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•  Cherenkov technique 
•  MAGIC telescopes 
•  GRB observations 

•  Observation procedure 
•  What can we expect at Very High Energy?  
•  MAGIC results 

•  Other fast trigger: 
•  The tidal disruption Sw1644 
•  AGN flares     

•  Summary 
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•  Located at Observatorio del Roque 
de los Muchachos(La Palma Canary 
Island) @ 2.200 m altitude 
•  Working in stereo since 2009 
•  17 m mirror dish 
•  PMT camera 
•  Lightweight carbon fibre frame  
fast repositioning (<30 s) 
•  FoV ~3.5º 
•  Energy range: 50 GeV - few tens of 
TeV (25 GeV Sum Trigger) 
•  Sensitivity ~0.8% Crab Nebula flux   
(50 h) 
•  Energy resolution ~15% (>300 GeV) 
•  Angular Resolution ~0.1º (100 GeV) 
- 0.07º (>300 GeV) 
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VERITAS: 4 telescopes (~12m) in Arizona operational since 2006 

Major upgrade expected ~end 2011:  
Very large (28m) central telescope in construction 

VERITAS: 4 telescopes (~12m) in Arizona operational since 2006 
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•  GCN Alert is received and the trigger criteria are checked 
automatically 
•  Trigger criteria: 

•  Zenith angle, moon distance, delay to T0, coordinates errors 
•  If trigger criteria full fill automatic procedure start: 

•  Fast repositioning ~30 s  
•  Observations are taken automatically without human interaction 
•  4 hours observations (+ special cases) 
•  Flare advocate system (check evolution, redshift measurements)  
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6

to apply. As general rule, to increase the flux expected from a GRB afterglow (for SSC), it is mandatory to decrease
the observation energy (both for the SSC spectral behavior and the EBL effect), and the time delay of the observation.

Within this scenario, MAGIC holds an advantage for GRB research when compared to other IACTs, due
both to its lower energy threshold and its pointing speed. The variety of available scenarios makes very important
any possible detection or stringent upper limits for their power in constraining the emission scenario or at least the
available parameter space. GRB prompt and afterglow observations should therefore be considered one of the highest
priorities for the MAGIC project.

At the present time, there is no evidence for VHE emission from those GRBs observed by MAGIC. It is still
not possible to determine the physical significance of this non-detection. The general difficulties in GRB observations,
coupled with the limited duty cycle of a ground-based facility like MAGIC, often prevent follow-up measurements of
the good GeV-candidate events. Moreover, roughly one third of the observed bursts lie at an acceptable distance
and only few of them were observed under good observational conditions. As a matter of fact, no valuable GRBs
have ever been observed by the MAGIC telescopes under conditions good enough to provide detection possibility or,
at least, constraining data (see Fig.6). We thus remark that it is a basic and fundamental need to continue to collect
large statistics for GRBs.
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Figure 6: Zenith distance vs. time delay at the moment of the observation for the GRBs observed by MAGIC. The absence
of a real good candidate event is clear from the relatively lack of GRB observed under good conditions corresponding to those
events in the bottom-left corner of the plot.
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11 Gehrels&Cannizzo 2010  

•  Highest photon energy 
detected by Fermi/LAT: 
E=30 GeV 

•  Evidence for delayed 
onset of GeV 
LAT emission with 
respect to lower energies 

•  VHE gamma-ray 
emission also delayed? 

! !
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Fermi-LAT has seen a number of 
long-bursts afterglows:

–  large isotropic energy bursts;

–  hightest photon energy ~ 30 GeV;

–  several bursts with max-photon 
energy above 1 GeV;

–  evidence for delayed onset of GeV 
LAT emission

–  evidence for an extra spectral 
hard component to the band function
at late times GRB 080916C 

Plot: Daigne –  HEPRO III 

GRB090816C 
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GRB 050421 
 z~? 

GRB 060206, 
z~4.1 

GRB 060121 
 z~? 

GRB 050505, 
z~4.3 
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! Markus Garczarczyk ! GRB2012 Munich ! 

