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1967

Discovery of mysterious transientsKlebesadel, R.W., Strong, I.B., & 

Olson, R.A., 1973, ApJ, 182, L85

Vela and Konus satellites

1964
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GRB 970228 (z=0.695)

Afterglows

1st X-ray afterglow (+ ~ 8 hr)

Optical Transient

Van Paradijs, et al., 2007

HST

BeppoSax

Prompt GRB emission
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Association with core-collapse SNe
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Guetta & Della Valle 2007, ApJ, 

657, L73; Van Putten, 2004, ApJ, 

611, L81
GRB-SNe are rare

Branching ratio of SN Ib/c:

~ 0.2-4 %

Supernova rates: 

SN Ia :SN II : SN Ib/c ~ 50:50:10

(depends on survey, e.g., 68:22:7 in PTF)

Remnants of CC-SNe: bubbles and shells 

of the LMC (HI-Halpha)

Kim,  S., et al. (1999,2003)
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Diversity in NS and BH remnants

Neutrino light curve

Endpoint of massive stars 

Ejection velocities

Maurer et al. 2010, MNRAS, 402, 161; 

Van Putten, Della Valle & Levinson, 

2011, A&A, 536, L6
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Supernovae from spindownBisnovatii-Kogan, 1970, Astron. Zh., 47, 813 

Van Putten, Della Valle & Levinson, 2011, A&A, 

535, L6
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Van Putten, Della Valle & Levinson (2011) Beyond the energy envelope of NS
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“Orphan” long GRBsVan Putten et al., 2011, PRD, 

83, 044046

“Long GRBs with no association to massive stars”

GRB 060614
GRB 070125
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1967

L

S

Swift, HETE II: X-

ray afterglows also 

to short GRBs

050509B, 

050709,…

BeppoSax GRB 970228: Z-0.695 

GRBs

CC-SNe

CC-SNe are 

diverse, NS or 

BH powered?

GRB-SNe are rare 

making up < 1% of all 

SN Ib/c and < 0.2% of 

all CC-SNe

1/50 yr in MW

Thumbnail overview…

“Orphan LGRBs” (SGRB-

EE)

(GRB 059820A, 050911, 

060418, 060505, 060614, 

070125)

Hyper energetic events 

(GRB 031203/SN2003lw

GRB030329/SN2003dh 

defy max Erot of NS)
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Outline

1. GRBs from rotating black holes

2. Probing spindown in the BATSE catalogue of LGRBs

3. Advanced gravitational wave detectors

4. Outlook on broadband GW emission from CC-SNe
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Van Putten, 2009, MNRAS, 

396, L81 
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Rotation black holeExact solution to GR 

by Roy P. Kerr (1963)
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Rotation black hole ~ spinning top

Maximal spin frequency: 10 kHz for a 10 solar mass black hole
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Making rotating BHs in CC-SNe

( ) max6624.03220.0 rotrot EE −≅

Ib/c SNe in binaries: Woosley, S. E. 1993, ApJ, 405, 273; Paczyn´ski, B. 

1998, ApJ, 494, L45

BH formation: Bethe, H. A., Brown, G. E., & Lee, C.-H. 2003, Selected 

Papers: Formation and Evolution of Black Holes in the Galaxy; Brown, G. E., 

Lee, C.-H., Wijers R. A. M. J., Lee, H. K., Israelian, G., & Bethe, H. A. 2000, 

NewA, 5, 191; Van Putten, 2004, ApJ, 611, L81

With small probability, CC-SNe of envelope 

stripped stars with intraday binary periods are 

factories of high mass rapidly rotating BHs
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Making rotating BHs in NS-NS mergers 
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Van Putten, 2012, Vulcano Meeting; astro-

ph/1301.0964

Van Putten, 1999, Science, 294, 115; 

Baiotti et al., 2008, PRD, 78, 084033

Coalescence NS-NS� PNS in merger � conservative collapse

NS-NS mergers are possibly factories of low mass rapidly rotating BHs



(c)2014 van Putten - Ferrara 17

Asymptotic frame dragging

B-GP II, LAGEOSby  measured precession dragging frame   
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Recent detection of frame dragging

GP-B (orbiting at 642 km): 

-39 marcs/yr

Two complementary experiments:

Everitt, F., et al., 2011, PRL, 106, 221101, Ciufollii, I. & Pavils, E.C., 2004, Nature, 431, 958

=ω
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Relativistic frame dragging 
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Slow and fast — relative to nearby matter 
Van Putten & Ostriker, 2001, 

ApJ, 552, L31
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Frame dragging induced forcesSatellite measurements – around the Earthω forces…
Van Putten & Levinson, 2012, 

Cambridge University Press 
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Van Putten, 2001, Phys. Rev. Lett., 

84, 3752; Nuov. Cim. 2005, 28, 

597; 2008, ApJ, 685, L63 Induced spectral-energy correlation in GRBs

pJE ω=
Exact geometric result

Frame dragging induced forcesSatellite measurements – around the Earthω energies…

ϕeAJ p =

J

ω
Hθ
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ω radiation processes (non-thermal) 

