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ABSTRACT

Sixteen short bursts of photons in the energy range 0.2-1.5 MeV have been observed between
1969 July and 1972 July using widely separated spacecraft. Burst durations ranged from less than
0.1 s to ~30 s, and time-integrated flux densities from ~10—95 ergs cm—2 to ~2 X 10—% ergs
cm™—2 in the energy range given. Significant time structure within bursts was observed. Directional
information eliminates the Earth and Sun as sources.

The lack of correlation between gamma-ray bursts and reported supernovae does
not conclusively argue against such an association, since it is possible that there are
supernovae, not necessarily bright in the optical region (‘“theoreticians’ supernovae”),
whose rate of occurrence may exceed those which are optically visible (see, e.g.,
Thorne 1969). A source at a distance of 1 Mpc would need to emit ~10* ergs in
the form of electromagnetic radiation between 0.2 and 1.5 MeV in order to produce
the level of response observed here. Since this represents only a small fraction
(<10-%) of the energy usually associated with supernovae, the energy observed
is not inconsistent with a supernova as a source.
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Distances to the sources
of observed gamma-ray bursts

WE suggest that the brief, intense outbursts of hard X rays, or
soft y rays of cosmic origin which have been termed y-ray
bursts' are mainly, though not necessarily entirely, of Galactic
origin. More specifically, the vy-ray bursts reported so far?
seem to originate in the local (Orion) spiral arm of our Galaxy,
at distances of, typically, several hundred parsec. If we assume
that the sources radiate into 4m sr, the absolute luminosities
are ~10% erg per event. (It may be significant that this is of
the order of the predicted Eddington limit radiation from
accretion disks around collapsed stars.) 2

ANDY FABIAN
1975

means sound, and that the distan
estimates are extremely uncertain. Num-

Detector Count Rate (counts/sec)

[ - T i .
Preceeding Gamma ray burst
tbackgrounds

s | |
10% E
102 Vela 5A
5A ela
v

IOI gL 1 "

103 3

102 i

6A Vela 6A
e

IOI 1 J L 1

10%- 3

103 ¥

6B Vela 68
s
lo( 1 J L L 1 1
=40 o ol 10 10 100 1000
Time in min Time in sec (Log Scale)
(Linear Scale)

SNE
GALACTIC
MAY BE




Rac

ZELDOVICH - REIZER
THE ATOMIC BOMB

Can soft y-ray bursts be emitted
by accreting black holes?
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A qualitative study of cosmic fireballs and y-ray bursts
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Summary. If a large amount of energy is suddenly converted into a con-
centrated burst of (MeV) v rays, the prolific creation of electron—positron
pairs will inhibit the escape of photons until they have been degraded below
the pair-production threshold. This sets general constraints on the possible
luminosities of rapidly varying y-ray sources and suggests why the observed
y-ray bursts have an approximately standardized and ‘soft’ spectrum.
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SUMMARY

We propose two mechanisms whereby compact coalescing binaries can produce
relatively ‘clean’ fireballs via neutrino-antineutrino annihilation. Pre-ejected mass due
to tidal heating will collimate the fireball into jets. The resulting anisotropic gamma-
ray emission can be efficient and intense enough to provide an acceptable model for
gamma-ray bursts, if these originate at cosmological distances.
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When a large amount of energy is released within a
small volume, an explosion will result and a strong
shock wave will expand supersonically into the
surrounding medium.

e

When the energy release E is so large that E>> (M+p V) ¢2, ~where M

s the of the explosion products, p is the ambient density, and V is the
volume swept by the shock, then the motion of the shock front will be
relativistic.

see Blanford and McKee (1976) for the theory
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@ THE ESSENTIAL WE OBSERVE OF A GAMMA RAY BURST
@ ENERGY 104°2- 1053 ERG

ERENOLUTION OF I THE LIGHT CURVE & SPECTRA \\

® THE INGREDIENTS OF THE MODEL [AND WE HAVE PROBLEM IN EACH ONE
OF THEM]:

@ A CENTRAL ENGINE - GENERATES JETS & ENERGY
@ A MECHANISM OF EMISSION
@ A MEDIUM (CSM & ISM)

@ A PROGENITOR
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The Swift satellite