MAGIC 

GRB080430 afterglow 

Facts: 

•! SWIFT BAT trigger, T90 = 16 s 

•! Redshift z = 0.758 

•! Only MAGIC-I mono, no sum-trigger 

•! Start MAGIC observation at T0 + 4763 s 

(trigger during daytime in La Palma) 

•! Observation time: 9616 s 

•! Low zenith angle: 23o < Zd < 35o 

•! Eth = 90 GeV 

Afterglow modeling: 

•! Band function: 

–! Epeak = 39 ± 12 keV, estimated from 

BAT data (best fit of Amati relation) 

–! Eiso = 3 ± 0.9 " 1051 erg 

•! Only SSC considered: 

  F90GeV, 8ks = 2.6 x 10-13 erg cm-2 s-1 

 FMAGIC UL =  5.5 x 10-11 erg cm-2 s-1
 

•! Different EBL absorption models 

J. Aleksic et al., A&A, 517, 2010   
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GCN-report 139.1 

•  SWIFT BAT trigger, T90=16 s 
•  Redshift z=0.758 
•  Only MAGIC-I mono, no sum-trigger 
•  MAGIC observation start at T0+4763s 
(trigger during daytime) 
•  Observation time = 9616 s 
•  Low zenith angle: 23º < Zd < 35º 
•  Energy threshold 90 GeV 

•  Band function: 
•  Epeak=39 ± 12 kev, estimated from 
BAT data (best fit of Amati relation) 
•  Eiso = (3 ± 0.9) x 1051 erg 

•  Only SSC considered: 
• F90GeV,8ks = 2.6 x 10-13 erg cm-2 s-1 

•  FMAGIC UL = 5.5 x 10-11 erg cm-2 s-1  
•   Different EBL absorption models  

Afterglow modeling: 

Aleksic et al. 2010 (MAGIC Coll.) 
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•  SWIFT BAT trigger, T90=16 s 
•  Redshift z=0.758 
•  Only MAGIC-I mono, no sum-trigger 
•  MAGIC observation start at T0+4763s 
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•  Band function: 
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•  Eiso = (3 ± 0.9) x 1051 erg 

•  Only SSC considered: 
• F90GeV,8ks = 2.6 x 10-13 erg cm-2 s-1 

•  FMAGIC UL = 5.5 x 10-11 erg cm-2 s-1  
•   Different EBL absorption models  

Afterglow modeling: 

4 J. Aleksić et al.: MAGIC observation of the GRB 080430 afterglow

Fνm,SSC ! 7 × 10−13 n5/4ε1/2B,−2 E5/4
k,53 t1/4

3

(
1+z

2

)3/4

D−2
L,28.34 erg cm−2 s−1 MeV−1, (9)

where DL is the luminosity distance of the source, DL ∼ 4.8 Gpc
(∼ 1.5 × 1028 cm). With our parameters, Fνm,SSC ! 5.2 ×
10−13 erg cm−2 s−1 MeV−1 which is much lower than the syn-
chrotron flux at the same frequency, νm,SSC, well within the
Swift-XRT energy range with these parameters.

Then, finally, from the peak energy to the MAGIC band we
have to extrapolate the SSC spectrum as:

F90 GeV ∼ Fνm,SSC (
νc,SSC

νm,SSC
)−(p−1)/2 (

ν

νc,SSC
)−p/2, (10)

and, again with our parameters, F90 GeV ∼ 2.9 ×
10−18 erg cm−2 s−1 MeV−1. The flux integrated in the MAGIC
band, the parameter to be compared to the reported upper limits,
can be well approximated by νFν at about 90 GeV, and we have
FMAGIC ∼ 2.6 × 10−13 erg cm−2 s−1 at the epoch of the MAGIC
observation, t ∼ 8 ks from the burst.

Any uncertainty in the underlying afterglow parameters af-
fects of course the VHE predictions. Some of these uncertainties
have, however, a rather limited (considering the present obser-
vational limits) impact because one of the relevant factors, the
ratio between the injection and cooling synchrotron frequency,
is constrained by the afterglow SED and uncertainties for micro-
physical parameters should still keep the ratio close to the ob-
served value. The νm/νc ratio drives the importance of the IC
component and the position of the cooling SSC frequency, i.e.
where the VHE flux begins to decrease steeply moving toward
higher energies. The total energy on the contrary is estimated as-
suming an efficiency for the GRB prompt emission process. This
is a weakly known factor given that at present no satisfactory de-
scription of the GRB prompt emission process exists (Lyutikov
2009). It is therefore possible (Zhang 2007) that the efficiency is
substantially higher, modifying the total energy and therefore the
expected flux. Circumburst matter density has an important ef-
fect on the expected SSC flux. With the present afterglow data it
can essentially only be estimated coupled to the micro-physical
parameters. A higher density would make the SSC component
more important and possibly detectable at lower energies (see
e.g. Harrison et al. 2001). However, the value of the circum-
burst density derived for afterglows with data allowing a detailed
modeling is consistent with the value we report for GRB 080430
(Panaitescu 2005).

