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Abstract. The Lorentz factor (Γ) is an important parameter related to the relativistic jet
physics. We study the evolution patterns of Γ within gamma-ray burst (GRB) and active galactic
nuclear jets for individual GRB 090168, GRB 140508A, and 3C 454.3. By estimating the Γ
values for well-separated pulses in GRBs 090618 and 140508A with an empirical relation derived
from typical GRBs, we ﬁnd that the Γ evolution pattern in the two GRBs are diﬀerent. The
increasing-to-coasting evolution pattern of Γ in GRB 090618 likely indicates that the GRB
ﬁreball is still being accelerated in the prompt phase. The clear decrease evolution pattern of Γ
in GRB 140508A suggests the deceleration of the ﬁreball components. By deriving the Γ value
through ﬁtting their spectral energy distribution in diﬀerent ﬂares of 3C 454.3, a pattern of
Γ-tracking-γ-ray ﬂux is clearly found, likely indicating that the observed gamma-ray ﬂares are
being due to the Doppler boosting eﬀect to the jet emission.
Keywords. gamma rays: bursts (individual: GRBs 090168 & 140508A), active galactic nuclei:
individual (3C 454.3), jets and outﬂows.

1. Introduction
Gamma-ray bursts (GRBs) are the most explosive events in the universe. It is believed
that the prompt emission of GRBs is produced in an ultra-relativistic jet. A relativistic
jet is also widely found in active galactic nuclei (AGNs). For a relativistic jet, its Lorentz
factor Γ is an important parameter to understand its physics, such as the jet composition
and acceleration process, etc. In this work, we focus on the Lorentz factor of GRB pulses
or gamma-ray ﬂares of AGN jets.
Several methods have been proposed to infer Γ values of GRBs. The most popular
method is by taking the peak time of the early afterglow light curve as the deceleration
time of the external forward shock (e.g., Sari & Piran 1999). One may also estimate the
Γ value with the high-energy cutoﬀ observed in the prompt gamma-ray spectrum based
on the “compactness problem” constraint (Fenimore et al. 1993; Piran 1999) or with the
blackbody emission component (Pe’er et al. 2007). Interestingly, a tight relation of Γ0 ,
Lp,iso and Ep,z is found with a sample of GRBs whose early optical afterglow onset peaks
are clearly detected (Liang et al. 2015). To estimate the Γ value of an AGN jet, one needs
to measure its Doppler boosting factor (δ) and the viewing angle θv to the jet axis. The δ
value may be estimated with very long baseline interferometry observations (e.g., Ghisellini et al. 1993), the variability brightness temperatures (Lähteenmäki & Valtaoja 1999;
Hovatta et al. 2009), or the variable timescale of sources (Jorstad et al. 2005). Theoretically, the Doppler factors may also be constrained by modeling the observed broadband
spectral energy distributions (e.g., Zhang et al. 2012). For blazars, it is generally believed
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Figure 1. Spectral ﬁtting of observations (points) of 3C 454.3 at MJD 55168.0. The solid line
is our spectral ﬁtting result.

that θv is very small and δ = Γ is usually adopted in theoretical modeling. This paper
studies the evolution patterns of Γ within individual GRBs and blazars.

2. Data
We select GRBs 090618 (z = 0.45) and 140508A (z = 1.03) for case study. They have
well-separated gamma-ray pulses with diﬀerent peak ﬂuxes. Their Fermi/GBM light
curves are showed in Figure 2. We use the empirical Lp − Ep,z − Γ0 relation relation
(Liang et al. 2015), i.e., log Γ0 = 3.33 + 0.46 log Lp,iso,52 − 0.43 log Ep,z , to estimate the
Γ values for these pulses. We extract the spectra of these pulses around the peak times
([tp −0.5s, tp +0.5s]) and ﬁt them with the Band function to derive their Ep,z = Ep (1+z)
and Lp,iso,52 .
3C 454.3 (z=0.859, also named PKS 2251+158) is a blazar. It is the brightest gammaray source in the gamma-ray sky. Fermi Large Area Telescope has detected many bright
ﬂares for this source since it was launched in 2008 (Abdo et al. 2009). We extract
its 8 years’ LAT lightcurve and select some bright ﬂares occurred in the period of
[MJD55100, MJD55240] and [MJD55480, MJD55600] for our analysis, as shown in Figure 3, where only photons with energy 100MeV < E < 200GeV are considered. The
Γ values of these ﬂares are estimated based on the broad band SED (spectral energy
distribution) ﬁtting with the simple one-zone leptonic models (Bonnoli et al. 2011, Pacciani et al. 2010, Vercellone et al. 2011, Cerruti et al. 2013) as shown in Figure 1 for an
example.

3. Results
Our results are shown in Figures 2 and 3. Diﬀerent evolution features are found in
the two GRBs. An increasing-to-coasting Γ evolution pattern is found in GRB 090618,
likely indicating that its ﬁreball is still being accelerated in the initial prompt gamma-ray
phase, then kept at almost constant speed. A clear decrease evolution pattern of Γ in
GRB 140508A is found. This likely suggests the deceleration of the ﬁreball components
for diﬀerent pulses. These results may imply that there is no universal evolution pattern
among GRBs. For 3C 454.3, a pattern of Γ-tracking-γ-ray ﬂux is clearly found in diﬀerent
ﬂares.
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Figure 2. Evolution of photon counts (squares), Γ (stars), and Ep , z (dots) in GRB 090618
(left panel) and GRB 140508A (right panel). T0 is the trigger time of the burst.

Figure 3. Evolution of ﬂux and Γ (stars) in 3C 454.3 for observations in December 2009 (left
panel) and November 2010 (right panel). The error bars of ﬂux are statistical only.

4. Discussion & Conclusion
We have studied the Γ evolution within GRBs 090618 and 140508A as well as within
3C 454.3. It is found that the Γ evolution patterns in the two GRBs are diﬀerent. This
may suggest that there is no universal evolution pattern among GRBs. The widely accepted GRB model is the ﬁreball model. Within the framework of this model, the prompt
gamma-ray emission spectrum is expected to be the superposition of a quasi-thermal photosphere emission component and a non-thermal component in the optically thin internal
shock region. It was proposed that the spectrum of the ﬁrst pulse in GRB 090618 is superimposed by such a thermal component (Campana et al. 2006). This likely suggests
that the emission of this pulse may come from the region around the photospheric radius
of the ﬁreball. The pure non-thermal emission in the next three pulses may be attributed
to the emission from pure internal shock region. Therefore, the increase of Γ would suggest that the ﬁreball is still accelerated near the photospheric radius. The Γ value keeps
almost constant in the next three pulse which suggests that the ﬁreball is within the
coasting state. For GRB 140508A, the clear decrease of Γ may be due to the decay of
the GRB central engine activities since a random collision process for ﬁreball shells has
diﬃculties in explaining this feature. For 3C 454.3, a pattern of Γ-tracking-γ-ray ﬂux is
clearly found. If this is a universal feature, it may suggest that the observed gamma-ray
ﬂares would be due to the Doppler boosting eﬀect to the emission from ejecta within a
jet powered by the central black hole. Gamma-ray ﬂares of AGNs thus may be a signal
of the central engine activity.
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