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(Magneto-) Hydrodynamics of GRB
Outflows
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Flux Density (mdJy)
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GRB Light Curves
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"Delayed” SN Explosion

Accretion vs. Neutrino heating

shock front: Rg = 200-300 km

Rgain = 100-150 km

heating region

proto-neutron star v - sphere (energy dependent!)
R = 80-100 km R, = 50-70 km

M= 1.2 M, Ly, =2 x 10°2 erg/s = exp [-tt ]
Tz 10 MeV t, = 0.5-0.7s
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Thursday, August 27, 2009




Pre-Supernova Density Structure
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Interior Mass (solar masses)

Woosley & Weaver (1995)
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Mass loss Stellar Rotation
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TF Two conditions occur (sometimes):
1. Failure of neutrino powered

SN explosion

a. complete
b. partial (fallback)

2. Rotating stellar cores
j>3x10% cm?/s
THEN
Rapidly accreting black hole, (M~0.1 M/s)

fed by collapsing star (t,,, ~ 446 s/ p*~ 10 s)
Disk formation

—{ COLLAPSAR
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Collapsar - Disk and Jet

" | S,
« pre-SN 15 Msun Helium star /\’/
* Newtonian Hydrodynamics (PPM) | Y |
 alpha viscosity \;‘?

~ 4

 rotation

« photodisintegration (NSE alpha, n, p)

* neutrino cooling, thermal + URCA optically thin
 ldeal nucleons, radiation, relativistic degenerate

electrons, positions
« 2D axisymmetric, spherical grid
 self gravity
« R,=9R,R,,=9000 R,
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a=01 <M>=007 M, /s =13 x 10% erg/s

bl o A
i “J,f'l&]b’M'

0 5 10 15 20

M (My/s)

.........

4 | y ity
b 4
¢ ¢
T e
0.0012 \ f ' X 0.8
1155} e
a
YYS SN Vi) y ; Z
'ER b 0.8 ‘ el
’ -
0.0005 “\ s
> .: »
- N .-
o
) 06 0.4 . L -
" v
4 X
004 - =
4 0.
0.0002 P m
X000 00
0.0000 00002 0.0004 00006 00,0008 00010 00012 0.0014 e

Nucleon fraction S g o e S
ramber of biocks = 2328 I insha X ( Km ) 13

Thursday, August 27, 2009




| | | | |
l - —
08 |- 1 UselD
. © [ i I
spin neutrino
06 L 7 cooled "slim”
- 1 GR disk
1 models from
4 {POthm,WOOS
= sk : ley & Fryer
= | 1 (1999).
: 3 e
mass® | 5
25 - =
2 | TS| PSP EETTI (TS TSN B
0 5 10 15 20
t (s)
A. MacFadyen (NYU) Stellar Death, KITP Aug 21,2009 14

Thursday, August 27, 2009




Collapsar — General Relativistic
AMR (2009) GRAM code

* rho ~ 10"9 g/cm”3
T~10M0K

M dot~ 0.1 M_sun/s
t acc~20s

« Rin~2R g
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“Nickel Wind"

Nickel Wind Movie

T>5x10° K
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Late accretion

Same star
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Collapsar vs. Magnetar

Uzdensky & AM (2006,2007)




GRBs from Stars

Need ejecta to escape star before engine dies.
T engine > T _escape

« T escape~2xT light(~3s=10*"1cm)
T _engine >> T _dyn for BH or NS

T ACCRETE ~ 20-100s s for massive star
Need angular momentum (not too much)

Need to lose H envelope -> WR progenitor and
Type Ibc supernova (if Ni56)
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A. MacFadyen (NYU)

Stellar Death, KITP Aug 21,2009

AMR
jet+wind

AM&Zhang
(2009)
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jet+wind

AM&Zhang
(2009)
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Deeary (g/em”)
—r—riT

Relativistic Mixing

20 T r— IR
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Smooth & Spherical
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Clumpy & Spherical
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Vorticity Generation

NP

Vp Goodman & MacFadyen (2008)

Ultra-relativistic Vorticity
§/V and Shock Dynamics

n; = K[UJAn A= (P4-Po)/(P4+P,)
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Q25 em/is

i

.u..u...q-.lrf’xyyo./;dd -\N\hﬁ b2 < T

.)../771

QiQ\uﬁﬁv M \ u/a
£ N~ n‘ oﬁ,\\nuﬂ

S "o

\ k ;

T T T

A N

uﬁ;
] 5
A
L P R Y

I W Nl L
R =

‘»‘“é‘)‘é‘p
= VAJ-JJ‘-&/

/‘.‘.4’
' 4 4

_
_

Thursday, August 27, 2009




Itk rtdatkctvolcakak ks

Wine B P o My o Wi

,,“

9 S By v 4 A

e S

J’.}/?P R y -

TR SR e 0 0 R
et e s S A ) U [ i

a7 AR SN p g gesn <
> < PR
f////.”. -x\a\m

o= B BB

-.%ba.\ku/./ bAoA A
_\ Vit
ﬁe\ i 7 A

*- -~

-"tﬂ-c

IWM
‘

il L L b P

Q25 em/is

i

Thursday, August 27, 2009



A444.,4r .

i&.@b:&ﬂ:

iy W B SR B G
\mQ._.i\...

TR g gl

-

- - -

Ve

SN N
S SN\ N\ N

1
4
48
N B
(S
Edreww i i

- J/lelw/// W

D 5 &8 L) as £ TR
Y%

= = B BN

2 S
e % b b

n_.ﬁrb._.__:r.

2 w..“iw % N b

™5
ﬁb..’.l' ﬂ!qm '

& B - .
: 4

& Hh ™
/'. ™4

I u P

£ :

Q25 em/is

i

Thursday, August 27, 2009



Clumpy Medium
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Jet & Shear
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Jet & Clumps
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Flying Pancakes

—1—

Thursday, August 27, 2009




Misaligned
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Colliding Clumps
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Shear Patches

p/p~1
v~ 0.5

Kelvin-Helmholtz
Instability
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Kelvin Helmholtz Clouds
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Big Whirls Have Little Whirls
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Joly et al (2008)
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Twisting and Folding
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KH:1024° Rel. MHD

log10 bela

6.80
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N

% Visualization Toolkit - OpenCL
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Mag. & Kin. Energy
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Power Spectra
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Conclusions

e |ight Curves from Hi-res 2D sims

* GRBAG Jets take > 10 years to isotropize

c€ER = D X 10_3
. Ek ~ k_5/3(Mi|d) RMHD Turbulence ha

Kolmogorov-like spectrum

Thursday, August 27, 2009



Conclusions

 Long GRBs from massive rotating stars
* Need t engine >t escape
* Collapsars :t accrete ~ 20 s

* Relativistic Jets escape compact stars (10*11 cm ~
few light seconds)

 WR wind important — clumpiness -> vorticity

->B field

* Computed 2D afterglow jet w/ AMR - slow
spreading

* Synchrotron light curves- wind, off axis -> less jet
break

A. MacFadyen (NYU) Stellar Death, KITP Aug 21,2009 49

Thursday, August 27, 2009



