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GRB 130427A

‣ Coverage: Emission independently detected at ~07:17 UTC by several 
orbiting telescopes and RAPTOR ground-based optical monitors

‣ Nearby: Associated with Type IC SN 2013cq in a galaxy at z = 0.34

‣ Observationally bright: Highest prompt GRB fluence recorded by Konus-
WIND, Fermi-GBM, and LAT  

‣ Long-lived high-energy: 
‣ Fermi-LAT detected GeV emission for ~20 hours after trigger
‣ Highest energy photon detected from a GRB: 72 GeV 

“Exceptional”

Proximity is what makes this GRB special
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High-energy γ rays from GRBs

‣ High-energy gamma rays are 
produced via synchrotron radiation 
and? inverse Compton (IC) scattering

‣ GeV - TeV observations can provide 
detailed information on the emission 
mechanisms, environment, and 
physical processes at work

‣ The proximity of GRB 130427A makes 
it an excellent target for a TeV 
observatory (EBL absorption is 
relatively low).
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Fig. 4.— The integral of high energy synchrotron radiation spec-
trum (the dotted line) and the synchrotron self-Compton radia-
tion spectrum (the dashed line) of a GRB 130427A-like burst in
the time interval 102 − 4 × 104 s. The initial bulk Lorentz factor
of the outflow is taken to be 300. Other physical parameters in-
volved in the calculation are Ek = 1054 erg, εe = 0.05, εB = 0.01,
p = 2.2 and z = 0.34. Evidently the < 10 GeV emission is size-
ably contributed by the forward shock synchrotron radiation while
the inverse Compton radiation contributes at higher energies. The
plots are generated from the code developed by Fan et al. (2008).

reads (e.g., Cheng & Wei 1996)
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which is well below the energy of some photons detected
in GRB 130427A (see Fig.3 for the details), suggesting
that these high energy γ−rays should have an inverse
Compton radiation origin. Therefore though in section
3.1 we have shown that the count rate of the > 100 MeV
emission may be accounted for by the synchrotron radia-
tion of the forward shock electrons alone, part of the high
energy afterglow emission does have an inverse Compton
radiation origin (see also Fig.4 for numerical examples).

In view of the weak dependence of εsyn,M on both Ek
and n or A∗, for almost all GRBs, an inverse Compton
origin of the > 10 GeV afterglow photons detected at t >
a few hundred seconds is favored.

3.3. GeV-TeV emission powered by the forward shock
electrons inverse-Compton-scattering off prompt

photons

For GRB 130427A the prompt X-ray emission was
very strong and lasted a few hundred seconds (see Fig.1).
Simultaneously, the ultra-relativistic GRB outflow drives
energetic blast wave and accelerates a large amount of
electrons. Some prompt photons will be up-scattered by

the shock-accelerated electrons and get boosted to GeV-
TeV energies when cross the forward (possibly also re-
verse) shock region(s). The resulting high energy γ−rays
account for part of the observed GeV-TeV emission.

For illustration here we only calculate the high en-
ergy emission resulting in the external-inverse-Compton
(EIC) scattering process in the second episode of the
prompt emission ranging from ∼ 120 s to ∼ 260 s
(Golenetskii et al. 2013). This is because at such a
relatively late time the deceleration of the GRB out-
flow is most likely in the Blandford−McKee self-similar
regime (Blandford & McKee 1976) and the forward shock
cooling/emission can be calculated in the standard way
(Piran 1999). We’d like to also point out that the very
different temporal behaviors of the GeV and X-ray/soft
γ−ray emission in such a time interval suggest that these
emission are not from the same region.

The inverse Compton scattering is efficient if it is in
the Thompson regime, requiring that in the rest frame of
the electron the seed photon has an energy smaller than
mec2, i.e., the random Lorentz factor of the electrons
should not be higher than

γs∼Γmec
2/εs, (9)

where εs is the energy of the seed photon (prompt pho-
ton). Therefore, most electrons with a random Lorentz
factor ∼ γm are cooled by the prompt photons at energies

εs ≤ 17 keV[
6(p− 2)

(p− 1)
]−1ε−1

e,−1.

Such a εs seems to be well below the peak energy ∼
240 keV of the prompt emission in the second episode
(Golenetskii et al. 2013). However the total energy re-
leased in the energy < εs ∼ 17 keV is not ignorable since
the current prompt emission spectrum is much softer
than the typical ones Fν ∝ ν0. With the observed spec-
trum Fν ∝ ν−0.6 (Golenetskii et al. 2013), we find out
that ∼ 1/3 of the total energy was released below εs,
i.e., F<εs ∼ F/2 ∼ 4.5 × 10−5 erg cm−2 s−1, where
F ∼ 9 × 10−5 erg cm−2 is the 20 − 1200 keV energy
fluence. The corresponding time-averaged luminosity is
L<εs ∼ 1050 erg/s, consistent with the Swift data (see
Fig.1). Below we estimate the importance of the cooling
of forward shock electrons by prompt emission.

