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Ryde and Petrosian have pointed out that the rise phases of gamma-ray burst (GRB) pulses originate from the

widths of the intrinsic pulses and their decay phases are determined by the curvature effect of the expanding fireball

surface based on their simplified formula. In this paper we investigate in detail the issue based on the formula in Ref.[20],

which is derived based on a model of highly symmetric expanding fireballs, where the Doppler effect is the key factor

to be concerned about, and no terms are omitted in their derivation. Our analyses show that the decay phases of the

observed pulses originate from the contributions from both the curvature effect of the expanding fireball and the two

timescales of the local pulses, and the rise phases of the observed pulses only come from the two timescales of the local

pulses. Associated with a local pulse with both rise and decay portions, the light curve of GRBs in the rise portion is

expected to undergo a concave phase and then a convex one, whereas that in the decay portion is expected to evolve by

an opposite process. And the ratio of the concave timescale to the convex one in the rise phase of the observed pulse

linearly increases with the ratio of the rising timescale to the decay one of the local pulse (rrd), whereas the ratio of

the convex timescale to the concave timescale in its decay phase linearly decreases with rrd. The two correlations are

independent of the local pulse forms and the rest-frame radiation forms. But the different forms of local pulses and the

different values of rrd gives rise to the diversity of the light curve pulse shapes. We test a sample of 86 GRB pulses

detected by the BATSE instrument on board the Compton Gamma Ray Observatory and find that the characteristics

do exist in the light curve of GRBs.

Keywords: gamma-ray bursts, gamma-rays

PACC: 9580Q

1. Introduction

Light curves of gamma-ray bursts (GRBs) vary

drastically in morphology, and no two GRBs are

similar.[1] In the standard fireball model gamma rays

are believed to result from shocks internal to the out-

flow at a distance of R ∼ 1013 − 1015 cm from the ini-

tial source.[2] A pulse in the gamma-ray light curve is

generally considered to come from an individual shock

episode. Superposition of many such pulses gives rise

to the observed diversity and complexity of the light

curves, which cannot be described by a simple for-

mula. Although the most favoured GRB emission

mechanisms are non-thermal synchrotron and/or in-

verse Compton emission.[3−6] some bursts are found

to have thermal spectra during the initial phase be-

fore they become non-thermal emission.[7−11] There-

fore, the spectral and temporal characteristics hold the

keys of a good understanding of the prompt emission

of GRBs.

In spite of the very complex temporal behaviour

of the GRBs, many attempts have been made to de-

compose the complex light curves into pulses, which

can be described by several flexible functions based

on empirical or semi-empirical relations, and quan-

tify their characteristics.[12−17] These well-separated

pulses appear as asymmetric profiles with a fast rise

and an exponential decay (FRED).[12,18,19] And some

relations can be found from the investigations of GRBs

with the simple FRED pulses.

However, what physical mechanism(s) causes such

an observed pulse? In the Fenimore et al ’s model,[13]

the rise phase of a FRED pulse is considered to re-

sult from the duration of the photon-active phase and

its fall phase is related to the duration of the photon-

quiet phase. But in Ryde and Petrosian’s model,[17]
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the rise phases of the observed pulses come from the

dynamic time, which is consistent with the fact that

the rise phase is produced by the width of a local pulse

in Ref.[20], (note that here the width of the intrinsic

pulse is referred to as the dynamic time); and the de-

cay phases of the observed pulses are determined by

the curvature effect of the expanding fireball surface.

And a similar conclusion has also been found by Shen

et al.[21] However, we want to know what role the rise

and decay phases of local pulses (or intrinsic pulses)

each play in the observed light curve of the gamma-

ray burst, and what is responsible for the diversity of

the FRED pulses. Motivated by these, we explore in

this paper possible explanations for the pulse shapes

observed based on Qin et al ’s model.[20]

According to the observed output rate of radia-

tion, the observed gamma-ray pulses are believed to

be produced from a highly relativistic outflow, (e.g.

