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KIAS Astrophysics and Cosmology: 

~ 7 people, group of Prof. Changbom Park

Present collaborators:

Prof. T.H.  Yoon (Korea University)
Prof. Nobuyuki Kanda (Osaka, TAMA 300/LCGT)
Prof. Hideyuki Tagoshi (Osaka, TAMA 300/LCGT)
Prof. Daisuke Tatsumi (JNAO, TAMA 300/LCGT)
Prof. Fujimoto Masa-Katsu (NAOJ, TAMA 300/LCGT)
Prof. Shigehiro Nagataki (numerical simulations,  Yukawa Institute, Kyoto)
Prof. Massimo Della Valle (Director Observatory di Capodimonte, Italy)
- supernovae, GRBs
Prof. Amir Levinson, Tel Aviv University, Israel
- high-energy radiation processes
Dr. Alok Gupta, ARIES, India 
- QPOs observations in AGN
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SN1987A SN1998bw

Radio-loud (Turtle et al. 1987) and 
aspherical, > 10 s > 10 MeV neutrino 
burst, EK~1e51erg with relativistic jets 
(Nisenson & Papaliolios 1999) (with BH 
remnant?)

Radio-loud and aspherical with EK~2e51 
erg             (Hoeflich at al. 1999) with 
relativistic ejecta                   (Wieringa et 
al. 1999) 

 (Mej / 2M )

 vej / c  20%
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hyper-energetic GRBs  

c) Swift sample of Cenko et al. 2010ab
*) estimated using                     (Frail et al. 2003) 
    and a conservative average 300 of estimated beaming factors:
    500 (Frail et al. 2003), 450 (van Putten & Regimbau 2003), 75 
    (Guetta, Piran & Waxman 2004)                

ηγ =
Eγ

Eγ + Ek

≈ 0.35

“The total energy release we measure for the hyper-energetic (>1e52 erg) 
events in our sample is large enough to start challenging models with a 

magnetar as the compact central remnant” (Cenko et al. 2010)  

Burst             Redshift      T90[s]/1+z              [erg]                 [erg]

GRB 990123      1.61          9.6                1.2e54           1.2e52(*)
GRB 050820A   1.71           97                 1.2e54          4.2e52(c)
GRB 050904      6.3            31          0.66-3.2e54          2.1e52(c)
GRB 070125      1.55          78                  1.1e54            3e52(c)
GRB 080319B   0.937         31                  1.3e54          1.3e52(c)
GRB 080916C   4.25          11.4                8.8e54            8e52(*)
GRB 090926A   2.1062       6.3                 1.9e54          1.4e52(c)            

Eγ + EkEiso
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Fig. 1.— (a): A (0.3-10) keV co-added archival image (total exposure of 64 ks) of M51
obtained pre-explosion using Swift/XRT in the time range June 2006 - May 2009. No sta-

tistically significant excess is detected at the SN2011dh position. (b): XRT observations
of M51 (total exposure of 78 ks) obtained after the discovery of SN2011dh clearly reveal

an X-ray source at the SN position. (c): Archival Chandra observations reveal no source
within 28 arcsec of the SN position (circle). (d): SN2011dh is detected in our Chandra

ToO observation on July 3. No bright contaminating X-ray sources are detected within the

extraction region. We restrict our XRT extraction region to 6-pix at late times to avoid the
faint source to the SW.

0.3-10 keV 
Swift/XRT

Chandra

SN1994i:    Type Ic,  M~12-30 solar
SN2005cs:  Type II,   M~18.1 solar
SN2011dh: Type II-P, M~13 solar

once every ~8.5 years?!

           vej / c ~ 10%
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Multimessenger emissions 
(GWs, MeV neutrinos and magnetic winds)

Thermal and magnetic 
pressure-driven Papaloizou-

Pringle instability 

van Putten 2002, van Putten & Levinson 2003

Ma
bLH

cs ≈ cA ≈ 0.1cNo. 2, 2002 VAN PUTTEN L73

Fig. 2.—Diagram showing the neutral stability curves for buckling modes
in a torus of incompressible fluid, as an extension of the Papaloizou-Pringle
instability to large ratios of minor-to-major radius . Curves of critical ro-b/a
tation index are labeled with azimuthal quantum numbers , 2, …,q m p 1c

where instability sets in above and stability sets in below. Of particular interest
is the range , where the mode is Rayleigh-stable. For , theq ≤ 2 m p 0 q p 2
torus is unstable for ( ), 0.3225 ( ) and, asymptoti-b/a ! 0.7385 m p 1 m p 2
cally, for .b/a ! 0.56/m (m ≥ 3)