BURST ALERT TELESCOPE
* Imaging: 15-150 keV

* Precision: 2-3 arcmin

* Field of view: 1/6 of sky

X-RAY TELESCOPE

* Imagingin 0.2-10 keV

* Precision: 3 arcsec
UV/OPTICAL TELESCOPE * Sensitivity: 2[¥]1074 cgs
* Imaging: 1700 — 6500 A
* Precision: 0.5 arcsec

* Sensitivity: V [¥] 20

Malindi - - XRT MIRRORS




GRB VISITING CARD

0 50 100 150

COURTESY OF BLOOM 2009,

T T T T T T

10000 £o Long - 3
- ® Short + ;
B + o
1000 ¢ t,
) 3
pd [ ]
(keV)" i i %[ ® |
100 * 3
10 E
1 3
= | I ! L L : -

10% 10% 10 108! 105 105° 1054

Eiso (erg)
GRB 050724 GRB 071227

-

. 10

D’Avanzo et al. 2009 -A&A 498, p. 711, .. ...

SN=5 or 10 sec binning light curve
0.02

GRB 050709

| !
15-150 keV o WL{&YWAVMAVJTWMNWW\WMW 5

-0.02

[ g
250 ms, |

F-0.02

‘ PPN T P F o ’WWM‘ —‘M»M‘Jlﬂewwwmw;g § Rl

g

!
£ 0 Pttt s el

8-0.02

1525keV  worp -
o Fonl N ST

0 —a0r " ; |
T L S
i o0 H \ o ’#WJL‘MMMMMWM‘MW

Q0 E]
Tiigger ()

" This is a HETE GRB

Non-thermal, peaking at ~ 10 keV - MeV in our frame, 0.1-1 ~ keV in rest frame.







(Kobyashi)
Et al. 1997

2700
2400
2100

1800

_stef 1200

Counts / 512-ms bin

| | |

40 50 60
Time (seconds)

270

240

2101

180

150

120

90

Counts / 512-ms bin

60

30

(Norris 1996)

Chan 4

Amplitude

-08

T

-30

T

I\F’J".‘nl ' ik
HJI ’[

LMV

w0,
40 50 60 70 80

Time (seconds)

100

Fic. 25.—Plots of GRB 990102a, a single-pulse burst in which emission near the peak is spikier than that accommodated by the pulse model in channels 1, 2, and
e pulse decreases in width across channels 14 as 26, 18, 11 and 6 s, with associated asymmetry parameter values of 0.65, 0.56, 0.51, and 0.50.

850

Counts / 512—-ms bin

Kocevski, Ryde,Liang 2003

F(t)=

60

30 50 70 80 90
Time (seconds)
| d

100 110 120 130

F((t)=

t

I+|z+ze

r td

-1

140

1200

Counts / 512-ms bin

r+d )
r+1

N

~

60 70 80
Time (seconds)

50

90 100 110 120 130 140

Norris 2005

fort>=0

12
1
T 2
Width=1, | 1+4 /—1 r
T2

I(t)=AM\ exp _%_L

12

20




L, [0.3—10 keV] (erg/s)
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Magnitude (scaled)
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OATES ET AL 2009 ASTRO - PH 0901.35971
SAMPLE OF 27 GRBs 21 REDSHIFTS

APPARENTLY THE BRIGHTNESS IS
CORRELATED WITH THE SLOPE, BRIGHTER
DECAY FASTER. SEE HOWEVER REST FRAME.
THE MAXIMUM IS NOT ALWAYS DETECTED IN
THE EARLY PHASE, MAY BE NOT EARLY
ENOUGH.

FLARE ACTIVITY IS VISIBLE, AND HOWEVER
THE CHARACTERISTICS ARE SOMEWHAT
DIFFERENT, NOT SO PROMINENT, FROM
THOSE OBSERVED IN THE X_RAY. A
CORRELATION OPTICAL - X IS UNDER WAY.

VARIOUS GRBS SHOWS A PEAK OF THE LIGHT
CURVE DURING THE FIRST 1000 SECONDS.
SEE ALSO MOLINARI ET AL. 2006 AND
KRUEHLER ET AL. 2009 XRF 071031.

