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Fermi results �

-  excess hard!
  compt. for !
  brightest GRBs!

- prompt GeV!
  in bright GRBs!

prompt�

-  both!
  long (few 100s),!
  short (few s)�

-  MeV extension!
  at least to!
  10-30 GeV!



GRBs: Fermi results!
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-  consistent with!
  most GRBs!
  having GeV!
  prompt+afterg.!
  (evidence for!
   break in ~20%!
   of bright GRBs)!

afterglow (1 hr) �

-  GeV afterglow!
  up to few ks!
  ∝�t-1.2-t-1.5!

MAGIC2!
HESS2!

Fermi results �

-  BUT !
  physics unclear!
  due to low GeV!
  photon statistics!



CTA (IACTs) vs Fermi�
for transients/variables �

big advantange over satellites for transients/variables:!
effec. area ~104 x LAT@30GeV �

Funk & Hinton 2013!



GRB science prospects for IACTs!

-  measurements of bulk velocity (intrinsic γγ cutoff)!
-  mechanisms of prompt emission, early afterglow!
  (broadband spectra, variability)!

-  signatures of UHECR/ HE neutrino production!
  (proton synchrotron, pγ cascade components, …)!
- delayed cascade radiation!

-  probe extragalactic background light (EBL)!
  at high-z (γγ absorption)!
-  probe weak intergalactic magnetic fields (pair echos)!

-  probe Lorentz invariance violation!
-  constrain axions/nonstandard particles!

origin of GRBs �

origin of cosmic rays �

observational cosmology �

fundamental physics �

higher photon statistics >tens of GeV �



physics with nearby (z<<1) GRBs!
limited EBL absorption -> intrinsic spectral features�

prompt emission at HE�
- bulk Lorentz factor: jet physical conditions, formation mechanism!
- emission mechanism: internal shock? photosphere? B reconnection? …!
- hadronic processes (UHECR/neutrino production)!
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Fig. 8. The effect of internal shock parameters on the emitted spectrum (“synchrotron case”). We use the simple two shell version of the internal
shock model (see text) and define a “reference case” by Γ̄ = 300, κ = 4, Ė = 1052 erg s−1, τ = 1 s, ϵe = ϵB = 1/3, ζ = 10−2 and p = 2.5. Each panel
shows the evolution of the observed spectrum (assuming z = 1) when one parameter is varied, while all other parameters are maintained constant.
Two effects can limit the parameter range: electrons become radiatively inefficient (“efficiency limit”) or the medium becomes optically thick due
to the intense production of pairs (“transparency limit”). For each limiting case corresponding to the transparency limit (panels a), b), c), d)), the
spectrum that would be observed without γγ annihilation is plotted with a dashed line. a) Effect of Γ̄. The transparency limit is reached for Γ̄ < 109
and the efficiency limit for Γ̄ > 1400; b) effect of κ. The efficiency limit is reached for κ < 1.5 and the transparency limit for κ > 12.5; c) effect
of Ė. The transparency limit is reached for Ė > 2 × 1054 erg s−1; d) effect of τ. The transparency limit is reached for τ < 0.008 s; e) effect of ϵB.
The transparency limit is never reached. The spectrum that would be observed without γγ annihilation is plotted with a dashed line for ϵB = 10−5

and ϵB = 1/3; f) effect of ζ. The transparency limit is never reached. The spectrum that would be observed without γγ annihilation is plotted with
a dashed line for ζ = 10−2.
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Figure 11. High-energy light curve arising from flare photons scattering off the forward shock for the ISM/wind case (upper/lower panel), respectively. The
parameters are the same as in Figs 9 and 10, except for Ep which takes the values marked in the figure.

Figure 12. The EIC emission with (the dotted line) and without (the thin dashed line) anisotropic correction. Other lines and the parameters are the same as
in the upper panel of Fig. 11, except for Ep that marked in the figure.

6 D E T E C TA B I L I T Y O F H I G H - E N E R G Y E M I S S I O N I N T H E A F T E R G L OW

We turn now to the key question: Are the GeV to TeV high-energy signals predicted by our models observable with current or soon to be
commissioned detectors?

