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In this paper we emphasise the role of 

ESO in the optical follow-up of gamma-

ray burst light curves and the impor-

tance of early observations via rapid 

response mode. We describe some of 

the best short gamma-ray burst obser-

vations ever and illustrate the need for 

VSHFWURVFRSLF�GDWD��6SHFL:FDOO\��  

we show how the exceptional dataset 

collected for the naked-eye burst 

GRB 080319B, the brightest burst ever, 

has proved very challenging for current 

WKHRUHWLFDO�PRGHOV��7KH�:QDO�DLP�LV�  

the understanding of the physical proc-

esses that make such phenomena the 

true beacons at the edge of the Universe.

How it happened

'DQHS@FD��JMNV�GNV��BQD@SHUHSX�@MC�NQ ��
F@M��HR@SHNM
�.TQ�OQDUHNTR�DWODQHDMBD�VHSG�
!DOON2 7�@MC�SGD�QDK@SDC�NOSHB@K�ENKKNV�
up from the ground, taught us that we 
needed a very fast re-pointing of the 
spacecraft, multi-wavelength coverage 
@MC�GHFG�RDMRHSHUHSX�HMRSQTLDMSR
�3GDRD�
goals were achieved in the design of the 
2VHES�R@SDKKHSD��&DGQDKR�DS�@K
���������VGDQD�
NM�AN@QC�CDBHRHNM�L@JHMF�RTBBDRRETKKX�
RTARSHSTSDC�ENQ�GTL@M�HMSDQUDMSHNM
�!TS�@KK�
of this would be completely useless with-
NTS�@�E@RS�@MC�DEjBHDMS�BNLLTMHB@SHNM�
system, able to deliver data and informa-
SHNM�@KK�NUDQ�SGD�VNQKC
� �F@LL@�Q@X�
ATQRS��&1!��DWOKNCDR��HM�@�EDV�RDBNMCR�
the Swift team has provided the astro-
nomical community with the accurate 
position of the event, allowing ground-
based telescopes to collect photons 
coming from the remote corner of the 
Universe where a giant explosion has just 
NBBTQQDC
�%QNL�SGD�UDQX�jQRS�2VHES� 
meetings we realised that to achieve very 

fast Very Large Telescope (VLT) pointing, 
we needed not only a letter of intent from 
SGD�$2.�#HQDBSNQ�&DMDQ@K��#&���ATS�@KRN� 
@�RSQ@SDFX
�3GD�1@OHC�1DRONMRD�,NCD�
(RRM) was born: in this mode a VLT 
instrument is able to set on the target and 
start acquiring data less than seven min-
TSDR�@ESDQ�@M�@KDQS
�3GHR�HR�@�E@MS@RSHB�
technical and organisational achievement 
AX�$2.
�$RRDMSH@K�ENQ�NAS@HMHMF�D@QKX� 
data of objects characterised by a rapidly 
declining luminosity, the RRM gives the 
community the potential to understand 
the early physics of these events, with the 
jM@K�@HL�NE�TRHMF�&1!R�@R�AD@BNMR�@S�
SGD�DCFD�NE�SGD�4MHUDQRD
�3GD�OQHL@QX�
MDDC�V@R�SN�RDBTQD�&1!�QDCRGHESR��@�S@RJ�
SG@S�G@R�ADDM�ETKjKKDC�DEEDBSHUDKX�AX�SGD�
various European teams with ESO as 
lead player on the scene (45�50 % of 
&1!�QDCRGHESR�G@UD�ADDM�NAS@HMDC�VHSG�
$2.�NARDQU@SHNMR��RDD��D
F
��%XMAN�DS�@K
��
�����
�

