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Joint emitters of GW and HEv:




Requirements for potential sources

® Massive

® Violent (time scale less than sec)

® Energetic
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List of GW+HEV sources

® (alactic sources

® Soft Y repeaters

® Micro quasars
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List of GW+HEV sources

® (alactic sources
® Soft Y repeaters

® Micro quasars
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Stellar collapase
(supernova, hypernova)




Stellar collapse

core collapse, jets

HEV jets (particle acceleration)




Stellar collapse

core collapse, jets

HEV jets (particle acceleration)

® | uminous collapse
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Stellar collapse

core collapse, jets

HEV jets (particle acceleration)

® | uminous collapse
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Stellar collapse

core collapse, jets

HEV jets (particle acceleration)

® | uminous collapse
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Stellar collapse

core collapse, jets

HEV jets (particle acceleration)

® | uminous collapse
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Stellar collapse

GW core collapse, jets

HEV jets (particle acceleration)

® | uminous collapse

® GRBs, supernovae, hypernovae
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Long GRB-supernova association

GRB 030329/SN 2003dh T
® Supernova/hypernova is likely a

source of long GRBs

— April 10.04
— April 17.01
— April 22.00 : : :
My 1.02 ® What'’s the underlying relation
< between them!?
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Hjorth et al. 2003; Stanek et al. 2003

Are there sources in between!



Why GRBs luminous and nonthermal?

® Why are GRB jets relativistic? — compactness problem
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Why GRBs luminous and nonthermal?

® Why are GRB jets relativistic? — compactness problem
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Why GRBs luminous and nonthermal?

® Why are GRB jets relativistic? — compactness problem

E ox Ricans605 - it it
= Without relativistic effect:

GRB920627 With relativistic effect:
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So, we need [ =0(100) for nonthermal spectra



Are there “dark’” GRBs!?

® [f[ < 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

EK T EK Jis =
T EEE RO e i
L2 % (1051 erg) (100)

® Tension of low-baryon issue is loosened for [ ~3 burst

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

10°! erg

10°! erg

10°! erg

~10-2 yr~!

10-5-10-2 yr~!

~10-5 yr~!

I

~3—-100

~100-10°

Barion rich

Baryon poor |




Model

Razzaque, Meszaros, & Waxman (2004)

Consider internal shocks of Ex = 3x10°! erg, [ = 3 jets ejecta

Kinetic energy is converted to thermal energy with protons
accelerated as E,~2 spectrum

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

i 21M2cdt ~ 5% 10'9cm




Meson coolings and decays

® Mesons either lose energy or decay
® Energy-loss processes
® TIp, Kp interaction (hadronic cooling)

® Synchrotron, inverse-Compton (radiative cooling)




Meson coolings and decays

® Mesons either lose energy or decay
® Energy-loss processes
® TIp, Kp interaction (hadronic cooling)

® Synchrotron, inverse-Compton (radiative cooling)

i)

tdecay = TE
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Meson coolings and decays

® Mesons either lose energy or decay
® Energy-loss processes

® T1Ip, Kp interaction (hadronic cooling)

® Synchrotron, inverse-Compton (radiative cooling)




Meson coolings and decays

® Mesons either lose energy or decay
® Energy-loss processes

® T1Ip, Kp interaction (hadronic cooling)

® Synchrotron, inverse-Compton (radiative cooling)




Neutrino spectrum

Ando & Beacom, Phys. Rev. Lett. 95,061 103 (2005)

® K-decay neutrinos have
higher break energies

because

decay
dominated

hadronic cooling ® |Lifetime is twice shorter

dominated

radiative cooling
dominated

® 4 times massive,
significantly less radiative
loss (t.~m*)

1 D
E,\V1GeV] | E,? [GeV] ® Neutrino carries larger

30 100 fraction of meson energy

K 200 20,000




Events at km3 detectors

Ando & Beacom, Phys. Rev. Lett. 95,061 103 (2005)
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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



Neutrinos from reverse shocks

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

detector threshold
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® Particles are
accelerated in reverse
shocks during
propagation

® FEvents predicted

~10 @ 10 Mpc



How frequent are they!?

® Neutrino horizon for km? detectors: 10-30 Mpc
® Core-collapse supernova rate sets the upper limit
® FEstimate of Rsn

nosity conversion
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Summary of Galactic supernova rate estimate

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

M.y"]
Smihetald978 | 53 | 27 | |
a0 | o8 | oa | |
Guesenctaliez | 130 | 66 | |
Tumerioss | 30 | 18 | |
Wewerter | 54 | 26 | |
24 (IR 1.22
van den Bergh 1990 . . 1.5+ 0.8
van den Bergh & Tammann 1991 )
Radio Supernova Remnants . )
Historic Supernova Record . .
Cappellaro et al. 1993 . .
van den Bergh & McClure 1994 9+1.

McKee & Williams 1997 used for calibration
Timmes, Diehl, Hartmann 1997
Stahler & Palla 2004

Reed 2005

Diehl et al. 2005

Table 1: Star formation and core-collapse supernova rates from different
methods.