an expanding and collimated fireball), based on the

large energies and the short timescales involved. In

the case of a spherical fireball, the Doppler effect over

the whole fireball must do its work, and the observed

FRED structure probably provides the intrinsical in-

formation. Qin[22] has derived the flux function based

on the model of highly symmetric expanding fireball,

where the Doppler effect of the expanding fireball sur-

face is a key factor to be concerned about, and then

with this formula, Qin[23] has further studied how this

effect exerts an influence on the emission and absorb-

tion lines. Recently, Qin et al
[20] have presented the

formula in terms of count rates, which can also be ap-

plicable to the case of a uniform jet as long as the

open angle of the jet is taken into account. This

model leads to the unveiling of certain relations, such

as a power law relationship between the observed pulse

width and energy,[24] an anti-correlation between the

power law index and the local pulse width,[25] and a

linear correlation between the observed pulse and the

local pulse width,[26] but there is no significant cor-

relation between the ratio of the full width at half

maximum (FWHM) width of the rise phase of the ob-

served pulse to that of the decay phase and the Lorentz

factor,[27] and correlations between spectral lags and

such physical parameters as the Lorentz factor and

the fireball radius.[28] Combining the characteristics

described above and a reverse S-feature in the decay

phase of the observed pulse,[29] we suspect that the

curvature effect of the expanding fireball and the local

pulse can make different contributions to the observed

pulse profile.

This paper is organized as follows. In Section 2,

we present the characteristics of the light curve of

GRBs obtained from our theoretical analysis based

on a uniform jet and a spherical fireball model. In

Section 3, we examine the characteristics of the light

curves of a GRB sample detected by the BATSE in-

strument on board the Compton Gamma Ray Obser-

vatory. Discussion and conclusions are presented in

the last section.

2. Numerical analysis

As derived in detail by Qin et al,[20] the expected

count rate of the fireball within frequency interval

[ν1, ν2] can be calculated with their equation (21),

which is rewritten as follows:

C(τ) =
2πR3

c

∫ τ̃θ,max

τ̃θ,min

Ĩ(τθ)(1 + βτθ)
2(1 − τ + τθ)dτθ

∫ ν2

ν1

g0,ν(ν0,θ)
ν dν

hcD2Γ
3(1 − β)2(1 + kτ)2

. (1)

In this formula, τθ is a dimensionless relative local

time defined by τθ ≡ c(tθ − tc)/Rc, where tθ is the

emission time in the observer frame, called local time,

of photons emitted from the concerned differential sur-

face dsθ of the fireball (θ is the angle to the line of

sight), tc is a constant which can be assigned to any

value of tθ, and Rc is the radius of the fireball mea-

sured at tθ = tc; variable τ is a dimensionless rel-

ative time defined by τ ≡ [c(t − tc) − D + Rc]/Rc,

where D is the distance of the fireball to the ob-

server, and t is the observation time; Ĩ(τθ) represents

the development of the intensity magnitude in the ob-

server frame, called a local pulse function; g0,ν(ν0,θ)

describes the rest frame radiation mechanisms; And

k ≡ β/(1 − β). At the same time, the integral lower

and upper limits, τ̃θ,min and τ̃θ,max, are determined by

τ̃θ,min = max{τθ,min, (τ−1+cos θmax)/(1−β cos θmax)}

and τ̃θ,max = min{τθ,max, (τ − 1 + cos θmin)/(1 −
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β cos θmin)}, respectively, where τθ,min and τθ,max are

the lower and upper limits of τθ confining Ĩ(τθ),

and θmin and θmax are confined by the emitting sur-

face of the fireball, and then the radiation is ob-

servable within the range of (1 − cos θmin) + (1 −

β cos θmin)τθ,min ≤ τ ≤ (1 − cos θmax) + (1 −

β cos θmax)τθ,max.

2.1. In the case of radiation emitted

from the whole fireball surface

If the radiation is emitted from the whole fireball

surface, we can take θmin = 0 and θmax = π/2. There-

fore the range of τ is (1 − β)τθ,min ≤ τ ≤ 1 + τθ,max,

while τ̃θ,min and τ̃θ,max are determined by

τ̃θ,min = max{τθ,min, τ − 1}

and τ̃θ,max = min{τθ,max, τ/(1 − β)}, respectively.