Figure 1.�.QF@MHR@SHNM�NE�&1!�ENKKNV�TO�� 2(�2BHDMBD�
#@S@�"DMSDQ�� 2#"��RS@EE�@QD�HMUNKUDC�HM�&1!�RBHDMBD�
while the Malindi ground station is responsible for 
R@SDKKHSD�CTSHDR�@MC�ENQ�SGD�2VHES�713��7�1@X�3DKD -
RBNOD��C@S@�@M@KXRHR�RNESV@QD
�,(23("(��,TKSHV@UD -
KDMFSG�(S@KH@M�2VHES�3D@L�VHSG�(MSDQM@SHNM@K�"N�(MUDR -
SHF@SNQR��@MC�"(!.��"NMRNQYHN�(S@KH@MN�!TQRS�.SSHBH��
@QD�SGD�NOSHB@K�ENKKNV�TO�FQNTOR
�$BNMNLHB�RTOONQS�
BNLDR�L@HMKX�EQNL� 2(�� FDMYH@�2O@YH@KD�(S@KH@M@��
@MC�,(41��,HMHRSDQN�CDKK�(RSQTYHNMD�4MHUDQRHS��D�
1HBDQB@�
�3GD�TMHPTD�@QBGHSDBSTQD�NE�SGD�$2.�ENKKNV�
up related to the Swift Mission was organised also 
SG@MJR�SN�SGD�BNKK@ANQ@SHNM�NE�SGD�#HQDBSNQR�&DMDQ@K�
1HBB@QCN�&H@BBNMH�@MC�"@SGDQHMD�"DR@QRJX�@MC�SGD�
TMHPTD�SDBGMHB@K�BNMSQHATSHNM�NE�1NADQSN�&HKLNYYH�
@MC�)@RNM�2OXQNLHKKHN
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But there was another requirement:  
the Swift UVOT (Ultra-Violet/Optical Tele-
scope) instrument is not sensitive to 
wavelengths longer than 650 nm, and we 
considered it crucial to have observations 
QD@BGHMF�NTS�SN�SGD�MD@Q�HMEQ@QDC
�%NK �
lowing some in-house discussions and 
D@QKX�HMSDQ@BSHNMR�VHSG�"@SGDQHMD�"DR@QRJX��
SGD�SGDM�$2.�#&��VD�CDBHCDC�NM�@�MDV�
concept for a robotic telescope in Chile 
on the ESO territory: the REM (Rapid Eye 
,NTMS��V@R�ANQM
�%TMCDC�AX�SGD�(S@KH@M�
,(41��SGHR�SDKDRBNOD�OQNUHCDC�SGD�NOONQ -
tunity to collect unprecedentedly early 
HMENQL@SHNM�NM�&1!R
�+@SDQ�@�RXLAHNSHB�
telescope, the TORTORA (Telescopio 
Ottimizzato per la Ricerca di Transienti 
.SSHBH�1@OHCH��V@R�@CCDC�SN�SGHR�TMHS
�3GHR�
telescope � the result of a Russian� 
(S@KH@M�BNKK@ANQ@SHNM���L@X�AD�KHLHSDC�HM�
sensitivity, but has the advantage of a 
UDQX�K@QFD�jDKC�NE�UHDV�@MC�NE�RODBS@BTK@Q�
SHLD�QDRNKTSHNM
�3GD�K@SSDQ�V@R�NE�FQD@S�
@CU@MS@FD�ENQ�SGD�fM@JDC�DXD�ATQRSt��
&1!������!


This short account gives a feel for how 
organised and synchronised the Swift 
@MC�SGD�(S@KH@M�SD@LR�@QD
�%NQ�@�ETKK�@O ��
preciation of what we believe is a unique 
LNCDK�NE�VNQJHMF�BNKK@ANQ@SHNM�@MC�

management, we show the follow-up 
NQF@MHR@SHNM�HM�%HFTQD��
�3GHR�NQF@MHR@ -
SHNM��@MC�SGD�VHKK�SN�L@JD�HS�VNQJ��HR�VG@S�
L@CD�@MC�BTQQDMSKX�L@JDR�SGD�QDRD@QBG�
RTBBDRRETK
�(M�SGD�ENKKNVHMF�VD�VHKK�  
only discuss a few open issues and con-
BDMSQ@SD�NM�@�EDV�QDRTKSR�@LNMF�L@MX


Morphology and progenitors

Morphology in any species, class of 
objects or natural phenomena is  
the result of heritage and of the mecha-
MHRLR�FDMDQ@SHMF�SGDL
� R�HM�NSGDQ� 
BNRLHB�NAIDBSR��&1!�LNQOGNKNFX��&1!R�
@QD�BK@RRHjDC�HMSN�KNMF�:+&1!<�@MC� 
RGNQS�:2&1!<�SXODR�@BBNQCHMF�SN�SGD�CTQ@-
tion of the high energy initial event)  
is a consequence of the different progeni-
tors, host galaxies and various physical 
LDBG@MHRLR�@S�VNQJ
�+&1!R�@QD�KHJDKX�
due to the collapse of very massive stars 
(M > 20M����@R�SDRSHjDC�AX�SGDHQ�@RRNBH@-
SHNM�VHSG�BNQD�BNKK@ORD�RTODQMNU@D��2-�
�
No SN explosion has ever been observed 
HM�BNMMDBSHNM�VHSG�2&1!R��VGHBG�@QD�
believed to originate from the merging of 
BNLO@BS�NAIDBSR��MDTSQNM�RS@QR�NQ�AK@BJ�
GNKDR��RDD��D
F
��-@J@Q�������
�+&1!R�

