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Sub-MeV emission 

Bhat et al. 2012

Lu et al. 2012

Ferm/GBM observations:  
hard-to-soft evolution
hardness maximum preceding the peak of the intensity
hardness-intensity correlation:  Ep,obs  ∝ F(t)     , κ  ≃ 0.4-1.2   

energy-dependent pulse asymmetry:  W( Eobs )  ∝ Eobs       

κ 

                                 -a



Fermi/LAT observations:   

  Delayed onset of high energy (>100 MeV) emission 
  Long lived high energy emission 
  Deviation from the usual GRB spectral models: extra component             

8 - 260 keV

0.26 - 5 MeV

all LAT events

> 100 MeV

> 1 GeV

13.2 GeV photon GRB 080916C  
Abdo et al. 2008

GRB 090510  
Ackermann et al. 2010

High energy emission



GRB 190114C* MAGIC slew to the direction 
of GRB 190114C (z=0.42) 
about 50 s after the trigger 
and detected > 300 GeV 

photons for the first  20 min        
with a significance > 20 σ  
(Mirzoyan 2019) 

* HESS started to observe 
GRB 180720B (z=0.65) at 
about 10 hr after the burst 
and detected 100-440 GeV 

photons 

(Ruiz-Velasco 2019) 

* bright bursts: 

Eiso = 3 x 10 53 erg and 

6 x 1053 erg

(Hamburg et al 2019; Frederiks et al. 2018) 

* both GRBs have very high 
X-ray afterglow

Very high energy emission from GRBs
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but usually occurs at earlier times. The relatively late time at which the 
break appears in GRB 190114C would then imply a very large value of νm, 
placing it in the X-ray band at about 102 s. The millimetre light curves 
(orange symbols) also show an initial fast decay in which the emission 
is dominated by the reverse shock, followed by emission at late times 
with nearly constant flux (Extended Data Fig. 3).

The spectral energy distributions (SEDs) of the radiation detected 
by MAGIC are shown in Fig. 2, where the whole duration of the emission 
detected by MAGIC is divided into five time intervals. For the first two 
time intervals, observations in the gigaelectronvolt and X-ray bands are 
also available. During the first time interval (68–110 s; blue data points 
and blue confidence regions), Swift-XRT, Swift-BAT and Fermi-GBM data 
show that the afterglow synchrotron component peaks in the X-ray 
band. At higher energies, up to 1 GeV, the SED is a decreasing function 
of energy, as supported by the Fermi-LAT flux between 0.1 and 0.4 GeV 
(Methods). On the other hand, at even higher energies, the MAGIC flux 
above 0.2 TeV implies a spectral hardening. This evidence is independ-
ent of the EBL model adopted to correct for the attenuation (Methods). 
This demonstrates that the newly discovered teraelectronvolt radiation 
is not a simple extension of the known afterglow synchrotron emission, 
but a separate spectral component.

The extended duration and the smooth, power-law temporal decay 
of the radiation detected by MAGIC (see green data points in Fig. 1) 
suggest an intimate connection between the teraelectronvolt emission 
and the broadband afterglow emission. The most natural candidate 
is synchrotron self-Compton (SSC) radiation in the external forward 
shock: the same population of relativistic electrons responsible for the 
afterglow synchrotron emission Compton up-scatters the synchrotron 
photons, leading to a second spectral component that peaks at higher 
energies. Teraelectronvolt afterglow emission can also be produced by 
hadronic processes, such as synchrotron radiation by protons acceler-
ated to ultrahigh energies in the forward shock17–19. However, owing 

to their typically low radiation efficiency6, reproducing the luminous 
teraelectronvolt emission observed here by such processes would imply 
unrealistically large power of accelerated protons10. Teraelectronvolt 
photons can also be produced via the SSC mechanism in internal shock 
synchrotron models of the prompt emission. However, numerical mod-
elling (Methods) shows that prompt SSC radiation can account at most 
for a limited fraction ("20%) of the observed teraelectronvolt flux, and 
only at early times (t " 100 s). Henceforth, we focus on the SSC process 
in the afterglow.