A milder than expected temporal decay in the X-rays band
together with the consistency of the observed SED with the ref-
erence afterglow model prediction, raises some concern about
the reliability of the adopted theoretical scenario. A shallower af-
terglow decay showing a synchrotron spectrum can be explained
with late-time energy injection in the outflow (Panaitescu 2006;
Zhang et al. 2006). In this case the VHE SSC flux temporal de-
cay could be slowed in a way related to the time evolution of
the energy injection (Wei & Fan 2007; Gou & Mészáros 2007;
Galli & Piro 2007; Fan & Piran 2008). However, the lack of
a similar behaviour at optical wavelengths do not fully support
this possibility since energy injection should affect the afterglow
evolution in any band. It could be possible that the X-ray af-
terglow is affected by the occurrence of a late-time slow flares
which could be barely detectable at lower energies. Such a flare
can produce a detectable VHE emission although likely with
a longer and smoother time evolution due to the interaction of

Fig. 1. Predictions at different time delays from the high-energy
event for the SSC emission during the afterglow of GRB 080430.
Black triangles are 95% CL upper limits derived by MAGIC
at various energies. Lines of a same color show the same SSC
model, but a different absorption model of the gamma-rays by
the EBL. The blue lines correspond to the MAGIC observation
window.

the flare photons with the outflow accelerated electrons (see Fan
& Piran 2008), i.e. probably at later time than the MAGIC ob-
servations. Finally, we mention that micro-physical parameters
can evolve in time. Their evolution could affect the position and
time-evolution of the SSC injection and cooling frequencies and
as consequence the expected VHE flux. However, a satisfactory
theoretical framework for these possible modifications of the ref-
erence afterglow model is still lacking, leaving the introduction
of these ingredients purely phenomenological and likely beyond
the scope of this paper.

5. Extragalactic background light attenuation

Gamma-rays in the GeV energy regime are absorbed through
pair-production processes with the EBL. The precise light con-
tent of the EBL is strongly debated. We have to rely on many
different models, the predictions of which at z ∼ 1 span a wide
range of optical depths, from less than 1 up to 6 (Fan & Piran
2008). Moreover, the MAGIC collaboration recently published a
striking observational result (Albert et al. 2008) suggesting that
the EBL attenuation could be much lower than previously as-
sumed. Thus at the redshift of GRB 080430 (z ∼ 0.76) and at the
MAGIC energy (E ∼ 90 GeV) an optical depth τ not far from
unity is possible. We included four representative models from
Kneiske et al. (2004), Franceschini et al. (2008) and Gilmore
et al. (2009a) and show the range of possible absorbed spectra
in Fig. 1. The blue lines correspond to the MAGIC observation
delay, the other lines show the spectrum at earlier observation
times, in principle easily accessible to IACTs. On average, we
can assume an attenuation of the received flux from the afterglow
of GRB 080430 of the order a factor 3 or even less, allowing us
to estimate FMAGIC ∼ 3×10−13 erg cm−2 s−1 as the predicted flux
in the MAGIC band. As a matter of fact, our choice is possibly
very conservative as Gilmore et al. (2009a) described models, in
agreement with the observations reported in Albert et al. (2008),
with an optical depth as low as τ ∼ 0.4 at the same conditions of
these MAGIC observations.

Aleksic et al. 2010 (MAGIC Coll.) 

SSC 
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•  SWIFT BAT trigger, T90=27 s 
•  Very good reconstruction of the prompt 
emission parameters: SWIFT, Konus Wind 
and INTEGRAL simultaneous observations 
•  Band function parameters: 

•  Epeak=451+73
-58 keV 

•  F20keV-2MeV=3.09+0.29 
-0.25 x 105 erg cm-2  

•  Redshift (NOT) z=1.547 
•  Optical afterglow detected by various 
telescopes 
•  No signal with LAT 

•  MAGIC observation started at T0+1161 s 
(technical problems) 
•  Zenit: 5º-52º 
•  Total obs. time : 13149 s (only first 5919 
used for analysis z<25º) 
•  MAGIC-I + sum-trigger  ! Markus Garczarczyk ! GRB2012 Munich ! 