Formula (1) suggests that, except for the state

parameters of the fireball (i.e. Γ , Rc and D), the light

curves of sources depend on Ĩ(τθ) and g0,ν(ν0,θ). Ob-

servations suggest that the common radiation form of

GRBs is the so-called Band function[30] which is fre-

quently and rather successfully employed to fit the

spectra of the sources.[31−35] Combining with the fact

that the observed radiation form is only be affected

slightly by the fireball Doppler effect,[22] we suspect

that the rest frame radiation of many fireball sources

may bear the same forms as those in the observer

frame. Therefore, we assume in this paper the band

function to be an intrinsic mechanism, and its form

can be written as

g0,ν(ν0,θ) =






(ν0,θ

ν0,p

)1+α0

exp
[
−(2 + α0)

ν0,θ

ν0,p

]
,

(ν0,θ

ν0,p
<

α0 − β0

2 + α0

)
,

(α0 − β0

2 + α0

)α0−β0

exp(β0 − α0)
(ν0,θ

ν0,p

)1+β0

,
(ν0,θ

ν0,p
≥

α0 − β0

2 + α0

)
,

(2)

where α0 and β0 are the low- and high-energy indices in the rest frame, respectively, and ν0,p is the rest-

frame peak frequency. According to the Doppler effect, the observed frequency (ν) is related to the rest frame

frequency (ν0,θ) by ν0,θ = (1 − β + βτ)Γν/(1 + βτθ).

We pay our attention to the roles that the rise and decay portions of local pulses play in the light curve of

gamma-ray bursts. For simplicity, a local pulse with a power law rise and a power law decay is first employed

to study in detail this issue, which is written as

Ĩ(τθ) = I0






( τθ − τθ,min

τθ,0 − τθ,min

)µ

, (τθ,min ≤ τθ ≤ τθ,0),

(
1 −

τθ − τθ,0

τθ,max − τθ,0

)µ

, (τθ,0 < τθ ≤ τθ,max),
(3)

where I0, µ and τθ,0 are constants. We notice that

the width of the local pulse, ∆τθ,FWHM = (1 −

2−1/µ)(τθ,max − τθ,min) and therefore its upper limit,

τθ,max = ∆τθ,FWHM/(1 − 2−1/µ) + τθ,min. For a given

value of τθ,max, the rise width, ∆τθ,r, and the decay

width, ∆τθ,d, of the local pulse vary with the value of

τθ,0. We thus assign

τθ,0 = τθ,min + e(τθ,max − τθ,min), (4)

where the quantity, e, is a constant within the range

of 0 ≤ e ≤ 1. We define that ∆τθ,r = τθ,0 − τθ,min,

∆τθ,d = τθ,max − τθ,0, and

rrd(e) =
∆τθ,r

∆τθ,d
, (5)

the quantity rrd(e) denotes the ratio of the rise

timescale to the decay timescale of a local pulse.

To describe different contributions of ∆τθ,r and

∆τθ,d of a local pulse to the light curve, we define

Cr(τ) =
2πR3

c

∫ τ̃θ,max

τ̃θ,min

Ĩ(τθ)(1 + βτθ)
2(1 − τ + τθ)dτθ

∫ ν2

ν1

g0,ν (ν0,θ)
ν dν

hcD2Γ 3(1 − β)2(1 + kτ)2
, (τθ,min ≤ τθ ≤ τθ,0), (6)
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Cd(τ) =
2πR3

c

∫ τ̃θ,max

τ̃θ,min

Ĩ(τθ)(1 + βτθ)
2(1 − τ + τθdτθ

∫ ν2

ν1

g0,ν(ν0,θ)
ν dν

hcD2Γ 3(1 − β)2(1 + kτ)2
, (τθ,0 < τθ ≤ τθ,max), (7)

rr =
Cr(τ)

C(τ)
, (8)

and

rd =
Cd(τ)

C(τ)
, (9)

where C(τ) = Cr(τ) + Cd(τ). Quantities Cr(τ) and

Cd(τ) denote the contributions of the rise timescale

and decay timescale of a local pulse to the light curve,

respectively.

Let us first employ Eq.(3) with µ = 1 (note

that when µ = 1, the local pulse (3) becomes a

linear rise and a linear decay one), and the Band

function radiation form with α0 = −1, β0 = −2.25

and ν0,p = 1 keVh−1 within the frequency range

of 100 keVh−1 ≤ ν ≤ 300 keVh−1 to make light

curves. In order to obtain more detailed information

of the light curve profiles, we evaluate the first-order

derivatives, C′

r(τ), C′

d(τ), C′(τ), and the second-order

derivatives C′′

r (τ), C′′

d (τ), C′′(τ), of the count rate

Cr(τ), Cd(τ), C(τ), respectively. Their profiles are

presented in Fig.1.