Black hole in its lowest energy state supports open flux tubes from H to infinity
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van Putten, 1999, Science, 284, 115, van Putten, 2001, 

Phys. Rev. Lett., 84, 091101; van Putten & Levinson, 

2002, Science, 295, 1874; van Putten, 2002, ApJ, 575, 

L71; Bromberg, Levinson, van Putten, 2006, NewA, 11, 

619; van Putten, 2012, Prog. Theor. Phys., 127,331

van Putten, 2008, ApJ, 684, L91

mδ From forced turbulence,

Non-axisymmetric

instabilities excited by 

heating, magnetic 

pressure

(Dirchlet BC)

(Ingoing radiative BC)

(outgoing radiative BC at infinity)) 

Magnetic moment 

in lowest energy 

state
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T90 duration ~ lifetime inner engine ~ lifetime of BH spin
Bisnovatyi-Kogan, 1970, Astron. Zh., 47, 813

Van Putten, Della Valle & Levinson, 2011, A&A, 

536, L6

Van Putten & Gupta, 2009, MNRAS, 394, 2238 

Van Putten & Levinson, 2003, ApJ, 584, 937

Van Putten, 2003, 583, 374
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van Putten & Levinson, 2003, 

ApJ, 584, 937; van Putten, 2008, 

ApJ, 685, L63

γETEp ∝2/1

90

Energy correlation (HETE-II & Swift)

pJE ω= � Baryon-poor jet
4

HHL θ∝

with

Ghirlanda relation
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BH vs NS inner engines
Bisnovatyi-Kogan, 1970, Astron. Zh., 47, 813

Van Putten, Della Valle & Levinson, 2011, A&A, 

536, L6

Van Putten & Gupta, 2009, MNRAS, 394, 2238 

Van Putten & Levinson, 2003, ApJ, 584, 937

Van Putten, 2003, 583, 374

Spindown of rotating BH-torus system

SN from baryon rich torus wind, 

GRB from baryon-poor jet.
Large reservoir: Erot[BH]

� Successful GRB and SN

Spindown of a (proto-)NS:

SN, GRB from one magnetic wind 

(one baryon loading).
Moderate reservoir: Erot[NS]

� Either successful GRB or SN
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Outline

1. GRBs from rotating black holes

2. Probing spindown in the BATSE catalogue of LGRBs

3. Advanced gravitational wave detectors 

4. Outlook on broadband GW emission from CC-SNe
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A choice of model light curve

Van Putten & Gupta, 2009, MNRAS, 394, 2238 Normalized light curve of long GRBs

(nLC depends only weakly on choice of template)

normalized light curve

4 parameter matched filtering: scaling in count 

rate and time with arbitrary shifts (subtraction 

base line count and offset in time)

Apply to the complete BATSE catalogue of 

1491 long GRBs… 
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BATSE Catalogue of 1491 long GRBs
(smoothed, scaled and ordered by T90)

Van Putten, 2012, Prog. 

Theor. Phys., 227, 331
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A:

B:

C:

Spindown models 

Suspended accretion:

Input from BH balanced with output in GWs, MeV neutrinos and 

magnetic twinds from a torus

Van Putten & Ostriker, 2001, ApJ, 

552, L31, Van Putten, 2001, Phys. 

Rev. Lett., 87, 091101; Prog. 

Theor. Phys., 127, 331
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Van Putten, 2012, Prog. Theor. 

Phys., 127, 331
nLCs of long GRBs in BATSE 

Most favored: BH-spindown against ISCO

Least favored: NS spindown
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Outline

1. GRBs from rotating black holes

2. Probing BH-NS alternative for black hole spindown

3. Advanced gravitational wave detectors

4. Outlook on broadband GW emission from CC-SNe
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GravitationalGravitationalGravitationalGravitational----wave Detectors in US, EU and Japanwave Detectors in US, EU and Japanwave Detectors in US, EU and Japanwave Detectors in US, EU and Japan
http://www.ligo.caltech.edu, http://www.ego-gw.it

2

π
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Ripples in spacetime

k

Ring of free particles in space

+

+

GW-modes

Transverse modes of radiation

Stretching and squeezing in 

orthogonal directions (area 

preserving)
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Quadrupole GW emission from binaries+ +
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Existing observations+ +
Hulse-Taylor binary PSR 1913+16 (Nobel 1993)

P ~ 7.75 hr

e ~ 0.6171338
LGW ~7.35e24 Watt  (enhanced by e)

Time to coalescence ~ 300 Myr

Weisberg & Taylor, 2004, AIP, Binary Radio Pulsars, ASP Conf. Ser., 

F.A. Rasio & I.H. Stairs eds.