MAGIC 

GRB090102 

MAGIC 

•! SWIFT BAT trigger, T90 = 27 ± 2 s  

•! Very good reconstruction of the prompt emission parameters: 

SWIFT, Konus Wind and INTEGRAL simultaneous observation 

•! Band function parameters: 

 

 

•! Redshift (NOT) z = 1.547  

•! Optical afterglow detected by various 

telescopes 

•! No signal with LAT 

MAGIC observation: 

•! Start MAGIC observation at T0 + 1161 s 

(delay due to technical problems) 

•! Zenith range 5o " 52o 

•! Total observation time: 13149 s, 

only first 5919 s used in this analysis (Zd < 25o) 

•! MAGIC-I + with sum-trigger 

Epeak = 451+73
−58keV

φ20keV−2MeV = 3.09+0.29
−0.25 × 105

erg

cm2

GCN-report 192.1 

MAGIC observations 

GCN-report 192.1 
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•  First simultaneous GRB observation by MAGIC & Fermi/LAT 
•  VHE photons produced by SSC 
•  Hadronic component can exceed the electron component at MAGIC 
energies 

! Markus Garczarczyk ! GRB2012 Munich ! 

MAGIC 

Standard fireball model scenario 

MAGIC 

•! First simultaneous GRB observation by MAGIC & LAT 

•! VHE photons produced by SSC 

•! Hadronic component can exceed the electron component at MAGIC energies 

hadronic scenario GRB090102 
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! Markus Garczarczyk ! GRB2012 Munich ! 

MAGIC 

GRB090102 expected SSC emission 

Veritas ULs: arXiv:1109.0050v1 

MAGIC 

VERITAS UL 
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•  Originally predicted by Ress+ in the 80s 
•  TDFs can ignite activity in dormant central BHs 
•  Early observational evidences from optical flares from 
previously inactive galaxies (Komossa 2002) 
•  Intense signature expected on X-rays from accretion disk 
emission 
•  Sw 1644 was the first TDE followed from its early 
developments, showing signature of accretion onto BH and of 
a jet formation 
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Tidal Disruption Flares

–  originally predicted by Ress+ in the 80s

–  TDFs can ignite activity in dormant central Bhs

–  early observational evidence from optical flares
from previously inactive galaxies (Komossa 2002)

–  intense signature expected on X-rays from acc. 
Disk emission

!  the event Sw 1644 was the first TDE followed 
from its early developments, showing signature of 
accretion onto MBH and of a jet formation
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J. Aleksić et al.: Observation of the Swift J164449.3+573451 transient at VHE by the MAGIC telescope

Campana et al., (2011b) have recently reported on a possible
tidal disruption of a small body (of comet or asteroid mass-scale)
on a neutron star related to the GRB-like event GRB101225.
In this paper we report on the very high energy (VHE, E>100
GeV) observations of the Swift J164449.3+573451 (a.k.a. “Sw
1644+57”) transient event with the MAGIC telescope. This un-
usual event has been interpreted as the outburst emission from
a massive black hole triggered by the accretion of a tidally
disrupted star. Evidences for a highly-variable relativistic jet-
beamed outflow have also been observed leading to a clear anal-
ogy with a blazar-like object (Barres de Almeida & De Angelis
2011; Bloom et al. 2011; Burrows et al. 2011). In Section 2,
we give a brief description of the multiwaveleght behaviour of
the transient event. In section 3 we describe MAGIC follow-up
observations and data analysis while sections 4 and 5 present the
main results and their interpretative scenario. Throughout this
paper the convention Qx = Q/10x has been adopted.

2. The Swift J164449.3+573451 transient event

The Swift J164449.3+573451 transient was first detected by the
BAT (15 - 150 keV) instrument on board the Swift satellite and
classified as a GRB event on 2011 March 28th at 12:57:45 UT
(GRB110328A, Cummings et al. 2011). The XRT telescope
started to observe the field about 1474 seconds after the BAT
trigger, finding a bright, uncatalogued X-ray source at coordi-
nates RA(J2000) = 16h 44m 49.29s, Dec(J2000) = +57◦ 34’
50.8”. The GRB nature of the event was rapidly ruled out by
the detection of a very fast (∼ 100 s time-scale) flaring activ-
ity, with large flux variations (about a factor of few hundreds)
lasting for several hours; a time-scales larger than the typical
time-scales of a GRB. Due to such a flaring activity, BAT was
re-triggered three times after the first outburst, on March 28th