Fig.1. Plots of C(τ), Cr(τ), Cd(τ) – τ (the first row), C′

r(τ) – τ (the second row), C′′

r (τ) – τ (the third row),

rr/rd – τ (the last row), of the light curves associated with a local pulse determined by Eq.(3). A Band function

is adopted as a rest frame radiation form, where α0 = −1, β0 = −2.25 and ν0,p = 1 keVh−1. In addition, we take

2πR3
cI0/hcD2 = 1, Γ=100, µ=1, ∆τθ,FWHM = 2, 100 keVh−1 ≤ ν ≤ 300 keVh−1 and τθ,min = 0, e = 0.2, 0.5, 0.8

(from left to right ) respectively. The solid, dashed and dotted lines in the first row represent C(τ), Cr(τ), Cd(τ),

respectively. The dashed and dotted lines in the last row denote rr and rd, respectively.

As shown in Fig.1, there is an inflexion from con-

cavity to convexity in the rise phase of the light curve:

two phases, A−B and D−E, undergo a concave pro-

cess as C′′

AB(τ) > 0 and C′′

DE(τ) > 0, whereas other

two phases, B − C and C −D, evolve a convex phase

because of C′′

BC(τ) < 0 and C′′

CD(τ) < 0. We also find

from the figure that both the rise timescale and the

decay one of the local pulse make contributions to the

two portions of the light curves. The rise portion of

the local pulse produces concave phases on both sides

of the light curve and creates a spiky profile, whereas

the decay one yields a convex phase in the rising por-

tion, and a convex-to-concave phase in the decay por-

tion of the light curve, and gives birth to a smooth

profile. In other words, the joint contributions of both

portions of the local pulse lead to the light curve with

its rising portion to evolve from a concave phase to a

convex one (the so-called ‘concave-to-convex’ charac-

ter), and that with its decay portion undergoes an op-

posite process (the so-called ‘convex-to-concave’ one),
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which may be the reason why a reverse S-feature curve

generally exists in the decay phase of the observed

pulse.[29] Therefore, a local pulse with a small value

of rrd can produce a flat-topped light curve, which is

corresponding to a large value of ν in Norris et al’s[12]

model (note that ν is a measure of pulse sharpness in

their paper), whereas a local pulse with a large value

of rrd yields a spiky light curve, which corresponds to

a small value of ν.

We define

rcv1 =
τAB

τBC
(10)

and

rcv2 =
τCD

τDH
(11)

to denote the ratio of the two time intervals from con-

cavity to convexity in the rise portion of the light

curve, and that from convexity to concavity in the de-

cay portion, respectively, where H denotes the point

at the half-maximum position of the D−E phase, and

subscripts ‘c’ and ‘v’ represent concavity and convex-

ity respectively. The relationships between rcv1 and

rrd, and between rcv2 and rrd are plotted in Fig.2 (see

the solid lines in the figure).

Fig.2. Relationships between rcv1 and rrd, and between rcv2 and rrd in the light curve pulses Eq.(1) associated

with the local power law pulses Eq.(3) with µ = 1 (solid lines), 2 (dash lines), local exponential pulse Eq.(12) (dot

lines) and local Gaussian pulse Eq.(13) (dash dot lines). We take σ1 + σ2 = 2. Other parameters are the same as

those adopted in Fig.1.

Fig.3. Relationships between rcv1 and rrd, and between rcv2 and rrd in the light curve pulses Eq.(1) associated

with the local power law pulse Eq.(3) with µ = 1 for the rest frame spectral indices of (α0, β0) = (−1,−2.25) (the

solid lines), (−1,−4.5) (the dashed lines), (−0.5,−2.25) (the dot lines) and (−0.5,−4.5) (the dash-dotted lines).

Other parameters are the same as those adopted in Fig.1.
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We find from Fig.2 that rcv1 increases linearly

with rrd for the light curve associated with the lo-

cal pulse defined by Eq.(3) with µ = 1, while rcv2

decreases linearly with rrd. When performing lin-

ear least square fit to the two quantities, we have

rcv1 = (−0.111 ± 0.014) + (1.787 ± 0.012)rrd and

rcv2 = (0.808 ± 0.003)− (0.191± 0.001)rrd.

With the local pulse widths being different, such

as ∆τθ,FWHM ranging from 0.2 to 20, we find that the

two relevant curves are not significantly changed.