Using the calculated high-energy spectrum Fν(t) as a function of time for any given model, we can estimate the total number, Ndet, of
detectable high-energy photons,

Ndet =
∫ tE

tI

∫ νu

νd

Fν(t)
hν

Sdet(ν) dt dν, (48)

where tI,E are the times when the observations begin and end, respectively, hνd −hνu is the energy range of the detector, and Sdet(ν) is the effective
area of the detector as a function of ν. For LAT onboard GLAST, we approximate Sdet(ν) as (see http://www-glast.slac.stanford.edu/software/IS/
glast lat performance.htm)

Sdet(ν) =

{
500 cm2 (hν/20MeV), for hν < 400 MeV,

104 cm2, for hν ! 400 MeV.
(49)

We consider first the high-energy SSC emission in the afterglow, which we estimated in Section 4. For the models presented in Figs 4–7,
we use tI ∼ 100 s; at earlier time the high-energy emission may be dominated by the synchrotron and/or SSC emission of the internal shocks
(Gupta & Zhang 2007). We choose an upper limit of tE ∼ 4 × 104 s; after this time the SSC emission is usually too low to be of interest.

Fig. 14 shows the integrated flux expected for the various SSC scenarios discussed in Section 4, and Table 1 summarizes the expected
number of photons that would be detected by LAT from a burst with standard parameters (see Figs 4–7) at z = 1. Typically, one expects to
detect a few photons above 20 MeV and very few high-energy photons above 100 GeV.

Not surprisingly, the modified afterglow models that account for the shallow X-ray light curve in phase II give fewer counts than the
standard afterglow model. The reduced X-ray flux in these models (needed to explain the shallow light curve) causes a corresponding reduction

C⃝ 2008 The Authors. Journal compilation C⃝ 2008 RAS, MNRAS 384, 1483–1501

High-energy afterglow emission from GRBs 1493

Figure 7. SSC radiation from the forward shock for the case when the electron energy parameter ϵe varies with time. The solid and dashed lines correspond
to the emission in the energy range 20 MeV–300 GeV, while the dotted and dot–dot–dashed lines are for the emission in the energy range 0.2 keV–100 TeV.
The shock parameters are ϵB = 0.003, ϵe = 0.017 for t < 100 s, ϵe = 0.017(t/10)0.4 for t < 104 s after which it saturates. Other parameters are Ek = 1053 erg,
z = 1, θ j = 0.1, p = 2.3. The parameters corresponding to the external medium are marked on the plot.

Figure 8. Comparison of numerical and analytical results for ISM. The thin lines are our numerical SSC light curves for the energy range 0.2 keV–100 TeV,
while the thick lines are the corresponding analytical results. The solid and dashed lines are the results in the cases of energy injection and ϵe increasing with
time, respectively. The parameters are the same as in Figs 6 and 7, respectively. For the wind medium, the results are rather similar.

A subtle issue that has to be checked is whether the high-energy photons will be absorbed by pair production on the high-energy tail of
the flare. The pair production optical depth for photons with energy Ecut [absorbed by the flare photons with energy Ea ∼ 2(#mec2)2/Ecut ∼
0.5 MeV #2

1.5(Ecut/1 GeV)−1] can be estimated as (e.g. Svensson 1987)

τγγ ≃ 11σT N>Ea

720πR2
flare

∼ 4 × 10−2 R−2
flare,15 Fflare,−8.3δt1 D2

L,28.34

(
Ep

0.2 keV

)βflare−1

#
−2βflare
1.5

(
Ecut

1GeV

)βflare

,

(43)

where N>Ea = βflare−1
βflare

( Ep
Ea

)βflare 4πD2
L Fflareδt

Ep
is the total flare photon number of one pulse satisfying hν > Ea, where δt is the time-scale of the

flare pulse and the high-energy power-law index βflare ∼ 1.2 has been used to get the numerical coefficient. Clearly, for Rflare ∼ 1017cm, i.e.
the refreshed shock case, the tens of GeV high-energy photon emission will not be absorbed by the flare photons. For Rflare ∼ 1015 cm, i.e. the
late internal shock case, the small optical depth will not affect the sub-GeV flux unless δt1 > 25#

2βflare
1.5 R2

flare,15.