SSC emission has been predicted for GRB afterglows9,12,18,20–27. How-
ever, its quantitative significance has been uncertain because the SSC 
luminosity and spectral properties depend strongly on the poorly 
constrained physical conditions in the emission region (for example, 
the magnetic field strength). The detection of the teraelectronvolt 
component in GRB 190114C and the availability of multi-band obser-
vations offer the opportunity to investigate the relevant physics at a 
deeper level. SSC radiation may have been already detected in very 
bright GRBs, such as GRB 130427A, in which photons with energies 
of 10–100 GeV are challenging to explain by synchrotron processes, 
suggesting a different origin28–30.

We model the full dataset (from the radio band to teraelectronvolt 
energies, for the first week after the explosion) as synchrotron plus SSC 
radiation, within the framework of the theory of afterglow emission 
from external forward shocks. The detailed modelling of the broad-
band emission and its evolution with time is presented in Methods. 
We discuss here the implications for the emission at t < 2,400 s and 
energies above >1 keV.

The soft spectra in the 0.2–1-TeV energy range (photon index ΓTeV < −2; 
see Extended Data Table 1) constrain the peak of the SSC component 
to below this energy range. The relatively small ratio between the spec-
tral peak energies of the SSC (E "200 GeVp

SSC ) and synchrotron 
(E ≈ 10 keVp

syn ) components implies a relatively low value for the elec-
tron Lorentz factor (γ ≈ 2 × 103). This value is hard to reconcile with the 
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Fig. 1 | Multi-wavelength light curves of GRB 190114C. Energy flux at different 
wavelengths, from radio to γ-rays, versus time after the BAT trigger, at 
T0 = 20:57:03.19 universal time (UT) on 14 January 2019. The light curve for the 
energy range 0.3–1 TeV (green circles) is compared with light curves at lower 
frequencies. Those for VLA (yellow square), ATCA (yellow stars), ALMA (orange 
circles), GMRT (purple filled triangle) and MeerKAT (purple open triangles) 
have been multiplied by 109 for clarity. The vertical dashed line marks 
approximately the end of the prompt-emission phase, identified as the end of 
the last flaring episode. For the data points, vertical bars show the 1σ errors on 
the flux, and horizontal bars represent the duration of the observation. The 
fluxes in the V, r and K filters (pink, purple and grey filled squares, respectively) 
have been corrected for extinction in the host and in our Galaxy; the 
contribution from the host galaxy has been subtracted.
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Fig. 2 | Multi-band spectra in the time interval 68–2,400 s. Five time intervals 
are considered: 68–110 s (blue), 110–180 s (yellow), 180–360 s (red), 360–625 s 
(green) and 625–2,400 s (purple). MAGIC data points have been corrected for 
attenuation caused by the EBL. Data from other instruments (Swift-XRT, Swift-
BAT, Fermi-GBM and Fermi-LAT) are shown for the first two time intervals. For 
each time interval, LAT contour regions are shown, limiting the energy to the 
range in which photons are detected. MAGIC and LAT contour regions are 
drawn from the 1σ error of their best-fit power-law functions. For Swift data, the 
regions show the 90% confidence contours for the joint fit for XRT and BAT, 
obtained by fitting a smoothly broken power law to the data. Filled regions are 
used for the first time interval (68–110 s).