at 13:40:41 UT and on March 29th at 18:26:25 UT and 19:57:45
UT (Barthelmy et al. 2011; Sakamoto et al. 2011). This unusual
behaviour prompted several multiwavelenght follow-up observa-
tions. An optical counterpart of the X-ray transient was detected
by the NOT telescope (Leloudas et al. 2011) which observed the
field in the BVR filters at 01:47 UT (12.8 and 12.1hrs after the
first and the second trigger, respectively) and detected an object
at coordinates consistent with the enhanced XRT emission’s er-
ror circle. The source was also detected at near-IR wavelengths
(Morgan et al. 2011; Levan et al. 2011) by ground-based tele-
scopes and at both the near-IR and optical (F160W and F606W
filters respectively) by the Hubble Space Telescope (HST). The
HST detected a point-like IR source consistent with the X-ray
position of the transient event. Optical band revealed a galaxy
whose nucleus was consistent with the position of the IR source
(Fruchter et al. 2011). Evidences of variability were observed
only in the IR band (Levan et al. 2011), whereas the source did
not show any measurable luminosity changes in the optical range
(Leloudas et al. 2011), implying that any optical emission from
the transient event was overwhelmed by the host galaxy contri-
bution. Levan et al. (2011) performed spectroscopic observa-
tions of the optical source with Gemini/GMOS on 29th March
2011 showing Hβ and OIII emission lines (4959 and 5007 Å
respectively) at a common redshift of z = 0.353. This mea-
surement was rapidly confirmed by independent observations of
the GTC (Thöne et al. 2011). At lower energies, several radio
detections were also reported. Zauderer et al. (2011) observed
with the EVLA at two frequencies (1 GHz bandwidth each) cen-
tered at 4.94 and 6.69 GHz. They found a single, unresolved
> 10σ radio source within the Swift-XRT error circle and coin-
cident with the optical source which maintained radio activities
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Fig. 1. X-rays light curve of Sw J1644+57 showing the MAGIC ob-
servation windows from 2011 March 31st to 2011 April 15th. A time-
dependent conversion factor has been used to convert count rate to phys-
ical units as specified in Burrows et al. (2011).

up to two days after the initial trigger (Zauderer et al. 2011b).
This provided the first clear evidence connecting the quiescent
optical source, positionally coincident with the brightening ra-
dio source, with the transient X-ray/gamma-ray source. Finally,
in the high energy (HE, 100 MeV< E < 100 GeV) and VHE
regime, upper limits were reported by the Fermi (Omodei et al.
2011) and VERITAS collaborations (Aliu et al. 2011).

3. MAGIC observations and analysis techniques

The MAGIC system consists of two 17 m dish Imaging
Atmospheric Cherenkov Telescopes (IACTs) located at the
Roque de los Muchachos observatory (28.8◦N, 17.8◦W, 2200 m
a.s.l.), in the Canary Island of La Palma. Since fall 2009 the
MAGIC system is carrying out stereoscopic observations with
a sensitivity of < 0.8% of the Crab Nebula flux, for energies
above ∼ 300 GeV in 50 hr of observations, and a trigger en-
ergy threshold of 50 GeV (Aleksić et al. 2011a), which is the
lowest among the current operating IACTs. MAGIC performed
a follow-up measurement of Sw J1644+57 starting observation
on 2011 March 31 at 02:24 UT, approximately 2.5 days after the
first BAT trigger. MAGIC continued to observe the source in the
subsequent days up to 2011 April 15, when follow-up was inter-
rupted due to near-full Moon presence. A total of about ∼27h of
data have been collected for this event with a zenith angle rang-
ing from 28◦ to 47◦ which resulted in an analysis energy thresh-
old (defined as the peak of the simulated energy distribution for
a Crab-Nebula-like spectrum after cuts) of 100 GeV.

The data analysis was performed using the standard soft-
ware package MARS (Albert et al. 2008; Aliu et al. 2009), in-
cluding newly developed tools for the stereoscopic data reduc-
tion (Moralejo et al. 2009; Lombardi et al. 2011; Aleksić et al.
2011a). After the calibration of the events recorded by each tele-
scope (Albert et al. 2008b), the data were processed by means
of the so-called sum-cleaning algorithm (Lombardi et al. 2011),
which has been proven to perform better than the standard clean-
ing method (Aliu et al. 2009; Aleksić et al. 2011a) in terms of
a higher suppression of the night sky background and electronic
noise, and lower achievable energy threshold. The input thresh-
old levels for the sum-cleaning method were set for MAGIC-
I (MAGIC-II) data to 4 (7) photo-electrons (phes) for the core

2

•  MAGIC observed the source for 27 hours from 31 March to 15 
April 2011 
•  Energy threshold 100 GeV 
•  Analysis with sum-cleaning (Lombardi et al. 2011) gives higher 
suppression of night sky background and lower energy threshold 
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Fig. 4. Spectral energy distribution of the Sw J1644+57 event as mod-
eled in Burrows et al. (2011). Red curve is the modeled SED around
the peak of the X-ray flares with and without flux suppression by pairs
production (solid and dashed lines respectively). The blue curve shows
the corresponding model in the low X-ray flux state. Black arrows rep-
resent the ULs derived from the MAGIC observations, summarized in
Table 1. The gray and red ULs in the VHE range are the VERITAS ob-
servations for the total and flaring period respectively. In the HE range,
LAT (red point) limits are also reported. In the optical range, K-band
data form the TNG from about 2.5 days (magenta) and 4.5 days (blue)
are shown while the R-band flux (gray points) is from the LOAO tele-
scope (Myungshim et al. 2011).

