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Gravitational Phenomenology

Dynamical cosmology (expansion, structure formation)

Black holes (collapse, rotating spacetimes)

Gravitational waves
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Gravity at work in AGN
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van Putten & Gupta, in prep. (2008)

Véron-Cettty
catalogue

%AGN~20-40%
in SDSS (z<0.2)
Miller et al. 2003
Wake et al. 2004
Brinchmann et al. 2004
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Phenomenology at work: Metrology on Black Holes

Compactness: orbiting “test” particles (stars, accretion disks, COs)

Frame-dragging: disk spectroscopy 

Gamma-ray bursts from rotating BHs

Spin-down: “live” in long-duration GRBs

Spin-energy: calorimetry on GWs
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Ghez, A.M., Morris, M., Becklin, E.E., Tanner, A.& T. Kremenek (2000) 

Gravity at work in SgrA*
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Thermal equilibrium in SgrA*

0.3pc window (radio)

Reid et al. (1999)
Schoedel et al. (2002)
Ghez et al. (2005); Reid et al. (2003) 
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Sargant et al., 1978, ApJ 221:731
Young et al., 1978, ApJ 221:712 

- central BH

+ central BH
additional binding energy (<0) 
accounts for higher central 
temperatures (when virialized) 

BH mass is 3.4 billion solar masses
Van der Marel (1994)

Van der Marel et al. (1998)

Stellar Velocity Dispersion Measurements in M87
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Spectroscopy on torus of ionized gas in M87

Ford, H., 
et al., 1994, 
ApJ, 435:L27

( ) SunBH MM 9107.04.2 ×±=
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Miyoshi et al., 
et al., 1995; 
Hernstein et al, 
1999

( ) SunBH MM 7101.09.3 ×±=

Spectroscopy on H20-maser in disk of NGC4258
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Kormendy 1993
Tremaine et al. 2002

Farrarese & Merrit 2000
Gebhardt et al. 2000

Observed correlations to SMBHs

                          3.0417.005.1 ±± ∝∝ σBHBH MLM
Overall, the black hole mass is about 0.1% of the 
mass of the host galaxy
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Phenomenology at work: Metrology on Black Holes

Compactness: orbiting “test” particles (stars, accretion disks, COs)

Frame-dragging: disk spectroscopy 

Gamma-ray bursts from rotating BHs

Spin-down: “live” in long-duration GRBs

Spin-energy: calorimetry on GWs
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Schwarzschild metric                                     Kerr metric
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Magnetic Flares (“Corona Ejections”) as X-ray sources

X-ray line-emission 
by fluorescence RB

Fabian, 2005, at KerrFest
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After Fabian 2005 KerrFest

Iron line-emissions

+Redshift+Doppler

4keV

Newtonian

energy

flux
R B

Tanaka et al. 1995
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Tanaka et al. 1995                                              Iwasawa etal. 1996

line emission in MCG-6-30-15 (Seyfert I in a low state) observed by ASCAαK
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GRS 1915+105
Mirabel & Rodriguez (1994)

SS433 (Mioduszewski et al., NRAO/AUI/NSF, 2004)

Active stellar-mass binaries
Fanaroff-R

iley I          —
Fanaroff-R

iley II

Pic A (Wilson 2000)

Active Galaxies

3C31

Slowly spinning BH
Rapidly spinning BH
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Phenomenology at work: Metrology on Black Holes

compactness: orbiting “test” particles (stars, accretion disks, COs)

Frame-dragging: disk spectroscopy 

Gamma-ray bursts from rotating BHs

Spin-down: “live” in long-duration GRBs

Spin-energy: calorimetry on GWs
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A brief history of GRBs

Discovery by Vela/Konus, catalogued by BATSE, localized by Beppo-Sax

HETE-II, Swift and now GLAST (June 11 2008)
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SN2008d

Soderberg et al. (2008), Malesani et al. (2008), Modjaz et al. (2008)

1987A (Type II): formation of HDM (neutrinos > 10 MeV)

SN2008d (Type Ib): X-ray flash at break-out

Type Ia [exploding WD] ~ 50% 
both in spirals and in ellipticals
Light curves are “normalizable” (Phillips)
intermediate mass progenitors
in binaries?