MAGIC collaboration, 2019
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Spectral properties

α

β

Briggs et al. 1999

peak energy Ep

4-parameters “Band spectrum”
Ep, α, β and normalization

Band et al. 1993

 α = -1.02 ± 0.27

Kaneko et al. 2006 β = -2.35 ± 0.27
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Inverse Compton scatterings in  Klein-Nishina regime have an impact on the synchrotron slope  

Daigne, Bosnjak & Dubus 2011 
Derishev 2001

Spectral properties



High energy emission: light curves

Bosnjak & Daigne 2014

‘Sharp’ initial Lorentz factor :

Constant ejected mass flux:
dE/dt ∝ Γ



High energy emission: light curves

Bosnjak & Daigne 2014

‘Sharp’ initial Lorentz factor :

Constant ejected mass flux:
dE/dt ∝ Γ

For the delayed arrival of >100 MeV

photons in magnetic jet model 

see Bosnjak & Kumar 2012



synchrotron
LAT 100 MeV - 1 GeV

inverse Compton

LAT > 1 GeV 

weak shock
ε* low

moderate Γm ⇒ large tsyn’

R small ⇒ tex’ ≅ R/Γ*c small
tsyn’≤ tex’ ⇒  large efficiency of IC

Γmin

tex’ [s]

tsyn’ [s]

Model: in LAT (>100 MeV) energy bands both components present, synchrotron + IC 

Temporal profiles: >100 MeV range



Model: in LAT (>100 MeV) energy bands both components present, synchrotron + IC 

shock becomes stronger
Γm increases ⇒ tsyn’ decreases

R, tex’ increase
tsyn’ << tex’ ⇒  low efficiency of IC

dominant synchrotron component

synchrotron
LAT 100 MeV - 1 GeV

inverse Compton

LAT > 1 GeV

max

Γmin

tex’ [s]

tsyn’ [s]

Temporal profiles: >100 MeV range



synchrotron
LAT 100 MeV - 1 GeV

inverse Compton

LAT 1 GeV - 20 GeV

tail of the pulse:
B decreases ⇒ tsyn’ increases

tsyn’ ≤ tex’ ⇒  increased efficiency of IC

IC component dominant in GeV

Γmin

tex’ [s]

tsyn’ [s]

Model: in LAT (>100 MeV) energy bands both components present, synchrotron + IC 

Temporal profiles: >100 MeV range



Parameter space of internal shocks:

(1) mean LF in the outflow Γ 
(2) contrast κ characterizing the amplitude of the variations in the initial 
distirbution of the LFs 
(3) injected kinetic power dE/dt 
(4) variability timescale τ 
(5) fraction of the dissipated energy which is injected in the magnetic 
field εB 
(6) fraction of electrons that are accelerated ζ 

Comoving frame parameters:

(1) magnetic field B’ 
(2) adiabatic cooling timescale t`dyn 
(3) relativistic electron density ne 
(4) shape of the initial distribution of the LF of accelerated electrons 

Parameter space exploration  



Γmin

tex ne

B

We consider the physical conditions in the shocked medium corresponding to an observer time tobs close 
to the peak: reference case ( Γmin = 3600, ne = 1.3 x 10 cm  , B= 5200 G, tex = 170 s )7      -3

Q: how is the broad spectral shape affected by each of the parameters (Γmin, ne, B, tex) ?

A strong IC component is 
obtained when relativistic e- 

survive long enough for 
scatterings to occur

(a low Γmin, a low B and a 
low tex, i.e. trad       tex)

A low density ne does not 
favor IC emission ( τIC is too 
low), but a large ne increases 
photon density and then the 

γγ annihilation 

IC is strongest for 
intermediate ne

Parameter space exploration  

τIC ≈ne (σT x KN corr.) (c x trad)

Y ≈ τIC x ( Γmin x KN corr.)2



Parameter space exploration: internal shock parameters 
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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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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
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Two effects can limit the 
parameter range:  

(i) electrons become radiatively 
inefficient (“efficiency limit”) or   

(ii) the medium becomes optically 
thick due to the intense production 

of pairs (“transparency limit”). 