SEE ALSO RYKOFF ET AL., ROTSE -III -

ASTRO_PH 0904.0261
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According to the standard fireball shock model we distinguish
between prompt emission and afterglow. The prompt emission
if due to internal shocks, that is shocks generated by clashing
shells that have been ejected at various speeds. Gamma ray
burst afterglows are the result between the decelerating
relativistic jet and the surrounding medium. Synchrotron
radiation is produced by shock - accelerated electrons
interacting with a shock - generated magnetic field.

e

The radiation will peak at progressively longer wavelengths and
the observed light curve will change shape whenever the
observed frequency crosses into different spectral regimes, when
the flow becomes non relativistic and when the lateral spreading
of the initially strongly collimated outflow becomes significant.
Furthermore:

Off axis jets to the never observed orphan afterglows




COMPACT 0BJECT MERGER SCENARIO
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ZHANG, W., WOOLSEY, MACFADYEN - 2006

LEFT: COLLAPSE AND EXPLOSION IN A 14
SOLAR MASS WOLF-RAYET STAR.

DISK T ~ SEVERAL MEV, DENSITY ~ 10° G
cM=3. BH ~ 4 SOLAR MASSES.

RIGHT: GRB_SN - INTRODUCTION OF A TWO
COMPONENT JET: 1) 105" ERG s!,
GAMMA=50, JET 10 DEGREES 2) ~ 40
DEGREES JET, 5 10%° ERG s'', SPEED 14000
KM s,

SNE 3 1053 IN NEUTRINOS IN SECONDS; <
0.01% LIGHT IN A FEW MONTHS

GRBS MOST LIGHT IN GAMMA RAYS - LESS
THAN 1% AS FREQUENT AS ORDINARY SNE

1 1048 ERG s!

RATHER SLOW 5 DEGREES OPENING AND GAMMA 200 - 3
MAY BE BRIGHT TRANSIENT 105° ERG s°'.

3 104° ERG s!
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2D GRB Blastwave

Weiquin Zhang, Andrew McFadyen, 2009,Ap) 698, 1261
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Figure 6. Observer time vs. emission time. The results for fluid elements just
behind the shock at various angles are shown: 6 = 0 (solid line), 0.19 (dotted
line), and /4 (dashed line). The relations tg = (1 + :)r/-l)/2 (long dashed
gray line) and g = (1 +2)t/16y? (dash—-dot—dot gray line) are plotted for
comparison. Here, y is assumed to obey the Blandford-McKee solution, and
the cosmological redshift is set to z = 1. Also plotted is g = (1 + 2)t (dash-
dotted gray line).
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Wave clouds forming over Mount Duval, NSW.

A Kelvin-Helmholtz instability on Saturn, caused by the interaction
between two bands of the planet’s atmosphere. Image from the Cassini
probe. Caption from NASA’s press release: This turbulent boundary
between two latitudinal bands in Saturn’s atmosphere curls repeatedly
along its edge in this Cassini image. This pattern is an example of a
Kelvin-Helmbholtz instability, which occurs when two fluids of
different density flow past each other at different speeds. This type of
phenomenon should be fairly common on the gas giant planets given
their alternating jets and the different temperatures in their belts and
zones.

Saturn from NASA




KH:1024° Rel. MHD

Weiquin Zhang, Andrew Mcfadyen, Peng Wang, 2009, Ap] 692, L40

logl0 beta

6.80




WMew Inputs

e

-»-The simulations predict a ratio of the magnetic
energy to total energy to be:
eg=5 10’3
& Clumpy structure of the magnetic energy.
Therefore likely a site for the Fermi acceleration
of charged particles, may be a source of high
energy cosmic rays.
> May give information on the origin of cosmic
magnetic fields.

Weiquin Zhang, Andrew Mc Fadyen & Peng Wang
2009, ApJ 692, L40 -
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The most recent flare sample
Chincarini et al. 2010

Period April 2005 — March 2008.
321 GRBs — 87 with redshift
273 by Swift, 82 with z.

27 by INTEGRAL 1 with z

10 by IPN — 1 with z

9 by HETE (3 w z), 3 by AGILE
Afterglow observations for 234.

Analysis in 5 channels

0.3-10, 0.3-1, 1-2, 2 — 3, and 3 — 10
keV.