Agreement with theory within 0.1%

erg/s)108.3( of 0.15% 33×= sunGW LL

(includes enhancement by e)
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Quadrupole gravitational wave emission formula

Apply to mass-inhomogeneities in orbital motion
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Van Putten, 2001, Phys. Rev. Lett., 

87, 091101

Van Putten & Levinson, Cambridge 

University Press, 2012 
GW emissions from a high density disk or torus

δm of about 10% of MD = 1% M, due to a wave 

excited by forced turbulence:

-151 s erg102×≅GWL

Conversion factor

SgrA*: 
-141 s erg107×≅GWL

CC-SNe, LGRBs:
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L-δL

L+δL

laser

photodiode

Optical Measurement resolution: 

h = δL/λ < 1e-10

GW amplitude resolution:

h = δL/L < 1e-22 (L = 4km, λ=400 nm)

Freely suspended mirrors

Laser Interferometry on GWs
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LHO 2km (2003.11.30) - Inspiral Range for 1.4/1.4 Msun: 0.8Mpc

LLO 4km (2003.12.19) - Inspiral Range for 1.4/1.4 Msun: 1.5 Mpc

LHO 4km (2004.01.04) - Inspiral Range for 1.4/1.4 Msun: 6.5 Mpc

LIGO I SRD Goal, 2km

LIGO I SRD Goal, 4km

Strain Sensitivities for the LIGO Interferometers
Best S3 Performance       LIGO-G040023-00-E

Laser Interferometry: performance
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Long duration GW burst 

Flat IR MHD turbulent spectrum � suspended accretion

Thermal and magnetic pressure induced instabilities � LF GWs

Balance heating by dissipation in MHD turbulence with cooling in

gravitational radiation

van Putten, 1999, Science, 284, 115, van Putten & 

Levinson, 2002, Science, 295, 1874

van Putten, 2001, Phys. Rev. Lett., 84, 091101

van Putten, 2002, ApJ, 575, L71

van Putten, 2012, Prog. Theor. Phys., 127,331

van Putten, 2008, ApJ, 684, L91

Anticipate gradual black hole spindown
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Ma

mδ
b

mδ

m=2

Formation of mass-inhomogeneitiesVan Putten, 2002, ApJ, 575, L71

Bromberg, Levinson, van Putten, 

2006, 11, 619

Lowest order modes are unstable first:

most of GW-emission from lowest order modes ~ LIGO-Virgo/KAGRA bandwidth

Wide tori are m = 1,2,... unstable
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Negative chirp during black hole spindownVan Putten, 2008, ApJ, 684, L91
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+

+

GW-modes

LIGO detector

Observational strategy
e.g. LIGO-VirgoScientific

Collaboration, 2013, 

arXiv:1310.2314v1 
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GW detectors are near-sighted

Original by P.C. Mondriaan (1872-1944)



(c)2014 van Putten - Ferrara 47

Sensitivity distances by matched filtering
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GRB 070611 (z=2.04)

Sensitivity distances by a clustering algorithm
LIGO-Virgo Scientific 

Collaboration, Aasi et al., 2013, 

arXiv:1309.6160

EGW = 0.1 MSc2 Negative chirp injected 

into LIGO strain 

amplitude detector 

noise Dsens ~ 30 Mpc



(c)2014 van Putten - Ferrara 49

M51: farmland of CC-SNe at 8 Mpc
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Local rates: Milky Way
Diehl, R., et al., 2006, 

Nature, 439, 45

CC-SNe rate: 1.9(+/- 1.1) events / century 

1.809 MeV line
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Desired: optical-radio survey < 35 Mpc

D = 200 Mpc, N ~ 10 million

D = 10 Mpc, N ~ few 100

e.g. 

M51 (8 Mpc)

M82 (3.5 Mpc, SN 2014J)

CfA redshift survey (SAO 1998)

Kraan-Korteweg & Tammann, 

1979, Astron. Nachr., 300, 181 
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Search for coincident GW-HEN events 
ANTARES and LIGO-Virgo 

Scientific Collaboration, 2013, 

JCAS, 6, 8

LIGO-Virgo detectors

Start of multi-

messenger astronomy

Need improvements by 

x10 for a realistic 

outlook for a detection

Astronomy with a Neutrino Telescope and Abyss 

environmental RESearch project (10 GeV-100 TeV)
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Multimessenger output from LGRBsVan Putten, 2009, MNRAS, 

396, L81 

NS

NS

Baryon-poor jets:

LGRB, HEN

Forced MHD turbulence:
Chirped line- and broad 

band spectrum in GWs

Magnetic winds:

Supernovae following 

core-collapse 

radio-burst following 

mergers (LOFAR/SKA)
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Unification in GRBs from rotating black holes:

-Short and long GRBs: 

-Hyper-energetic GRB-SNe:

-Orphan LGRBs from mergers involving rapidly rotating BHs

ω
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Conclusions and outlook

Observed in nLC/BATSE
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ω

Search for rotation in HF windows (0-1000 Hz) to GRBs and 

CC-SNe for direct detection of a turbulent accretion disk:

Conclusions and outlook

Searches in nearby CC-SNe for GWs

(LIGO-Virgo/KAGRA): chirped line 

emission and broad band emission 

from multiple mass-moments 

hf Kolmogorov 1-2 kHz

f 
Searches in 2 kHz GRB light curves 

(BeppoSax, Swift, future missions) 

for HF modulations
BH

PNS