occur in late-type galaxies, but never  
HM�D@QKX�SXOD�F@K@WHDR
�3GD�OQNSNSXOD�GNRS�
NE�@M�+&1!�HR�@�XNTMF��AKTD��LDS@K�ONNQ�
@MC�RTAKTLHMNTR��@ANTS��
��+	��F@K@WX��
VHSG�GHFG�RODBHjB�RS@Q�ENQL@SHNM�Q@SD��ATS�
KNV�L@RR
�(M�BNMSQ@RS��2&1!R�RDDL� 
to span galaxies of various morphologies 
(see Figure 2); the model in this case  
is that of a hot and dense torus of  
�
��l�
��,� that is accreted onto a stellar 
L@RR�AK@BJ�GNKD��!'�
�3GD�GHFG�DMDQFX�
in volved, (1046�1050 erg after correcting for 
the jet opening angle) implies rather large 
accretion rates that call for an equally  
DEjBHDMS�BNNKHMF�LDBG@MHRL��MDTSQHMN�
BNNKHMF�HR�SGD�jQRS�B@MCHC@SD
�6GHKD�SGD�
NBBTQQDMBD�NE�SGD�IDS�HR�KHJDKX�QDK@SDC�SN�SGD�
asymmetry of the model, it still remains 
unclear how and if the late engine activity, 
SDRSHjDC�AX�SGD�OQDRDMBD�NE�k@QDR��LHFGS� 
be related to the duration of the primary 
burst and to the viscous and gravita  tional 
HMRS@AHKHSHDR�NE�SGD�CHRB
�

Figure 2. Top panels, from left to right: VLT observa-
SHNMR�NE�SGD�GNRS�F@K@WHDR�NE�SGD�RGNQS�&1!R��
&1!��������&1!��������@MC�&1!������
�!NSSNL�
panels: prompt high energy emission coming from 
the same bursts; note the broad soft bump following 
SGD�D@QKX�RGNQS�ROHJD
�&1!�������HR�@�'$3$��'HFG�
Energy Transient Explorer) burst, the other two come 
EQNL�2VHES
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-@STQD�CNDR�MNS�jS�HMSN�@MX�O@QSHBTK@Q�
BK@RRHjB@SHNM�RBGDLD
�(M�O@QSHBTK@Q��SGD�
simple long�short dichotomy hides  
a more complex reality: how do we ac -
count for the broad and soft emission  
ENKKNVHMF��HM�RNLD�B@RDR��RDD��D
F
��%HFTQD�
2), the primary short pulse? This pattern 
requires a rather long-lasting activity of 
the central engine, a different progenitor 
LNCDK�@MC�ODQG@OR�@�MDV�BK@RRHjB@SHNM�
RBGDLD
�6G@S�VD�CN�JMNV�HR�SG@S�HM� 
@KK�SGDRD�B@RDR���@MC�ENQ�2&1!R�HM�O@Q -
ticular � optical observations are funda-
LDMS@K
�2TBG�NARDQU@SHNMR�DM@AKD�CHQDBS�
information to be gained on the host  
F@K@WX��'&��LNQOGNKNFX��NM�SGD�HMSDQRSDK -
lar medium properties and the progenitor 
parent population; then indirectly we  
constrain the jet structure and the physi-
B@K�LDBG@MHRLR�@S�VNQJ��VHSG�SGD�jM@K�
aim of understanding the nature of the 
central source that powers these explo-
RHNMR
�3GHR�Q@HRDR�SGD�PTDRSHNM�NE�VGDSGDQ�
we really need the VLT and the RRM? 