In the rest frame of the shocked interstellar medium,
the energy density of the seed photons can be estimated
as Uγ ∼ L<εs/4πR

2Γ2c. The comoving energy density of
the shock-generated magnetic field is UB ∼ 4Γ2εBnmpc2

for ISM or ∼ 4Γ2εBnwmpc2 for wind medium. The im-
portance of the inverse Compton cooling caused by the
prompt emission is given by the dimensionless parameter
(Fan & Piran 2006)

Y =Uγ/UB

∼

{
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−1
k,54ε

−1
B,−2t2(
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(10)

Such a Y seems to suggest a not very important inverse
Compton cooling effect. However, as demonstrated be-
low, intriguing radiation is expected.

The number of high energy γ−rays generated by
the forward shock electrons inverse-Compton-scattering
off prompt emission can be straightforwardly estimated

Fan et al., arXiv 1305, 1261 (2013)
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VERITAS* *New and improved

Very Energetic Radiation Imaging Telescope Array System
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VERITAS*

‣Energy Range*: 100 GeV - >30 TeV
‣Point-source sensitivity*: 1% Crab in <30 h, 10% Crab in <30 min.
‣Field of view: Ø 3.5°
‣~1100 hours of observations/yr.
‣Median unconstrained GRB observing delay (2012/2013): 159 s
‣Peak effective area: ~105 m2

*New and improved

Very Energetic Radiation Imaging Telescope Array System
An IACT array located near Mt. Hopkins in southern Arizona, USA

Active VERITAS GRB program calls for collecting data on all 
observable GRBs less than 1 hour old† (triggered by GCN notices). 

†Exceptions can be made
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VERITAS Observations of GRB 130427A

Dark time start

Dark time end

GRB 130427A Elevation

We were a bit slower than usual...

trigger
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VERITAS Observations of GRB 130427A

‣ Observations begin 
19:45:28 (~71 ks) after 
Fermi-GBM trigger
‣ Data is taken for 3 

consecutive nights
‣ 28 April: 56:29
‣ 29 April: 1:50:39
‣ 30 April: 2:30:14

‣ Very high observation 
elevation (~81°)
‣Marginal overlap in both 

time and energy with the 
Fermi-LAT

Tam et al., arXiv astro-ph.HE, 3217 (2013).
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Should VERITAS detect GRB 130427A?

‣ Fermi-LAT provides detailed high-
E information up to ~20 hours 
post-trigger

‣ Spectrum flat in log(E) - flux at 
late times dominated by 30 GeV γ 
at 30 ks 

‣ Flux falling as t-1.35 at late times

‣ VERITAS observations at high 
elevation: Eth < 100 GeV

‣ GRB close enough that EBL 
absorption is small (non-
negligible)

‣ Seems promising!

18

Long-lived high-energy emission

LAT photon flux
LAT energy flux
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Should VERITAS detect GRB 130427A?
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‣ Fermi-LAT provides detailed high-
E information up to ~20 hours 
post-trigger

‣ Spectrum flat in log(E) - flux at 
late times dominated by 30 GeV γ 
at 30 ks 

‣ Flux falling as t-1.35 at late times

‣ VERITAS observations at high 
elevation: Eth < 100 GeV

‣ GRB close enough that EBL 
absorption is small (non-
negligible)

‣ Seems promising!
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VERITAS Results on GRB 130427A

Obs. Interval 
(from GBM trigger) GRB Significance (σ) 99% C.L. U.L. on νFν @ 

100 GeV (erg cm-2 s-1)

71 - 75 ks 1.3 9.4 × 10-12

158 - 164 ks 1.1 6.6 × 10-12

244 - 254 ks -0.5 2.7 × 10-12

Day 1  - 28 April
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VERITAS Results on GRB 130427A

Obs. Interval 
(from GBM trigger) GRB Significance (σ) 99% C.L. U.L. on νFν @ 

100 GeV (erg cm-2 s-1)

71 - 75 ks 1.3 9.4 × 10-12

158 - 164 ks 1.1 6.6 × 10-12

244 - 254 ks -0.5 2.7 × 10-12

Day 2  - 29 April
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VERITAS Results on GRB 130427A

Obs. Interval 
(from GBM trigger) GRB Significance (σ) 99% C.L. U.L. on νFν @ 

100 GeV (erg cm-2 s-1)

71 - 75 ks 1.3 9.4 × 10-12

158 - 164 ks 1.1 6.6 × 10-12

244 - 254 ks -0.5 2.7 × 10-12

Day 3  - 30 April



Taylor Aune, UCLA TeVPA - Irvine, CA - 28 August, 2013

Emission Models of GRB 130427A

‣ Late-time high-E emission of GRB 130427A cannot be explained by 
synchrotron processes