® 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



Supernova rate with galaxy catalog

® (alaxy catalog (name,
distance, morphology,
luminosity, etc.) by
Karachentsev et al.
(2004)

Ando, Beacom,Yuksel, PRL 95, 171101 (2005)

< | NGC 6946

® (Conversion to SN
rate with calibration

by Cappellaro et al.
(1999)

<M 81, M 82, NGC 4945
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Direct supernova count in nearby galaxies

List of Supernovae As of May 13,2009 at

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

This page grees detals on all supernovae reported since 1885, as well as four earher galacts supernovae. All cosrdinates gosen in the table below are J2000.0 positions. Date
refers to the date of discovery, Mag. 1o the magnitude at discovery and Offset to the offset from the nuclews of the host galaxy as reported at time of discovery. Disc. Ref, is
the reference to the discovery report, Pasn. Bef. 15 the source of the accurate position and Type is the supernova’s type (as reported at or near the time of discovery). Mote
that the preferred hierarchy for host-galagy catalogue designations is MAMNGLAC, UGL, MOG; all other catalogues are considered “Anon™ belaw.

Links are provided to the references, but access to recent circulars requires a subscription,

This list may be freely pointed-to from your own Web site, but must not be copied to your own site or otherwise redistributed. If yvou use information
from this list in the preparation of any pubbcation, please acknowledge this URL and CEAT,

A list of recent supernovae is also available.

LM Haost Galaxy Date R.&  Decl, Offset Mag, Disc. Ref, SH Position Posn, Ref, Type SM Discoverens)

2009 ESD 269-74 20090512 13 14,3 -46 07 15.3 CRET1747 1314 20,47 -46 06 44.9 (CBET 17497 T 2009l Pignata et al, (CHASE)
200%ek Anon, 200904 23 15198 +4832 1E 05 20.7 CBET1794 1519 46,76 +48 31 506 CAETI17496 la 2009k Samds et al,

200%e) Anaon. 20090422 15110408 33 1E 35 19.0 CRETITO& 15105953 «06 33100 CBET 17496 la  200%e] Sands et al.

200%e Anon. 200904 22 14 32,3 +25 36 2009 (CBETI79& 14 3217.26 «25 36 15.8 (CBFT 17496 a 2009 Sands et al,

200%9eh Anon, 20090403 15206 +07 40 1E 25 21.2 CBET17G96 15 20 38.08 +07 39325 CBET179% a Z200%eh Sands et al,

200%9eg Anon, 20090331 1454341858 7W TN 176 CBET1796 14541547 418 57 52,8 CBET179% la 2009eqg Sands et al

200%ef Anon, 200903 23 1519.2+06 21 2E TN 21.8 CBET1796 151912.57 +06 21 29.2 CBET1796 b 200%9ef Sands et al,

200%ee IC 2738 20090509 11 21.4 +34 20 28BE 615 17.5 (CBET1795 11 21 25.30 +34 20 23,3 CBET1795 ? 200%9ee LOSS

200%ed Anon, 2009 04 24 09 23.7 5024 3W 225179 CRETI1792 0923 41,42 +502411.2 CBETI7AZ r o 200%ed Drake et al. (CRTS)
200%ec Anon 20090419 11 06.5 42405 2W ON 183 CBET1792 1106 28.89+24 05154 CBET17492 ¢ 2009¢c Drake et al. (CRTS)
200%eb Anon, 20090417 09547 +1911 1E 3N 17.7 CBET1797 09 54 403541911127 CBET1792 o 2009eh Drake et al. (CRTS)
200%¢ea Anon 20090403 144771 40958 2E 10N 187 CBET1792 14 47 02,39 409 57 37.4 CRET1792 ¢ 2009¢a Drake et al. {CRTS)
2009dz Anon, 20090403 1235640152 2E 5N 181 (BET1792 12353577 +01 52126 (BET1792 ¢ 2009dz Drake et al. (CRTS)
2009y Anon. 200904 22 150711 +4313 1E 05 18.4 CBET 1791 1501 04,03 «431313.9 CBET1791 a 2009dy Drake et al. (CRTS)
2005dx Anon, 200904 21 16494 40553 OW 45 188 CBETI1791 1649 25,67 05 52 481 CBET1791 la  2009dx Drake et al. (CRTS)
200%dw Anomn 20090421 1336243403 2W 15192 CBET1791 13 3609.45 +340319.0 CBET1791 P 2009w Drake et al, (CRTS)
200%dv Anon, 20090418 13 24.7 416 34 14E 13N 19.3 CBET1791 1224 4015 16 34 05,5 [CBET1791 WP 2009dy Drake et al, (CRTS)
200%9du Anon. 20090417 13 39.8-21 27 19.4 CRET1791 1339 46.36-21 27 191 CBET 1791 la  2009du Drake et al. (CRTS)
20059dt I 5169 2009 04 £8 L2 102 -3 06 9W 245 178 LBET17BS 22 100927 -3 Us 426 LEET 1785 ¢ Z200%dt Pignata et al, (UHASE)
2009ds MGL 3905 2009 04 28 171 49,0 -09 44 14W 3N Te.B LEET 1784 1149 04,77 -09 43 44.9 CFET 1784 la Z200%9ds Itagak