5. Discussion

The peculiar properties of the Sw J1644+57 transient are pro-
viding several hints on its physical characteristics. The first ba-
sic evidence on source’s nature comes from the unusual X-ray
variability on tvar ∼ 100 s timescale (Burrows et al. 2011),
which poses a limit to its mass. Following the arguments in
Cavallo & Rees (1978) a constrain of M ! 5 × 105 M# has
been obtained (Campana et al. 2011). A second hint on the
back hole mass can be independently obtained using the mass-
luminosity relationship described by Graham (2007). Since it
has not been possible to separate the galaxy’s bulge luminosity
from the total one, using the absolute R-band magnitude of the
host, R ∼ −18 provides a lower limit (∼few ×107M#) to the ob-
ject mass (Barres de Almeida & De Angelis 2011). However,
both estimates are incompatible with the observed X-ray peak
luminosity of ∼ 5× 1048erg/s which requires a higher mass limit
to the hypothesized accretion to not exceed the Eddington limit
(M " 3 × 1010 M# , Campana et al. 2011). This inconsis-
tency has been solved by interpreting the variable emission as
coming from relativistic outflowing material. This hypothesis of
beamed jet-emission (Campana et al. 2011) implies a natural
interpretation of the event as a new-born small scale blazar trig-
gered by the tidal disruption event (Barres de Almeida & De
Angelis 2011; Burrows et al. 2011; Bloom et al. 2011). In
accordance with this scenario, Burrows et al. (2011) used the
Synchrotron Self Compton (SSC) mechanism to model the ob-
served emission. They assumed a magnetic-dominated2 jet with
synchrotron component peaking in the X-ray band. At higher
energies, the negative detection from Fermi-LAT, VERITAS and
MAGIC strongly constrained the Self-Compton emission com-
ponent. It was argued that the absence of γ-rays is likely due
to the compactness of the source and consequent pair-creation

2 This is to justify the observed SED steepness ∼ ν−1/3 in the optical-
to-IR range.

opacity. Following Svensson (1987), this implies an optical
depth for photon-photon interaction τγγ:

τγγ = σγγ n % ≈
σT

5

U′ssc

mec2
% ≈
σT

20π

L′ssc

L′syn

Lsyn(1 + z)

Γ5tvarmec3
< 1 (1)

where n =
U′ssc
me c2

=
L′ssc

4 π%2mec2
is the target photon number den-

sity, U′ssc(L
′
ssc) is the SSC radiation energy density (luminosity)

in the comoving frame and % ∼ c tvar
Γ
1+z

is the length path. The
required transparency condition τγγ < 1 for the Self-Compton
component provides a limit on the bulk Lorentz factor of the
emitting region. This has been found to be Γ ! 20 using the jet
model in Burrows et al. (2011) and the MAGIC observations
reinforce the limits provided by the VERITAS measurements,
confirming the absence of VHE emission from the event towards
lower energies, where Fermi-LAT limits were less constrain-
ing. In addition, VHE emission is likely strongly suppressed
by the Klein-Nishina (KN) effect, which becomes important as
Ee Eγ,pk >> Γ

2m2ec
4 where Eγ,pk is the synchrotron peak energy

and Ee is the electrons energy. This gives a cut-off energy of

Eγ,KN ≈
Γ2m2ec

4

Eγ,pk
' 26

Γ1

Eγ,pk(keV)
GeV (2)

which is, with the estimated value for Γ and the X-ray peak en-
ergy, well below the MAGIC energy range and accounts for a
reduction on the expected SSC flux by a factor (in the ultra-
relativistic approximation)

KN ≈
3

8

ln(2γexγ,pk) +
1
2

γexγ,pk
≈ 8 × 10−2 γ−1e,5 Eγ,pk(keV)

−1 Γ1 (3)

where xγ,pk =
Eγ,pk

Γmec2
and γe is the electrons random Lorentz

factor. Assuming a value of γe ≈ 4 × 10
5 and a peak energy of

about 40 keV (as modeled in Burrows et al. 2011), this implies
a reduction of the flux by a factor KN∼ 5 × 10−4 during the
first flaring period. Subsequent observations up to 18 days after
trigger time, extend the period of gamma-ray monitoring of the
source, and show that no new enhanced IC component added to
the event on later dates.

