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Requirements for potential sources

• Massive

• Violent (time scale less than sec)

• Energetic

• Contain rich baryons (to produce neutrinos)

• Close enough

• Frequent enough



List of GW+HEν sources

• Galactic sources

• Soft γ repeaters

• Micro quasars 

• Extragalactic sources

• Long GRBs

• Short GRBs

• Low-luminosity GRBs
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Stellar collapse

• Luminous collapse

• GRBs, supernovae, hypernovae

• Also bright in photons and MeV neutrinos (if in the 
Galaxy), providing valuable timing information

• Dark collapse: unidentified

• Potentially interesting for GW/HEν search

GW core collapse, jets

HEν jets (particle acceleration)



Long GRB-supernova association

• Supernova/hypernova is likely a 
source of long GRBs

• What’s the underlying relation 
between them?
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Hjorth et al. 2003; Stanek et al. 2003

SN GRB

Energy 1051 erg 1051 erg

Rate ~1 cen−1 gal−1 ~1 Myr−1 gal−1

Γ ~1 ~100–103

Are there sources in between?



Why GRBs luminous and nonthermal?

• Why are GRB jets relativistic? — compactness problem

Without relativistic effect:

- Size of the emitting region

! cδt
- Density of photons

4πd2F

Ēγc3δt2

- Opacity for γγ absorption
feσT 4πd2F

Ēγc2δt
≈ 1015

Figures

FIG. 1: Distribution of the observed values of the break energy (α̃ − β̃)E0 in a sample of bright

bursts [323]

. The solid line represents the whole sample while the dashed line represent a subset of the data.
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FIG. 2: The light curve of GRB 920627. The total duration of the burst is 52sec, while typical

pulses are 0.8sec wide. Two quiescent periods lasting ∼10 seconds are marked by horizontal solid

bold lines.
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So, we need Γ=O(100) for nonthermal spectra

 E.g., Piran 2005



Are there “dark” GRBs?
• If Γ < 100, photons don’t escape from the source → no 

GRB-like signal

• This doesn’t mean these sources don’t exist

• They might be even more frequent

• Tension of low-baryon issue is loosened for Γ~3 burst

Mej =
EK

Γc2
≈ 10−5M"

(
EK

1051 erg

) (
Γ

100

)−1

More baryons → more neutrino production
Could be strong GW sources
Unknown rate but could be large



Unrevealed supernova-GRB connection?

SN “Failed” GRB GRB

Energy 1051 erg 1051 erg 1051 erg

Rate/gal ~10−2 yr−1 10−5–10−2 yr−1 ~10−5 yr−1

Γ ~1 ~3–100 ~100–103

Baryon poor
Relativistic jets
Rare

Barion rich
Nonrelativistic
Frequent

Similar kinetic energy

• Evidence of mildly relativistic jets: 
Kulkarni et al. 1998; Berger et al. 2003; Totani 2002; Granot & Ramirez-
Ruiz 2004; van Putten 2004; Soderberg et al. 2004, 2006, 2008, etc.



Model

• Consider internal shocks of EK = 3x1051 erg, Γ = 3 jets ejecta

• Kinetic energy is converted to thermal energy with protons 
accelerated as Ep

−2 spectrum

• Some fraction (10%) goes to electrons and magnetic fields

Razzaque, Meszaros, & Waxman (2004)

 π 
Κ

p

p

EK = 1051 erg
Γ = 3

rj ~ 2Γ2cδt ~ 5×1010 cm



Meson coolings and decays
• Mesons either lose energy or decay

• Energy-loss processes

• πp, Kp interaction (hadronic cooling)

• Synchrotron, inverse-Compton (radiative cooling)

t

E
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• Mesons either lose energy or decay

• Energy-loss processes

• πp, Kp interaction (hadronic cooling)
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Neutrino spectrum

decay
dominated

hadronic cooling 
dominated

radiative cooling
 dominated

E!
0

E!
"1

E!
"2

E!
(1)
, cb E!

(2)
, cb

E!E!, max

E!
2dN!

dE!