5.2 Extended EIC plateau

We turn now to the scenario in which the X-ray flares are produced by late internal shocks (Burrows et al. 2005; Fan & Wei 2005; Zhang et al.
2006). We calculate the IC scattering of these seed photons by hot electrons accelerated within the external shock. We assume that the X-ray
flares are accompanied by far-UV emission and calculate the upscattering of these photons as well. A central ingredient of this scenario is
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Figure 2. Upper panel shows the 0.1–100 GeV light curve for GRB 130427A as measured by the LAT. The dashed line is a power-law fit to the light curve. The lower
panel shows the LAT-measured photon index. These data have been shown previously in Ackermann et al. (2014). The vertical dotted lines indicate the times of the
three VERITAS observations given in Table 1. The inset details these observations.
(A color version of this figure is available in the online journal.)

4. DISCUSSION AND CONCLUSIONS

The VERITAS upper limit and the last significant detection
of high-energy emission by the LAT are not simultaneous.
However, the late-time emission (>200 s) measured by the LAT
shows no deviation from a well-defined power-law behavior in
both time and energy (see Figure 2), so we extrapolate the LAT
data to the first VERITAS observing interval using the photon
flux relation dN/dt ∝ t−1.35±0.08 measured by the LAT to create
the joint VERITAS-LAT spectral energy distribution (SED)
shown in Figure 3. While compatible with the extrapolation
of the LAT measurement, the VERITAS upper limits disfavor a
scenario in which there is an enhanced VHE component. Both
synchrotron (e.g., Kouveliotou et al. 2013) and inverse Compton
(e.g., Liu et al. 2013) scenarios have been proposed to explain
the late-time, high-energy emission from GRB 130427A and we
briefly examine these models in the context of the VERITAS
upper limit.

Ackermann et al. (2014) noted that the synchrotron interpre-
tation is problematic for this burst due to the observed late-
time, high-energy photons, which contradict the robust limits
obtained from a simple interpretation of the radiation produced
in shocked plasma. However, Kouveliotou et al. (2013) find that
both spectral and temporal extrapolations, from optical to multi-
GeV energies, are consistent with the synchrotron mechanism,
though such an interpretation requires significant modifications
to current models of particle acceleration in GRB afterglow
shocks. In the context of the synchrotron model, we interpret
the VERITAS upper limit in a scenario where the uniform mag-
netic field assumption in the shocked interstellar medium (ISM)
is relaxed (Kumar et al. 2012), and the magnetic field decays

Figure 3. Joint VERITAS-LAT spectral energy distribution. The VERITAS
upper limits are calculated assuming an SSC model (Sari & Esin 2001)
with an electron spectrum (dN/dE) ∝ E−2.45 and breaks at 100, 140, and
180 GeV (solid, dot-dashed, and dashed lines). The electron energy distribution
is determined from the LAT-measured spectrum, as described in the text. This
SED is then absorbed using the EBL model of Gilmore et al. (2009). The LAT
data are best fitted with a power law with an index of 2.2 ± 0.2. The gray
shaded region (the “bowtie”) shows the one-sigma range of power-law models
compatible with the LAT data after extrapolating from the last LAT time bin
(10 ks to 70 ks) into the VERITAS observing time (71 ks to 75 ks) using the
photon flux relation (dN/dt) ∝ t−1.35±0.08, which was obtained from fitting
the late-time LAT data (Ackermann et al. 2014). The electron spectral index of
the SSC models is determined from the error-weighted mean of the late-time
spectral and temporal indices measured by the LAT.
(A color version of this figure is available in the online journal.)
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MAGIC observation of GRB 090102 afterglow 3107

Figure 2. SSC modelled emission during the afterglow of GRB 090102.
Blue triangles are 95 per cent CL ULs derived by MAGIC for low-energy
(LE) analysis. The relatively more constraining UL in the 50–80 GeV is due
to a negative significance energy bin. For comparison, the regular energy
range MAGIC ULs (Gaug et al. 2009a) are also reported in light grey. The red
triangles report the Fermi-LAT 95 per cent CL ULs. The purple and black
curves depict the expected energy flux according to the GRB afterglow
model described in Sections 6 and 5. Physical parameters are ϵe = 0.1,
ϵB = 0.01, E52 = 4.5 and T = T0 + 4 ks at a redshift z = 1.547. The
shaded region shows the uncertainty in the EBL absorption, as prescribed
in Domı́nguez et al. (2011a).