The answer is unequivocally, yes, since 
VD�G@UD�MN�NOSHB@K�RODBSQTL�NE�@M�2&1!�
SN�C@SD
�,NQDNUDQ��VD�MDDC�GHFG�QDRN �
lution spectroscopy, fast photometry and 

polarisation information: fast reaction 
from an 8�10 m telescope is therefore 
BQTBH@K
�3GD�ADRS�R@LOKDC�2&1!�@ESDQ -
glow optical light curve comes from 
&1!��������EQNL�$2.l5+3�NARDQU@SHNMR�
�/HQ@MNLNMSD�DS�@K
���������SGD�KHFGS� 
curve displays an initial slow decay that 
AD��BNLDR�RHFMHjB@MSKX�RSDDODQ��ADFHMMHMF�
one to two days after the explosion,  
and later levelling off at R�����
���RDD� 
%HFTQD���
�3GHR�HR�LNRS�KHJDKX�SGD�'&�DLHR -
sion level, the faintest yet detected for  
@M�2&1!
�4MENQSTM@SDKX��CTD�SN�SGD�KNV�
signal-to-noise ratio, spectroscopic 
observations did not reveal any line fea-
ture or edge able to constrain the red-
shift, so that only an upper limit (z����
���
B@M�AD�HMEDQQDC�EQNL�SGD�K@BJ�NE�+XL@M�
KHLHS�RTOOQDRRHNM�CNVM�SN�����ML
�

 R�VHSG�@�MTLADQ�NE�NSGDQ�2&1!R��SGD�
nearly unconstrained redshift of 
&1!�������QDL@HMR�@M�HLONQS@MS�G@MCH -
B@O
�3GDRD�RSQNMF�KHLHS@SHNMR�AH@R�@MC�
BNMRSQ@HM�NTQ�JMNVKDCFD��MNS�NMKX�CN�VD�
MNS�JMNV�BKD@QKX�SGD�M@STQD�NE�SGD�OQN -
genitors and of the physical processes at 
VNQJ��ATS�VD�@QD�RSHKK�TM@AKD�SN�R@X�
whether these merging events originate  
in galaxies or in extragalactic globular 
BKTRSDQR
�3GD�2&1!�QDRD@QBG�jDKC�HR�BTQ -
rently one of the most intriguing; progress 
can only come by setting on the target 
with large optical telescopes as soon as 

possible after the burst, and then follow-
ing the light curve evolution with multicol-
our observations down to the limits of the 
SDKDRBNOD�RDMRHSHUHSX


3GD�M@JDC�DXD�ATQRS�&1!������!

�The simplicity offers us the possibility  

SN�DMSDQ�@�QHBG�kDKC�NE�OGXRHB@K�OQNBDRRDR�

and to challenge our understanding, 

leading us to a beautiful variety of observ-

able effects.��1
�2TMX@DU

3GD�DWSQDLDKX�AQHFGS�&1!������!�HR�@�
showcase for the role of follow-up obser-
U@SHNMR
�3GD�C@S@�EQNL�SGD�$2.�E@BHKHSHDR�
OQNUHCD�@M�DW@LOKD�NE�SGD�JDX�NARDQU@ -
tions of this burst, while the international 
collaboration demonstrated how sharing 
data, ideas and expertise often leads  
SN�TMHPTD�@MC�Q@OHC�QDRTKSR
�3GD�(S@KH@M�
robotic telescope REM was pointing  
@S�&1!������ �@S�SGD�SHLD�HS�QDBDHUDC�
SGD�@KDQS�ENQ�&1!������!
�(S�@TSNL@SH -
cally started slewing to the new target, 
ATS�3.13.1 �VHSG�HSR�VHCD�jDKC�NE�UHDV�
and high time resolution, happened to  
be imaging the burst location from before 
SGD�SHLD�NE�DWOKNRHNM
�3GHR�NARDQU@SHNM��
SGD�jQRS�NE�SGHR�PT@KHSX�RHMBD�&1!R�VDQD�
CHRBNUDQDC��QDUD@KDC�SG@S�SGD�NOSHB@K�kTW�
was too bright to be the extrapolation  
NE�SGD�GHFG�DMDQFX���
��JD5l�
���,D5��S@HK
�

Figure 3. R-band light curve of the short 
&1!�������@ESDQFKNV
�$HSGDQ�@�RLNNSGKX�INHMDC�AQN -
JDM�ONVDQ�K@V��C@RGDC�KHMD��NQ�@�OTKRD�ETMBSHNM��CNS -
SDC�KHMD��FHUDR�@M�DPT@KKX�@BBDOS@AKD�jS
� ESDQ�SDM�C@XR�
SGD�kTW�KDUDKR�NEE�@S�SGD�GNRS�F@K@WX�BNMSQHATSHNM


