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Outline

* short history of GRBs

 present knowledge on GRBs In the Swift era

« optical follow-up observations with 2-m
robotic telescopes:

— observational strategy,
— results and

— hot topics: dark bursts, jet-breaks, polarization,...



Ultra-
Gamma X-ray -'iﬂ:q Infrared Microwave Radio
- Shorter waves uv) IR Longer waves p
— Y
1

Strat
ozone layer at 20-30

m; jets fly at 10 km) *‘

w
(-4
w
=
o
0
Q
=
i




Discovery

counts/second

2

Time (seconds)



next 25 years

- localization

->100 theories
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1990-t1ies and BA'T'SE

BATSE on Compton Gamma-Ray Observatory:

- ~ 1/day

- not repeating

bulk of the energy in hy between 0.1 and 2 MeV

- spectrum: broken power law
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temporal profiles

Trigger 105 Tigger 143

5]
]
a
&
;
a2
ol




long and short GRBs

¢ duration distribution:

% long . t>2 N ) BATSE 4B Catalog
e short: t<2s
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1sotropic sky distribution

2704 BATSE Gamma-Ray Bursts
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Y Pixel=

atter 30 years: Beppo-SAX

e 1997 - discovery of long GRBs afterglows
e GRB 970228: in X-rays:

BeppoSii observation of GRES70228 field

BeppoSaX cbhbservation of GRBA70228 field
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optical alterglow

radio afterglow — up to a few M 10

Days after GEB



1in galaxies!

GRB990123

-measure galaxy’s z
-distance = E

5




Energy!

* jsotropic energy release:

e ~M, c? 1natime of 0.01 to 100 s

ms time variability + vast amount of energy + GeV
photons -> ultra relativistic plasma with y>100



atterglows and jet break(?)

Break time

Relativistic
effects

e
------

Jet opening
angle

- Gamma -ray
burst

(arbitrary units)

1 10
time (days after GRB)



Fireball model

-ultra relativistic plasma with y>100
- nonthermal spectra -> shocks, sinhrotron radiation

- mternal shocks -> prompt emission (GRB)
- external shocks -> afterglow emission

Progenitor
(massive star)

External
shocks

Internal

shocks Fe line
14
Q)
i y
e line
Gamma-ray R
burst Fe line

Afterglow




Afterglow
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Foctayb

environment:
- Inter Stellar

Medium
9

-wind: p oc 1

a(la<p<?2 p~1.45)

ISM, slow cooling
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COMPACT OBJECT MERGER SCENARIO

1 Meutron stars

AFTERGLOW

EMISSION OF GAMMA RAYS ' ’A/\

PRE-BURST

INTERMAL EXTERNAL
SHOCKS SHOCKS

k|

Faster Highly beamed

collide gamma rays

Massive
star Local
medium
1 THE FORMATION of a gamma-ray burst begins either with the rich iniron

merger of two neutron stars or with the collapse of a massive star.
Both these events create a black hole with a disk of material

around it. The hole-disk, in turn, pumps out a fireball at close to the
HYPERNOVA/COLLAPSAR SCENARIO speed of light. Shock waves within this material give off radiation.



long GRBs - collapsars

MODEL FOR oRB O3i2U3

hipernove

blue




MacFadyen et al.



connection with supernovae type Ib/c

light curves of GRB 970228

1074 o

V band - RC band Ic band

Do
M Supernova Spectrum Emergence
£ ) GRB 030329 1s now also SN2003dh
10~ L
107° £ 3 %,_
S T T S TR T R 3
Days after Feb 28.1236 UT E

GRB 030329 Apr 8UT
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but not all!
- - Observed Wavelength (A
mISSIng Supernovae T. Matheson (CfA), GCN 2120 "




short GRBs - mergers?

055 ms

mergers- bh

mergers- NS




Swiit !

NASA
launch end ot 2004,

start of science operation 1mn 2005

detectors:

-BAT -y

-XR'T - X-rays

-UVO'T - UV and optical



http://swift.gsfc.nasa.gov/images/gallery/sc/swift.jpg

Swilt procedures

1. BAT triggers on GRB and
BAT calculates position to within 4
arcmin
2. Spacecraft autonomously
slews to GRB position in 20-
70 sec.
3. XRT determines position to

7 <10 sec

within ~ b arcsec.
4. UVOT mmages hield and
transmit finding chart to
ground

95% of triggers yield
XRT detection

50% of triggers yield
UVO'T detection

7<90 sec




News

e short GRBs alterglows

B R 5

GRB050709

HST, 2 billion light years

also in galaxies,
lower z (<2) - selection effect?




Long GRBs Short GRBs
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Supernovae connection:

GRB 060218 and SN
2006 (z=0.033)

GRB 060614 and
GRB 060605 -

“missing” supernovae

*®



cosmological redshitt - z

max I GRB 050904

—_ Redshift Records (Mecmahon & Tanvir)
study of early univers Galaxies |



at least 3 types of GRBs?




0.3—10 keV flux (erg em™2 s71)
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also 1 optical:

LIVERPQOL r' - ;
LIVERPOOL i -+~
LIVERPQOL z'
RAPTOR
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MODEL
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XRT (Counts/s)
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¢ 1s there a connection?