Ecb
(1) [GeV] Ecb

(2) [GeV]

π 30 100

Κ 200 20,000

Ando & Beacom, Phys. Rev. Lett. 95, 061103 (2005)

• K-decay neutrinos have 
higher break energies 
because

• Lifetime is twice shorter

• 4 times massive, 
significantly less radiative 
loss (trc~m4)

• Neutrino carries larger 
fraction of meson energy



Events at km3 detectors

• Kaon contribution 
dominates

• Expected events above 
100 GeV:

~30 @ 10 Mpc
~3 @ 30 Mpc

• These events cluster 
within 10 s time and 3° 
angular bins

• Extremely low 
background

Ando & Beacom, Phys. Rev. Lett. 95, 061103 (2005)

D = 10 Mpc



Neutrinos from reverse shocks

• Particles are 
accelerated in reverse 
shocks during 
propagation

• Events predicted

~10 @ 10 Mpc

8

FIG. 4: Cumulative muon event number from choked jets
with model B parameters. Thin-black (thick-green) lines de-
note pion (kaon) contributions. The majority originates from
kaons. Solid lines denote a mildly relativistic jet and a super-
nova distance of 10 Mpc. Dashed lines denote an ultrarela-
tivistic jet and two supernova distances - 10 Mpc for illustra-
tive purposes and 400 Mpc for event calculations, as labeled.
Due to weaker kaon cooling, an ultrarelativistic jet yields more
neutrinos than a mildly relativistic one. The spectrum be-
comes almost flat around ∼ 100 GeV, due to Bethe-Heitler
suppression of the meson spectrum. The total number of
events expected above the detector threshold energy is about
6 for the mildly relativistic case. For the ultrarelativistic case
with distance 400 Mpc we expect 0.02 events. Also shown is
the atmospheric neutrino background over 1 day in a 3◦ circle.

the ultrarelativistic jet case at an optimistic distance of
10 Mpc to illustrate the effect of meson cooling. Although
the pion contributions are similar between the two jets,
the kaon contribution is larger in the ultrarelativistic case
due to the weaker suppression. In the remainder we as-
sume the distance 400 Mpc for ultrarelativistic jet calcu-
lations. For model B, this yields 0.02 events.

Note that since the muon spectrum is steep, a lower
detector energy threshold will yield much higher events.
Additionally, one may observe the suppression due to
Bethe-Heitler cooling, which is expected to manifest be-

low 0.05ε′(pγ)
p,th ∼ 140 GeV. For a steeper initial pro-

ton spectrum, motivated from studies of ultrarelativis-
tic shocks, the expected event is 4 (2, 1) for p = 2.1
(2.3, 2.5). In all jets, the majority of neutrinos come
from kaons, because kaons are more massive than pions
and suffer less cooling (the radiative cooling time scale is
∝ m4). Also, the kaon decay time is slightly shorter than
the pion. The events discussed here arrive in a ≈ 34 sec-
ond time bin and ∼ 3◦ angular bin, allowing very strong

FIG. 5: Same as Fig. 4 but for model C parameters. Ap-
proximately 17 (0.04) events are expected above the detector
threshold for a single mildly relativistic (ultrarelativistic) jet
and supernova distance 10 Mpc (400 Mpc).

rejection of atmospheric neutrino backgrounds. We show
in the figure the atmospheric neutrino background within
1 day and a 3◦ bin for comparison. The expected neu-
trino signal from a choked mildly relativistic jet easily
exceeds the atmospheric neutrino background.

Next we discuss a scan of supernova and jet param-
eters. First, as shown above, a larger Γj reduces kaon
suppression and increases neutrino emission. Next, we
consider jet model A of Table I, i.e., with larger Liso but
smaller Tj , and an overall larger Eiso. Since the neutrino
fluence scales with Eiso, one naively expects more neu-
trinos. However, the expected muon event rate is in fact
smaller, 2 (0.01) for a mildly relativistic (ultrarelativistic)
jet. This is because of stronger meson cooling: the proton
and photon densities in the shocked jet scale as n′

p ∝ Liso

and n′
γ ∝ L3/4

iso , so a larger Liso results in stronger me-
son cooling. We conclude that neutrino emission from
choked jets are more favorable from low-luminosity and
long-duration jets, even if Eiso is smaller (assuming the
same jet Lorentz factor). Indeed, model C predicts 17
(0.04) events at IceCube. We show the cumulative muon
event spectrum for jet model C in Fig. 5.