Aliu et al. (2011) proposed an alternative view, more similar
to the standard blazar behaviour, in which we have a particle-
dominated (PD) jet and thus the whole energy observed from
the flare lies in particles accelerated at the onset of the flare.
Although disfavored, this scenario still lies within VERITAS and
MAGIC upper limits. As reported in Aliu et al. (2011), in such a
scenario, the mean expected flux from the Self-Compton mech-
anism in the VHE regime is expected to be

νFssc,PD
nu ' 2.6 × 10−8 Γ−41 t

−1
var,2 f

2
−10ν

−1
peak,19 erg cm−2s−1 (4)

Taking into account internal absorption and extragalactic back-
ground light attenuation, this provides a mean SSC flux of the
order of 3.6 × 10−13 erg cm−2 s−1 at 500 GeV, a value still com-
patible with our upper limits.

6. Conclusion

MAGIC observation of the unusual Sw J1644+57 provides up-
per limits up to the ∼ 100 GeV energy range, extending the mul-
tiwavelenght coverage on this source up to the Fermi-LAT en-
ergy range. These results are compatible with the proposed emis-
sion models based on previously published data. The jet model

4
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•  Upper limits constrain the 100 GeV range by a factor x2 with 
respect to Fermi/LAT 
•  MAGIC results supports model for jet emission with an IC 
component suppressed by pp. 
•  Confirms constraints to Γ<20 from Burrows et al. 2011    
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•  62 GRBs follow-up observations by MAGIC since 2004 
•  Several GBM follow-up’s with large coordinate error  
•  Most MAGIC observations without MWL coverage 
•  To date, only UL’s on VHE gamma-ray emission  
•  Redshift information is crucial to interpret VHE observations 
•  Big advantage of simultaneous LAT and MAGIC observatoins 
•  Low energy threshold and fast repositioning makes MAGIC the 
best Cherenkov telescope to detect GRBs 
•  Until now no good candidates were observed with MAGIC 
(delays, initial failures, high redshifts) 
•  Low redshift and short delays are essential 
•  MI telescope upgrade is finished ready to received alerts. 
•  For the future CTA will improve the chances for GRB detection 
with a larger field of view and higher sensitivity.   



Fossati et. al. 1998 

•  Jets’ origin, composition, 
acceleration processes under 
still debate 

•  Blazar emission dominated 
by high (HE, E>100 MeV) and 
very high (VHE, E>100 GeV) 
energy bands 

•  Multi-wavelength 
simultaneous observations 
are crucial to understand 
acceleration processes 
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HBLs 
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•  VHE gamma-ray + EBL photons --> e-e+ pairs 
•  e-e+ can interact CMB photons --> reprocessed emission in 
the HE gamma-ray regime 

•  Pair echos: time delay  
•  Pair halos: extended emission 27 



 Optical triggers from Tuorla monitoring program 
 X-ray alerts from Swift (GCN/Atels) and MAXI 
 Fermi/LAT triggers 
 MAGIC/HESS/VERITAS agreement for strong flares  
 Neutrino alerts from IceCube 
 FACT (triggers strong flares at E>700 GeV) 

 Fast alerts are essential for FSRQs detections.  

28 



•  Only 3 FSRQs has been 
detected in the VHE band 
until know 

•  2nd most distant source 
(z=0.43) 

•  Flare state 

•  2010 May 3, first hint of 
detection: 4.63 σ 

•  MAGIC detection 17th 
June 2010 

Preliminary 

29 



•  The observed and EBL-corrected spectrum is compatible with a simple power 
law: 

•  Observed: 𐅃=3.75±0.29 =3.75±0.29 
•  EBL-corrected: 𐅃=2.72±0.34 (Dominguez et al., 2011)  =2.72±0.34 (Dominguez et al., 2011)  

•  Cut-off excluded for E<130 GeV 
•   Constant flux hypothesis can be rejected with high confidence (P~10-5) 
•  Doubling flux in 8.9+1.3

-0.8 minutes (tvar=ln2/slope) 
•  Fastest flux variation ever observed in a FSRQ in the VHE range 30 
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Dermer et al. 2009 
Ghisellini&Tavecchio 2009 
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Dermer et al. 2009 
Ghisellini&Tavecchio 2009 
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Dermer et al. 2009 
Ghisellini&Tavecchio 2009 
Sikora et al. 2009 

Far dissipation scenario 
Sikora et al. 2009 
Far dissipation scenario 
Sikora et al. 2009 
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Far dissipation scenario 
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Far dissipation scenario 
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Tavecchio, Becerra-González et al. 2011 36 



 Coordinates multi-wavelength campaigns are the 
only way to understand the physics processes 

 Flares alerts need to be deliver fast. Now mainly 
throw Atels which in most of the cases are sent with 
long delays >1-2 days. 