- - - - spectrum without γγ 
annihilation
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Figure 6.9: Left panel: The redshift distributions for the k05-A-nF case (orange) and the
k1-LN-nF case (red). The redshift distribution found by WP10 is shown in blue; the errors
make it consistent with both our models, with a preference for the k05-A-nF case. The black
dashed curve represents the CSFRD from Vangioni et al. (2015) and the black dotted curve
represents the CSFRD from Madau & Dickinson (2014), both arbitrarily shifted for comparison
purposes. Right panel: The corresponding LGRB e�ciency for the k05-A-nF case (orange) and
the k1-LN-nF case (red). The filled line corresponds to a comparison with the CSFRD fit by our
functional form (see Sect. 3.2.5.2) while the dashed lines correspond to the CSFRD of Vangioni
et al. (2015).

6.5.3 What is the luminosity function?

The luminosity functions from our best models are shown in Fig. 6.10, along with a few from the
literature. The studies generally all agree on a monotonically decreasing function, the slope(s) of
which are similar. There is some variation in the bright end of the luminosity function, mainly
because the slope causes bright bursts to be rare, making this part of the luminosity function
hard to constrain.

Does the luminosity function of LGRBs evolve with redshift?

If we believe the LogNormal Ep scenario, it seems that some evolution of the luminosity function
is required to reproduce the observations, however this evolution is not as strong (kevol Æ 1) as
suggested in the past (kevolØ 2). In the "Amati-like" Ep scenario, little or no evolution of the
luminosity function is required to reproduce the data, but rather a strong evolution of the LGRB
e�ciency. While this is consistent with past results (e.g. Salvaterra et al., 2012) that found that
either an evolution of the luminosity function of the LGRB rate was necessary, our results go
further and eliminate models with very strong evolution of the luminosity function and models
without any redshift evolution. We are able to lift – at least partially – the degeneracy on the
evolution of the luminosity function versus LGRB e�ciency when older studies could not because
our samples go much fainter and we use additional cross-checks.

6.5.4 What is the true LGRB rate?

Using the normalization of our model to the logN-logP diagram (see Sect. 4.1.3) we can derive the
global rate of LGRBs pointing towards us. To derive the total rate of LGRBs, we need to assume
a mean jet opening angle. Although there are works that have reported some measurements for
jet opening angles (e.g. Frail et al., 2001; Ghirlanda et al., 2004; Tanvir et al., 2010), it remains
rarely constrained. Taking two extreme values, we can estimate the range of the correction for

Parameter space of internal 
shocks:

(1) log <Γ> : 1.5 → 3 
(2) log κ: 2.5 →10 
(3) dE/dt: 50 → 54 
(4) log τ: −2 → 2 
(5) log εB :  -5 → -0.5 
(6) log ζ: −4 → 0 

Comoving frame parameters:

(1) log  B’: 1 → 4 
(2) log t`dyn: 0 → 3 
(3) log ne: 4 → 10 
(4) log Γmin :1.5 → 5 

Palmerio et al., in preparation

68 6.5. Discussion

Figure 6.7: An example Ep-L plane cross-check for the k0-LN-nF model. The points are the
observed data color-coded by redshift, with their 2D Gaussian kernel density estimation shown
in non-filled color contours; the filled color contours are the results from the model. The side
histograms of the observed data are shown in orange, while the model is shown in blue; the black
line is a 1D Gaussian kernel density estimation of the observed data. Note the high-L part of the
plane is not well reproduced by the model. A full description of the figure is given in Fig. 4.6.
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Figure 6.8: Same as Fig. 6.7 but for the k05-A-nF model (A-Ep scenario). The high-L part of
the plane is better reproduced than in the k0-LN-nF scenario. A full description of the figure is
given in Fig. 4.6.