In Fig. 6 we show the same as Fig. 4 but for successful
jets. We show a mildly relativistic Γj = 10 jet at 10 Mpc
(solid lines), and an ultrarelativistic Γj = 100 jet at
400 Mpc (dashed lines). The other parameters used are
Liso = 1052 erg s−1, Tj = 100 s, tv = 0.1 s, εe = εB = 0.1,
and r× = 1011 cm. With these parameters, tHe ∼ 43 s,
and the cold jet does indeed break out of the star. We in-
troduce an additional factor of 1/2 to the neutrino fluence

Horiuchi & Ando, Phys. Rev. D 77, 063007 (2008)



How frequent are they?

• Neutrino horizon for km3 detectors: 10–30 Mpc

• Core-collapse supernova rate sets the upper limit

• Estimate of RSN

• UV/opt/IR luminosity conversion

• Direct number count

• 1.8 MeV 26Al line (Galactic)

• Count of supernova remnants (Galactic)

• Etc.



Summary of Galactic supernova rate estimate

• All methods converge 
at RSN ~ a few / 
century

• No neutrino burst in 
the last 25 years sets 
upper limit: < 9.2 / 
century (90% CL)

Alekseev & Alekseeva 2002; 
Raffelt 2007

Online Supporting Information: Radioactive 
26

Al and massive stars in the Galaxy 

Star Formation Rate (SFR) and Supernova Rate (SNR) Estimates 
for the Galaxy 

Authors SFR  
[M

!
y-1] 

SNR  
[century-1]

Comments 

Smith et al. 1978 5.3 2.7  

Talbot 1980 0.8 0.41  

Guesten et al. 1982 13.0 6.6  

Turner 1984 3.0 1.53  

Mezger 1987 5.1 2.6  

McKee 1989 3.6 (R)  
2.4 (IR) 

1.84  
 1.22 

 

van den Bergh 1990 2.9 ± 1.5 1.5 ± 0.8 „the best estimate“ 

van den Bergh & Tammann 1991 7.8 4 extragalactic scaling 

Radio Supernova Remnants 6.5 ± 3.9 3.3 ± 2.0 very unreliable 

Historic Supernova Record 11.4 ± 4.7 5.8 ± 2.4 very unreliable 

Cappellaro et al. 1993 2.7 ± 1.7 1.4 ± 0.9 extragalactic scaling 

van den Bergh & McClure 1994 4.9 ± 1.7 2.5 ± 0.9 extragalactic scaling 

Pagel 1994 6.0 3.1  

McKee & Williams 1997 4.0 2.0 used for calibration 

Timmes, Diehl, Hartmann 1997 5.1 ± 4 2.6 ± 2.0 based on 
26

Al method 

Stahler & Palla 2004 4 ± 2 2 ± 1 Textbook 

Reed 2005 2-4 1-2  

Diehl et al. 2005 3.8 ± 2.2 1.9 ± 1.1 this work 

Table 1: Star formation and core-collapse supernova rates from different 
methods.  
 
Generically, the SFR is obtained from a tracer that can be corrected for 
observational selection effects and is understood well enough so that possible 
evolutionary effects can be taken into account. One either deals with a class of 
residual objects, such as pulsars or supernova remnants, or with reprocessed 
light, such as free-free, H-alpha, or IR emission that follows from the ionization 
and heating of interstellar gas and its dust content in the vicinity of the hot and 
luminous stars. One must be careful to include time-dependent effects. The 
“after-glow” of an instantaneous starburst behaves differently than the steady-
state output from a region with continuous star formation. We are concerned 
with an average star formation rate for the recent/current state of the Galaxy. 
We selected referenes for this table where either a supernova rate or a star 
formation rate is directly determined. The primary result in each paper is printed 
in bold.  
 

Diehl et al., Nature 439, 45 (2006)



Supernova rate with galaxy catalog

• Galaxy catalog (name, 
distance, morphology, 
luminosity, etc.) by 
Karachentsev et al. 
(2004)

• Conversion to SN 
rate with calibration 
by Cappellaro et al. 
(1999)

• Underestimating 
starbursts?