Fig. 3.—Frequency diagram of the pair of waves in a buckling mode on
the neutral stability curves of a torus of incompressible fluid. The waves on
the outer face are prograde (positive j curves; labeled for each azimuthal
quantum number ), whereas the waves on the inner face arem p 1, 2, … , 5
retrograde (negative j). The dot-dashed lines refer to the frequency as seen′q
in the corotating frame with angular velocity of the torus at1/2 3/2Q p M /aa

major radius , where the highest (lowest) curve refers to (r p a m p 1 m p
). Note that up to , remains close to zero. Hence, the observed′5 b/a ! 0.3 q
frequency of the gravitational radiation as seen at infinity is close to formQa

low m.Chandrasekhar-Friedman-Schutz instability. It may be noted that
this is equivalent to a positive entropy condition in thedS 1 0
first law of thermodynamics! for a torusdE p Q (!dJ)" TdST

at temperature T, upon radiation of waves with specific angular
momentum to infinity. See also Schutz (1980) ondJ/dE p m/q
the entropy condition in the Sommerfeld radiation condition.We
proceed with the effect of gravitational radiation-reaction forces
as follows.

4. GRAVITATIONAL RADIATION-REACTION FORCE

The back-reaction of gravitational radiation consists of dy-
namical self-interactions and radiation-reaction forces (Thorne
1969a, 1969b; Chandrasekhar & Esposito 1970; Schutz 1980).
For slow motion sources with weak internal gravity, the latter
can be modeled by the Burke-Thorne potential as it arises in
the post-Newtonian approximation12 2

1 1jk jkF p x x (I ! Id ), (9)BT j k5 3

where denotes the second-moment tensor ofI p Sx x dx dy!jk j k

the matter surface density S. This intermediate order does not
introduce a change in the continuity equation (such as in the
second-order post-Newtonian approximation [Chandrasekhar
& Esposito 1970; Schutz 1980; Schutz & Verdaguer 1983]).
In cylindrical coordinates ( and ),(r, f) x p r cos f y p r sin f
and for harmonic perturbations of the2iv!iqt 2iv !iqth p he p he e
wave amplitude, we have, in the approximation of a constant
surface density S,

2p a"x "h" "

I p S x x dx dy. (10)x x " " i ji j
0 a"x "h! !

Explicitly, which3 3I p (pS/2) [(a" x ) h ! (a" x ) h ] ,xx " " ! !

determines where2 2 2F p (x I " y I " 2xyI )/5 p z I /5,BT xx yy xy xx

. Here , and comprises —com-!iqt 2 2ivz p x" iy I p I e z exx xx

bined, . The harmonic time dependence de-2iv!iqt !iqtF p Fe e

rives from the integral boundaries in equation (10) and hence
applies to all components of the moment-of-inertia tensor. The
linearized radiation-reaction force derives from the fifth time
derivative, i.e., in the stability analysis of the5F p !iq FBT
previous section, supplemented with the kinematic surface con-
ditions ! on the inner and outer boundariesijh p f x px

. Explicitly, we have ,2x ij F(x ) p ib(1" x ) K(x , x )! ! ! ! ! "

where and3 3K(x , x ) p (1" x ) f (x )! (1" x ) f (x )! " " x " ! x !

. A fiducial value obtains for a torus5 !4b p paS(qa) /10 b ∼ 10
mass and a radius . Figure 4 shows them p 0.1M a p 3MT

destabilizing effect of .!4b p 2# 10
The luminosity in quadrupole gravitational radiation,

, results from a mass inhomo-11/3 2L ! (32/5)(Q M) (dm /M)gw T T

geneity of a few permille (van Putten 2001b). Thedm /MT

Papaloizou-Pringle instability may form a quadrupole shock
on the inner and the outer face of the torus. Shock amplitudes
will saturate by dissipation proportional to . The balance3h h! !

with energy input in the suspended accretion state, being on
the order of the luminosity in gravitational radiation propor-
tional to , leaves self-consistently to be on the order of2h h! !

of a few permille and obtains canonical values ofdm /mT T

and .m p 0.1 M M p 10 MT , ,

5. ESTIMATE OF INDEX OF ROTATION

The index q is related to the pressure P in the torus. For a
three-dimensional density r, the symmetric case in the afore-
mentioned slender torus limit 2 2h p P/r p (2q! 3)Q (b !a

gives2x )/2

3a M kT
q ! 1.5" 0.75# , (11)( )5M b 5 MeV

where MeV denotes a typical temperature of the toruskT p 5
in suspended accretion. Hence, q deviates from 3/2 by order
unity. Furthermore, , where and de-2 2 2h ! f /(a " f " f ) f fT H w H H w

qc = 1.73+ 2.5
b
a

⎛
⎝⎜

⎞
⎠⎟
2

M
•
= −κ ΩH − ΩT( )ΩT

J
•
= −κ ΩH − ΩT( )

