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LETTERS TO MATURE

Nucleosynthesis, neutrino bursts
and v-rays from coalescing
neutron stars
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Evidence for mergers

Circumstantial:

» Old stellar populations
 No associated supernovae

 Energetics

— 100x less than long burst / collapsar
(but see: 050813)

— 1000x greater than the magnetar
giant flare (27 Dec 2004)

— Afterglow energy comparable
— Okay for NS-NS, NS-BH

And possibly:

« Offsets from host galaxies
* Very old population

GRB 0505098 (HST)
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GRB 050509B: Keck/Subaru

Error radius = 9.3 arcse



GRB 050509B: HST Imaging

Host galaxy:

« Giant elliptical (one of 2 cD galaxies
in cluster)

« Member of z=0.225 cluster
e L=15L*
« SFR<0.1 Mg yr?

GRB 0505098 (HST)
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GRB 050724: Radio, NIR, C

Magellan/PANIC
K-band
2005 July 25.006

- ‘l

2005 July 27.147

Residual




GREB 050724 Host Galaxy
Keck/LGSAO/MNarrow Camera

K-Band

Red elliptical
z=0.258

L=1.6 L.
SFR<0.03 M, yr'




GRB 050724: Geminl Spe

MWM

— host galaxy
— GRB position A

MgH 5269
Mgl 5710
Nal 5304

5600 anon a500 7000 7500 8000 8500
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GRB 050813 Host Cluster

* MagelfanfBaade | -
x...PANIC K—band . .- G

 Mike Gladders, Ede Berger

Error circle is original XRT localization



GRB 050813 Imaginc




D
"
=
O
1%
O
L
-
—
[Q\
—
LO
-
af
A
O




Evidence for mergers

Circumstantial:

» Old stellar populations
« No associated supernovae

 Energetics

— 100x less than long burst / collapsar
(but see: 050813)

— 1000x greater than the magnetar
giant flare (27 Dec 2004)

— Afterglow energy comparable
— Okay for NS-NS, NS-BH

And possibly:

« Offsets from host galaxies
* Very old population

GRB 0505098 (HST)
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GRB 050709: HST Movi

4 epochs
6-35 days
F814W
Exp=6360 s




F, (mJy)

10

10

. No SN /050709

—_— —_—

Solid: E_ =649, ee=1/3 ¢b=0.2 theta=0.5 p=2.5 n=0.1
Dashed: EED='EE£1‘E: ee=1/3 eb=1/3 theta=0.35 p=2.5 n=0.01

10°

t (days)




Hjorth et al. 2005a (Grc

20F No SN / 050509B

/ Hﬁ"ﬂ Tl smggmg

TS~ sm 994




Evidence for mergers

Circumstantial:

» Old stellar populations
 No associated supernovae

 Energetics

— 100x less than long burst / collapsar
(but see: 050813)

— 1000x greater than the magnetar
giant flare (27 Dec 2004)

— Afterglow energy comparable
— Okay for NS-NS, NS-BH

And possibly:

« Offsets from host galaxies
* Very old population

GRB 0505098 (HST)

I






Evidence for mergers

Circumstantial:

» Old stellar populations
 No associated supernovae

 Energetics

— 100x less than long burst / collapsar
(but see: 050813)

— 1000x greater than the magnetar
giant flare (27 Dec 2004)

— Afterglow energy comparable
— Okay for NS-NS, NS-BH

And possibly:

« Offsets from host galaxies
* Very old population

GRB 0505098 (HST)

I



Merger alternatives

Collapsar and All-Magnetar models are in
trouble. What about:

« Multiple source populations
— Generic product of BH+Disk
— Magnetars present at some level

— GRB 050709 in a blue dwarf star-
forming galaxy

» Varieties of compact-object merger
— NS-NS vs. NS-BH
— BH-BH (Blandford)

« New ideas

— Accretion-Induced collapse of NS to BH
(MacFadyen, Ramirez-Ruiz & Zhang
2005) — accomodates 100-s long X-ray
flares






Limiting distances for LIGO
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Binary NS Lifetimes

38 relativistic pulsar binary | 3o
systems
« 2 discovered since 2003:

— PSR J0737-3039A @
87 Myr

— PSR J1906+0746
~300 Myr

* Merger rate
by short-li
» Lifeti
T_1

1 X Y I o oot o d s I |

107 107 10° 10! 107 10° 10° 10°
Lifetime (Gyr)




Binary NS Lifetimes

Kalogera et al. 2004

Minimal rate is 7 LIGO-I
events kyr'

Maximal rate is very
sensitive to new
discoveries (e.