Fit Norris 2005 function




DISTRIBUTION OF THE ENERGY
EMITTED IN SINGLE X - RAY FLARES
OF THE PRESENT SAMPLE. IN THE
INSET THE DISTRIBUTION OF THE
LOGARITHM OF THE ENERGY TO
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Rate

CONCLUSIONS
ACCRETION OR MAGNETIC RECONNECTION OR?7??
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THE WHOLE STORY IN A
BEO . FLARES KNOW
il S [FE THEY OCCUR
RN BHEY MUST BE
FAINTER AND BROADER.
THERE IS MEMORY.

MARGUTTI ET AL. 2010 MNRAS, 406, 2149

PHASE LAG AS DETECTED IN
GRBO60904B. THE HIGH
ENERGY PEAK PRECEDES THE
LOWER ENERGY PEAK. NOTE
THAT AFTER NORMALIZATION
(INSET) HIGHER ENERGY
PROFILES ARE BROADER THAN
LOW ENERGY PROFILES.

.I. I”I l T T T .I. T T T I T T T | T T T I T

30

wreemmee. HIgH €nergy
Low energy

-,
~.o
.~'§
.-
- -
.-~
-

L -
- ——
-

o

..................

Time




FLARES AS A FUNCTION OF TIME

31




e

THE INSTABILITY SETTING UP IN THE ROTATING DISK (GAMMIE 2001, RICE
2003, LODATO ET AL. 2005) WHEN THE COOLING TIME IS LOW. BLOBS
WILL FORM WITH A MASS THAT IS ABOUT 10% OF THE MASS OF THE
CENTRAL OBJECT. IF THE COOLING TIME IS LARGE (LARGER THAN ABOUT 3
Q) THEN THE BLOBS FORM BUT ROTATES ABOUT THE CENTRAL OBJECT
WITH RATHER STABLE ORBITS.

THE COOLING TIME Tc ~ (0€2)"" AND Tc < 3 Q' THEREFORE 1/00 < 3 [O ->
SHAKURA SUNYAEV]




Flares have the same characteristics of
the spikes we observe in
the prompt emission.
They get softer and weaker with time

Chincarini et al., 2007
Chincarini et al., 2010
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a Optical emission
~ to observer

Jet direction

Magnetic field lines

Optical axis
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THE FIT OF GRBO61121 IS QUITE

REASONABLE AS SHOWN PREVIOUSLY
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CONMCLUSIONS

GENERALITIES:
@Steep decay - Curvature effect does not fully explain spectroscopic
variations. See also evolution of E_peak in Margutti et al. 2009
@Plateau: Injection of energy, external shock or what.The light curve
after flaring returns to its no flare value level.

FLARES

@AII main characteristics are similar to wide spikes observed during the
prompt emission.

' @Externa/ shock cannot be the origin of the flares. A possibility is Internal

v ay have to take a better look at the accretion from the disk and
related instabilities. Lazzati & Perna, Margutti et al. in preparation.
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OP-EN QUESTIONS

Remembering that statistically in time everything gets weaker and softer

R

@Standard Fireball model may not survive - Flares remain
unexplained. :
@Ordered magnetic fields and polarization.
@Magnetar - Pulsar Model - Poynting flux.
@Simulations & New targeted observations.
QThe real conclusion is that while we are progressing
very well in sharply characterizing the properties of
flares and their relation to the prompt emission spikes
and prompt emission energy, at the moment there is
no yet satisfactory model explaining the overall
. picture and the origin, evolution and energetic of
flares.