BH spin energy - non-axisymmetric torus - low m most/first unstable - most GW 
output in LIGO, Virgo, LCGT bandwidth!
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Time frequency diagram for GWs from GRBs

van Putten, 2009, MNRAS, 396, L81
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van Putten, Kanda, Tagoshi, Tatsumi, Masa-Katsu & Della Valle, 2011, PRD, 83, 044046

D ≈ 35 Mpc

Sensitivity distances for chirp extraction 

Advanced detectors (LIGO-Virgo, LCGT): h~2e-24@1000Hz
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Type II SN 2011dh in M51 at D=8 Mpc on May 31 2011

optically identified host galaxy [52,53]. A significant frac-
tion of binaries exists in globular clusters, as indicated by
their population of luminous x-ray sources ([74] and refer-
ences therein). As the number of globular clusters corre-
lates with the luminosity of elliptical galaxies [75,76],
the latter, in particular, may be preferred sites for
GRB070125-type events. Therefore, blind, untriggered
searches appear to be preferred in searches for local events,
exploiting the all-sky survey capability of gravitational-
wave detectors.

To explore the sensitivity distance of advanced
gravitational-wave detectors to the anticipated long-
duration negative chirps from events in the local
Universe, we introduce a time-sliced matched filtering
algorithm and apply it to the strain noise amplitude of
the TAMA 300 detector with signal injection. A time-
sliced approach can circumvent the limitations posed
by phase incoherence on the time scale of the duration of
the burst, which generally inhibits optimal matched filter-
ing using complete wave-form templates. By injecting our
model template into the strain noise data of the TAMA 300
detector during a run with hnðtÞ ’ 1# 10$21 Hz$1=2, we
compute correlations between the i-th time slice (of dura-
tion !) and one frame (about 52 s) of detector output.

For a typical black hole mass of 10M%, the results
indicate the importance of the middle- and late-time be-
havior of the bursts (Fig. 3) below 2000 Hz, but less so the
initial spin-down phase associated with higher frequencies
when starting from a maximal rotation. This reduction
results from the relatively large strain amplitude noise of
the detector in the shot-noise region for frequencies of a

few kHz. Effectively, the search is focused on the output
post-maximum (a=M < 0:8), which obviates the need to
consider templates over a wide range of initial spin. A
complete search will include a scan over two parameters:
a range of intermediate time scales, e.g., ! ¼ 0:1–1, and
scaling of frequencies of the templates to account for a
diversity in black hole masses, e.g., between 5–15M%. The
range ! ¼ 0:1–1 s represents tens to hundreds of orbital
periods of the torus. This time scale in the coherent evo-
lution of the torus might correspond to those of sub-bursts
in the light curves of long GRBs (e.g., [4]), and the
quasisteady evolution of the torus on a time scale of at
least tens of orbital periods follows from an upper bound of
about 10% on the electromagnetic field energy it can
support, relative to its kinetic energy [20].
Our estimated TAMA 300 sensitivity distance for

extracting time-frequency trajectories is summarized in
Table II. The results show D ’ 0:070–0:10 Mpc for
black holes in the mass rangeM ¼ 10–12M%, which com-
pares favorably with the sensitivity distance for neutron-
star–neutron-star coalescence. Extrapolation points to a
sensitivity distance D ’ 35–50 Mpc for a strain noise am-
plitude of 2# 10$24 Hz$1=2 in the planned advanced de-
tectors LIGO-Virgo and the Large-scale Cryogenic
Gravitational-wave Telescope. This sensitivity distance
serves as a conservative estimate for the sensitivity dis-
tance for a detection. In particular, the sums of the 15
SNRi’s shown in Fig. 4 are 95 and 77 for D ¼ 0:05 Mpc
and D ¼ 0:07 Mpc, respectively. These sums point to a
sensitivity distance for a detection (with no particular
information of behavior in the time-frequency domain)

TABLE II. Estimated 1$ " uncertainty in the extracted time-frequency trajectories by TSMF
as a function of distance applied to long bursts in GWs produced by black hole spin down against
high-density matter, expected to form in some of the CC-SNe and mergers of neutron stars with a
rapidly rotating companion black hole. We do not include results on neutron-star–neutron-star
mergers, in view of their relatively high frequencies of 1.5–2 kHz away from the region of
maximal sensitivity of the existing gravitational-wave detectors.