• RSN ~ 1 / yr within 10 
Mpc0 2 4 6 8 10

Distance D [Mpc]
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Ando, Beacom, Yüksel, PRL 95, 171101 (2005)



Direct supernova count in nearby galaxies
As of May 13, 2009 at

www.cfa.harvard.edu/iau/lists/Supernovae.html

http://www.cfa.harvard.edu/iau/lists/Supernovae.html
http://www.cfa.harvard.edu/iau/lists/Supernovae.html


Direct supernova count: recent progress

Efficiency of SN 
discovery improved 
in late-1990s
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Direct supernova count: 
productive galaxies

NGC 6946 http://www.astronomyphotos.com

Galaxy Distance (Mpc) Known supernova

NGC 2403 3.3 1954J, 2002kg, 2004dj

NGC 5236 (M 83) 4.5
1923A, 1945B, 1950B, 
1957D, 1968L, 1983N

NGC 6946 5.6
1917A, 1939C, 1948B, 
1968D, 1969P, 1980K, 
2002hh, 2004et, 2008S

NGC 5457 (M 101) 7.4 1909A, 1951H, 1970G

http://www.astronomyphotos.com
http://www.astronomyphotos.com
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nos from distant sources would also allow tests of neutrino

decay [42], the equivalence principle [43], and other exotic

possibilities [44].

D. Revealing other transient signals

Detection of a neutrino burst means detection of the instant

of core collapse, with a precision of ∼ 1 second determined

by the sampling of the peak of the " 10 second time profile.

This would provide a much smaller time window in which

to search for gravitational wave signals [45, 46] from core-

collapse supernovae; otherwise, one must rely on the optical

signal of the supernova, which might optimistically be deter-

mined to a day (∼ 105 seconds). This is important, since

the gravitational-wave signal remains quite uncertain, making

searches more difficult. Knowing the instant of core collapse

would also be useful for searches for high-energy neutrinos

from possible choked jets that do not reach the surface of the

star [47], where again the timing information can be used to

reduce backgrounds and improve sensitivity.

Once core collapse occurs, the outward appearance of the

star initially remains unchanged. Knowing that a signal was

imminent would give unprecedented advanced warning that

photons should soon be on the way, allowing searches to com-

mence for the elusive UV/X-ray signal of supernova shock

breakout [48] and also the early supernova light curve. Those

signals are expected to emerge within hours and days, respec-

tively. While the neutrino signal is likely not directional, the

number of events detected will provide constraints for trig-

gered searches [49].

Finally, it is possible that such large detector would find

not only core-collapse supernovae in nearby galaxies, but also

other types of transients that are presently unknown. In the

Milky Way, there would be sensitivity to any transient with a

supernova-like neutrino signal, as long as its overall strength

is at least ∼ 10−6 as large as that for a supernova. To be

detectable, the key requirement is a >
∼ 15 MeV ν̄e component.

III. NEARBY SUPERNOVA RATE

Over the past decade, there has been rapid growth in the

level of interest among astronomers in measuring the proper-

ties of core-collapse supernovae. There is also a renewed in-

terest in completely characterizing the galaxies in the nearby

universe, within 10 Mpc. In nearby galaxies, both ama-

teurs and automated surveys (e.g., KAIT [50]) are finding

many supernovae. For these, archival searches have revealed

pre-explosion images of about a dozen supernova progeni-

tor stars, allowing a better understanding of which types of

massive stars lead to which kinds of core-collapse supernovae

(e.g., [24, 30, 51, 52]).

Figure 2 shows the expected rate of core-collapse super-

novae in the nearby universe (dashed line) calculated using the

galaxy catalog of Ref. [53] (designed to be ∼70–80% com-

plete up to 8 Mpc), with a conversion from B-band optical

luminosity to supernova rate from Ref. [54]. The effects of
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FIG. 2: Estimates of the core-collapse supernova rate in the nearby

universe, based on that expected from the optical luminosities of

known galaxies (line) and supernovae observed within the last

decade (bins). Note that SN 2002kg is a likely LBV outburst, while

SN 2008S and the NGC 300 transient are of unusual origin. These

estimates are all likely to be incomplete.

clustering and of incompleteness at large distances can clearly

be seen, since the histogram would rise as the distance squared

for a smooth universe of identical galaxies. Ultimately, a more

accurate result could be obtained by combining the informa-

tion from star-formation rate measurements in the ultravio-

let [55], Hα [56], and infrared [57], likely leading to a larger

prediction for the supernova rates.