Figure 4.�3GD�&1!������!�OQNLOS�DLHRRHNM�HR�
RGNVM
�(M�AKTD��SGD�NOSHB@K�C@S@�BNKKDBSDC�AX�  
TORTORA; in red, the gamma-ray component  
(15�150 KeV) detected by Swift BAT (Burst Alert  
3DKDRBNOD�
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The observations also showed some 
temporal coincidence of the bright optical 
k@RG�@MC�SGD�F@LL@�Q@X�DLHRRHNM
�3GD�
OQNLOS�NOSHB@K�kTW�OQNjKD�HR�AQN@CKX�  
correlated with the gamma rays, sharing 
a comparable duration, rise and decay 
SHLDR��VHSG�SGD�jQRS�G@KE�AQHFGSDQ�SG@M�SGD�
RDBNMC
� �UHRT@K�HMRODBSHNM�NE�%HFTQD���
suggests a delay of a few seconds in the 
arrival times of the optical photons with 
QDRODBS�SN�SGD�F@LL@�Q@XR
� �ONRRHAKD�
HMSDQOQDS@SHNM�HMUNJDR�SGD�ENQLDQ�ADHMF�
produced by synchrotron radiation, which 
is initially self-absorbed (thus explaining 
SGD�K@SDQ�QHRD�NE�SGD�NOSHB@K�kTW���VGHKD�SGD�
latter are up-scattered photons via syn-
BGQNSQNM�RDKE�"NLOSNM��22"�
�!TS�SGDQD� 
is an aspect missing: relativistic electrons 
up-scatter the low energy photons turn-
HMF�SGDL�HMSN�F@LL@�Q@X�OGNSNMR��jQRS�
HMUDQRD�"NLOSNM��("��VGHKD�SGD�R@LD�
electrons will further scatter these high 
DMDQFX�OGNSNMR��JHBJHMF�SGDL�HMSN�SGD�
3D5�Q@MFD��RDBNMC�("�
�3GHR�DLHRRHNM�
BNTKC�AD�CDSDBSDC�AX�"GDQDMJNU�FQNTMC�
A@RDC�SDKDRBNODR��D
F
�, &("��NQ��@S�
KNVDQ�DMDQFHDR��AX�SGD�%DQLH�R@SDKKHSD


%NKKNVHMF�SGD�jQRS�OG@RDR��1$,�@MC�
TORTORA had to hand the baton on to 
larger telescopes and in particular to the 
VLT, which then allowed the community 
to follow the event down to very faint 
L@FMHSTCDR
�3GD�2VHES�7�Q@X�SDKDRBNOD�
�713��V@R�F@SGDQHMF�C@S@�@S�SGD�R@LD�
SHLD
� R�HR�@OO@QDMS�EQNL�%HFTQD����SGHR�
burst shows a completely different 
ADG@UHNTQ�HM�SGD�NOSHB@K�@MC�SGD�7�Q@X�
ranges, suggesting that they must stem 
EQNL�CHEEDQDMS�DLHSSHMF�QDFHNMR
� �ONRRH -
ble explanation requires the action of a 
two-component jet: a, highly relativistic 
jet with a very narrow opening angle  
��
��CDFQDDR��ONHMSHMF�SN�SGD�NARDQUDQ�SG@S� 
is responsible for the prompt gamma 
DLHRRHNM�UH@�HMSDQM@K�RGNBJR��@MC�BN@WH@K�
VHSG�@�VHCDQ�IDS��NODMHMF�@MFKD���CDFQDDR�
�
(M�SGHR�OHBSTQD�SGD�@ESDQFKNV�HR�SGD�QDRTKS� 
NE�SGD�ENQV@QC�@MC�QDUDQRD�RGNBJR�EQNL�
ANSG�SGD�M@QQNV�@MC�VHCD�BNLONMDMSR
�
6GHKD�SGHR�LNCDK�HR�MNS�TMHPTD�@MC�G@R�@�
EDV�B@UD@SR��HS�HR�SGD�LNRS�KHJDKX�HMSDQOQD -
tation � a product of the joint efforts  
of a worldwide collaboration (Racusin et 
@K
�������
�

The power of the VLT/UVES (Ultraviolet 
and Visual Echelle Spectrograph) rapid 
response mode has also been fully 