Non tutti quells che vagano si sono persi

[9.R.R, Tolkien]
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Figure 4 | Competing models of GRB magnetic
field structure. The schematic shows three
representations of a GRB outflow in the context
of the standard fireball model for a variety of
magnetic field structures and different
orientations to the observer’s line of sight (optical
axis). A large degree of polarization is predicted
when the ejected material is threaded with a large-
scale ordered magnetic field as shown in a and is
the favoured model to explain the measured
polarization in GRB 090102. Alternatively, if no
ordered magnetic field is present and instead a
tangled magnetic field is produced in the shock
front, the detected light will be polarized only if
the observer’s line of sight is close to the jet edge
(b). In this case, however, the predicted
steepening of the light curve that is expected
when observing an off-axis jet is inconsistent with
the flattening exhibited in the light curve of
GRB090102. A compromise is shown in ¢ in
which the shock front contains a number of
independent patches of locally ordered magnetic
fields; a measured polarization of 10% is at the
very uppermost bound for such a model.
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Fig. 2.— Long-term Swift light curve of GRB060218. Upper panel: the XRT light curve
(0.3-10 keV) is shown with open black circles. Count rate-to-flux conversion factors were derived
from time-dependent spectral analysis. We also plot with open black squares the contribution to the
0.3-10 keV flux by the blackbody component. Its percentage contribution is increasing with time,
becoming dominant at the end of the exponential decay. The X-ray light curve has a long, slow
power-law rise followed by an exponential (or steep power-law) decay. At about 10,000 s the light
curve breaks to a shallower power-law decay with index —1.2 £ 0.1 characteristic of typical GRB
afterglows. This classical afterglow can be naturally accounted for by a shock driven into the wind
by a shell with kinetic energy Fgen ~ 10%° erg. The ¢! flux decline is valid at the stage where
the shell is being decelerated by the wind with the deceleration phase beginning at tg.. < 10* s for
M2z 107 (vyina/108 cms™) My yr~!, consistent with the mass-loss rate inferred from the thermal
X-ray component.

Lower panel: the UVOT light curve. Filled circles of different colors represent different UVOT filters:
red — V (centered at 544 nm); green — B (439 nm), blue — U (345 nm), light blue — UVW1 (251
nm); magenta — UVMI1 (217 nm) and yellow - UVW2 (188 nm). Specific fluxes have been multiplied
by their FWHM widths (75, 98, 88, 70, 51 and 76 nm, respectively). Data have been rebinned to
increase the signal to noise ratio. The UV band light curve peaks at about 30 ks due to the shock
break-out from the outer stellar surface and the surrounding dense stellar wind, while the optical
band peaks at about 800 ks due to radioactive heating in the SN ejecta.
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Fig. 3.— Evolution of the soft thermal component temperature and radius. Upper panel:
evolution of the temperature of the soft thermal component. The joint BAT and XRT spectrum
has been fit with a blackbody component plus a (cut-off) power-law in the first ~ 3,000 s (see also
the caption of Fig. 1). The last point (circled in green) comes from a fit to the six UVOT filters,
assuming a blackbody model with Galactic reddening [E(B — V') = 0.14] and host galaxy reddening.
This reddening has been determined by fitting the Rayleigh-Jeans tail of the blackbody emission at
32 ks (9 hours). The data require an intrinsic £(B — V) = 0.20 £0.03 (assuming a Small Magellanic
Cloud reddening law'®). Lower panel: evolution of the radius of the soft thermal component. The
last point (circled in green) comes from the fitting of UVOT data. The continuous line represents a
linear fit to the data.

42




Radius (Units rs = 10pc)

e
b

ey
=

g
)

g
=

N
~

g
)

g
=)

1.8

1
AV
R= R, eren (l —-e Ja )

dR/dt = RS*U"W/ Iz ( 1—¢ /i j
R

Tlme (units 10* years)

Long gamma-ray burst
(>2 seconds’duration)
| A red-giant
v star collapses
—> e ONtO its core.
.

Torus

Gamma rays

eventually

250 T T T r ]
= 200F
S ]
=
E 150}
§ 100F |
E sof ]
OL L L n !
0 2 4 6 10 ]
Time (units 10* years)
0 2 4 6 10

*Possibly neutron stars.

Stellar
Evolutwm

y unseen shockwaves, k-
om newlyforme'd stars

Gamma-Ray Bursts (GRBs): The Long and S..... ...

Short gamma-ray burst
(<2 seconds’duration)



*15-25 keV
*25-50 keV
*50—-100 keV
*100 — 150 keV

)
£
=]
:
&
g
T
~
-—
=1
=]
(o]
v

18-1160 keV ——
\%

Time since BAT trigger (s




Tanvir |et al. 2009

Telescopio
Nazionale

Galileo
~14hrs after

trigger

Salvaterra et al., 2009




7000 7500 sooo & 8500
U1148+5251 76,42
J1030+0524 z=6.28
J1623+3112 z=6.22
J1048+4637 z=6.20

J1250+3130 2=6.13

5100 5200 5300 5400

o
o

M, M,

(]

F, 10-1” ergs cm2 s~! A-!

