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— “ Any small asymmetry during the explosion can
result in a substantial 'kick' velocity to the NS” (Lyne
& Lorimer 1994)

— Kick from the relativistic jet of compact jet (Dar &
Plaga 1999)

Bkt 2HE A (Hw)
— Bimodel
(Arzoumanian et al. 2003)
— One component
(Hobbs et al. 2005)

Probability density (107 per km s~ ')
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P ~10°%/ ¢~10°%° g cm/s;

v ~P/1M,,,,~107cm/s =100km/s
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137 pulsar kick velocity (V=U . . D)

e 66 GRBs with known redshifts and fluence



GRB # &

e E. =E,(1-cos9),
0 =25 degrees (GGLO4)

e The calculation of total energy :

po _ ATDKS,
150 -I 1 :

e The 2D velocity in celestial sphere
V,n= Vgpsin &
¢ > randomly select in celestial sphere
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e GRBs (66) with known
redshifts and fluences

- PSR (137)

Mumbers

P,.=0.36 with p=0.14
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Sample M&SFP14 N FP107 Y oung44 old73
GRB66  0.33 (0.43) 0.38 (0.15) 0.13 (0.89) 0.24 (0.69)

s B AR ECY 2 A Fe F % & F (Hansen & Phinney
1997), % %9 GRB 5kt 2 H# st —AAR — 4
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¥-ray plateau

steep fall off
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X-ray data > 4] & 2 A # F= 4 /& (core, envelope, M*
R*)

# 4. z, with steep decay and shallow decay
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GRB 8x° | i t2 ¥ i3 aa® Ejwx Ly 1,
(10=7 erg em —2) (s) (s) iks) (10% erg) (1047 erg s=1)
05016 A .62 £ 0.38 2.15 ~T79 ~87 1.74 070 0704 a7
050803 506 4+ 0.51 1.88 104 £ 5 263 £ 11 13.71 .36 2eakx02 0.&
050903 013011 3.90 120 £ 50 f&d £ 52 H2.00 1.01 209424 1.4
0510168 2184+ 110 2.82 A x5 57 £ 12 .64 14 49425 (.6
D51 109 A 3461075 2.33 62+ 23 |73 £33 T30 42 42940973 1093
OG0102 053017 1.91 40 £ 30 &6 £ 31 2208 0,39 Alx Lé 54
Oe02 10 486 £ 0.69 1.93 298 £ & 452+ 11 T.00 (80 141.0 £ 2000 TI1.2
00412 .38 £ .66 2.04 Bl L2 09 £4 |00 ~l) G e 51.6
DE0S02 A a9+ 1.19 2.43 1Z2+6 190 £ 13 T2.57 (59 286 6.7 16.9
0ad5 108 028+ 027 1.42 Jlo+2 ~3205 1 70.00 ~a) 114+ 109 0.7
OG0522 012 £ 0.20 1.97 17 £ 15 ME £ 16 .73 =~ 52486 114.7
OG0526 046+ 0.26 1.0 266 £ 1 1023 4 I8 [ (.00 ~a) 06454 02
O&0605 082 £ 0.52 1.60 M4+ 74 455 £ 42 T.00 ~) 2284 145 203
EOG0T A 845 +0.17 1.79 214 £ 12 B4 £ 10 12.34 0.44 16604+ 3.3 40&8.0
OGa0707 (.55 £ 0.26 2.00 6422 S05L£76 INLE 0,39 128 £6.0 12.5
Q0702 096 + 1.06 2.51 202 231 £ 19 .65 (39 11.5+£ 127 16.8
00714 | 428 £ 046 2.02 45 £ 4 M1 X 15 370 oz 235473 331
00729 19,58 £ (.83 2.71 |20 £ 2 425 £ 8 T2.97 027 [4.3 0.6 L0
Oe0814 6.93 £ 087 1.84 2l 13 a7 £74 745 15 12516 l.4
OG0S06 0.96 + 0.29 2.44 #5426 222 £ 21 [3.66 .33 B2 76 2007
61121 1989 £ 6.14 1.62 034+ 2 [ 243 25 B4 4+ 264 .5
a70110 3594+023 2.11 6l £+ 3 522 +19 2040 17 4474+ 29 17.2
070306 2534004 2.29 [o£2 W [ 5.0 ~) [40+£52 4.6
o703 18 079+ 145 1.40 a6t 12 209 £ 47 2.00 ~l) [ = 32
O70721B .80 & 1.38 1.48 280 £ 9 450 £ 28 T.50 &2 4624 354 1922
071021 (.24 £ 0.39 2.12 [ 58 +£74 20,05 37 101 £ 166 15.6
ORO3 10 [.19 £ 0,53 1.45 S £ 1 ~]1313 20,05 0,33 15.7£7.0 Q.1
OR0430 082+ 0.23 242 x5 165 £ 12 280 (52 .24+ 0.3 22
OR060T 285 £ 081 1.81 00 £ 2 - .50 1.03 MT+ 155 9548
ORO7T07 024 +0.13 2.10 EE . 192 £ 28 T.60 1a 094035 a4
Q09058 3504234 1.49 i 179 £ 7 .50 ~a) 4444 297 104.4
Q1007 096 + 0.31 3.00 ~35 |88 £ 5 400 (69 0702 .4
O& 1003 .59 £0.52 1.91 23245 484 £+ 15 2000 73 145 +£47 350