Type II [H-envelope retaining] ~40%
primarily in spirals
some in binaries (SN1993J)
massive progenitors

Type Ib/c [with/without He] ~10%
primarily in spirals
massive progenitors
in compact binaries?
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Rotating BH by matter accreted from 
r>r* (when kick velocity is small)

Formation of Kerr BH in core-collapse

Open torus Jc/G/M2 > 1 
(highly unstable: Duez, Shapiro & Yo, 
2004, gr-qc/0401076)

Torus around BH by infall of 
matter from r>r* stalled 
against angular momentum 
barrier

van Putten, 2004, ApJ, 611, L81
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Hp aMMa ≥>≥ 2

Radiation from Kerr black holes

BHs tend to radiate in accord with the Rayleigh criterion

Rotational energy per unit mass
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(Binary) period

BH mass and angular momentum distributions in CC-SNe

Van Putten (2004)
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Van Putten Science 1999
Van Putten & Ostriker ApJ L 2001
van Putten & Levinson ApJ 2003

A common inner engine to long GRBs from CC-SNe and mergers

GRB030329/SN2003dh                          GRB060614

Black hole spin interactions with HDM
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Non-thermal emissions along open magnetic flux-tubes

B

BH

Torus

van Putten 2000 PRL
van Putten, Il. Nuov. Cim. 2005

Pair of 
counter-
rotating 
particles
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Energetic coupling of angular momentum to Riemann curvature

“Unfortunately, in practical situations it is so 
weak that nobody has ever found any significant 

application for it.” Thorne, Price & McDonald 
(1986) p156

dba
abcdc uuJRF *
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JdsJE
r
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Riemann
van Putten, Il. Nuov. Cim. 2005

ϕeAJ ±=

cm2            cm-2

L. Blanchet, this meeting
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van Putten et al., PRD (2004) eV
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Pearson coefficients: 
Circles: 0.85
Triangles: 0.76

HETE-II and Swift data

van Putten, 2008, subm.



(c)2008 van Putten

Phenomenology at work: Metrology on Black Holes

compactness: orbiting “test” particles (stars, accretion disks, COs)

Frame-dragging: disk spectroscopy 

Gamma-ray bursts from rotating BHs

Spin-down: “live” in long-duration GRBs

Spin-energy: calorimetry on GWs



(c)2008 van Putten

Gravity at work: Gravitational radiation

Dynamical cosmology

Black holes 

Gravitational waves

erg/s)108.3( of 0.15% 33×= sunGW LL

in Hulse-Taylor binary NS

http://carina.astro.cf.ac.uk/groups/relativity/research/part4.html
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van Putten Science, 1999, 284, 115
van Putten & Ostriker ApJL 2001
van Putten & Levinson ApJ 2003

Luminous torus in 
suspended accretion

Duration: lifetime of 
rapid spin of BH
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Equivalence to pulsar magnetospheres when viewed in poloidal topology
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Pearson coefficient = αcos
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Pearson coefficient = αcos

van Putten & Gupta, 2008, in prep.
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Phenomenology at work: Metrology on Black Holes

compactness: orbiting “test” particles (stars, accretion disks, COs)

Frame-dragging: disk spectroscopy 

Gamma-ray bursts from rotating BHs

Spin-down: “live” in long-duration GRBs

Spin-energy: calorimetry on GWs
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van Putten 2002

Tori are naturally non-axisymmetric

Critical slenderness creates m=2 instability

Ma

mδ
b

mδ

m=2

GWs, 
MeV neutrinos, 
magnetic winds



(c)2008 van Putten

Equations of suspended accretion

van Putten 2001, van Putten & Ostriker 2001, van Putten & Levinson 2005 
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Suspended accretion state 

Evolution

Active over its lifetime of rapid spin (minutes)

Viscous spin-down: most of the spin-energy is dissipated unseen in the horizon

Radiation

Receives most of the black hole luminosity

Is mostly luminous in GWs (subdominant emissions in MeV and winds)

GWs are mostly in low-frequency quadrupole emissions

Van Putten 2001 et seq.
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Wave-form of long-duration burst

van Putten 2008, subm.
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The sound of a long-duration GRB

(GRB030329/SN2003dh or GRB060614)

Finnskyview_hst.jpg

Time-frequency trajectory
(GRB030329/SN2003dh or GRB060614)

SungwBH MfM 19.5 −≤

16kHz) segments, s 1(5.1// == snhwNNS σσ
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Metrology on spacetime around rotating BHs

spectroscopy on stars, accretion disks

Evidence for rotating BHs in long-duration GRBs

Correlation between peak energy, T90 and true energy in gamma-rays
Evidence for viscous spin-down of Kerr BHs in suspended accretion
Prediction long-duration bursts in GWs with negative chirp

New opportunities for high-frequency GWs (> 200 Hz) 

Advanced LIGO/Virgo (4 km)
Very long armlength detector: ILC-GWD (40 km)?

Conclusions
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