Lya NV ||[sill* oI co*
SI Sil

6000
Observed Wavelength (&)

U1 044_ 91_25 22574

£ 162145150 2=5.7] PN .
7000 7500 8000 A (A) 8500 9000 9500
Lor Syl T

o - [ ol i i

? < T
10-14 ; 'E 1.0 i = ;

| (&) L >

I T I & =1 |

L n I —i N

[ o 05} i
10-14 |- 5 [ =l

[ 1 I _ b iZi5 o o

[ 2 00} . I R
ol P i ' '

L [ H ; \

[ g -05 A ; i ‘

— 1 &= w—M : i

GRB 090423 i S S N
A i S S R SR 7000 7500 8000 8500 9000 9500 1000
! 9 2 observed wavelength (A)




REIONIZATION OF THE UNIVERSE

Neutral Hydrogen
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Z-30

“First stars and mini-quasars form
via Hy Cooling.

“Hp destroyed by photons with
energies of 11.2-13.6eV.

Z-~15
ol
“Massive objects cool and form
stars via atomic line emission at
Tyir 2 104 K.

Z-8

‘Expanding Hll regions overlap;
UV background rises sharply.

i

“‘Free electrons damp CMB
anisotropies.

O Tyr< 104K

. Tyir> 104k

What is the Reionization Era?
A Schematic Outline of the Cosmic History

Time since the <The Big Bang

g Bang (years)

The Universe filled
with ionized gas
300 thousand <-The Universe becomes
neutral and opaque

The Dark Ages start

Galaxies and Quasars
begin to form

~ 500 million The Reionization starts

The Cosmic Renaissanc
The Dark Ages end

~ 1 billion < Reionization complete,
the Universe becomes

transparent again

Galaxies evolve



The simulations are from the
presentation given by 2. Wc5adyen in
the Denice 2009 meeting

—i—

This talk benefited form discusion I had with
Raffaella Yargutti
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Possible evolutionary path to a short-lasting gamma-
ray burst. a, b, In a binary-star system consisting of two high-mass,
‘main-sequence’ stars, the more massive member (primary) exhausts
its hydrogen nuclear-fuel supply, becomes a bloated red giant and
transfers large amounts of mass to its lighter companion
(secondary). ¢, The primary explodes as a supernova, leaving behind
a neutron star. d, The secondary becomes a giant. e, Its expansion
leads to a common-envelope phase in which the neutron star
ploughs through the giant’s outer layers, ejecting them from the
system and leaving it in a tight orbit. f, The likely outcome is a
neutron-star-helium-star binary. g, The helium star undergoes a
supernova explosion. h, The resulting neutron-star pair is left in a
short-period (about a day) orbit. 1, With time, the system loses
orbital energy and the stars merge, producing a gamma-ray burst;
the time delay between the formation of the neutron-star binary and
the burst occurrence is extremely sensitive to the separation of the
stars after the common-envelope phase. The discovery! of GRB
070714B suggests that smaller separations than previously
anticipqted are needed. (Diagrams and temporal axis not to scale.)

[OIl], z= 0.923 - GRAHAM ET AL. 2009 ENRICO RAMIREZ RUIZ 2009
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Syn. cooling & curvature
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W Kumar&Panaitescu
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Sari et al.
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X | == I ny¥*.

10 s If we assume the main factor is the curvature

i effect we have the following [The Observer
S way, however see later more formal

It is valid for both the forward and reverse
shock and it is independent of whether the
reverse shock is relativistic or Newtonian. foect™ witha, =2+
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Fennimore et al. ACF Width = k E42 t

52




A way to form.
short variab:ility
ar) and related geometry
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Do we bave a ,A, See among others

. problem with ' receIn<t work by:
umar,

. Energy budget? Lyutikov

| Piran

Turbulence Sub-Jets




y (1078 cm)

y (1078 cm)

2D Uni.Blastwave (energy - erg cm)

surrounding medium internal energy density ~ 2.25 103 erg cm3
Zhang et al., 2009 see also Venice 2009 presentation by A. McFadyen
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