One might ask what situations can happen if the

rest frame spectrum varies with time. Figures 3 and

4 illustrate the influences of the rest frame radiation

forms on the two relationships. One can find from the

two figures that the relationship between rcv1 and rrd

is less affected by the rest frame spectral indices, but

largely affected by the rest frame spectral hardness;

and the relationship between rcv2 and rrd is somewhat

affected by both the rest frame spectral hardness and

indices: the larger the value of the spectral hardness,

the more obvious the effect.

Fig.4. Relationships between rcv1 and rrd, and between rcv2 and rrd in the light curve pulses Eq.(1) associated

with the local power law pulse Eq.(3) with µ = 1 for the rest frame spectral hardness of ν0,p = 0.1 keVh−1 (the

solid lines), 1 keVh−1 (the dashed lines), 10 keVh−1 (the dotted lines). Other parameters are the same as those

adopted in Fig.1.

To check whether the local pulse form depends on the profile of light curve, besides the local pulse determined

by Eq.(3) with µ = 2, we also consider three other local pulse forms. The first pulse is a local pulse with an

exponential rise and an exponential decay phases

Ĩ(τθ) = I0






exp
(τθ − τθ,0

σ1

)
, (τθ,min ≤ τθ ≤ τθ,0),

exp
(
−

τθ − τθ,0

σ2

)
, (τθ,0 < τθ),

(12)

The second pulse is in a local Gaussian form

Ĩ(τθ) = I0






exp
[
−

(τθ − τθ,0

σ1

)2]
, (τθ,min ≤ τθ ≤ τθ,0),

exp
[
−

(τθ − τθ,0

σ2

)2]
, (τθ,0 < τθ).

(13)

The third pulse is of a local δ-function

Ĩ(τθ) =
cI0

Rc
δ(τθ − τθ,0), (τθ,min ≤ τθ ≤ τθ,max). (14)
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A study shows that the conclusions obtained

above hold for all these local pulses except the pulse

in the form of local δ-function. The difference stems

from the dependence of local pulse form on slope (see

the rcv and rrd panels and also see Fig.2). We thus

perform linear least square fit at 1σ confidence level to

the two quantities, and have rcv1 = (−0.167±0.014)+

(2.735±0.012)rrd and rcv2 = (1.225±0.002)−(0.363±

0.002)rrd for the local pulse determined by Eq.(3) with

µ = 2, rcv1 = (0.534 ± 0.025) + (6.318 ± 0.021)rrd

and rcv2 = (0.674 ± 0.001) − (0.191 ± 0.001)rrd for

the local pulse determined by Eq.(12), and rcv1 =

(0.695±0.089)+(7.483±0.074)rrd and rcv2 = (0.365±

0.001) − (0.105 ± 0.001)rrd for the local pulse deter-

mined by Eq.(13). For all these situations of fitting,

their linear correlation coefficients R > 0.999, and

their probabilities p < 10−4.

Associated with a local δ-function pulse, the pro-

file of the light curve can be found in Fig.1 in Ref.[3].

There is no rise phase in the light curve for neither rise

nor decay timescale in the local δ-pulse. But there is a

decay phase which also undergoes a convex-to-concave

profile variation. Combining the information above,

we find that, as pointed out in some literature,[17,28]

the rise phases of light curves are always dominated by

the emission at θ ≃ 0, the rise phase of the light curve

only comes from the contributions from the rise and

decay timescales of a local (or intrinsic) pulse, but the

decay phase of the light curve results not only from

the contributions of the two timescales, but also from

that of the curvature effect of the expanding fireball.

2.2. In the case of radiation emitted

from a uniform jet

If the radiation is emitted from a jet-like geome-

try with a half-opening angle θj and a spherical surface

(a uniform jet), we assume that for such a relativistic

outflow both the Lorentz factor Γ and the energy per

unit solid angle from the jet axis are constant dur-

ing the GRB phase, and that the observer direction is

along the jet axis. Under these assumptions, we can

apply Eq.(1) to the uniform jet by taking θmin = 0 and

θmax = θ, where θ represents the half-opening angle

of the jet.

With Γ = 10 or 100, θmin = 0 and θmax = Γ
−1,

we repeat the same work as done in Section 2.1, and

find the same conclusions as the above, except for a

cutoff tail feature appearing in the decay portion (see

Fig.1 in Ref.[20]). (The cutoff tail feature does not

appear in a light curve when θmax ≫ Γ
−1 or the cor-

responding local pulse width becomes large enough

such that ∆τθ,FWHM ≥ 1). The characteristics of

light curves appear to result from the Doppler effect

of a spherical fireball or a uniform jet as long as its

radiation-emitting surface is spherical.

