ 117
o
1O |= (P(FCP[P =
= o §
10—27 T 1 —
\_%\ \I\HH\ | L

Ll
0.01 0.1
Fpy, (15-50keV) (10~ ergs—! cm™2)
Matthias Kiihnel The puzzling observables of accreting neutron stars



Pulse profiles
Observational clues Orbit & spin
Spectral Evolution

All spectra from 2005, 2007, and 2011
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All spectra from 2005, 2007, and 2011

Pulse profiles
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All spectra from 2005, 2007, and 2011
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Fitting parameter correlations
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Fitting parameter correlations
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Fitting parameter correlations
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Investigating BeXRB outburst lightcurves
A new puzzle piece?

BeXRB outburst lightcurves
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Investigating BeXRB outburst lightcurves

A new puzzle piece?

GRO J1008 57 (type )

002 [T 04 FoozF E
Folp ] r b E
001 | 002 - . To.01 | ‘ ‘
C 1 | [ | E |
g L] i 1l .k ‘ M
1) ST SUTRRTIVIN L1 WIS B 1) N TR Mw“‘m\\‘w 0 il ‘m ful;
53420 53430 53440 53450 53640 53660 53680 5370 53900 53920 53940
g2l hidill addal 54400 (T =
£ " " 1 ]
E 1 — hl
£ ! ' ] | 3
E " | i ‘ | ! H ‘:
E " q i L 7
a E ™ e d bl w“”\H\“h “\ 1
L 00 54420 54440 54640 54660 54680
g E T T 73004 T T T T T
3003 \ I E I
' .02 I h 3 I |
2 E I | \“ Jo.02 - ‘ ‘ -
5 0.01F \ | ‘ 3 L ! , i
S TN ) | i il a ‘ L |
[0 AP LRTIVLE! L Kl Y1 VPO G O Dl 0 Ll it M bl
>} 54900 495 55160 55180 55400 5545
< 0.03F — T T 0.04 T
= E iy HH“ ] L L
0.02F H | A i Tl
E |y S —0.02 - !
0.01 “ ‘HH ‘ Jo. N 4 0 ‘ : I |
T HM”\ Lol NI TR IORN LI o PO Y LT YT AL PP O
5640 55660 55680 5570 900 55920 55940 56140 56160

r I
. 0 Lt il \‘M“m
56380 56400 56420
Time (MJD)

T
Q
o
T

neutron stars

Matthias Kiihnel The puzzling observables of accreti




Investigating BeXRB outburst lightcurves
A new puzzle piece?

A 05354262 (type II) (?)
T T I

T T = | B E—— ]
0.15 N 40.10 - e -
g 1 | L ! ]
0.10 F g 3 r o ]
= o 30.05 b -
0.05 B B r ' 0, ]
o 0.00f iy ot | N M Vel 30,00 Loy gt I | ..."A Ml e
‘ 53580 53600 53620 53640 55020 55040 55060 55080
g L L I ) o B N IO B
5} C | ] = |
T 100 i 3 _F ™, E
i E ¢ 40.20 [ -
iE C .' " ] C v ]
E 0.50 - Jo.10F 5 o E
O 0.00F, 4 .- 130000 B e
; ‘5§159 N §52QO‘ 55260 55280 55300 55320
A 0.0 I."""'n,l 4
L | i
0.40 ! I". i
0.20 - : '--_I —
0.00 [, Ly ]

e |
55650
Time (MJD)

Matthias Kiihnel The puzzling observables of accreting neutron stars



Investigating BeXRB outburst lightcurves
A new puzzle piece?
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Investigating BeXRB outburst lightcurves
A new puzzle piece?
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