[0.1–1 GeV], [1–10 GeV], [10–100 GeV] energy ranges, respec-
tively: 2.73 × 10−10, 4.58 × 10−10, 3.45 × 10−9 erg cm−2 s−1 and
are depicted in Fig. 2. These ULs are more constraining than the
ones reported in Inoue et al. (2013). The reason for that is the usage
of P7V6 ‘Source’ instead of P6V3 ‘Diffuse’, and also the usage of
a different procedure to parametrize the diffuse background in the
three differential energy bins. Even if observed with a consider-
able time delay, the achieved energy threshold of MAGIC permits
a better overlap with LAT in the GeV range when compared with
previous results on GRB by MAGIC and other IACTs. Thus, it has
been possible to derive simultaneous ULs with a complete cov-
erage of the energy range from 0.1 GeV up to TeV using MAGIC
and Fermi-LAT. Furthermore, it is worth stressing that, in the energy
range where the two instruments overlap (range [25–100 GeV]), the
ULs derived by MAGIC are about one order of magnitude lower
than those from Fermi-LAT.

5 TH E L OW-E N E R G Y S C E NA R I O

In a commonly accepted scenario (see e.g. Mésźaros 2006, for a
review), GRB dynamics during the prompt phase are governed by
relativistic collisions between shells of plasma emitted by a central
engine (internal shocks). Similarly, the emission during the after-
glow is thought to be connected to the shocks between these ejecta
with the external medium (external shocks). Several non-thermal
mechanisms, indeed, have been suggested as possible sources of
HE and VHE5 photons. They include both leptonic and hadronic
processes (see e.g. for a review Zhang & Mésźaros 2001; Gupta
& Zhang 2007; Fan & Piran 2008; Ghisellini 2010). In the most

5 GRBs show their phenomenology mainly in the X-ray and soft γ -ray
energy band (1 keV–1 MeV). To avoid confusion with the Fermi-LAT and
IACT operational energy range (>20 MeV and >25 GeV, respectively), we
will refer to the former as a ‘low-energy’ range.

plausible scenario, electron synchrotron radiation is the dominant
process in the low-energy regime. Within this scenario, the GRBs
spectra are usually approximated by a broken power law in which
the relevant break energies are the minimum injection νm and the
cooling νc. The first one refers to emission frequency of the bulk
of the electron population (where most of the synchrotron emission
occurs), while the cooling frequency identifies where electrons ef-
fectively cool. Both are strongly dependent on the microphysical
parameters used to describe the GRB environment and, for a con-
stant density n of the circumburst diffuse interstellar medium, they
are given by (Zhang & Mésźaros 2001)

νm = 8.6 × 1017
(

p − 2
p − 1

)2 (
ϵe

ζe

)2

t
−3/2
h E

1/2
52 ϵ

1/2
B (1 + z)1/2 [Hz]

(1)

νc = 3.1 × 1013 (1 + Ye)−2 ϵ
−3/2
B E

−1/2
52 n−1t

−1/2
h (1 + z)1/2 [Hz],

(2)