DWOKNHSDC�ENQ�SGD�NARDQU@SHNM�NE�SGHR�&1!�
�#�$KH@�DS�@K
�������
�6D�VDQD�@AKD� 
to observe the spectrum just 8 minutes 
���RDBNMCR�@ESDQ�SGD�SQHFFDQ��@S�@�SHLD�
when the magnitude was R ~ 12, obtain-
ing the best ever signal-to-noise, high 
QDRNKTSHNM�RODBSQTL�NE�@�&1!�@ESDQFKNV
�
6D�B@TFGS�SGD�@ARNQAHMF�F@R�HM�@�GHFGKX�
excited state producing the strongest  
Fe II�@ARNQOSHNM�KHMD�DUDQ�NARDQUDC
�,NQD�
to the point, we witnessed the local 
DEEDBSR�B@TRDC�AX�SGD�&1!�DWOKNRHNM��
enabling the study of the evolution of the 
HMSDQRSDKK@Q�LDCHTL��(2,��O@Q@LDSDQR
� 
A few hours later the optical depth of the 
lines was reduced by factors of 4�20 and 
SGD�NOSHB@K�45�kTW�AX�@�E@BSNQ�NE�]���
�

&1!������!�CNDR�MNS�RGNV�@MX�JHMC� 
NE�OK@SD@T�NQ�k@QDR�HM�DHSGDQ�SGD�7�Q@X� 
NQ�SGD�NOSHB@K�KHFGS�BTQUDR
�6GHKD�@EEDBSHMF�
@ANTS�G@KE�NE�SGD�&1!�7�Q@X�KHFGS�BTQUDR��
k@QDR�RDDL�SN�AD�RONQ@CHB�DUDMSR�  
at optical wavelengths, a spectral range 
VGDQD�RS@SHRSHBR�@QD�BTQQDMSKX�K@BJHMF��
DRODBH@KKX�@S�K@SDQ�SHLDR
�3GD�ONVDQ�NE�
LTKSH�V@UDKDMFSG�NARDQU@SHNMR�HR�SDRSHjDC�
AX�&1!�������@MC�&1!������ �ENQ�
which we have contemporary REM near-
HMEQ@QDC��-(1��@MC�713�7�Q@X�C@S@
� 
3GD�D@QKX�7�Q@X�KHFGS�BTQUDR�NE�ANSG�DUDMSR�
RGNV�RDUDQ@K��HMSDMRD�k@QDR�RTODQHL -
posed on a smooth power-law decaying 
BNMSHMTTL
�.M�SGD�NSGDQ�G@MC��SGD�k@QHMF�
@BSHUHSX��HE�@MX��HR�LTBG�VD@JDQ�@S�-(1� 
EQDPTDMBHDR��SGD�-(1�BTQUD�HR�UDQX�RLNNSG�
VHSG�OD@JR�@S�����R�@MC�����R�ENQ�
&1!�������@MC�&1!������ �QDRODB -
SHUDKX
�3GHR�HLOKHDR�@M�HMHSH@K�ATKJ�+NQDMSY�
E@BSNQ�NE������BNMjQLHMF�SGD�GHFGKX�

QDK@SHUHRSHB�M@STQD�NE�&1!�jQDA@KKR
�%QNL�
our multicolour observations we were 
@AKD�SN�jQLKX�DR ��S@AKHRG�SG@S�K@SD�DMFHMD�
@BSHUHSX��@R�DWDLOKHjDC�AX�SGD�7�Q@X�k@QDR��
does not affect the optical light curve in 
SGD�R@LD�V@X��@S�����R�@ESDQ�&1!��VGDM�
ANSG�SGD�-(1�@MC�7�Q@X�KHFGS�BTQUDR�@QD�
decaying regularly, the spectral energy 
distribution is described by a synchrotron 
RODBSQTL��RN�MN�22"�MDDC�AD�HMUNJDC
�

Multi-wavelength follow-up is therefore 
BQTBH@K�ANSG�@S�D@QKX�@MC�K@SD�SHLDR
�

Towards new challenges

6@UDKDMFSG�BNUDQ@FD�@MC�RODBSQ@K�QDRN -
KTSHNM�@QD�JDX�HMFQDCHDMSR�ENQ�TMCDQ ��
standing the different aspects of an astro-
OGXRHB@K�OQNBDRR
� S�SGD�R@LD�SHLD�� 
@M�@BBTQ@SD�SDLONQ@K�@M@KXRHR�NE�SGD�&1!�
light curves represents a powerful tool  
for obtaining a deeper insight into the 
OGXRHBR�TMCDQKXHMF�SGDRD�DWOKNRHNMR
�3GD�
jQDA@KK�LNCDK�HR�@AKD�SN�@BBNTMS�ENQ� 
the vast majority of the observations, but 
NSGDQ�LNCDKR�@QD�MNS�QTKDC�NTS
�(M�O@QSHBT -
K@Q��VD�VNTKC�KHJD�SN�RSQDRR�SG@S�SGD�L@F -
MDS@Q�LNCDK��VGDQD�SGD�IDS�HR�/NXMSHMF�  
kTW�CNLHM@SDC�@MC�SGD�RL@KK�A@QXNM�
loading is naturally explained, has not yet 
ADDM�ETKKX�HMUDRSHF@SDC��+XTSHJNU��� 
!K@MCENQC�������
�3GD�CDSDQLHM@SHNM�NE�
the relevant time scales in different wave-
length ranges could help in distinguishing 
between competitive models, while  
the accurate study of the time variability 
could reveal particularly interesting  
information on the source that powers this 