0.0001 0.001

Initial LIGO detection rate (yr?)
0.01 0.1 1

—
i B1534+12 _ _

....

b}

Probability density

1 10 100 1000  1q*
Galactic merger rate (Myr™')




SHB Rates & Lifetimes

« Start with:
— Cosmic SFR(z)
— BATSE catalog of burst fluen

— Guesses at luminosity ar
distributions

« Add:
1. SHB redshif

observed
— SF2:0=05p=15
_ SF2+delay: =06 =2

log(n(C, /C,))

1 1 1 ] 1 1
0 0.2 0.4 0.6 0.8 1 1.2 1.4
log(C, /C )



BATSE SHB Fluenc

log(n(C, /C))

1.5

o
tn

observed
—— SF2:a=05p=15
SF2+delay: «=06 =2




SHBs Old and New

Table 1. Host galaxies and redshifts of SHBs
SHB Redshift  Host Galaxy Association Reference
x Type significance
90613 009 E/50 e Gal-Yam er al. 2005
000607 014 sb e B Gal-Yam er al. 2005
030309 022 Ers0 3 — 4a Bloom er al. 2005, Kulkarni e al. 2003
Castro-Tirado er al. 2003; Gehrels 2005
030709 0.6 Shic Secure Fox er al. 2005
050724 026 Ef50 Secure Berger et al. 2005; Prochaska er al. 2005
050813 072 E50 - Gladders er al. 2005; Berger 2003
001204 = 0.250.06] - 12]e Gal-Yam er al. 2005
= 025006 - 12]e Gal-Yam er al. 2005
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Progenitor lifetimes

» Begin with star-formation 1
rate SFR(Z) 0.9}

« Single power-law
luminosity function
allows use of all redshi

« Test various prog
lifetime distributi

=
‘.‘J

=
fu]

- = 1,=3 Gyr ; o=0.3 [SFF{1] |
t,=3 Gyr ; 0=0.3 {SFF{2]
t,=6 Gyr ; 0=0.3 {SFF{2] |
-~ —ffx) = 15" (SFRy)
= f{z) = 1/ (SFR,)
m— Observed data

fraction(>z)




Progenitor lifetimes

» Begin with star-formation
rate SFR(z) i

« Single power-law

- observed
’ || m—p(1)=1/t best fit

0 q . 0.7+ VA | Pl=1hk1-o
luminosity function ; P(r)=const
0 i 7 : no z evolution
allows use of all redshifts 09

/ | - — — SF2-sfr

e Test various progenitor
lifetime distributions

7~ 6 Gyr for narrow
normal distributi

Inconsistent




Lifetimes & Luminositie

% 51 -
o 1,=3 Gyr ; 6=0.3 =
= %0 -
= . _an51
o - L.=10"" erg/s
O s u,,]=1.5
u,2=2.5




Lifetimes & Luminositie

a1

=6 Gyr:o=03 |4
a0 -
L=4.10" erg/s
{11=1 5
112=2.5

log (L [erg/s])




Lifetimes & Luminositie

A

52 z=0.72->1.8

51

1,=3 Gyr ; 6=0.3 =

3 Lw=1051 erg/s
49 DL,]=1.5
4 | e u,2=2.5
48

i: log , (L [erg/s])
&




Lifetimes & Luminosities

21 z=0.72->1.8

a1

1,=6 Gyr ; 6=0.3
a0
L=4.10" erg/s
{11=1 5
{12=2.5

log (L [erg/s])




SHBs and LIGO

Long progenitor lifetimes and a
high local rate

R = 10 Gpc3 yr' for NS-NS with
no beaming and no extrapolation
to lower fluxes

R > 300 Gpc2 yr' with 30:1
beaming

At limit of 1047 erg s (Tanvir et
al. 2005): R=10° Gpc3 yr'
Max. 3 LIGO-I events yr'; 0.3
yr-" more likely

Compare: 0.007-0.122 yr-' from
pulsars

NS-BH or BH-BH models result GRB 050709
In even higher rates







New Views of Compact Object
Mergers

Do compact object mergers produce

a strong EM signal?
«  What s the local rate? fl\
— GW detection: LIGO, Virgo...
— r-process elements

R

_ @
Where & when are they happening? 5 1,=3Gyr; =03 |m=m
— Host types & host offsets =% 51
. i . N L,.=10"" erg/s
— Progenitor lifetimes & syste 8 . a.=15
velocities : a;=2.5

* Are the explosions be

* Do they expel signi
of nucleon-ric



New Views of Compact Obje

Mergers

Do compact object mergers produce
a strong EM signal?
 What is the local rate?
— GW detection: LIGO, Virgo...
— r-process elements
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— X-re

lortbursts




New Views of Compact Ol
Mergers

Progress will require:

AN

More Swift redshifts, host galaxie
host clusters

More beaming constrai 2 s
. . o 1,=3Gyr; =03 |-
Evaluation of Swift E s
5 L.=10" erg/s
O . a,|=1.5
or: A «,=2.5
48

0 0.4 1 15 2 25 3
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