3. Observational data

Motivated by whether or not the characteristic, a

‘concave-to-convex’ phase in the rise portion of light

curve pulse and its decay portion undergoing an oppo-

site process, indeed exists in the observed light curves,

we investigate the profiles of light curves of GRBs de-

tected by the BATSE instrument on board the CGRO

(Compton Gamma Ray Observatory). It is already

known that pulses of a GRB have a tendency of self-

similarity for different energy bands.[12] Therefore we

study in this paper the issue based only on the count

rate of the 3rd channel.

For each source, the background is estimated by

a fit with a polynomial expression using 1.024s reso-

lution data that are available from ten minutes before

the trigger to several minutes after the burst. The

data along with the background fit coefficients can

be obtained from the public archives of CGRO Sci-

ence Support Center (CGROSSC) at NASA Goddard

Space Flight Center. We smooth the background-

subtracting light curves with the DB3 wavelet with

the MATLAB software in the level of the third-class

decomposition. The selections from these data give

rise to a sample comprising 86 well-separated pulses,

on which almost no other small pulses overlap.

When evaluating the first-order derivative, C′(t),

for each pulse in our sample, we find that the charac-

teristic mentioned above generally exists in our sam-

ple. We obtain the values of rcv1 and rcv2 in an ob-

served pulse by identifying the characteristic points of

B, C and D in the C′(t) curve and the characteris-

tic points of A and H in the corresponding observed

pulse. Applying this method, we obtain the values of

rcv1 and rcv2 for our sample pulses as shown in Table

1. The distributions of rcv1 and rcv2 are presented in

Fig.5.

Figure 5 shows that there exist different values of

rcv1 and rcv2 in our sample, with rcv1 ranging from

0.11 to 11.29 and its mean value being 2.41 and with

rcv2 varying from 0.17 to 0.93 and its mean value being

0.56, indicating that, according to the above theoret-

ical analysis, these observed pulses may result either
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from the local pulses with different values of rrd or

from different local pulse forms, or from both. The

observed distributions of rcv1 and rcv2, for which the

explanation is not clear, may constrain the mecha-

nism(s) of the birth of local pulses.

Fig.5. Distributions of rcv1 and rcv2 of all pulses in our sample.

Figure 6 illustrates the light curves and their slopes of three typical events with different values of (rcv1,

rcv2) = (0.42, 086) for ♯ 07374, (1.69, 0.41) for ♯ 01883 and (5.01, 0.56) for ♯ 01733. Note that for the sake of

comparison, the selected pulses are normalized and their variable, t, is re-scaled such that the peak count rate

is located at t′ = 0 and the FWHM point of the decay portion is located at t′ = 0.2.

Fig.6. Illustration of the observed pulses (first row) and their slopes (second row) for three typical events selected

from our sample.
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Table 1. The values of rcv1 and rcv2 for our sample pulses.