where ϵe and ϵB are the energy equipartition parameter for electrons
and magnetic field, E52 is the energy per unit solid angle, th is the
observer’s time in hours, ζ e is fraction of the electrons that enter in
the acceleration loop and Ye is the ratio between synchrotron and
Inverse Compton (IC) cooling time, known as Compton factor (see
e.g. Panaitescu & Kumar 2000; Sari & Esin 2001). As a matter of
fact, we have explicitly assumed that the contribution of the Comp-
ton scattering is not negligible in the afterglow at the considered
time and, as a consequence, the cooling break is reduced by a factor
(1+Ye). It is important to remark that the change in slope of the
optical decay observed in GRB 090102 suggests that the standard
model cannot adequately describe the dynamics of this event. The
steep-to-shallow behaviour could be interpreted as due to a termina-
tion shock, locating the end of the free-wind bubble generated by a
massive progenitor at the position of the optical break. However, it
is also possible to hypothesize that the early steeper decay is simply
due to the superposition of the regular afterglow and a reverse shock
present only at early times. It is not our purpose to analyse and dis-
cuss the several physical scenarios that are proposed to describe the
afterglow, so we continue to model the burst emission assuming the
afterglow could be described in the standard context of a relativistic
shock model.

6 MO D E L I N G T H E V H E E M I S S I O N

Any attempt to a meaningful modelling of the possible VHE emis-
sion component, both during the prompt emission and the after-
glow, must rely on information coming from the low energies (see
e.g. Aleksič et al. 2010). At the same time, the modelling of the
low-energy afterglow can furthermore help in limiting the intrinsic
degeneracy or even, to some extent, arbitrariness in the choice of
the various possible HE and VHE afterglow parameters. Following
Gendre et al. (2010), we assume that the cooling frequency at the
time of MAGIC observation is located between optical and X-ray
bands. Thus, we can estimate the slope of the energy particles dis-
tributions which is correlated with the optical decay index. With
the observed optical spectral index of 0.97 ± 0.03 (Gendre et al.
2010), we obtain a value for p from the relation 4

3 (p − 1) = 0.97
of p = 2.29 ± 0.04 in good agreement with numerical simula-
tions which suggest a value of p ranging between 2.2 and 2.3
(Achterberg et al. 2001; Vietri 2003). We will assume that at the
time of the MAGIC observation, the outflow expands into a dif-
fuse medium with a constant density of the order of n ∼ 1 cm−3,
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Table 1. Results of the search for excess photons.

Non No↵ ↵ Nexcess Significance
Total 46 427 0.118 �4+8

�7 �0.6
First 300 s 8 39 0.125 3+3

�3 1.2
1st observation 26 197 0.125 1+6

�5 0.3
2nd observation 20 230 0.111 �6+5

�5 �1.1

Notes. Non is the number of gamma-ray candidates in the signal re-
gion around the GRB position and No↵ the background estimate. When
scaled by the normalisation factor ↵ they yield the number of excess
events Nexcess = Non � ↵No↵ .

Table 2. Integral flux upper limits.

Above Eth
a Di↵erentialb at

Eth 1 TeV
Total 4.2 ⇥ 10�12 6.1 ⇥ 10�11 1.0 ⇥ 10�13

1st observation 6.4 ⇥ 10�12 9.4 ⇥ 10�11 1.5 ⇥ 10�13

2nd observation 3.8 ⇥ 10�12 5.3 ⇥ 10�11 1.6 ⇥ 10�13

Notes. Upper limits correspond to a confidence level of 95% as de-
rived from the H.E.S.S. spectral analysis, assuming the EBL absorbed
simple Band function extension model. For the first observation and
the total data set the energy threshold is Eth = 383 GeV and for the
second observation Eth = 422 GeV. The integral upper limits are also
expressed as a di↵erential flux at certain energies. (a) Units cm�2 s�1.
(b) Units cm�2 s�1 TeV�1.

because it reduces systematic uncertainties in the estimation of
the e↵ective area. H.E.S.S. can still detect gamma rays with en-
ergies below this value and all events are used when estimating
the significance. However, the spectral analysis is restricted to
events with reconstructed energies above the energy threshold.

5. Results

The results of the analysis of the H.E.S.S. data taken for
GRB 100621A are shown in Table 1. No excess is observed us-
ing the total data set. In order to search for emission on shorter
time scales and closer to t0 a further analysis was done on each
observation separately and on the events corresponding to the
first 300 s of the first observation. Shorter time scales are not
possible because the number of events in the on-region would
become too low to estimate the significance. No significant ex-
cess is found here either. The result for the total dataset has also
been crosschecked with an independent calibration and analysis
of the data (Becherini et al. 2011).