Figure 5. Broadband light 
BTQUD�NE�&1!������!��
HMBKTCHMF�Q@CHN��-(1��NOSHB@K��
45��7�Q@X�@MC�F@LL@�Q@X�
kTW�CDMRHSHDR
�#@S@�G@UD�
been renormalised for 
FQ@OGHB@K�OTQONRDR
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JHMC�NE�DWOKNRHNM
�,NQD�RODBHjB@KKX��SGD�
details of the time structure are invaluable 
footprints of the original mechanism at 
VNQJ��ADHMF�CDSDQLHMDC�AX�@�BNLAHM@SHNM�
of intrinsic properties (cooling mecha-
MHRL��IDS�OQNjKD��DMDQFHR@SHNM��DSB
��@MC�NE�
extrinsic properties (viewing angle ef -
EDBSR��HMSDQUDMHMF�@ARNQOSHNM�
�(MUDRSHF@ -
tion of these details calls for high time res-
NKTSHNM��LTKSH�V@UDKDMFSG�NARDQU@SHNMR


&1!R�@QD�@ODQHNCHB�RGNQS�SDQL�DUDMSR��
with a temporal structure that represents 
a challenge for standard temporal analy-
sis techniques: while a fraction (about 
15 %) of the gamma-ray prompt emission 
consists of a single smooth pulse, the 
vast majority appear to be the result of 
the random superposition of a number  
NE�DLHRRHNM�DOHRNCDR
� �OTKRD�CDBNLON -
sition of the entire light curve is often  
CHEjBTKS�@MC�HM�AQHFGS�ATQRSR�SGD�OTKRDR�
are often blended, while in most dimmer 
bursts the low signal-to-noise prevents 
@MX�JHMC�NE�OTKRD�AX�OTKRD�RSTCX
�%NQ�SGHR�
reason we decided to develop a com-
OKDSDKX�CHEEDQDMS�JHMC�NE�@M@KXRHR
�

 �LNCHjDC�UDQRHNM�NE�ONVDQ�RODBSQTL�
analysis in the time domain, formerly 
developed by Li (2001), has been applied 
to the prompt and afterglow emission  
NE�&1!R��TMKHJD�SGD�%NTQHDQ�SQ@MRENQL��
this technique is suitable for studying the 
root-mean-squared (rms) variations of  
a completely aperiodic signal at different 
SHLD�RB@KDR
�3GHR�LDSGNC�G@R�SGD�@CU@M -
tage of being completely model-inde-
ODMCDMS
�&1!������!�HR�@�RGNVB@RD�

for the application of this technique to the 
prompt gamma-ray emission and the 
RSTCX�NE�&1!������!�GHFG�DMDQFX�C@S@�
shows the evolution of the characteristic 
SHLD�RB@KD�NE�U@QH@AHKHSX�EQNL��
��R�@S�SGD�
beginning of the emission up to 1 s at the 
DMC�NE�SGD�OQNLOS�DUDMS
�,NQDNUDQ��@M�
energy-resolved analysis reveals that the 
variability time is strongly energy depend-
DMS
�3GD�R@LD�JHMC�NE�@M@KXRHR�BNTKC�  
be applied to high time resolution optical 
C@S@
�&1!������!�RGNVDC�SGD�DWSQ@NQ -
dinary importance of high time resolution 
multi-wavelength observations: it was  
the simultaneity of high time resolution 
optical and gamma-ray observations that 
gave us the unprecedented opportunity 
to study the underlying emission mecha-
MHRL�HM�CDS@HK
�'HFG�SHLD�QDRNKTSHNM�NOSHB@K�
NARDQU@SHNMR��@AKD�SN�QDBNQC�SGD�kHBJDQHMF�
behaviour of the light curve, are therefore 
NE�OQHL@QX�HLONQS@MBD
�3GHR�V@R�TMCDQ -
stood even at the time of the REM design; 
however, contrary to earlier expecta  -
tions, most afterglows are already faint a 
few minutes after the explosion, so that 
we soon realised that it would be very dif-
jBTKS�SN�BNKKDBS�FNNC�PT@KHSX�C@S@��DWBDOS� 
NE�BNTQRD�ENQ�&1!������!�KHJD�DUDMSR��
VGDQD�AQHFGSMDRR�@MC�KTBJ�OK@XDC�@�L@INQ�
QNKD�
�3GD�HLOKHB@SHNMR�@QD�SG@S�K@QFD�@QD@�
QNANSHB�SDKDRBNODR�@QD�ETMC@LDMS@K


