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Motivation

Observations & Models: Accreting X-ray Pulsars
e Spin reversals (e.g. in GX 1+4, 4U 1626-67 and OAO 1657-415)
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e Models don’t account for these reversals, need fine tuning or
pose other problems
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e Models don’t account for these reversals, need fine tuning or
pose other problems

4

Study the Pulsar in OAO 1657-415
e Investigate if an inclined rotator model can explain the obser-

vations in this particular pulsar.
e Examine over 10 years of data from Fermi/GBM and Swift/BAT

to increase the understanding of this source.
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Accretion Mechanisms and Classification of XRBs

High Mass X-ray Binaries (HMXBSs)
e Compact object: Neutron Star,
White Dwarf or Black Hole

e Companion: Early type star (O-B)
with M > 5 M,
e Strong magnetic field (~ 102 G)
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Accretion Mechanisms and Classification of XRBs

High Mass X-ray Binaries (HMXBSs)
e Compact object: Neutron Star,
White Dwarf or Black Hole

e Companion: Early type star (O-B)
with M > 5 M,
e Strong magnetic field (~ 102 G)

Sty Low Mass X-ray Binaries (LMXBs)
Ot of Newton St e Compact object: Neutron Star or
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e Companion: Late type star (M-K)
with M < 1 M©e

sar e Low magnetic field (~ 10° G)
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Characteristic Radii

e Corotation Radius: The radius, where the Keplerian frequency
of the orbiting matter is equal to the NS spin frequency Q:

GM 1/3
Reo = Q—S

6 | Inga Saathoff | HEA Group Meeting | April 26, 2019 © 2019 Universitat Ttbingen



EBERHARD KARLS

UNIVERSITAT

Introduction I: Inclined Rotator II: Torque-Flux Conclusion

TUBINGEN 8%
Characteristic Radii
- RS Yy . . Rotation Axis | A - Iy . - \ - _ - . -, V
- [ Ram Pressure Magnetic Pressure .
.- '-."-L = Magnetospheric Radius } v

6 | Inga Saathoff | HEA Group Meeting | April 26, 2019 © 2019 Universitat Ttbingen



EBERHARD KARLS

UNIVERSITAT
TUBINGEN

Introduction I: Inclined Rotator [I: Torque-Flux Conclusion

OOOOOOO

Characteristic Radii

e Corotation Radius: The radius, where the Keplerian frequency
of the orbiting matter is equal to the NS spin frequency Q:

GMN 173
Feo = (?)
0
e Magnetospheric Radius: (B ~ u/r?)
1. B
2/) = 8r

1/7
n _< M4 ) /
|\/|— :
2GMM?2

6 | Inga Saathoff | HEA Group Meeting | April 26, 2019 © 2019 Universitat Ttbingen



EBERHARD KARLS

UNIVERSITAT
TUBINGEN

Introduction I: Inclined Rotator [I: Torque-Flux Conclusion

OOOOOOO

Characteristic Radii

e Corotation Radius: The radius, where the Keplerian frequency
of the orbiting matter is equal to the NS spin frequency Q:

GMN 173
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If Ry < R.,, matter can be accreted.
If R > R.o, matter is propelled away.
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Models: Early Works

Angular momentum transferred by accreting matter from the disk
to the star through the magnetosphere-disk interaction
— NS spins up. Reminder: R, 952/3

Accretion: NS spins up

— Prope||er Phase

Corotation Radius
Pl Corotation Radius
I/ \\
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o
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/
NP

=- Does not account for observed spin-reversals!
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Models: Ghosh & Lamb 1978, 1979a,b
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The interaction between the magnetosphere and the disk can be
divided into:

e Boundary Layer: material torque
e Transition Region: toroidal component of the magnetic field
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Models: Ghosh & Lamb 1978, 1979a,b