Also displayed in Fig. 2 is the rate deduced from super-

novae discovered in this volume in the last 10 years [27],

with distances primarily from Ref. [53] (when available; oth-

erwise from [58]). While the observed rate is already ∼ 2
times larger than the above calculation, even this estimate is

likely incomplete, as supernova surveys under-sample small

galaxies and the Southern hemisphere. As previously men-

tioned, supernovae with little or no optical signal, e.g., due

to direct black hole formation or dust obscuration, would also

have been missed. This is particularly important for nearby

dusty starburst galaxies with large expected, but low observed,

supernova rates, like NGC 253 and M82.

Distance measurements of nearby galaxies also stand to be

improved. For example, at the largest distances, SN 1999em,

SN 1999ev, SN 2002bu, and SN 2007gr are probably not all

truly within 10 Mpc, as some distance estimates put them

outside. We emphasize that their inclusion or not does not

affect our approximate supernova rates, and barely matters

for the neutrino bursts of sufficient multiplicity, which are

dominantly from closer supernovae. It would be very help-

ful to refine distance measurements, not just for star forma-

tion/supernova rate estimates, but also to determine the abso-

lute neutrino luminosities once a supernova has been detected.

Overall, there is a strong case that the core-collapse super-

nova rate within ∼ 6 (10) Mpc is at least 1 (2) per year. This

can be compared to the estimated Milky Way rate of 2± 1 per

century (see Ref. [59] and references therein), with Poisson

Kistler, Yüksel, Ando, Beacom, & Suzuki, arXiv:0810.1959
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• 20 (6) SNe within 10 (4) Mpc in the last decade (most likely lower limit)
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nos from distant sources would also allow tests of neutrino

decay [42], the equivalence principle [43], and other exotic

possibilities [44].

D. Revealing other transient signals

Detection of a neutrino burst means detection of the instant

of core collapse, with a precision of ∼ 1 second determined

by the sampling of the peak of the " 10 second time profile.

This would provide a much smaller time window in which

to search for gravitational wave signals [45, 46] from core-

collapse supernovae; otherwise, one must rely on the optical

signal of the supernova, which might optimistically be deter-

mined to a day (∼ 105 seconds). This is important, since

the gravitational-wave signal remains quite uncertain, making

searches more difficult. Knowing the instant of core collapse

would also be useful for searches for high-energy neutrinos

from possible choked jets that do not reach the surface of the

star [47], where again the timing information can be used to

reduce backgrounds and improve sensitivity.

Once core collapse occurs, the outward appearance of the

star initially remains unchanged. Knowing that a signal was

imminent would give unprecedented advanced warning that

photons should soon be on the way, allowing searches to com-

mence for the elusive UV/X-ray signal of supernova shock

breakout [48] and also the early supernova light curve. Those

signals are expected to emerge within hours and days, respec-

tively. While the neutrino signal is likely not directional, the

number of events detected will provide constraints for trig-

gered searches [49].

Finally, it is possible that such large detector would find

not only core-collapse supernovae in nearby galaxies, but also

other types of transients that are presently unknown. In the

Milky Way, there would be sensitivity to any transient with a

supernova-like neutrino signal, as long as its overall strength

is at least ∼ 10−6 as large as that for a supernova. To be

detectable, the key requirement is a >
∼ 15 MeV ν̄e component.

III. NEARBY SUPERNOVA RATE

Over the past decade, there has been rapid growth in the

level of interest among astronomers in measuring the proper-

ties of core-collapse supernovae. There is also a renewed in-

terest in completely characterizing the galaxies in the nearby

universe, within 10 Mpc. In nearby galaxies, both ama-

teurs and automated surveys (e.g., KAIT [50]) are finding

many supernovae. For these, archival searches have revealed

pre-explosion images of about a dozen supernova progeni-

tor stars, allowing a better understanding of which types of

massive stars lead to which kinds of core-collapse supernovae

(e.g., [24, 30, 51, 52]).