GREB ret ry® ret fﬂ.cb Foelow” i M.* Mle-'f
(107 em) (1010 em) (10 em) (10— Mg 0.1 Mgy
D504 164 .14 0.98 072 [0.21 0.02] T.85 2.56 002 004 4002
050803 215+ 157 226 £027 ile [0.34 0.02] 375 2.04 0.09 £ 0.01 014 £ 001
050908 6.34 &£ 3.53 203 049 .05 [0.190.03] 6.52 3.02 061 £ 0.06 016 £0.13
O5101aE G.05 & 130 130023 7.34 [0.29 0.03] 246 1.71 0,02 4 0.01 027 £0.14
O511094A 4.86 &£ 2.50 097 £0.32 [.17 [0.33 0.03] 616 2.13 018 4+ 0.03 238 £0.51
0a0 108 387 4+ 323 LLO8 £0.33 262 [0.34 0.03] 4.12 2.09 0.20 £ 0.02 0.28 £ 0.09
OG02 10 1074 £ 00093 1.42 £0.12 (a8 [0L300.02] T.10 2.70 12.29 £ 066 TAL £ 1.11
0a0418 T.09 £ 0.50 L.73 2010 0.38 [0.33 0.03] [0.83 [.50 25310008 042 020
DGOS02 A 201 £ 1.29 1.25 £0.21 6.56 [0.24 0.05] 2.60 2.39 0.69 £ 0.03 159 £ 0.37
0605 0B Q.76 £ 0.32 4.64 6.54 [0L38 0.02] 2.6l 1.50 Q27 £ 0.40 063 £ 060
060522 498 &+ 1.28 0820013 017 [0.33 0.03] [6.26 [.50 2771027 0.29 £ 047
060526 LLO4 £ 030 271 00108 .24 [0.350.02] 599 1.50 147 £ 0,19 053 £ 0.30
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OGOB0T A 976+ 1.46 .44 +£0.13 | 46 [0.34 0.02] 5.53 2.15 2841011 9232019
060707 3764+ 2.02 l.64 £0.46 1.20 [0.31 0.03] 6.09 2.09 2.08 £ 0.20 0.71 £0.33
OGOT0R 233057 L18 £ 023 .11 [0.24 0.04] £.32 2.00 033 £ 003 064 £0.71
060714 801 £ 0.76 L33 0018 069 [0.330.02] 200 [.53 2651 0,18 L3l 041
0607249 1271 £0.9] 295020 012 [0.290.02] 2.21 1.91 011 £ 0.01 0.79 £ 0.03
na0s14 H.6E £ 2.55 4.53 £ 0.82 312 [0L32 0.02] 378 1.72 1.50 & 0.02 0.69 4 0,09
0a0906 4804+ 221 091 £0.19 | 42 [0.31 0.03] 5.59 1.99 322+ 020 140 £0.42
0al1121 BI7T £ 061 1.25 £ 0009 334 [0.33 0.02] 365 1.88 32T £ 0.05 475 £ 1.47
070110 4.82 £+ 0.58 202 4+022 232 [0L30 0.03] 4,38 1.75 .11 & 007 248 £0.16
070306 B67T £ 0.54 251 0015 2.30 [0.31 0.02] 4.40 1.50 1.65 £ 0.09 0.78 £0.29
070318 0034+ 241 403 £ 0.6] 0.74 [0.390.02] 1.77 [.50 0254+ 0.01 0.08 £ 0.01
Q70T 1B 10595 £ 1.08 1.47 £0.23 (.96 [0L32 0.02] .80 243 51342028 257 £ 1.96
071021 6.61 £ 0.42 1.43 £0.37 .55 [0.33 0.03] 5.35 2.06 05047 0.56 £ 0.09
080310 19.39 £ 0,39 a67 2.26 [0.370.02] 4.44 2.00 .68 £ 0,15 087 £0.39
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OR0O05E 4.84 4 096 098 £0.11 078 [0L3T 0.03] T.55 1.50 127014 247 £+ 1.65
081007 .61 1L.72 0015 243 [0.250.03] 4.27 2.54 0,032 £ 0.01 0.04 £ 0,01
08 1002 12.74 £ 0.70 208 021 .56 [0.33 0.02] 533 2.60 218 0.10 081 £0.26