Parameter space exploration 
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Flux distributions and comparison with Jesse population: 

Liso - Epeak comparison with Jesse population: 

To do: 

- Kolmogorov-Smirnov test cannot be directly applied to flux distributions, 

because the same set of values (Epeak, Liso, z) can be interpreted by different 

numerical models

- will investigate what are the parameters describing spectra resulting in different

flux values. I will check what is like flux distribution if different cuts to Lsyn/Lic (parameter

given in ExploreInternalShocks6.dat) are applied 

- use the other population that Jesse provided (LogNormalEp)


Problems:  
- it seems that the output file containg  EIS6 parameters does not report Lsyn/Lic values, 


but instead Lic/Lsyn

- Jesse population: low energy slopes extending to +0.5 

- Jesse population: it is not possible to derive Eiso using the values of Liso, z & T90. I am 


not sure whether the values of T90 are just randomly attributed to different GRBs…?



Parameter space exploration 

• LAT detected GRBs are among the brightest detected by the GBM 

• there are a few cases of bursts that were not particularly bright in the GBM, yet were 
detected  by LAT (e.g. short GRBs 081024 and GRB 090531)

28 The Fermi-LAT collaboration

Figure 13. Left panel: The distribution of energy fluence calculated in the 10–1000 keV energy range for
178 bursts detected by the LAT compared to the entire sample of 2357 GRBs detected by GBM over the
same time period. Middle panel: The distribution of peak photon flux in the 10–1000 keV energy range for
the same sample of LAT and GBM detected populations. Right panel: The GBM peak photon flux (10–1000
keV), as measured on a 1024ms timescale, versus the energy fluence (10–1000 keV) derived using a spectral
model fit to a single spectrum over the entire duration of the burst.

exceeds a predefined value (S/N > 3.5; see Gruber et al. 2014 for more details). This requirement
ensures that there are enough counts to perform a spectral fit, but as a result the time interval does
not always coincide with TGBM,90. Note that eight GRBs, two triggered by Swift and six by the IPN,
were not detected by the GBM and are omitted from this comparison and from the following figures.
Figure 13 shows the distribution of the energy fluence (left panel) and of the peak photon flux

(middle panel) for 178 bursts detected by the LAT compared to the entire sample of 2357 GRBs
detected by GBM over the same time period. Here we have also made a distinction between short
and long bursts for both the LAT (16 sGRBs and 162 lGRBs) and GBM (400 sGRBs and 1957
lGRBs) populations, showing a bifurcation in the range of flux and fluence values covered by these
two classes of bursts. The right panel shows the peak photon flux plotted against the energy fluence
for the LAT bursts compared again to the entire GBM burst catalog. Again, we separate short and
long bursts for both the LAT and GBM populations.
These comparisons show that although the majority of the LAT–detected GRBs come from the

GBM–detected bursts with the highest peak flux and fluence, they cover a large range. LAT–detected
short (long) bursts are present with a fluence > 10�7 erg/cm 2 (> 8⇥10�7 erg/cm 2) and with a peak
flux > 0.8 ph/cm 2/s (> 1.5 ph/cm 2/s). The LAT–detected long GRBs cover more than two orders of
magnitude in both distributions, and the prominence of bright GRBs is even less pronounced in the
short GRB sample. The spread is also evident from the right panel in Figure 13, where the cluster of
LAT events is only slightly shifted with respect to the GBM one. The burst with the highest fluence
(and flux) is GRB130427A. It is worth noting that Figure 13 does not include any selection on the
✓ angle.

4.5. Flux, fluences and photon indexes from the time integrated analysis

The results of the likelihood analysis are summarized in Table 4. For each time window, we report
the number of detected and predicted LAT events in the ROI, the resulting test statistic, the spectral
index obtained using a power-law fit, and the LAT flux and fluence calculated in the 100 MeV–100
GeV energy range. For 34 GRBs with known redshift we also report the total radiated energy (Eiso).