P =5 10355 n(ws) S (M)(PLg; ) syr

ws = 1.35 53" So(M)(PLY 2 s yr
Si(M) = Ry (M/Ma) ™" I,g

So(M) = Ry %" (M/ M) =2
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Models: Ghosh & Lamb 1978, 1979a,b

N = n(w)M+/ GMRy
w oc M3/7 il 3e\ |
1-2/7 E Lo M
R o< M2/ 5o anon & -
2
. . " =
e Torque is a function of M s, ]
e Smooth and monotonically o
increasing Ser :
= Spin reversals with © of the i S R ——
same magnitude but opposite Mass Accretion Rate
sign requires fine tuning! Melson 1997

= In spin-down, L is expected to
be low # observations
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Models: Retrograde Accretion Disk

e In GL model: correlation between torque and luminosity
during spin-up; no anti-correlation during spin-down.

Progr?de disk Disk dissipates Retro.grade disk
Spin-up Spin-down

- > > ~

- < < D
e Hydrodynamic calculations showed that a retrograde-rotating
disk can form in wind-fed systems
— NS spins down (negative accreted angular momentum).
e Chakrabarty et al. (1997) found anti-correlation in GX 1+4
— indication for retrograde accretion disk.
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Part I: Inclined Rotator Model by Perna et al. 2006
Inclined Rotator Model
Influence of the Parameters B, 3, x
Time Variable M,
OAO 1657-415
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Aims
Study the Inclined Rotator Model (Perna et al. 2006):

e Explore the model and investigate the influence of different pa-
rameters (B, x, 3).

e Introduce a new component to obtain a long-term spin-up or
spin-down, which is superposed on the cyclic spin reversals.

e Apply the model to the X-ray pulsar in OAO 1657-415 to con-
strain some of the parameters.
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II: Torque-Flux Conclusion
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Influence of the Parameters B. 5, x
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Influence of the Parameters B. 5, x
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Time Variable M, — Feasibility Test based on GX 1+4

N
L =
0.008 >0.010
[}
C
(0]
0.007 b 3
(0]
£ 0.008
9008
w -115
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=
2 -12.0
-12.5 S
— 36} 7 36k
° =
< <
- -
o 341 o 341
S S
0 50 100 150 200 250 300 350 400 0 50 100 150 200 250 300 350 400
t[yr] tyr]

e Spin-down: dM/dt = —2.12 x 10" gs T yr!
e Spin-up: dM/dt = 3.68 x 103 gs~Tyr’
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OAO 1657-415: Introduction and Observations

Parameters

e HMXB

e Companion: Ofpe supergiant

e Mys =1.74 M, (Falanga et al. 2006)
o Moot =17.5Mg (Falanga et al. 2006)
o Ropt = 25R; (Falanga et al. 2006)
e d=71+13kpc (Audley et al. 2006)
e P~37—38s (Barnstedt et al. 2008)
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OAO 1657-415: Introduction and Observations
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OAO 1657-415: Introduction and Observations
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Application of the Model
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eB=7x108G, y=36°, 3=038
e Frequency v/, Frequency amplitude X, Luminosity change X
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Aims
Study the Inclined Rotator Model (Perna et al. 2006):

v' Explore the model and investigate the influence of different pa-
rameters (B, x, 3).

Influence of parameters:
Parameters v Av At AL

B 1 il | | const.
o d T T 7
xt L4t
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o

Aims
Study the Inclined Rotator Model (Perna et al. 2006):

v' Explore the model and investigate the influence of different pa-
rameters (B, x, 3).

v Introduce a new component to obtain a long-term spin-up or
spin-down, which is superposed on the cyclic spin reversals.

Influence of parameters:
Parameters v Av At AL

B 1 il | | const.
o d T T 7
x T P E T 4
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Aims

I: Inclined Rotator

OOOOOOO

[I: Torque-Flux Conclusion
o]

Study the Inclined Rotator Model (Perna et al. 2006):
v' Explore the model and investigate the influence of different pa-

rameters (B, x, 3).

v Introduce a new component to obtain a long-term spin-up or
spin-down, which is superposed on the cyclic spin reversals.