trigger number rcv1 rcv2 trigger number rcv1 rcv2 trigger number rcv1 rcv2

493 0.70 0.59 2665 0.80 0.83 5474 1.15 0.89

563 0.91 0.29 2700 3.53 0.63 5478 0.50 0.53

829 0.96 0.39 2749 11.29 0.69 5495 0.93 0.70

907 0.69 0.66 2880 7.85 0.69 5517 1.70 0.54

914 2.05 0.65 2919 1.48 0.58 5523 7.47 0.27

973 0.99 0.68 3040 1.31 0.41 5601 1.02 0.66

973 0.80 0.59 3143 6.19 0.51 5601 1.52 0.61

999 4.17 0.17 3155 0.76 0.77 6225 0.31 0.36

1157 7.75 0.17 3256 1.63 0.30 6335 2.84 0.55

1406 0.69 0.51 3237 1.44 0.49 6397 1.02 0.42

1467 2.71 0.48 3257 1.23 0.93 6504 0.70 0.52

1700 1.11 0.67 3415 0.66 0.75 6621 2.00 0.63

1733 5.01 0.56 3648 3.58 0.46 6672 1.26 0.40

1883 1.69 0.41 3668 2.87 0.49 6672 0.82 0.43

1956 1.56 0.76 3765 1.92 0.41 6930 1.70 0.55

1989 0.11 0.48 3866 4.20 0.55 7293 1.46 0.91

2083 4.68 0.46 3870 1.29 0.62 7295 1.51 0.59

2102 2.41 0.36 3875 0.63 0.46 7374 0.42 0.86

2138 1.99 0.78 3886 4.50 0.50 7403 0.65 0.74

2267 4.52 0.54 3892 0.85 0.49 7548 1.18 0.47

2306 4.90 0.33 3954 7.85 0.37 7548 0.70 0.93

2387 0.70 0.77 4157 1.36 0.36 7588 0.90 0.65

2393 7.28 0.50 4350 0.90 0.54 7638 3.80 0.39

2393 2.99 0.58 4350 2.75 0.60 7648 1.45 0.66

2431 6.05 0.50 4350 2.52 0.49 7701 4.72 0.50

2484 1.12 0.86 4368 1.02 0.67 7711 0.38 0.62

2519 4.07 0.84 4368 0.74 0.43 7744 10.74 0.30

2530 0.37 0.50 4710 0.89 0.73 8111 2.40 0.64

2662 1.19 0.52 5415 1.39 0.42

4. Discussion and conclusions

All analyses in this paper are based on formula

(1), which is suitable for describing the light curves

of the spherical fireballs or the uniform jets. Nu-

merical calculations show that the characteristics, the

‘concave-to-convex’ phase in the rise portion and the

‘convex-to-concave’ phase in the decay portion, and

the values of rcv1 and rcv2 of light curves, are not af-

fected by the Lorentz factor Γ and the half-opening

angle θj .

Besides the Band function spectrum, the Comp-

tonized spectrum and the broken power-law spectrum

have been employed to fit the spectral data.[34,35]

Therefore, we also employ the two spectra as the rest-

frame radiation forms to investigate the influence of

the rest frame radiation forms on a light curve pro-

file and find that the characteristics of the resultant

light curve profile do hold for these rest-frame forms

and the different rest-frame forms lead to the different

slopes in the rcv1, rcv2 vs rrd panels.

The distributions of rcv1 and rcv2 in Fig.5 may

indicate that the different observed pulses result from

the different values of rrd and the different local pulse

forms. What mechanism is responsible for the local

pulses is not clear now. Su et al
[36] have tentatively

investigated the forming of local pulse based on a sim-

ple one-dimensional relativistic shock model. In the

process of the formation of the fireball the ‘central

engine’[37] drives the nearby fluid (plasma) inside the

fireball to generate a series of pressure waves which

propagate in the form of compression wave.[38] These
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waves will merge with each other to form a shock in

a short time. When driving by the “central engine”

ceases, which is corresponding to the onset of decel-

eration, the fluid near it produces an expansion wave.

In this interpretation, the two kinds of waves can give

birth to a local pulse: compression waves correspond-

ing to its rise phase (acceleration time tac) and expan-

sion waves to its decay phase (deceleration time tdec).

And thus the rrd appearing in the paper corresponds

to the ratio of tac to tdec and different driving models

can yield different local pulse forms (see Figs.2 and 3

in Ref.[38]).

In this interpretation, together with the knowl-

edge of Fig.1, one can come to the conclusion that

the decay timescale of the observed pulse is at-

tributed to the resultant contributions of the accel-

eration timescale and deceleration timescale and the

curvature timescale, while the rise timescale of the

observed pulse only originates from the contributions

of the two former timescales, which is similar to the

conclusion in Ref.[17]. In the paper they argued that

the rise timescale of the observed pulse came from the

contribution of the dynamic timescale where the local

pulse width was referred to as the dynamic timescale.

The light curve characteristics, a ‘concave-to-

convex’ phase in the rise portion and a reverse phase in

the decay portion, are independent of the shape of lo-

cal pulse, and exist in the observed light curves of some

GRBs (We find 86 source in our sample). We believe

that reverse process in both portions (say, a ‘convex-

to-concave’ curve in the rise portion and a ‘concave-

to-convex’ curve in the decay phase) will never be de-

tected if the radiation-emitting surface is a spherical

one, no matter whether it is a spherical fireball’s or a

uniform jet’s.

Zhang et al
[39] have found that a structured jet

has the same temporal evolutions as the uniform jet

as long as the relativistic beaming angle 1/Γ is much

smaller than the viewing angle θv. In this situation,

the fireball is observed as if it was isotropic. We thus

think that the characteristics of light curves in the

structured jet may probably be similar to those ob-

tained above, which deserves to be further studied.
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