2nd Fermi LAT Catalog, 2019
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slope =  - 1.59
slope =  - 1.59
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• The typical energy of the two peaks (synchrotron and inverse Compton) can be estimated by
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he

2πmec
Γ∗B

′Γ2
m = 11.6 eV

!
Γ∗

100

"!
B

1000 G

"!
Γm

100

"2

and

Eic,obs =

#
he

2πmecΓ∗B′Γ4
m Thomson regime, if ΓmE′

syn ≪ mec2 ,
Γ∗Γmmec2 KN regime, if ΓmE′

syn ≫ mec2 ,

=

$

116 keV
%

Γ∗

100

& %
B

1000 G

& %
Γm

100

&4
if 2.27 × 10−5

%
B

1000 G

& %
Γm

100

&3
≪ 1 ,

5.11 MeV
%

Γ∗

100

& %
Γm

100

&

if 2.27 × 10−5
%

B
1000 G

& %
Γm

100

&3
≫ 1 .

• The fraction of the energy that is radiated by the synchrotron (resp. inverse Compton) process is given
by

fsyn ≃
1

1 + Y
and fic ≃ 1 − fsyn ≃

Y

1 + Y
,

where

Y = τ
E′

ic

E′
syn

,

where τ ≪ 1 is the optical depth for inverse Compton scatterings.

Assume you radiate N photons with energy E′

syn. A fraction τ of these photons will be inverse Compton scattered and get
energy E′

ic. Therefore the total radiated energy will be distributed in (1 − τ)NE′

syn and τNE′

ic. Then

fsyn =
(1 − τ)NE′

syn

(1 − τ)NE′
syn + τNE′

ic

=
1 − τ

1 − τ + Y
≃

1

1 + Y

and

fic =
τNE′

ic

(1 − τ)NE′
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ic

=
Y

1 − τ + Y
≃

Y

1 + Y
.

The cross section for the inverse Compton process is

σ =

$

σT Thomson regime, if w =
ΓmE′

syn

mec2 ≪ 1 ,

σT × f(w) KN regime, if w =
ΓmE′

syn

mec2 ≫ 1 .

Therefore the effective optical depth for inverse Compton is

τ = σn′

ect
′

rad ,

where the typical lifetime of a relativistic electron is

t′rad = t′syn × fsyn =

#

∼ t′syn if fsyn ∼ 1
≪ t′syn if fic ∼ 1

The synchrotron timescale at Γm is given by

t′syn =
2π

3
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1

B′ 2 Γm
.

Finally we get
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G. Ghirlanda et al.: Bulk Lorentz factor of GRBs

Fig. 10. Distribution of comoving frame properties of GRBs. Left panel: comoving frame isotropic luminosity (back and grey histogram for the
homogeneous and wind case, respectively) and of the isotropic energy (red and orange histogram for the homogeneous and wind case, respectively).
Right panel: comoving frame peak energy (black and grey histogram for the homogeneous and wind case, respectively).

Rest Frame Comoving Frame
s = 0 s = 2

median [68% c.i.] median [68% c.i.] median [68% c.i.]
Isotropic energy [erg] 52.88 [52.25, 53.74] 50.50 [49.85, 51.33] 50.89 [50.33, 51.57]
Isotropic luminosity [erg s�1] 52.40 [51.60, 53.16] 47.43 [46.79, 48.03] 48.18 [47.70, 48.63]
Peak energy [keV] 2.64 [2.18, 3.08] –0.008 [–0.42, 0.43] 0.35 [0.02, 0.69]

Table 5. Average values and width of the distribution of the (log values of) Eiso, Liso and Ep, in the rest frame and in the comoving frame (both for
the homogeneous and the wind density profile).

smaller average value of the comoving frame isotropic energy,
luminosity, and peak energy. The average values of the comov-
ing frame distributions shown in Fig. 10 are reported in Tab. 5.

8. Summary

The present work assembles the largest sample of tp, by revis-
ing and expanding (to June 2016) the original sample of G12,
and including upper limits tUL

p corresponding to GRBs without
a measured onset time. Our sample, presented in Tab. 6, is com-
posed of:

– 67 GRBs with measured tp: 66 long and one short (GRB
090510). Eight tp are measured from the GeV light curve.