Upper limits on the number of excess events are calculated
using the method of Rolke et al. (2005). These upper limits are
converted to integral flux upper limits using the H.E.S.S. ef-
fective area. The spectral shape is assumed to follow the Band
function extension model plus EBL absorption (a temporal com-
ponent plays no roll in the calculation). The integral limit can
be presented as a di↵erential flux on the assumed spectrum
of 1.0 ⇥ 10�13 cm�2 s�1 TeV�1 at 1 TeV at 95% confidence level
(see Table 2).

Figure 1 shows a graphical representation of the upper limit
and compares it to the spectral-temporal model. It can also
be seen that the spectral shape in the H.E.S.S. energy range
is mostly dominated by the EBL absorption. Thus, changing
the spectral model from the Band function extension model to
e.g. an E

�2 spectrum would change the limits only marginally.
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Fig. 1. Solid line: spectral-temporal model matching the H.E.S.S. ob-
servation window, dashed line: same spectrum without applying the
EBL model by Franceschini et al. (2008). It can be seen that the spectral
shape is dominated by the EBL absorption in the H.E.S.S. energy range.
The red dashed-dotted line shows the spectrum that corresponds to the
limits given in Table 2 as obtained by the analysis of the total data set,
where the red dots are the two given di↵erential representations. The
shaded area shows the e↵ect of varying the Konus-WIND high-energy
photon index � within its one-sigma error.
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Fig. 2. Comparison of the VHE upper limits (95% confidence level)
on the energy output above the energy threshold (in lighter colour) us-
ing the Band function extension model (no EBL correction applied)
with the XRT energy flux (in darker colour, de-absorbed, from the Swift
Burst Analyser, Evans et al. 2009, 2007). Horizontal arrows indicate the
start and end time of the observations from which the corresponding up-
per limit is derived.

Changing the decay factor � in the temporal decay e.g. to 1.0
would move the model up by a factor of ⇠5, which is small com-
pared to the other uncertainties of the extrapolation. This decay
index has been observed by Fermi-LAT, however the character-
istic time scale is the time of the LAT peak emission (Fermi-LAT
Collaboration 2013) and its relation to the T90 at lower energies
remains unclear.

In Fig. 2 the energy output after correcting for absorption
e↵ects in the H.E.S.S. (0.38–100 TeV) and XRT energy range
(0.3–10 keV) is compared. As can be seen, GRB 100621A ex-
hibited an extremely bright X-ray afterglow at earlier times. The
H.E.S.S. observations were obtained during the shallow X-ray
phase and do not cover the steep increase in brightness in the
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GRB 100621A!

GRB 130427A!

t-t0=71ks!
     ~20hr�



GRB detection rate expectations �

also Gilmore+ 2013 �

per site, x2 for N+S sites!

vs. delay time � vs energy threshold �
for 60 s, 25 GeV �

fixed base!

bandex base�bandex base�
fixed base!

bandex opti�

fixed opti�

results by Gilmore+�

arXiv:1201.0010�also Kakuwa+ 2012!
Gilmore+ 2013!

Swift/SVOM-type alerts �

alert rate!
θzenith fraction!
duty cycle!
slewing+detection efficiency!

×�

×�

×�
0.1!

 0.25(θzen<60)!

spectrum, T90 , luminosity, z dist.!
EBL attenuation!

GRB facility!

per site�

of order ~1 detection/yr/site!
mostly early afterglow phase!
small fraction prompt phase!

τdelay=τrepos+τnotice�

Kakuwa+ 12 Gilmore+ 13!
SI+ 13!



GRB light curve: Fermi vs CTA!
Abdo+ 09�LAT"

>100"
MeV �

GRB 080916C�

>1GeV �

inc.!
Yamamoto!
Y. Inoue!
Yamazaki!
(for CTA)!