Mass (M%) D[TAMA]a (Mpc) D[Adv]b (Mpc) RD
c " maxðSNRiÞd sumðSNRiÞe

8 0.05 25 0.1 6% 6.4 74

8 0.07 35 0.3 22% 5.0 54

8 0.10 50 1.2 27% 4.5 46

10 0.05 25 0.1 4% 8.2 96

10 0.07 35 0.3 11% 6.2 68

10 0.10 50 1.2 22% 4.9 43

12 0.05 25 0.1 <1% 10.5 130

12 0.07 35 0.3 4% 7.8 87

12 0.10 50 1.2 9% 6.0 61

aWith hn ’ 10$21 Hz$1=2 at 1 kHz during DT8 (2/2003–4/2003).
bWith hn ¼ 2# 10$24 Hz$1=2 at 1 kHz.
cEstimated event rate within distance D[Adv], assuming 10 times more relativistic CC-SNe than
successful GRB-SNe with otherwise similar inner engines and the observed event rate of 1 long
GRB per year within D ¼ 100 Mpc.
dBased on #ið$Þ, 0< $< 23 s, ! ¼ 1 s, and averages over 10 frames.
eBased on SNRi > 4 and averages over 10 frames.

MAURICE H. P.M. VAN PUTTEN et al. PHYSICAL REVIEW D 83, 044046 (2011)

044046-8

LIGO off,  
Virgo (3000m) sensitivity = 10x TAMA (300m): < 1 Mp 

(v/c~10% in X-ray/radio analysis and radio-loud (Soderberg et al. ,2011))
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LCGT Collaborative Projects

van Putten & Levinson, Cambridge University Press, 2012 (to appear)

1. Expect LGWB (tens of seconds) from  
LGRBs and some CC-SNe

2. Harvest CC-SNe from nearby farms: 
create a catalogue of interacting 
galaxies ~ M51 in collaboration with 
astronomy community

3. Develop a fast and efficient TSMF 
LCGT pipeline(s) for long bursts 
(presently 1000 hr/1hr TAMA data) 

4. Develop opportunities to reach out 
to the scientific community at large 
(joint projects, data sharing for R&D)
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LCGT Collaborative Projects

van Putten & Levinson, Cambridge University Press, 2012 (to appear)

0 10 20 30 40 50 60 70 80 90 100
1

2

3

4

5

6

7

8

9

10

11

mean T90 [s]

Template A
Template B

GW-

Neutrino-
T90
1+ z

~ 10s
T90
1+ z

~ 20s

            LEdd ~ 10
10

2 1.5 1 0.5 0 0.5 1 1.5
60

40

20

0

20

40

60

80

100

120

H

L

NS NS

BH NS & CC SNe
ai=0.5 (dashed)
ai=0.8 (continuous)
ai=0.999 (heavy)

MH=15

10
5

BH NS
MH=15,
   10,
   5

NS NS

Tidal break up and black hole formation

log10 GW frequency [kHz]

tim
e 

[s
]

QNRi

QNRf
H

L

NS NS

BH NS & CC SNe
ai=0.5 (dashed)
ai=0.8 (continuous)
ai=0.999 (heavy)

MH=15

10
5

BH NS
MH=15,
   10,
   5

NS NS

Tidal break up and black hole formation

QNRi

QNRf

1. Expect LGWB (tens of seconds) from  
LGRBs and some CC-SNe

2. Harvest CC-SNe from nearby farms: 
create a catalogue of interacting 
galaxies ~ M51 in collaboration with 
astronomy community

3. Develop a fast and efficient TSMF 
LCGT pipeline(s) for long bursts 
(presently 1000 hr/1hr TAMA data) 

4. Develop opportunities to reach out 
to the scientific community at large 
(joint projects, data sharing for R&D)

Friday, August 5, 2011



Relativistic SNe rotationally powered?

Bisnovatyi-Kogan 1970
LeBlanc & Wilson 1970
Ostriker & Gunn 1971
          Paczynski  1991

(proto-)magnetar Kerr black hole

Tanaka 1991
...
Metzger et al. 2011

van Putten 2003

van Putten & Levinson 2003 

Efficiency?
(expelling the envelope) 

Efficiency ~ vej / c( )Ew ,
Ew ≈ EH − Egw − Eυ ,MeV ,
EH ≈ f (a /M )Esp ~ 0.5Esp

Esp ≈ 3×10
52 erg

 
Esp ≈ 6 ×10

54 M
10M

⎛
⎝⎜

⎞
⎠⎟
erg

Formation probability? 
(max’l spin, B~1e15-16G)

Inevitable outcome of massive 
progenitors in intra-day binaries
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