/QNRODBSR

6D�G@UD�CDRBQHADC�@�EDV�NE�SGD�L@MX�
HMSDQDRSHMF�QDRTKSR�NAS@HMDC�ENQ�&1!R
�
3GD�jM@K�FN@K���SGD�QD@K�RNTQBD�SG@S�

ONVDQR�SGD�ATQRSR���HR�RSHKK�DKTRHUD
� 
The new Fermi mission will certainly add 
a wealth of information, owing to the 
RODBS@BTK@Q�GHFG�DMDQFX�BNUDQ@FD
�3GD�
coupling with Swift will provide unique 
broadband spectroscopic information, 
settling the long-lasting question about 
the mechanism for the prompt radiation 
�RXMBGQNSQNM�NQ�22"�
�%TQSGDQLNQD��VHSGHM�
@�EDV�XD@QR��+(&.��+@RDQ�(MSDQEDQNLDSDQ�
&Q@UHS@SHNM@K�6@UD�.ARDQU@SNQX���5HQFN�
and other facilities will open up the new 
observational window of gravitational 
V@UDR
�3GDHQ�CDSDBSHNM�VHKK�BNMRSHSTSD�SGD�
real proof of the collapse of massive 
stars, SNe and the merging of relativistic 
NAIDBSR
�(M�SGD�LD@MVGHKD�5+3�@MC� 
the other extremely large telescopes will 
CQHUD�GTL@M�JMNVKDCFD�NM�SNV@QCR�MDV�
BG@KKDMFDR


References

"GHMB@QHMH��&
�DS�@K
�������3GD�,DRRDMFDQ���������
#�$KH@��5
�DS�@K
������� O)��HM�OQDRR
%XMAN��)
�DS�@K
�������3GD�,DRRDMFDQ���������

&DGQDKR��-
�DS�@K
������� O)�����������
+H��3
�/
�������"GHMDRD�)NTQM@K� ��� ��������
+XTSHJNU��,
���!K@MCENQC��1
������� 2/"����������
-@J@Q��$
�������/G1����������

/HQ@MNLNMSD��2
�DS�@K
������� � ����������
1@BTRHM��)
�+
�DS�@K
�������-@STQD����������

Figure 6.�45$2�RODBSQ@�NE�&1!������!�@QNTMC�SGD�
Fe II������Ä��KDES�O@MDK���@MC�%D II������Ä��QHFGS�O@MDK��
SQ@MRHSHNMR
�!K@BJ�KHMDR�QDEDQ�SN�SGD�jQRS�DONBG� 
RODBSQTL����LHMTSDR����RDBNMCR�@ESDQ�SGD�2VHES� 
trigger); red lines refer to the second epoch spectrum 
��
��GNTQR�@ESDQ�SGD�&1!�DUDMS���FQDDM�KHMDR�QDEDQ� 
SN�SGD�SGHQC�DONBG�RODBSQTL���
��GNTQR�@ESDQ�SGD�&1!�
NMRDS�


�

� 
�

�

�
�

�
��� � ��� �
� ���� ����
� ���� ���� 
�

/
HW
DK
�U
@K
TD
��1
DK
@S
HU
D�
%K
TW
�

/NRH SHNM�� 6@UDKDMFS G�:  <�

%D
((�
��
��
�Ä
��

� 
�

�

�
�

�
��� � ��� � ��� �

/NRH SHNM�� 6@UDKDMFS G�:  <�

/
HW
DK
�U
@K
TD
��1
DK
@S
HU
D�
%K
TW
�

%D
((�
��
��
�Ä
�

Astronomical Science "GHMB@QHMH�&
�DS�@K
��2VHES��5+3�@MC�&@LL@l1@X�!TQRSR


