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Neutron star masses in
X-ray Binaries

Science with SALT workshop
Cape Town - October 2003




Neutron star masses




Outline of talk




Eclipsing X-ray Pulsars

@ 2000 by Mark A, Garlick




Eclipsing X-ray Pulsars

* Knowing:

+ ,Allows masses of components to be
determined







Eclipsing X-ray Pulsars

» Only 7 known eclipsing X-ray pulsars
(6 of them at southern declinations)




Centaurus X-3

» Ash, Reynolds, Roche, Norton, Still & Morales-
Rueda, 1999, MNRAS, 307, 357

* Known:

+' B0sspectra @AAT in 3 runs; 0.75A/pix (~50 km/s/pix);
Vi~13.4, spectral type ~ O 6-7 II-III
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Centaurus X-3
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Centaurus X-3

- Calculated:

» “In agreement with canonical neutron
star mass




Vela X-1 -,

Science Faculty

* Quaintrell, Norton, Ash, Roche, Willems,
Bedding, Baldry & Fender, 2003, A&A,
401, 313

« Known:

*.180kechelle spectra @Mt Stromlo over 21
confifiuous nights; 0.06A/pix (~4 km/s/pix);
V ¥6.8, spectral type ~ BO.5Ib __
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Vela X-1

fitting the RV curve
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Vela X-1: ?-f““%

Fit to phase-binned means

Science Faculty
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Velocity / km s
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Vela X-1: results

+ 2.18d and out-of-phase 9d modulation
imply presence of non-radial
pulsations in GP Vel @ ~£, . and ~4f, .,

* May also be an /n-phase non-radial
pulsation at orbital period

..Lh which case RV amplitude, and
Rence neutron star mass, is over-
estimated




Vela X-1 results

* Monte Carlo approach to propagate
uncertainties

* b and 7/ cannot be solved for
simultaneously. Limits p <1 and /< 90.

*\Then solve the equations described
earlier.
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Vela X-1 results

Parameter Value
Observed
dy sini [ light sec 113.98 £ 0.13
Pid R.964368 = 0.000040
Iz MID 488952186 + 0.0012
0.0898 + 0.0012
152.59 £+ 0.92
338 £1.3
0.67 £ 0.04
Ko/ kms™ 22.6 £1.5
Inferred
Kx/kms™ 278.1 £ 0.3
T'o/ MID 48896.777 + 0.009
0.081 £ 0.005
1.000 (.89 + .03
70.1 +£2.6 90.0
5 227+0.17 18R +£0.13
M, Mg 279+ 1.3 23.1+02
a at periastron/ K, 514+ 0.8 483 £ 0.3
Ry at penastron [ Ky 32.1 £ 0.0 302 £0.2
Ry [ Ro 32.1 £ 0.6 26.8 +0.9

4] il




Neutron star masses with
SALT

% 4Should be possible for Roche lobe-filling systems
tn circular orbits (e.g. Cen X-3), and allow to
better characterise eccentric systems (e.g. Vela
X-1) by better modelling of non-radial pulsations

—'
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OA01657-415

: Fr'om BATSE OAO 1657—415 PARAMETERS
(C h(] kr'abar"ry Parameter Symbol Value®

et al 1993) e

Orbital period ......coiivivenie. Pug 1084436 4 090038
Projected semimajor axis ..... a, sin i 106.0 4 0.5 lt-sec
Eecentnicity . ......cciciiniivnn. € 0.104 4+ 0.005
Longitude of periastron ....... @ 937 45
" B R Orbitalepoch.................. T, JD 2,448,516.49 + 0.05 TDB
UT no v Eclipseingress® ............c... L =} B o
Eclipse egress® ................. - 1165 + 1°8
curve - no Derived quantities:
\ Pulsar mass function .......... fAM) 117+ 02 Mg
0 PT IC GI Eclipse half-angle ............. 0, 29°7 + 1°3
Inferred constraints:*®
1. .|. | Orbital inclination ............ i =z 60°
Coun er.par. . Companionmass.............. M, 14-18 M,
Companion radius ............ R, 25-32 Ry

R -Roche radiusratio ......... R./R, =0.85




OAQ01657-415

OAO 1657—415
(V band)

®10A
812 o0& Chandra

ae

<30 arcsec |

iRy
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OAQ01657-415




OAQ01657-415

» Target for SALT?

* Counterpart (probably) has
R (700 nm) ~ 20 and I (900 nm) ~ 17

- Feasible with current PFIS?
Certainly with proposed IR upgrade.




Other OU SALT interest

+ Astronomy Research Group:

s Planefary & Space Science Res. Inst.




Other OU SALT interest

» Cataclysmic variables - time resolved
spectroscopy, tomography, accretion
disc physics, magnetic systems,
population studies (

- ‘Black Hole X-ray transients -
multiwavelength monitoring through
outbursts, accretion disc physics

( )




Other OU SALT interest

» X-ray binaries in M31 - XRB
population studies, LMXBs, ULXs
(Kolb)

* Galactic chemical evolution -
synthesis of the elements, high-
resolution spectroscopy, stellar
abundance analysis, pop IT & III
objects ( )




Other OU SALT interest

» Exoplanets - transiting exoplanet
search using WASP (2"d camera to be
at SAAQ?), stability of orbits of

known exoplanets (

)

» “Solar system - near Earth objects,
comets, Edgeworth-Kuiper belt
objects, early Solar system (




