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Black Hole Mass




Masses of Compact Objects in X-ray Binaries
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Compact object mass (M)

Most massive stellar-mass BH: IC 10 X-1 — M ~33 M
[ Silverman & Filippenko 2008 ]



Mass Determination in the Hulse-Taylor Pulsar

Advance of periastron

Observed value: 4.226598 + 0.000005 deg/yr

Gravitational redshift and transverse Doppler shift amplitude

Observed value: 4.2992 + (0.0008 ms

Calculating the neutron star masses

m; = 1.4398 =0.0002 M, and m, = 1.3886 4= 0.0002 M5

[ Weisberg et al. 2010 ]




Mass Determination in a Pulsar-Black Hole System

10 M, BH, weekly 5 x 100 us TOAs
10 solar mass BH, e = 0.3, five 100 us TOAs every week

0.001

0.0001

Tohs [}'1]
w = M = mpyu~M-135M,

W,y = Mpgg & Mgy




Mass Determination via the Shapiro Delay

PSR J1903+0327

orbital phase




PSR-BH System
and
Alternative Gravity Theories




"~ Quadratic Model”* by Damour & Esposito-Farese - T (o,,[3,)

Can reach order unity in
neutron stars, even if o, is
extremely small
(spontaneous scalarization)

Black holes have no scalar
charge (no-hair theorem)

0.05 0.1 |
e =m(b ), /m, - 1

[ Damour & Esposito-Farése 1996 |



Dipolar Gravitational Radiation in a PSR-BH System
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Limits on "Quadratic’  Tensor-Scalar Theories

SEP

LIGO/VIRGO

LIGO/VIRGO

B1913E16
LISA NS-BH

Cassini

[ Esposito-Farése 2009 ]




Testing for Extra Spatial Dimensions

BH evaboration rate in the braneworld scenario

. M\ 2/ L
MBH—2.8><10_’( BH) (

2
) Mg [yr

Mg 10 ym

... can lead to significant
changes in the orbital period

L=10 um

[ Johannsen et al. 2009, Simonetti et al. 2010 ]




Lense-Thirring Effect
and
Cosmic Censorship
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The Gravitomagnetic Field of a Rotating Body
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a= a("l\li) +v x 2H

G S—=3(S-r/r)r/r
202 3

H =

Event horizon

Ergosphere




Lense-Thirring Precession




Frame Dragging Measurement

LT (aligned)

100 ps

— T ——a—a-a a8 g an

dw/dt| [deg/yr]

Measurement of x - lower limit for S
Second time derivatives in w and x - S and orientation of the BH

Cosmic censorship = if GR is correct:




Simulations

X = 1’ Tmerger =100 Myr

Aot (m?)  Tiys (K)

2.2 x 103 23.5
7.1 x 10? 20.0
2.5 x 10° 30.0
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Parkes
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NM | NM
3.0% | 2.6%
1.2% | 1.0%

NM | NM
1.1% | 0.73%

0.43% | 0.29%

NM | NM

0.31% | 0.35%
0.12% | 0.14%

4.5% | 9.9%

0.11% | 0.25%
0.04% | 0.10%

[ Liu et al. 2010]
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0.05% | 0.05%
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The Quadrupole Moment
and the
No-hair Theorem
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The No-hair Theorem
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“A black hole has no hair” (J. A. Wheeler)




The Quadrupole Moment of a Black-Hole
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QPz(cos 0) N

_G_
r

[ Smarr 1973 ]

J, ~0.001 J,=0.25

Black hole “no-hair” (unigueness) theorem of general relativity implies:
all multipole moments of the gravitational field are determined by M and §

e.g. the quadrupole moment: FESS
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Measuring the Quadrupole Moment of a Black-Hole

Secular precession much smaller than frame dragging and can therefore not be
separated from the Lense-Thirring precession.

Quadrupole moment leads to characteristic periodic terms in the orbital motion,
but...

1

orbital phase
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Measuring the Quadrupole Moment of the Black Hole

Pulsar in a 0.1 yr orbit around Sgr A*:
Extreme Kerr, 3 orbits, 160 TOAs with 100 us error, e = 0.4

> 0Q/Q =0.008
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Conclusions

A pulsar-black hole system

m...will give a precise value for the black hole mass

m...will provide a unique laboratory for gravity theories

m...will allow the measurment of frame dragging for orbital periods < 10 days
m...can provide a full spin determination in case of a tight orbit

m...needs to host a black hole 100 M for a no-hair theorem test