‣ Max synchrotron energy:
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Fig. 4.— The integral of high energy synchrotron radiation spec-
trum (the dotted line) and the synchrotron self-Compton radia-
tion spectrum (the dashed line) of a GRB 130427A-like burst in
the time interval 102 − 4 × 104 s. The initial bulk Lorentz factor
of the outflow is taken to be 300. Other physical parameters in-
volved in the calculation are Ek = 1054 erg, εe = 0.05, εB = 0.01,
p = 2.2 and z = 0.34. Evidently the < 10 GeV emission is size-
ably contributed by the forward shock synchrotron radiation while
the inverse Compton radiation contributes at higher energies. The
plots are generated from the code developed by Fan et al. (2008).

reads (e.g., Cheng & Wei 1996)
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which is well below the energy of some photons detected
in GRB 130427A (see Fig.3 for the details), suggesting
that these high energy γ−rays should have an inverse
Compton radiation origin. Therefore though in section
3.1 we have shown that the count rate of the > 100 MeV
emission may be accounted for by the synchrotron radia-
tion of the forward shock electrons alone, part of the high
energy afterglow emission does have an inverse Compton
radiation origin (see also Fig.4 for numerical examples).

In view of the weak dependence of εsyn,M on both Ek
and n or A∗, for almost all GRBs, an inverse Compton
origin of the > 10 GeV afterglow photons detected at t >
a few hundred seconds is favored.

3.3. GeV-TeV emission powered by the forward shock
electrons inverse-Compton-scattering off prompt

photons

For GRB 130427A the prompt X-ray emission was
very strong and lasted a few hundred seconds (see Fig.1).
Simultaneously, the ultra-relativistic GRB outflow drives
energetic blast wave and accelerates a large amount of
electrons. Some prompt photons will be up-scattered by

the shock-accelerated electrons and get boosted to GeV-
TeV energies when cross the forward (possibly also re-
verse) shock region(s). The resulting high energy γ−rays
account for part of the observed GeV-TeV emission.

For illustration here we only calculate the high en-
ergy emission resulting in the external-inverse-Compton
(EIC) scattering process in the second episode of the
prompt emission ranging from ∼ 120 s to ∼ 260 s
(Golenetskii et al. 2013). This is because at such a
relatively late time the deceleration of the GRB out-
flow is most likely in the Blandford−McKee self-similar
regime (Blandford & McKee 1976) and the forward shock
cooling/emission can be calculated in the standard way
(Piran 1999). We’d like to also point out that the very
different temporal behaviors of the GeV and X-ray/soft
γ−ray emission in such a time interval suggest that these
emission are not from the same region.

The inverse Compton scattering is efficient if it is in
the Thompson regime, requiring that in the rest frame of
the electron the seed photon has an energy smaller than
mec2, i.e., the random Lorentz factor of the electrons
should not be higher than

γs∼Γmec
2/εs, (9)

where εs is the energy of the seed photon (prompt pho-
ton). Therefore, most electrons with a random Lorentz
factor ∼ γm are cooled by the prompt photons at energies

εs ≤ 17 keV[
6(p− 2)

(p− 1)
]−1ε−1

e,−1.

Such a εs seems to be well below the peak energy ∼
240 keV of the prompt emission in the second episode
(Golenetskii et al. 2013). However the total energy re-
leased in the energy < εs ∼ 17 keV is not ignorable since
the current prompt emission spectrum is much softer
than the typical ones Fν ∝ ν0. With the observed spec-
trum Fν ∝ ν−0.6 (Golenetskii et al. 2013), we find out
that ∼ 1/3 of the total energy was released below εs,
i.e., F<εs ∼ F/2 ∼ 4.5 × 10−5 erg cm−2 s−1, where
F ∼ 9 × 10−5 erg cm−2 is the 20 − 1200 keV energy
fluence. The corresponding time-averaged luminosity is
L<εs ∼ 1050 erg/s, consistent with the Swift data (see
Fig.1). Below we estimate the importance of the cooling
of forward shock electrons by prompt emission.

In the rest frame of the shocked interstellar medium,
the energy density of the seed photons can be estimated
as Uγ ∼ L<εs/4πR

2Γ2c. The comoving energy density of
the shock-generated magnetic field is UB ∼ 4Γ2εBnmpc2

for ISM or ∼ 4Γ2εBnwmpc2 for wind medium. The im-
portance of the inverse Compton cooling caused by the
prompt emission is given by the dimensionless parameter
(Fan & Piran 2006)

Y =Uγ/UB

∼

{
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Such a Y seems to suggest a not very important inverse
Compton cooling effect. However, as demonstrated be-
low, intriguing radiation is expected.