Figure 2 shows the expected rate of core-collapse super-

novae in the nearby universe (dashed line) calculated using the

galaxy catalog of Ref. [53] (designed to be ∼70–80% com-

plete up to 8 Mpc), with a conversion from B-band optical

luminosity to supernova rate from Ref. [54]. The effects of
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FIG. 2: Estimates of the core-collapse supernova rate in the nearby

universe, based on that expected from the optical luminosities of

known galaxies (line) and supernovae observed within the last

decade (bins). Note that SN 2002kg is a likely LBV outburst, while

SN 2008S and the NGC 300 transient are of unusual origin. These

estimates are all likely to be incomplete.

clustering and of incompleteness at large distances can clearly

be seen, since the histogram would rise as the distance squared

for a smooth universe of identical galaxies. Ultimately, a more

accurate result could be obtained by combining the informa-

tion from star-formation rate measurements in the ultravio-

let [55], Hα [56], and infrared [57], likely leading to a larger

prediction for the supernova rates.

Also displayed in Fig. 2 is the rate deduced from super-

novae discovered in this volume in the last 10 years [27],

with distances primarily from Ref. [53] (when available; oth-

erwise from [58]). While the observed rate is already ∼ 2
times larger than the above calculation, even this estimate is

likely incomplete, as supernova surveys under-sample small

galaxies and the Southern hemisphere. As previously men-

tioned, supernovae with little or no optical signal, e.g., due

to direct black hole formation or dust obscuration, would also

have been missed. This is particularly important for nearby

dusty starburst galaxies with large expected, but low observed,

supernova rates, like NGC 253 and M82.

Distance measurements of nearby galaxies also stand to be

improved. For example, at the largest distances, SN 1999em,

SN 1999ev, SN 2002bu, and SN 2007gr are probably not all

truly within 10 Mpc, as some distance estimates put them

outside. We emphasize that their inclusion or not does not

affect our approximate supernova rates, and barely matters

for the neutrino bursts of sufficient multiplicity, which are

dominantly from closer supernovae. It would be very help-

ful to refine distance measurements, not just for star forma-

tion/supernova rate estimates, but also to determine the abso-

lute neutrino luminosities once a supernova has been detected.

Overall, there is a strong case that the core-collapse super-

nova rate within ∼ 6 (10) Mpc is at least 1 (2) per year. This

can be compared to the estimated Milky Way rate of 2± 1 per

century (see Ref. [59] and references therein), with Poisson

Kistler, Yüksel, Ando, Beacom, & Suzuki, arXiv:0810.1959
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• 20 (6) SNe within 10 (4) Mpc in the last decade (most likely lower limit)

• Within 10 Mpc, RSN > 2–3 yr−1, much larger than previous estimate 1 / yr
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nos from distant sources would also allow tests of neutrino

decay [42], the equivalence principle [43], and other exotic

possibilities [44].

D. Revealing other transient signals

Detection of a neutrino burst means detection of the instant

of core collapse, with a precision of ∼ 1 second determined

by the sampling of the peak of the " 10 second time profile.

This would provide a much smaller time window in which

to search for gravitational wave signals [45, 46] from core-

collapse supernovae; otherwise, one must rely on the optical

signal of the supernova, which might optimistically be deter-

mined to a day (∼ 105 seconds). This is important, since

the gravitational-wave signal remains quite uncertain, making

searches more difficult. Knowing the instant of core collapse

would also be useful for searches for high-energy neutrinos

from possible choked jets that do not reach the surface of the

star [47], where again the timing information can be used to

reduce backgrounds and improve sensitivity.

Once core collapse occurs, the outward appearance of the

star initially remains unchanged. Knowing that a signal was

imminent would give unprecedented advanced warning that

photons should soon be on the way, allowing searches to com-

mence for the elusive UV/X-ray signal of supernova shock

breakout [48] and also the early supernova light curve. Those

signals are expected to emerge within hours and days, respec-

tively. While the neutrino signal is likely not directional, the

number of events detected will provide constraints for trig-

gered searches [49].