logri/em =
0.79 + 0.38, log ro/cm = 10.19 £ 0.20, log fo1.up = —0.49 £ 0.05, log fo1 row = —1.56 £ 0.12,
].'Dg fﬂggygﬂw = —2.20 4+ 0.10
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LogE,, (ergs)

Log T f(142) (8)

log Mpiar = —(37.254£5.01) +(0.69£0.10)log By, B =071 p<le—4for N =48

log Ly, = (52.13 £ 0.05) + (0.8 £ 0.07) log M,,,,, with B =086 inp < le -4 for N =48

logry = (9.93 £0.09) +(0.25 £ 0.07) log T;90) /(1 4 z) with R = 0.49 and p = 3.96e — 4
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¥ —~ Nz 45644 % GRBO50509B
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(Gehrels et al. 2005)

§

-0.2 ale 0.z
Tma — 137301 TST [a]

Proposed host:

- ¢D Elliptical

- K=14.1

- L=3L*

- z=0225

-SFR < 0.2 Mg, vr!
-No SNe to faint limits

(=]

BAT
- 30 ms duration
- spectrum is medium hard

- very weak, 2x10r% erg/cm?
Spacecraft slew in 52 sec

XRT
- faint source, fading
- 11 cnts = 1x10° 2 ergfem?'s

—

VLT image ‘
Hjorth et al.
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GRE 050709 ( Fox+035, Villasenor+03,
Hjorth+05) triggered by HETE-II

optical atterglow: subarcsec localization
SF galaxy at z=0.16]

SFR ~ 3 M, yr'L. ! age ~ 0.4 Gyr

GRB 050724 (Malesani+07, Berger+03)

Optical, NIR and radio afterglow

Elliptical galaxy at z=0.258
SFR < 0.14 Mg vrlL,! << SFR

long

age ~ 2.6 Gyr




GRB 050724
Barthelmy et al. (2005)

BAT
- 250 ms hard spike + softer long tail
- 6x 1077 ergfem? fluence

Afterglow

- bright fading x-ray afterzlow with flares
- detected by Chandra days atter GEB

- optical & IR detections

- radio VLA detection at 12 hours

GRE 050724

Tail Host:
/ - Elliptical
- K=153
- L=17L*
- z=0.258
100 200 - SFR < 0.02 Mg vr!

