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Abstract. Gamma-ray bursts are cosmological
sources emitting radiation from the gamma-rays to
the radio band. Substantial observational efforts have
been devoted to the study of GRBs during the prompt
phase, i.e. the initial burst of high-energy radiation,
and during the longer-lasting afterglows. In spite
of many successes in interpreting these phenomena
there are still several open key questions about
the fundamental emission processes, their energetics and the environment. Moreover, independently
of their modeling, GRB spectra are remarkably
simple, being satisfactorily fitted with power-laws,
and therefore offer a very valuable tool to probe
the extragalactic background light distribution affecting all high-energy observations of cosmological
sources. Observations carried out with Cherenkov
telescopes, as MAGIC, can be fundamental for all
these scientific topics. GRB 080430, being at a rather
moderate redshift, z ∼ 0.76, and well-studied in the
optical, although observed only a few hours after
the high-energy event, is a good test case to evaluate
the perspective for late-afterglow observations with
ground based GeV/TeV observatories.
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immediately after sunset, at 21:12:14 UTC and ended at
23:52:30 UTC. The observation was disturbed by clouds
so that 40 min of the data, starting from 21:12:14 UTC
had to be rejected. The begin of the observation was at
T0 + 4753 s, well after the end of the prompt emission
phase. The observation with MAGIC started at a zenith
angle of Zd = 23◦ , reaching Zd = 35◦ at the end.
Analysis of the dataset, in the energy bin from 80 up to
125 GeV, gave a 95% CL upper limit for the emission
from the source of F95% CL = 5.5 × 10−11 erg cm−2 s−1
(under the assumption of steady emission) or a fluence
limit of F95% CL = 3.5 × 10−7 erg cm−2 for a time
interval of 6258 s from 21:12:14 UT to 22:56:32 UT.
These limits contain a 30% systematic uncertainty on
the absolute detector efficiency. Limits at higher energies
are less important for the present analysis due to intense
Extragalactic Background Light (EBL) absorption above
∼ 100 GeV (see Sect. V). It is important to note that at
that time, the sum trigger hardware upgrade [1], [7] was
not yet available for GRB observations and therefore the
lowest obtained upper limit is a factor two higher than
in later cases [8].

I. I NTRODUCTION

It is not our purpose to discuss in detail the physics
of the afterglow of this event which will be discussed
by [6]. At the epoch of the MAGIC observations (about
8 ksec from the high-energy event), the afterglow seems
to have entered a rather stable phase with no big flares
although possibly with small bumps affecting the afterglow evolution. As it happens frequently, no standard
afterglow model really fits perfectly the observations,
and there is still the possibility of a more complex
description with more components playing a role (energy
injection, structured jets, etc.). However, most of these
details do not essentially affect our analysis. Data seem
to be more consistent with a constant circumburst density environment with electron distribution index p ∼ 2.0

GRB 080430 was detected by the Swift satellite on
April 30 2008 at 19:53:02 UT [10]. A X-ray and optical
counterpart were discovered and followed-up by many
groups. Spectroscopy was rapidly carried out allowing to
derive a redshift of z = 0.758 (the redshift estimate has
been revised recently with a more accurate wavelength
calibration [4]–[6]). The relatively modest redshift made
it an interesting target for MAGIC observations.
II. MAGIC OBSERVATIONS
GRB080430 occurred while the Sun was still on
the sky at the MAGIC site (Roque de los Muchachos,
28.75◦ N, 17.89◦ W). The MAGIC observation started

III. A FTERGLOW LIGHT- CURVE AND SPECTRAL
ENERGY DISTRIBUTION
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or slightly more if some energy injection is going on
as it could be the case. From the modeling of the
SED with a limited amount of rest frame absorption
the synchrotron cooling frequency seems to be located
somewhere between the optical and X-ray bands.
From these inferences, we can derive an electron distribution index p and choose which environment allows
us to better model the data. Locating when possible,
or computing from the models, the typical synchrotron
and cooling frequency location, we can also derive the
micro-physical parameters ²e , the fraction of energy
going to electrons, and ²B , the fraction of total energy
going to magnetic fields.