Finally, it is possible that such large detector would find

not only core-collapse supernovae in nearby galaxies, but also

other types of transients that are presently unknown. In the

Milky Way, there would be sensitivity to any transient with a

supernova-like neutrino signal, as long as its overall strength

is at least ∼ 10−6 as large as that for a supernova. To be

detectable, the key requirement is a >
∼ 15 MeV ν̄e component.

III. NEARBY SUPERNOVA RATE

Over the past decade, there has been rapid growth in the

level of interest among astronomers in measuring the proper-

ties of core-collapse supernovae. There is also a renewed in-

terest in completely characterizing the galaxies in the nearby

universe, within 10 Mpc. In nearby galaxies, both ama-

teurs and automated surveys (e.g., KAIT [50]) are finding

many supernovae. For these, archival searches have revealed

pre-explosion images of about a dozen supernova progeni-

tor stars, allowing a better understanding of which types of

massive stars lead to which kinds of core-collapse supernovae

(e.g., [24, 30, 51, 52]).

Figure 2 shows the expected rate of core-collapse super-

novae in the nearby universe (dashed line) calculated using the

galaxy catalog of Ref. [53] (designed to be ∼70–80% com-

plete up to 8 Mpc), with a conversion from B-band optical

luminosity to supernova rate from Ref. [54]. The effects of
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FIG. 2: Estimates of the core-collapse supernova rate in the nearby

universe, based on that expected from the optical luminosities of

known galaxies (line) and supernovae observed within the last

decade (bins). Note that SN 2002kg is a likely LBV outburst, while

SN 2008S and the NGC 300 transient are of unusual origin. These

estimates are all likely to be incomplete.

clustering and of incompleteness at large distances can clearly

be seen, since the histogram would rise as the distance squared

for a smooth universe of identical galaxies. Ultimately, a more

accurate result could be obtained by combining the informa-

tion from star-formation rate measurements in the ultravio-

let [55], Hα [56], and infrared [57], likely leading to a larger

prediction for the supernova rates.

Also displayed in Fig. 2 is the rate deduced from super-

novae discovered in this volume in the last 10 years [27],

with distances primarily from Ref. [53] (when available; oth-

erwise from [58]). While the observed rate is already ∼ 2
times larger than the above calculation, even this estimate is

likely incomplete, as supernova surveys under-sample small

galaxies and the Southern hemisphere. As previously men-

tioned, supernovae with little or no optical signal, e.g., due

to direct black hole formation or dust obscuration, would also

have been missed. This is particularly important for nearby

dusty starburst galaxies with large expected, but low observed,

supernova rates, like NGC 253 and M82.

Distance measurements of nearby galaxies also stand to be

improved. For example, at the largest distances, SN 1999em,

SN 1999ev, SN 2002bu, and SN 2007gr are probably not all

truly within 10 Mpc, as some distance estimates put them

outside. We emphasize that their inclusion or not does not

affect our approximate supernova rates, and barely matters

for the neutrino bursts of sufficient multiplicity, which are

dominantly from closer supernovae. It would be very help-

ful to refine distance measurements, not just for star forma-

tion/supernova rate estimates, but also to determine the abso-

lute neutrino luminosities once a supernova has been detected.

Overall, there is a strong case that the core-collapse super-

nova rate within ∼ 6 (10) Mpc is at least 1 (2) per year. This

can be compared to the estimated Milky Way rate of 2± 1 per

century (see Ref. [59] and references therein), with Poisson

Kistler, Yüksel, Ando, Beacom, & Suzuki, arXiv:0810.1959



• Edge-on galaxy at 2.5–3.9 Mpc
Mauersberger et al. 1996; 
Karachentsev et al. 2004

• Heavily dusty starburst galaxy, 
very bright in IR band 

Nearby starburst: NGC 253

• Estimated SN rate = 0.1 / yr

• However, only one SN (1940E) 
has been discovered

http://www.astronomyphotos.com

http://www.astronomyphotos.com
http://www.astronomyphotos.com


Nearby starburst: M82

• Same as NGC 253, but at 3.5 Mpc

• Two SNe (1986D; 2004am) so far



Nearby starburst: M82

• Same as NGC 253, but at 3.5 Mpc

• Two SNe (1986D; 2004am) so far

Many SNe have likely been 
missed by dust extinction!!