Time (sec)




GRB 060614

& - =

s2b W s BAT Lightcurves 7' -
Tog= 103 5, 2=0.125, No SNe Sl . ,
(Gherels et al, Gal-Yam et al., M S e an e S )
Fynbo et al., Della Valle et al. 2006) [
Short ID Pluses: F sl
- Hard short episode followed 3
by long softer hump g T 100150 et
- Short spectral "lag” (Norris & 4 , : ,
Bonnell 2006) u; E ...
o e e

Short ID Minuses: L S . B o
- 5 s duration of hard episode .

IEETAST PG Hoand, June 27 LT
- Brighter & more variable GrRB _ GRBOoD614

hump emission than others P Tiny galaxy
- SFR ~0.014 Mg, yr!

Could GRBO60614 be a member of
a new class — the long shorts?

(5-SFR~3)
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» NS-NS merger 15 fast (msec) = BH
(some may make magnetars, brietly)

» Can occur in any type of galaxy —
should see a variety ot “hosts™

-
R

=

» Dynamical “kick™ can move NS
B s ol et from original location so final merger
piLil L= ] i ' ' .
can be in a low density environment

= verv weak X-ravs possible
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GHE Tgu redshift an:-jecmed an:-jecmed_-"'lRe T}'pe .......................
(8) (kpe)

(1) (2) (3) (4] (5) (6)
0505008 .04 0,225 54.25 £ 12.05 2.5% £+ 0.58 E
050709+ 0,07 0161 3.7 £ 0.03 204 £+ 0.02 =
O50724* 3 (.258 2.69 £+ 0.07 1.28 £+ 0.05 E
051210 1.27 <1.4 0.3 £ 19.5 506 £+ 3.65 0
051221A 1.4 0.546 2056 £ 0,19 088 £+ 005 =
051227+ 110 0.7 £ 0 0
DG0121 1.97 =1.7 0.96 £+ 0.37 018 £+ 0.07 Faint
OG0313 0.7 <1.1 257 £ 0.53 1.66 £+ 0.32 Faint
0a05028 0.09 0287 7O+ 16 G.66 £ 1.52 E
DGO505 4 0055 T.45 £ 0.53 =
OG0G14* 103 0.125 1.1 0 LSF
DG0s01 0.5 1.131 19.7 £ 19.8 0
061006+ .42 (.438 1.37 £ 0.27 041 £ 0.09 LSF
061201 0.5 0111 33.9 4+ 0.4 =F
OG1210% 0.19 0.41 10,7 &£ 9.7 =F
OG1217 0.21 0.827 bh £+ 28 =F
0704208 0.5 09023 16.949 Faint
OT07T14B* 3 0.9225 11.64 =
OTOT24A 0.4 (0.457 4.8 £ 0.1 =F
OT0s09 1.3 02187 20 =
071227 1.5 0.3581 15 4+ 2.2 =
090426 1.2 2.609 0.5 =F
090510 0.3 0,903 5.5 Field




 Belczyski et al. (2006): Br = I / :
NS-NS, NS-BH merger ~J T :
location in three types of "/, e |/ e s
HG, cumulative probability E; / =
distribution from PS method =t /-~ I

/ smit piral | -

e Bloom et al. (2002): MassivVe _mrmrmcmormr e
star mode] from the & / |
observations of star &L 1 o neas
distribution in galaxy & /, it mpieer T e stps

1ge 100 10% 109 100 101 10® 109

N(r)dr oc rexp(—1.67r)dr, Rprojectea [KPC] Rprojectea LkcPC]



A0 Mittng with taa companents for ENplcal

o 10 20 30 an 50 &0 70
R projected (kpc)

All Tiing wih three companents for S5

£ S ErErE

0 10 20 30 40 50 &0 EL
R projected (kpc)

All IRING with three components for Sp

a 10 20 30 40 =0 [-a] TO
R prajected (kpc)
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