The number of high energy γ−rays generated by
the forward shock electrons inverse-Compton-scattering
off prompt emission can be straightforwardly estimated

<500(t-3/8) 0.34

~   37 GeV 
‣ GeV emission suggests 

inverse-Compton processes

‣ Synchrotron self Compton 
emission would produce 
hard, high-E spectrum

‣ VERITAS U.L. disfavor SSC 
scenario above 100 GeV

The Astrophysical Journal Letters, 773:L20 (5pp), 2013 August 20 Liu, Wang, & Wu

Figure 1. Fit of the multi-band light curves of GRB 130427A. For the high-
energy emission, the thin solid lines represent the synchrotron flux, the dashed
lines represent the SSC flux, and the thick solid lines represent the total flux.
The orange dotted line represents the supernova component, which has the
same shape as SN1998bw but with a flux normalized to the detected flux.
The orange dotted line is the sum of the GRB afterglow component and the
supernova component. The LAT data is taken from Tam et al. (2013). The X-ray
data is taken from the Web site http://www.swift.ac.uk/xrt_curves. The optical,
near-infrared data, and radio data are taken from Laskar et al. (2013). In this
fit, we used the following parameter values: Ek = 2 × 1053 erg, εe = 0.6,
εB = 1.3×10−5, n = 1 cm−3, p = 2.2, and Γ0 = 200. The jet break time is set
at 0.65 day after the trigger time. The opening angle is θj = 7◦, corresponding
to Ek,jet = 1.5 × 1051 erg.
(A color version of this figure is available in the online journal.)

By solving the above four equations, we get E54 $ 0.3,
n0 $ 6, εe,−1 $ 5, and εB,−5 $ 0.5. Although the analytic
solution and numerical solution may not conform each other
perfectly, we can use these values as a guide, and fine-tune them
to get a good global solution in our numerical code. We show the
fitting of multi-band light curves in Figure 1. The final values of
the parameters are not much different from the above values, as
shown in the caption of the figure. We also present the light curve
of >100 GeV SSC emission with a purple dashed line. It peaks
around 100 s with a flux of 10−6 photons cm−2 s−1. Given the
LAT effective area of ∼104 cm−2, one may expect that LAT may
detect one !100 GeV photon in ∼100 s around the peak time,
which is consistent with the detection of the 95.3 GeV photon at
243 s after the trigger time. Our model cannot explain the high
energy emission during the prompt emission phase ("100 s),
which is attributed to the internal dissipation origin (He et al.
2011; Liu & Wang 2011; Maxham et al. 2011). In the numerical
modeling, we find that fKN(10 keV) gradually decreases from
!0.1 at 1000 s to ∼0.01 at 106 s. Figure 2 presents the fit of
the time-integrated spectrum of LAT emission for the period of
138–750 s and 3000–80,000 s.

4. DISCUSSIONS

The extended, hard emission above a few GeV, seen in
GRB 130427A, represents strong evidence of a SSC component
in the forward shock emission. The appearance of the SSC
component implies that the circumburst density should not be
too low, in contrast to the result in the previous study that the
circumburst density of LAT-detected bursts is on average lower
than usual (Cenko et al. 2011). The inferred density in this work
is of the same order of the typical ISM density in the galaxy
disk where massive stars reside.

Recently, Laskar et al. (2013) modeled the low-energy after-
glows of this GRB with a forward-reverse shock synchrotron

Figure 2. Fit of the spectrum of LAT emission at two different times. The
dashed lines and the dash-dotted lines represent the synchrotron component and
the SSC component respectively, and the solid lines represent the sum of them.
(A color version of this figure is available in the online journal.)

emission model. However, we find that their model predicts
a synchrotron flux about one order of magnitude lower than
the observed flux in the LAT energy range. To interpret the
multi-band afterglow data including the LAT data, we pro-
posed a forward shock synchrotron plus SSC emission sce-
nario. We also find that an ISM environment is favored by the
slow decay of 2–100 GeV flux, which is explained as the SSC
origin.
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Emission Models of GRB 130427A

‣ Fermi-LAT  light curve shows no significant deviation from smooth power-law - 
contrary to SSC

‣ Last significant LAT time 
bin shows a smooth E-2 

spectrum

‣ VERITAS results indicate 
spectrum may soften 
above 100 GeV

‣ Statistics are extremely 
limited

‣ Other models of IC 
emission from GRB 
130427A (e.g. EIC) may 
explain high-E emission Energy [GeV]
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What if...

...VERITAS had observed GRB 130427A at its median delay (159 s), what may we 
have seen?

Under suitable conditions, current-gen. IACTs can provide significant insights 
into GRB emission processes and environments
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