Rapid optical observations!

e optical afterglows rapidly fade
* sooner, closer to progenitor

* simultaneous with vy, X-ray observations



RoboNet-1.0
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RoboNet-1.0 o

funded by UK PPARC
includes members of 10 UK university teams:

Cardift, Exeter, Hertfordshire, Leicester, Liverpool JMU,
Manchester, MSSL.,, QUB, St. Andrews, Southampton.

principal technological aim:
to mtegrate a global network of telescopes to act effectively
as a single mstrument

scientific aims:

- rapid response and optimised monitoring of



Roque de los Muchachos, operated by
1, Canai Isle nds




Maui, Hawau

Siding Spring, Australia

primary use for UK schools -
some time available to research
community




tully opening enclosure

observations starting in 2-5> min after the GRB trigger time




Instrumentation

LT & FTN & FTS:
- optical CCD (with 8 filters),
- low-resolution spectrographs,

In addition LT has:
- IR camera and
- RINGO polarimeter (2006)




GRB 970508
GRB 980519
GRB 990123

® GRB 990308
GRB 990510
GRB 990712

o GRB 001011
o  GRB 010222
< GRB 011211
< GRB 020124
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LT IR IMAGE
LT SPECTRWM

robotic operation enables rapid follow-up (2-5 min)
range of filters - multi-colour light curves

range of mstruments: early SED, IR (dust obscured, high
z), early spectrometry, polarimetry

2-m aperture allows deep observations (faint optical
afterglows)
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GCN

Gamma ray bursts Coordinates Network
http://gen.gsfe.nasa.gov/

alert goes to socket
and e-mail/ SMS
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Telescope override

Short RINGO Exposure (2006)

Detection Mode (DM) LT
—— FIN
LTTRA P —— LT &FTN

MultiColor
> >————| | Imaging Mode

(MCIM)

RIZ Mode
(RIZM)

Polarimetry Mode (PM) (2006) Spectroscopy
Spectroscopy Mode (SM) (2007) Mode (SM)

2’0’ i" (B,R,i") Light Curves
or deep Upper Limits :

Guidorzi et al, PASP, 2006


http://swift.gsfc.nasa.gov/images/gallery/sc/swift.jpg

LT 'TRAP

Liverpool Telescope Transient Rapid Analysis Pipeline

Time since GRPB (min)



Optical afterglows by L'T, FI'N and F1T'S
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100

At from Burst [min]

until Sep 07:

- 63 GRBs,

- 24 detections,

- 39 “deep upper
limats”,

- -65 GCN circulars

- -20 refereed papers

Gomboc et al. 2006




GRB 060108 & GRB 060510b

no filter

WM

R060108
V060108
B060108

1060108

N . R060510b

0.01 0.1
time since GRB (days)

.. 1060510b

Swift No. 100:
GRB 060108:
phot. z<3.2
(Oates et al. 20006)

GRB 060510b:

7=4.9
(Price 2006)



Dark GRBs

Adapted from Jakobsson et al. ApJ (2003
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... and upper hmaits

o Dark Burst
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Melandri et al, in preparation



GRDB 050502a
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0.1

e bump due to
density
enhancement
seems little more
favoured than
energy injection
®* Nno strong
evidence for
cromatic bump




IR from
Bloom et al.

2005

low ext., @,
molecul., big

grains dust, grey
ext. profile
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Montfardin et al, ApJ, 2006 active engine, late energy ijection, break not due to jet




GRDB 061007

Time since GRB trigger (s)
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Time since GRB trigger (min)

7=1.261, forward shock, no optical Mundell et al. ApJ 2007
flash, no jet-break to 10° s
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Fig. 2.— Broad-band optical to ~-ray spectral energy distribution derived for the time
interval 200 < tos < 400 s, fitted with an absorbed power law with F(opt-X-v) = 1.0240.05
and rest frame extinction Ay (SMC)=0.4840.19 mag (solid line). The unabsorbed power law

is also shown (dotted line).



GRB 061126

1.5, @,~0.8, =700 s,
jet break @ 1.3x10° s

ax=1.29

blue WT - red PC

sT)

rgs cm-

10°
Time since GRB (s)

Flux (0.3-10.0 keV) (e

Gomboc et al, in preparation

104 108
time since BAT trigger (s)



GRB 061126: reverse + forward shock

4 5

103 10
Time since GRB (s)

magnetization?

10




Spectrum right after reverse shock crossing

V - _f I V _a F - i g -
m.ro r éﬁ)iﬁ p , cr ﬁ)ﬁd;z ‘ max, r rﬁ)};d . R = B
Vm 4 Vc. f max, f Sb‘. f

The two components have comparable nuFnu peak (emitting comparable energy)

v F, atmax(v_,v )z(v Vv ']I'K'ZF for p=2

i m- C. max

F ? ICI'DHX, r =< f_l

V F.. = consl

max

Reverse shock emission

Standard
fireball

Epr=Ep,r

Forward shock emission

Fn

vV

Magnet i zed
fireball

g-l'lJ".F' > gt‘)’, f

Kobayashi



role of magnetic field=?

* hydrodynamical jet — low polarization of
early afterglow

e magnetized jet -
30-50 %

0.01 0.10 L.00

Lazzati et al. 2004



RINGO polarimeter

— ring polarimeter
based on the design by
Clarke&Neumayer (2002) — since 2006
* polarimetric accuracy
<1% at 15 mag in 1 (5) min
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GRB 060418

RINGO polarimeter:

SDSS—r’ [mag]

100
At from Burst [min]

* rise observed by REM




Upper limit on early polarization < 8% or p=3.8 %;
Mundell et al, Science 2007



Conclusions
GRBs:

e most powerfull explosions in the Universe
e signaling the birth of black holes

e 1mportant for study of stellar evolution

e study of explosion development

e study of circumburst environment and host galaxies - to early
galaxies - cosmological probes

e a growing database of multiwavelength observations by Swift and
robotic telescopes - from case-by-case to statistical study
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