20059dr Angn, S009 0417 14 44,7 +49 44 203 LEET1/783 1444 42,08 +49 43 449 (S0 1783 la? 2009dr "Palomar Transment Factory” ©o
200 ey . 04 74 10 0B 8 -£7 0 A 2 CRET 1781 10 OF 49 94 -E7 01 7.3 (BET 1781 ar ia Pianata et al (CHASE)



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

Direct supernova count: recent progress
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-+ Direct. supernova count:"

| productive galaxies _ -
Galaxy : : Dist'ar:ce. (Mplci)'i Knownksup:'ernova )
NGC2403 ‘| 33 | 1954),2002kg, 2004dj P> .
£ 1 . @ Al

b _t 4. 1923A, 1945B, 19508,
NGG >236 (SRR | | 957D, (9651, 1983N]

LJ s . ] . * o
W & S 1917A, 1939C, 1948B,
A NGC 6946 " 5.6 | 1968D, 1969R 1980K, [ « *
e - | 2002hh, 2004et, 20085 | -
NGC 5457 M 18| . 74 - .| 1909A,1951H, 1970G
vt . £, ' .
N-GC 6946- . \ ® : 4 g ';ttp://WWW.astronomyphotczs.som
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Direct supernova count: Last decade

Kistler; YUksel, Ando, Beacom, & Suzuki, arXiv:0810.1959
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Direct supernova count: Last decade

Kistler; YUksel, Ando, Beacom, & Suzuki, arXiv:0810.1959

~
M83

M81, M82
NGC 253

N
Andromeda, M33
NGC 6946

-~ )

W

]
o
<
Q
]
o
-
0]
a¥
Q
<
>
o
=
-
D]
=¥
)
N

2002bu 1999gi

2002ap1999en

Distance [Mpc]

® 20 (6) SNe within 10 (4) Mpc in the last decade (most likely lower limit)



Direct supernova count: Last decade

Kistler; YUksel, Ando, Beacom, & Suzuki, arXiv:0810.1959

Andromeda, M33
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NGC 253

M83

NGC 6946

]
o
<
Q
]
o
-
0]
a¥
Q
<
>
o
=
-
D]
=¥
)
N

2002bu 1999gi

2002ap1999en

6
Distance [Mpc]

® 20 (6) SNe within 10 (4) Mpc in the last decade (most likely lower limit)

® Within 10 Mpc, Rsn > 2-3 yr~!, much larger than previous estimate | / yr



Nearby starburst: NGC 253

° Edée -on galaxy at 2.5-3.9 Mpc

; Mauersberger%t al. 1996;
Karachentsev et al. 2004

® Heavily dusty starburst galéxy,
very bright in IR band

“\1

o*Estimated SN rate = 0.1 /yr

® However, only’ one SN (1940E)
has been discovered @

http://www.astronomyphotos.com
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Nearby starburst:

Visible (NOAO)

“Cigar” Galaxy M82 Spitzer Space Telescope * IRAC
NASA / JPL-Caltech / R. Kennicutt [Cambridge, University of Arizona) and the SINGS team ssc2006-09




Nearby starburst: M82

Visible (NOAO)

“Cigar” Galaxy M82 Spitzer Space Telescope * IRAC
NASA / JPL-Caltech / R. Kennicutt [Cambridge, University of Arizona) and the SINGS team ssc2006-09




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

Ando, Beacom,Yuksel, PRL 95, 171101 (2005)
® Using galaxy luminosity

is likely significant
underestimate of the
true rate

< | NGC 6946

<M 81, M 82, NGC 4945
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Summary of supernova rate in nearby galaxies

Ando, Beacom,Yuksel, PRL 95, 171101 (2005)
® Using galaxy luminosity

is likely significant
underestimate of the
true rate

< | NGC 6946

<M 81, M 82, NGC 4945
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Fraction of jetted population in SNe

® We expect Rsn(< 10 Mpc) ~ 3 yr=!, Rsn(< 30 Mpc) ~ 90 yr~!
® But what fraction of SNe have relativistic jets?
® Determined by mass, rotation, magnetic fields, etc...(?)

® |f only mass determines it:




Conclusions |

® Stellar collapse is promising source for GW/HEV
® Baryon-rich (failed) GRB

® Rate can be very large

® Good for neutrino production
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Conclusions 2

® Supernova rate in the Galaxy is ~1-3 century™!

® Supernova rate in the local Universe is ~1-3 yr~!
(within 10 Mpc)

® But it could be much larger because of
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http://astro.berkeley.edu/~bait/kait.html

Pl: 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
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