Summary of supernova rate in nearby galaxies
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Summary of supernova rate in nearby galaxies

• Using galaxy luminosity 
is likely significant 
underestimate of the 
true rate
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Summary of supernova rate in nearby galaxies

• Using galaxy luminosity 
is likely significant 
underestimate of the 
true rate

0 2 4 6 8 10
Distance D [Mpc]

0

0.2

0.4

0.6

0.8

1

R SN   
(<

 D
)  

[y
r-1

]

Galaxy

Limit

M
 3

1

N
G

C 
25

3
M

 8
1,

 M
 8

2,
 N

G
C 

49
45

N
G

C 
29

03IC
 3

42
,  

N
G

C 
24

03

N
G

C 
51

94

N
G

C 
45

94

N
G

C 
69

46

M
af

fe
i G

ro
up

M
 8

3

N
G

C 
42

58
M

 1
01

Catalog

Continuum

Ando, Beacom, Yüksel, PRL 95, 171101 (2005)
3

2.4

1.8

1.2

0.6



Summary of supernova rate in nearby galaxies

• Using galaxy luminosity 
is likely significant 
underestimate of the 
true rate

• Direct count implies 
that lower limit is 2–3 
yr−1 within 10 Mpc
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Summary of supernova rate in nearby galaxies

• Using galaxy luminosity 
is likely significant 
underestimate of the 
true rate

• Direct count implies 
that lower limit is 2–3 
yr−1 within 10 Mpc
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Summary of supernova rate in nearby galaxies

• Using galaxy luminosity 
is likely significant 
underestimate of the 
true rate

• Direct count implies 
that lower limit is 2–3 
yr−1 within 10 Mpc

• Many SNe in starbursts 
have likely been missed
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Summary of supernova rate in nearby galaxies

• Using galaxy luminosity 
is likely significant 
underestimate of the 
true rate

• Direct count implies 
that lower limit is 2–3 
yr−1 within 10 Mpc

• Many SNe in starbursts 
have likely been missed

• The true rate could be 
significantly larger!0 2 4 6 8 10
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Fraction of jetted population in SNe

• We expect RSN(< 10 Mpc) ~ 3 yr−1, RSN(< 30 Mpc) ~ 90 yr−1

• But what fraction of SNe have relativistic jets?

• Determined by mass, rotation, magnetic fields, etc...(?)

• If only mass determines it:

Mass threshold RSN(<10 Mpc) RSN(<30 Mpc)

> 8 Msun 3 yr−1 90 yr−1

> 30 Msun 0.4 yr−1 10 yr−1

> 50 Msun 0.2 yr−1 6 yr−1

> 70 Msun 0.1 yr−1 3 yr−1



Conclusions 1

• Stellar collapse is promising source for GW/HEν

• Baryon-rich (failed) GRB

• Rate can be very large

• Good for neutrino production

• For the model with EK=3x1051 erg and Γ=3, we 
expect ~30 neutrino events at km3 detectors 
from a 10-Mpc burst

• Kaon decays give important contribution than π 
decays



Conclusions 2

• Supernova rate in the Galaxy is ~1–3 century−1

• Supernova rate in the local Universe is ~1–3 yr−1 
(within 10 Mpc)

• But it could be much larger because of

• Starbursts (M 82, NGC 253) around 3 Mpc

• Virgo cluster around 17 Mpc

• Good fraction might be associated with jets

• If 10%, then Rfailed GRB ~ 10 yr−1 within 30 Mpc



Appendix



Supernova Search: KAIT (since 1998)

• PI: Alex Filippenko (UC Berkeley)

• Robotic telescope of 76-cm diameter, dedicated for supernova search

• Discovering ~80–100 SNe each year

• No comparable effort in southern hemisphere

http://astro.berkeley.edu/~bait/kait.html

http://astro.berkeley.edu/~bait/kait.html
http://astro.berkeley.edu/~bait/kait.html