 Specially alerts from strong flares could be sent 
within 1 hours (or less) 

 Alert from satellites (specially Fermi from the whole 
sky monitoring) should be implemented automatically 

 A network similar to GCN is needed for strong flares. 
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Thanks! 
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2010 2011 

1ES1215+303 
1ES1218+304 



Figure 3: Top panel: the fluence at high (0.1 – 10 GeV) versus low (20 keV –
2MeV) energies (from [19]), for 4 long (080825C, 080916C, 090217, 090902B) and
2 short (081024B, 090510) duration LAT GRBs. The diagonal lines indicate high to
low energy fluence ratios of 1%, 10%, and 100%. Bottom panel: the best fit time-
integrated νFν spectra for the same GRBs, two of which (090510, 090902B) show a
distinct spectral component, well described by a hard power-law, in addition to the
usual Band spectral component. The colored shaded regions indicate the energy
ranges used for calculating the fluences that are displayed in the top panel.
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Granot et al. 
2010 

Ackermann et al., 2011 

4

From the spectral point of view, in the majority of the LAT events, the broad-band spectra can be interpreted
using a simple Band function (broken power law) extended up to the GeV range and with no evidence of spectral
evolution. On the other hand, in some cases like GRB090510 [7] and GRB090902B [9], a second hard > 100 MeV
emission component is clearly detectable and is distinguishable from the normal Band behavior, dominant in the
GBM energy range. Such a component sometimes extends below the Band component in the < 50 keV range (see
Fig. 4) and it is seen at least in two GBM bursts: GRB090227B and GRB090228, which have not been detected by
the LAT. Another important characteristic of LAT GRBs is the observed common decay law for the brightest events.
Ghisellini et al. [11] point out how the brightest GRBs observed by LAT show a consistent temporal behavior with
slope F (t) ∝ t−1.5 (see Fig. 4 right panel).
The following highlights from the recent Fermi results can be summarized:

• GeV emission lags behind emission detected at lower energies.

• GeV emission lasts for a longer time than emission at lower energies.

• GeV emission shows no evidence of strong spectral evolution.

• GeV emission shows a different spectrum with respect to the low energy component.

It was argued that all the above mentioned properties are just what is expected by the afterglow emission in the
external shock framework. An afterglow origin is thus the most naturally explanation that can be provided for the
GeV photons observed in the LAT instrument.
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Figure 4: Left: The GBM and LAT broad-band spectrum for GRB090926A in four different time intervals show the increase
of the distinct HE component at late times (10 − 20 s after the T0). Picture from [8]. Right: Light curves in the 100 MeV -
100 GeV range of the 4 brightest GRBs with red-shift detected by the LAT. Picture from [11].

V. HE AND VHE EMISSION FROM GRB: WHAT MAGIC CAN DO

The transient and unpredictable nature of GRBs makes it difficult for large ground-based instruments, such as
IACTs, to point them rapidly enough in order to catch the prompt emission and the early afterglow phases, when
these sources are expected to be observable at high and very high energies. The MAGIC telescopes have been designed
to be the most suitable instruments to observe GRBs in the VHE regime. Due to the relatively light-weight moving
structure (frame, mirror, PMT camera), MAGIC can be repositioned on time-scales of tens of seconds, far less than any
concurrent IACT and of most of general ground based optical telescopes. Moreover, the low energy trigger threshold of
MAGIC makes less relevant the effect of the source distance. Fluxes above ∼100 GeV are affected by the attenuation
by pair production with the lower energetic (optical/IR) photons of the diffuse Extragalactic Background Light (EBL).
The consequent opacity of the Universe to VHE γ-rays heavily affect Cherenkov observations, especially for GRBs
which are sources with an average red-shift slightly larger than 2. Therefore, the higher the red-shift, the lower the
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GRB 090926A 

 Ghisellini, et al., 
2010 



Hauser and Dwek et. al. 2001 

•  Universe filled of 
background photons (from 
radio to gamma-rays) 

•  Photons IR-Opt-UV are 
called Extragalactic 
Background Light (EBL) 

•  EBL has cosmological 
implications since it is the 
integrated record of the 
galaxies' emission over 
cosmic time 

EBL 
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Dominguez et. al. 2011 

E<10TeV E>10TeV 

CTA 

•  Attenuation effect important for E>100 GeV 
(λmax[µm]=1.24 Eγ[TeV]) 
•  Effect depends strongly on redshift and energy 
•  Distortion effect on the spectra 43 