GRB light curve: Fermi vs CTA!
Abdo+ 09�LAT"

>100"
MeV �

GRB 080916C�

CTA"
>30GeV, 0.1 sec bin �

>1GeV �

S. Inoue+ 2013!
Astropart. Phys.!
43, 252!

inc.!
Yamamoto!
Y. Inoue!
Yamazaki!
(for CTA)!
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GRB spectra with CTA: GRB 080916C at z=4.3!
Mazin+ 2013!
Astropart.!
Phys. 43, 241!

effective probe of extragalactic background light at high-z:!
unique info on cosmic star/galaxy/QSO formation �

GRBスペクトル -> high-z EBLの進化 -> 宇宙星形成史・QSO活動史!

S. Inoue,!
J. Granot,!
P. O’Brien+ !
inc.!
Y. Inoue !
(for CTA)!
to appear in!
Astropart.!
Phys.!

inc.!
Y. Inoue!
S. Inoue !
(for CTA)!
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GRB spectra with CTA: GRB 130427A (z=0.34)!

~43000-110000 photons, significance ~210-330 sigma!

t=100s: dN/dE=0.9x10-7 (E/TeV)-2.0 ph/cm2/s/TeV�

texp=50s!
array E!
alt. 2000m!

breaks at 0.1,0.3,1 TeV !
EBL model: Y. Inoue!



energy E(TeV)
0.01 0.02 0.1 0.2 0.3 1 2 3 4 5 6 7 10

)
-1

 s
-2

 d
N

/d
E 

(T
eV

 c
m

2 E

-1310

-1210

-1110

-1010

Intrinsic spectrum

Expected spectrum (No cutoff)

Expected spectrum (E_cut = 0.1 TeV)

Expected spectrum (E_cut = 0.3 TeV)

Expected spectrum (E_cut = 1 TeV)

GRB spectra with CTA: GRB 130427A (z=0.34)!

~2000-8400 photons, significance ~30-80 sigma!
array B+3700m -> ~8500-10000 photons!

t=1 day: dN/dE=0.9x10-10 (E/TeV)-2.0 ph/cm2/s/TeV�

texp=3 hr!
array E!
alt. 2000m!

cutoffs at 0.1,0.3,1 TeV !
EBL model: Y. Inoue!
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GRB spectra with CTA: GRB 130427A (z=0.34)!

~1000-4400 photons, significance ~10-37 sigma!
array B+3700m -> ~1100-5400 photons!
detectable by current IACTs, under new Moon??!

t=10 day: dN/dE=0.9x10-11 (E/TeV)-2.0 ph/cm2/s/TeV�

texp=15 hr!
array E!
alt. 2000m!

cutoffs at 0.1,0.3,1 TeV !
EBL model: Y. Inoue!



divergent pointing mode observations!

NB Lucie’s talk �

GRBs occurring in FoV (not necessarily detectable):!
GRB rate all sky ~800/yr (BAT), ~600/yr (GBM)!
field of view ~1000 deg2 (0.025 sky; 25MSTs, no gap)!
duty cycle 10%!
-> ~0.2-0.3 /100 hr -> ~1-2 GRBs /600 hr!

- GRBs from onset!
  prompt emission physics!
  (crucial but poorly understood)!
- short GRBs!
  Lorentz inv. violation!
  (big improvement over Fermi)!
- unbiased transient survey!
   e.g. fast radio bursts�

NB Michael’s talk�

- more effective for surveys!
  of persistent point sources!



summary!
-  IACTs much better sensitivity than Fermi for short exposures!
  >tens of GeV!
-  solid science cases!
  prompt+afterglow physics, UHECRs, high-z EBL, LIV…!

-  modest expected event rate!

It’s no secret that the stars are falling from the sky!
The Universe is exploding because of one man’s lie!

Let’s believe, let’s keep trying, let’s do it!"Louis Pasteur:!
 Dans les champs de l'observation le hasard ne favorise que!
 les esprits préparés.!
 (In the fields of observation chance favors only the prepared mind.)!
Enrico Fermi:!
 Non è bene cercare di fermare di progresso della conoscenza.!
 L’ignoranza non è mai meglio della conoscenza.!
 (It is no good to try to stop knowledge from going forward.!
  Ignorance is never better than knowledge.)!

- no detections yet by current facilities, but limits improving !

-  even with ~event/year, with perseverance, great prospects!
  for CTA as well as current facilities!