A. Total energy
The total energy can be derived from the burst
isotropic energy Eiso with some assumptions and correcting it for the fireball radiative efficiency η. We
estimate Eiso as the integral of the burst spectral model
in the 1 − 104 keV band [2]. In this energy band the
spectrum of a burst is typically described by a Band
model, and in order to calculate this integral we need
to know the two power-law photon indices and the peak
energy Epeak . We retrieved from the on-line Swift GRB
table the 15 − 150 keV fluence of the burst and its
photon index. We therefore run a set of integrations by
varying Epeak and derive the corresponding Eiso using
the 15−150 keV BAT fluence to normalize the spectrum.
The chosen values of Epeak and Eiso are those satisfying
the Amati relation [2]. In each integration, depending
on the value of Epeak , we identify the observed photon
index with one of the two indices of the Band function,
fixing the other one to a canonical value (1 and 2 for
the low- and the high-energy power-laws, respectively).
According to this method, we estimate Epeak = 39 keV,
and Eiso = 3 × 1051 erg. If we then assume a radiative
efficiency η of 10%, then we have Eiso = 3 × 1052 erg.
The relatively low peak energy can allow one to classify
this event as X-Ray Flash or X-Ray Rich. The derived
total energy is on the average for cosmological GRBs,
although it is not uncommon to observe events substantially more energetic [11].
Summing up, we can assume to know, with various
degrees of uncertainties, all the required parameters for a
modeling of the high energy emission from the afterglow
of GRB 080430: energy Eiso ∼ 3 × 1052 erg, ²e ∼ 0.1,
²B ∼ 0.01 (not really constrained by the observations,
but in agreement with them), p ∼ 2.3 (assuming some
degree of energy injection), the circumburst medium
density profile n ∼ 1 cm−3 and the redshift z ∼ 0.76.
Our observations are at t ∼ 8 ksec from the burst and the
afterglow synchrotron emission is in the so called ”slowcooling” regime (i.e. the synchrotron cooling frequency
is above the synchrotron typical frequency).
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IV. S ELF -S YNCHROTRON C OMPTON DURING THE
AFTERGLOW

The analysis of the high energy emission from the
various phases of a GRB has been considered by many
authors (see [3] for a recent review). In our case,
we can restrict us to essentially one only process,
Self-Synchtron Compton (SSC). In fact, we performed
observations with a delay from the GRB onset long
enough (about two hours) to rule out any residual prompt
emission and, moreover, the light-curve does not show
any dominant flaring at the observation epoch. This
means that we are in a rather simple situation, and once
the parameters of the lower-energy synchrotron emission
are known, it is possible to predict the SSC component
with good reliability.
Among the many possible sources, we followed the
recipe described by [9].
One of the most intriguing features of the SSC
process, is that it essentially generates a new spectral
component superposed to the underlying synchrotron
spectrum but with the same global shape up to a cutoff frequency:
Γ2 m2e c4
,
h2 νc

νM,SSC ∼

(1)

where νc is the synchrotron cooling frequency, Γ is
the fireball bulk motion Lorentz factor, me the electron
mass, c the speed of light and h the Planck constant.
Above this frequency the SSC emission is no more
in the Thompson regime and becomes much weaker
(Klein-Nishina regime). For typical parameters the SSC
emission of the afterglow is however in the Thomson
regime.
Assuming we are in a constant density circumburst
environment, the predicted SSC spectrum is characterized by two typical frequencies:
νm,SSC ≈

1/2

6.2 × 1021 Hz Cp4 ²4e,−1 ²B,−2 n−1/4
3/4

−9/4

Ek,53 t3

(1 + z)5/4 ,

(2)

−7/2

νc,SSC ≈ 4 × 1024 Hz (1 + YSSC )−4 ²B,−2 n−9/4
−5/4 −1/4

Ek,53 t3

(1 + z)−3/4 ,

(3)

where Cp = 13(p − 2)/ [3(p − 1)] and YSSC =
0
Usyn
/UB0 is the rest frame synchrotron to magnetic field
energy density ratio and z the source redshift.
Defining η as:
η = (νm /νc )(p−2)/2 .

(4)

It can be shown that1 :
1 Here we deliberately ignore the possibility to have higher order
IC components which could be effective in cooling the electron
population.
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p

1 + 4η²e /²B
.
(5)
2
The peak synchrotron frequency to cooling synchrotron frequency ratio is:
YSSC '