(v') Apply the model to the X-ray pulsar in OAO 1657-415 to con-

strain some of the parameters.

Influence of parameters:
Parameters v Av At AL
B 1 il | | const.
o d T T 7
x T T

Parameters OAO 1657-415:
e B=7x10"3G
o Y\ =236° 3=0.8
e Frequency v’
e Frequency amplitude X
e Luminosity change X
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Part |l: Frequency History and Torque-Flux Correlation of OAO 1657-415
Introduction
Frequency and Flux History
Distance and Magnetic Field Calculation
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Aims
Examine the Frequency and Flux History of OAO 1657-415

Fermi/GBM and Swift/BAT data:
e Investigate over 10 years of data (2008 - 2018).

e Study the Torque-Flux correlation.
e Constrain the magnetic field and distance.
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Previous Work by Jenke et al. 2012
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Previous Work by Jenke et al. 2012
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Torque-Flux Correlation of OAO 1657-415
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II: Torque-Flux
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Torque-Flux Correlation of OAO 1657-415
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Torque-Flux Correlation of OAO 1657-415: rms

-10.0 -7.5 -5.0 =25 010 215 5j0 7j5 1(5.0
v [10712 Hz/s]

rms averages:

e Spin-up (v > 2.5 x 10~ 12Hzs): 20.9+3.3 %
e Spin-down ( < —2.5 x 107"2Hzs™): 36.5+7.4%
¢ In-between: 34.8 5.9 %
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Torque-Flux Correlation of OAO 1657-415: rms
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e Spin-up (r > 2.5 x 10712Hzs™):
e Spin-down ( < —2.5 x 107"2Hzs™):
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Distance and Magnetic Field Calculation

Y —e—eee-
A ]
— # Constant d
(\I‘m 40_ + Data ]
e | | Ghosh & Lamb model:
30} I
o 1 ]
T + : 2/7 3/7\2
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v [10712 Hz/s]
Least-y? fit results:
e with constant d = 7.1 kpc: B=2x10"G
e With constant B=4 x 10'2G: d = 8kpc
e with both as free parameters: B=2x10""G, d = 15kpc
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Conclusion & Outlook
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Conclusion - Part I: Inclined Rotator

Parameters OAO 1657-415:
e B=7x1013G

Influence of parameters:
Parameters v Av At AL

B 1 1 | const.
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xt Ll

Rotation Axis

Magnetic Axis

Ejection
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e Frequency amplitude X
e Luminosity change X
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Conclusion - Part ll: Torque-Flux Correlation
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e Correlation spin-up: v/

e Correlation spin-down: (v')

e Low variability on spin-up
branch: stable accretion disk

e Variability + its distribution
different in other regions:

Eaaam other process? No disk?
S AT . eB=2x10""Gto2x 102G

2100 -75  -5.0 _ZI.SD[IOE);?HZ/S] 25 si(-) “75 10',0_ ® d — 8 kpC to 15 kpC
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Outlook/Future Work

+ Magnetic torque;

Ghosh & Lamb model
g270f T T T T T e T
%2705 /..f Joemis N ,\/ N \\
$ 27.00 . -
§26 ¢ —HH HH-HHH FH—H;{HHHHH HHHHHHHHH B . A HHHE A HHEHH HHH O BHE HH A HHH H+HHH HHH HH HHH HH HHHHH H4H4HHH4HH_; ’?

e More data: large spin-down with high flux
to support retrograde disk?

i e Spectral analysis: same or different
e S processes in different areas? (Combine
XRT + BAT?)
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Thank you.

Contact:
Inga Saathoff
Office A112

Institute for Astronomy and Astrophysics
Sand 1, 72076 Tubingen

saathoff@astro.uni-tuebingen.de
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