– 106 long GRBs with an upper limit tUL
p . These are GRBs de-

tected in the optical or GeV band within one day and show-
ing a decaying light curve. Five tUL

p are measured from the
GeV light curve.

An upper limit tUL
p gives a lower limit �LL

0 according to Equa-
tions in §4. Accounting only for the most stringent upper limits,
we consider only the 85 bursts with tUL

p ⇠<11500 s, corresponding
to five times the maximum tp among the 66 GRBs. Therefore, the
final sample is composed of 151 GRBs: 66 long GRBs10 with tp
and 85 GRBs with tUL

p .
The observable is tp: Figure 1 shows that the relative position

of the cumulative distribution of tp (red line) and of lower limits
tUL
p (dashed line) suggests the presence of a selection bias against

the measurement of intermediate/small tp values. The earliest tp

10 In most of the Figures we show for comparison also the short GRB
090510: this is not included in the quantitive analysis.

are provided by the few GRBs with an onset measured from the
GeV light curve by the LAT on board Fermi.

We can extract more information from the sample of tp if we
use also upper limits tUL

p . Statistical methods (e.g. Feigelson &
Nelson 1985) allow us to reconstruct the distribution of an ob-
servable adopting measurements and upper limits, provided up-
per limits cover the same range of values of detections. This is
our case as shown in Fig.1. We adopt the Kaplan–Meier estima-
tor to reconstruct the distribution of tp of the population of long
GRBs. We find that:

1. the reconstructed distribution of tp (solid black line with yel-
low shaded region in Fig. 1) has median value htpi ⇠60 sec-
onds extending from a few seconds (tp from LAT) to rela-
tively late tp⇠ 103s; in the rest frame, the average tp(1+z) is
20 seconds.

2. The tp distribution is consistent with the cumulative distribu-
tion of Tp,� (dot–dashed grey line in Fig. 1). Tp,� is the time
when the prompt emission light curve peaks.

3. The rest frame tp/(1+z) is inversely correlated with Eiso, Liso
and Ep (Fig. 4). These correlations are statistically significant
(Tab. 1).

Since �0/tp�(3�s)/(8�2s), an upper limit on tp provides a lower
limit �LL

0 . We combine �0 and �LL
0 finding that:

4. the reconstructed distribution of �0 (solid black line and yel-
low shaded region in Fig. 6) has a median of h�0i =320 and
155 in the homogeneous and wind case, respectively (Tab.
3).

5. �0 values span two orders of magnitude from 20 to 1000 in
the wind case (right panel in Fig. 6) and a slightly smaller
range in the homogeneous case (left panel in Fig. 6).
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slope =  - 1.84

slope =  - 1.84
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slope =  +1.18



Prompt emission in GRB 190114C: 
contribution to early MAGIC observations  

• time integrated spectra (<20s) peaking 
at ~ 1000 keV 

• bolometric fluence: 
1.3E-03 erg/cm2 

•  isotropic energy release :  6E53 erg   

synchrotron 
inverse Compton 

total

time

Bosnjak & Daigne, in preparation
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Prompt emission in GRB 190114C: 
contribution to early MAGIC observations 

-preliminary results- 

Spectra integrated on 62-90 s

Contribution to MAGIC observations: ~20%

Prompt emission in GRB 190114C: 
contribution to early MAGIC observations 

-preliminary results- 

Spectra integrated on 62-90 s

Contribution to MAGIC observations: ~20%

MAGIC

Bosnjak & Daigne, in preparation



Summary  

We are using modeling tools to compute the GRB prompt emission from internal 
shocks in a time-dependent way in different spectral bands, including the high-
energy gamma rays,  to interpret new VHE observations and make predictions for 
future CTA observations  

Further developments:  

• the radiative code is currently updated accounting for the magnetic field evolution 
in the downstream region;

• the high energy emission will be estimated using the new assumption on the 
magnetic field 

Ž. Bošnjak                                                            Paris, November 2019                                                           