νm /νc ' 0.024 (1 + z) Cp2 ²2e,−1 ²2B,−2 n Ek,53 t−1
3 . (6)
With our parameters Cp = 1.0 and Eq. (6) becomes
νm /νc ' 0.0016 and YSSC ' 1.51. Eqs. (2) and (3)
become νm,SSC ≈ 4.8 × 1019 Hz (' 200 KeV) and
νc,SSC ≈ 1.8 × 1023 Hz (' 730 MeV). The energy
band covered by the MAGIC observations (EMAGIC ∼
90 GeV) are clearly much higher than the cooling SSC
frequency. We are therefore in the spectral range where
the SSC spectrum is softer, following a power-law
behavior, ν −p/2 ' ν −1.15 .
In order to derive the expected flux density at the
MAGIC observation energy we have to compute the flux
density at the typical SSC frequency:

ν Fν (erg cm-2 s-1)

−1 +

3
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MeV 0.07 n
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DL,28.34 , (7)
2

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 .
Then, finally, from the peak energy to the MAGIC
band we have to extrapolate the SSC spectrum as:
νc,SSC −(p−1)/2
ν
)
(
)−p/2 ,
νm,SSC
νc,SSC
(8)
and, again with our parameters, F90 GeV ∼ 9.8 ×
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 ∼ 8.8 ×
10−13 erg cm−2 s−1 .
F90 GeV ∼ Fνm,SSC (

V. E XTRAGALACTIC BACKGROUND LIGHT
ATTENUATION

A full discussion of the EBL attenuation is clearly
beyond the scope of this paper. In principle we can rely
on many different models the predictions of which at
z ∼ 1 span a wide range of optical depths, from about
1 up to 6 [9]. Recently, the MAGIC collaboration published a striking observational result [1] suggesting the
EBL attenuation could be much lower than previously
assumed. This means that 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.
Therefore we can derive an attenuation of the received
flux from the afterglow of GRB 080430 of the order a
factor 3 or even slightly less, allowing us to estimate
FMAGIC ∼ 3 × 10−13 erg cm−2 s−1 as the predicted flux
in the MAGIC band.

10

102

3

10
γ -ray energy (GeV)

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.
No correction for EBL attenuation has been included,
instead the shaded area right shows where very strong
absorption of gamma-rays is expected.

VI. C ONCLUSIONS
The prediction of the expected SSC flux for an
afterglow is not straightforward since it is required to
know, or at least to reliably estimate, the parameters
of the underlying afterglow (see Fig. 1). In the case
of GRB 080430 the sampling of the X-ray and optical
afterglow is very good and we could constrain the
various afterglow parameters in a sufficient way to derive
meaningful predictions for the expected SSC flux.
The obtained results appear to be well below the reported upper limits. Moreover, even if we did not always
use detailed afterglow parameters (not always available),
but sometimes “generic” afterglow parameters, it is very
unlikely the predicted flux changes substantially. We
also assumed a low opacity due to the EBL, this is not
in disagreement with the present observations but the
discussion is still very active in the field. Nevertheless,
this pilot case shows fairly interesting perspectives for a
late-afterglow detection at high energies.
In general, to improve the expected flux from a GRB
afterglow (for SSC) it is mandatory to try to decrease the
observation energy (due to the ν −p/2 dependence above
the cooling SSC frequency), which is also very important
for the minimization the effect of the EBL attenuation
too. If the telescope sum trigger hardware upgrade had
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already been finished before the observations, a limit
above an energy of 45 GeV would have been obtained
(see also [8]). At these energies, the strong effect of the
EBL could probably be neglected, apart from a factor 6
higher intrinsic flux in νFν . The low energy threshold
is likely the most important factor and the expected
performances of MAGIC II will undoubtedly increase
the chances of positive detections.
As a matter of fact, GRB 080430 was a rather average
event in terms of energetics. More energetic GRBs are
indeed relatively common, and due to the mild positive
dependence on the isotropic energy of a GRB, much
higher fluxes than in the present case can be allowed.
The time delay of the observation from the GRB
has a clear impact essentially because the observed
SSC component is strictly related to the underlying
synchrotron component which rapidly decays in intensity with time, depending on the specific environment
and micro-physical parameters. Eq. 8 goes roughly with
t−1.34 which means that had MAGIC been able to start
observations right at the start of the late afterglow phase
(e.g. at T0 +1ks), the flux predictions had increased by a
factor 8. The time delay for these observations of about
two hours, coupled with the mediocre observing conditions, were more than enough to depress the observed
flux and raise the reported upper limits.
The case of GRB 080403 demonstrates that if three
conditions are met altogether: 1. a moderate redshift, 2.
start of observations right at the beginning of the afterglow phase and 3. the usage of the MAGIC sum trigger
providing energy thresholds below 50 GeV, detections of
the IC component of the afterglow of GRBs are within
reach.
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