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Abstract: While gravitational waves offer a new, and in many ways clean, view of compact objects, most of what we presently know about these has
been obtained by careful study of their messy interactions with surrounding material. | will summarize what we know about a variety of potential
gravitational wave sources, how this astrophysical hair has helped to illuminate some of the same questions gravitational wave observations promise
to address, and how future observations may begin to relate the gravitational and electromagnetic properties of compact objects.
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* Variability in accreting systems

* How does GR critically affect compact object physics?

* How can we learn about GR from the dirty observations?
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Variability

« NS QPOs:
— Type-l X-ray burst QPOs = spin
— Giant Flare QPOs —2 crustal modes?

Fall U il B T il | | T . O . T L T O )



Variability 1

TABLE 4 Commensmrabilnty of kiiz QPO and burst osallaton frequencies

Highest Highest
Vis A Ratio Discrepancy
Source ( Hz) (Hz) ( Vis/ AV ) (%)

JUIT0243  33055+002 34447 0.96+002 —442
JUITI8-34  36423+005 3493417 104340005 +434+05
KS1731-260 52508+0.18 260+10 2020+£0078 410x38
AgiX-1 5489 241 6! 1S 0090 41445
T 163653 581.75+0.13 I5445 229404 +1542

‘Basad on 3 mearmmai dessenion (see Table 3). Paferences: (1) Markwearde o al 1999 () Ménde= & van der Klis 1990: (3)
Winands & van der K35 1997 (<3 M Ménder ez al 1999 m prepamanon: (5) Ménder e al 1998c: (6) Muno ¢ al 2000

™ NS QPOS: van der Klis (2000)

— Type-l X-ray burst QPOs = spin
— Giant Flare QPOs — crustal modes?
— kHz QPOs — similar to BHs?




Variability

TABLE 4 Commensurability of kEHz QPO and burst oscillanon frequencies
Highest Highest
Av

Vs Rario Discrepancy
Source ( Hz) (Hz) ( Vis/AV) (%0) References

]

JUITO243  33055+002 4447 0.96+002 —442 1
JUITI8-34  36423+005 3493417 1043+0005 +434+05 2
KS1731-260 52508+018 26010 2020+0078 41038 3.6
AgiX-1 548.9 RES L 3 £009°  $1445! 4
HT1636-53 SRL75 4013 I5445 2294004 +1542 5

‘Basad on a2 mearmmai dessenion (see Tabie 7). Paferences: (1) Markwearde ot al 1999 () Ménde= & van der Kirs 1999: (3)
Winands & van der K5 1997, (<3 M Ménder er al 1999 m prevaranon: (5) Méndes er al 1998c: (6} Muno ot al 2000

van der Klis (2000)

— Type-| X-ray burst QPOs = spin
— Giant Flare QPOs — crustal modes?
— kHz QPQOs = similar to BHs?

Rapidly rotating NSs are macroscopic
manifestations of spin-’2 spinors!
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Variability

Observed energy (4
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Variability _

Observed energy (
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Variability
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Variability
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Variability

» Rapid magnetic =2 nonthermal e conversion
* Trapped on magneticfield lines
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» Rapid magnetic =2 nonthermal e  conversion
* Trapped on magneticfield lines
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* Rapid magnetic =2 nonthermal e  conversion
* Trapped on magneticfield lines
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» Rapid magnetic = nonthermal e  conversion
* Trapped on magnetic field lines
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» Rapid magnetic = nonthermal e  conversion
* Trapped on magneticfield lines
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» Rapid magnetic = nonthermal e  conversion
* Trapped on magneticfield lines
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» Rapid magnetic =2 nonthermal e conversion
* Trapped on magneticfield lines
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* Rapid magnetic = nonthermal e  conversion
* Trapped on magneticfield lines




» Rapid magnetic =2 nonthermal e  conversion
* Trapped on magneticfield lines
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* Rapid magnetic =2 nonthermal e  conversion
* Trapped on magneticfield lines
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» Rapid magnetic = nonthermal e conversion
* Trapped on magneticfield lines
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» Rapid magnetic =2 nonthermal e conversion
* Trapped on magneticfield lines
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» Rapid magnetic = nonthermal e  conversion
* Trapped on magneticfield lines
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» Rapid magnetic =2 nonthermal e  conversion
* Trapped on magneticfield lines
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- Electrons are subdomi =2 localized
* Electrons radiate rapidly = bright
* Small spots are long lived
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* Degeneratevs. Temporally separated
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* Degeneratevs. Temporally separated
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« Comparing many images
;"' ( —) Test no halr + Kerr
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- * Comparing |mages
-' ’ —) Tﬁt no halr + Kerr
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- ( —)Tm no halr + Kerr
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' —)'Fm no hair + Kerr
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New capabilities are already on the
horizon.

Messy astrophysics makes for happy
astrophysicists!
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System | a _ Reference

GROJ1655-40

4U1543-47

LMCX-3

XTEJ1550-564

GRS 1915+105

M33 X-7
LMCX-1
A0620--00

Cygnus X-1

0.65-0.75
~Z

0.75-0.85

<0.26
TBD

0-0.7
TBD

0.98-1
~0.8

0.77+0.05

0.92 (+0.05,-0.07)

0.12(+0.18,-0.20)

TBD

Shafes et al. 2006
Davis et al. 2006

Shafes et al. 2006

Davis et al. 2006
Steiner et al.

Davis et al. 2006
Steiner et al.

McClintacket al. 2006
Middleton et al. 2006

Liu et al. 2007
Gouet al. 2009
Gouetal. 2010

Gouet al.




