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Adiabatic index € [4/3,5/3]

Apparent magnitude = —26.7

Co-moving frame expansion time

Ejected mass from GRB central engine
Electron index 2 < p < 3

Electron mass = 9.10938215 x 107%4¢g
Electron number density

Electronic energy fraction € [0, 1]
Elementary charge = 4.80320427x 1019 Fr
Energy density

Half opening angle € [0°, 10°]

Hubble constant = 71kms™!/Mpc

Initial kinetic energy

Light speed = 2.99792458 x 10'%m /s
Lorentz factor

Numerical parameter € {0,3/2, 2}
Magnetic energy fraction € [0, 1]
Parameter of maximum Lorentz factor € [1, 10]
Proton mass = 1.672621637 x 10~*4g
Redshift

Solar mass = 1.9884 x 10%3¢
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The word in English
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Absorption coefficient
Acceleration

Accretion disk

Accretion mass (Swept-up mass)
Adiabatic

Afterglow

Angular momentum

Annihilation
Anti-neutrino
Apparent magnitude

Active Galactic nucleus (AGN)
Band

Bessel functions

Big-Bang

Blast-wave

Blue super-giant

Branch

Break
Cannonball model

Canonical

Centimetre—gram-second system of units (CGS)

Chock
Classification

ool felas
&

S oo

Gelall 2K

4 S

Lol ylocii] otmy Lo 2n2]

$sb e
|
J&L\ﬂjxﬂ\
datia 2 8lg
Sl

M. d‘}.}
ﬁu\,\q,asV\
Jl’.:i‘}“ dor 40

. G Y B!
O
(G358) 8

o oo

M

ry




The word in English

Coalescence

Coasting phase
Collapsar
Compact binaries

Compact object
Cooling

Cosmological

Critical Lorentz factor

Cross section
Cross sectional area

Cut-off

Dark era

Data

Decay
Deceleration
Density
Efficiency
Emission factor
Engine
Expansion
External shock
Extra-galactic

Finite difference method
Fireball

Fireshell

Flare

Flowchart

Fluence
Flux

Flux density
Fortran

Forward shock

Gamma Ray Burst (GRB)
Galactic

Global energy balance
Half opening angle

Hard

Homogeneous

Hubble constant

Host galaxy
Hydrodynamic
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The word in English

4 A w4

Infinitesimals

Infrared
Instantaneous intensity
Inter stellar medium (ISM)

Internal shock
Inverse-Compton (IC)

Irregular
Isothermal
Isotropy

Jet

Kilonova

Lambert

Lateral expansion

Localization

Long gamma-ray bursts (LGRB)

Luminosity distance
Magnetar

Mass extinction
Mechanism
micro-quasars
Modelisation
Multi-wavelength

Neutrino
Observations
Optical depth

Pair production (PP)
Phase

Peak
Planetary nebulae (PN)

Plateau

Population

Process

Profile

Progenitor

Quasar

Radiation
Radiation intensity

Rayonnement rendements

Red shift
Red supergiant
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The word in English

4 A 3l W

Regime

Relativistic

Rest frame

Reverse shock

Satellites

Scattering

Series

Short gamma-ray bursts (SGRB)
Shotgun model

Soft

Solid angle
Spectral index

Spectral power
Spectrometer
Star formation

Stellar envelope
Stellar wind
Subroutine
Supernova (SN)
Symmetric
Synchrotron (OTS)
Synchrotron self-absorption (SSA)
Tail

Thermal

Thick accretion disk
Telescope

Temporal index

Thermodynamic
Thickness

Transition
Triangulation method

Ultraviolet
Variability
Wavelength

White dwarf (WD)
Wolf-Rayet star

X-rays
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In this paper, a new model using a general expression of the radiation energy and
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is suitable for the ultra-relativistic and non-relativistic phases as well as the study of
radiative and adiabatic fireballs.
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1. Introduction

Until now, the mystery of the gamma ray bursts (GRBs) which are the brightest and
violent events in the universe after the Bing Bang is still a big puzzle for astrophysi-
cists and observers to be understood.! In fact, this phenomenon starts by a prompt
emission of the GRBs where the energy E ~ 10°1-10°* ergs, then end up with rem-
nant emission called afterglows. At this stage scientists were able to measure the
redshift®3 from the obtained spectral lines, showing their cosmological origin. So
far, many works were done in the literature trying to simulate this phenomenon and
understand it.# ' To be more specific the duality of fireball blast-wave model was
successful where its predictions converge with data. In this model two jets explode
from the core in two opposite directions, as a result, they shock the surrounding
medium and emit radiations where the wave lengths run from the gamma to the ra-
dio rays spectrum. In what follows, we propose a GRB-afterglows hydrodynamical
model taking into account the synchrotron emission as a major radiation mecha-
nism and neglecting the absorption (such as synchrotron self-absorption (SSA)) and
diffusion (such as inverse Compton (IC) scattering) effects. It is very important to

*Corresponding author.
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mention that the limitation of the earlier models'” is related to the compatibility
with the Sedov solution starting from a non-relativistic (NR) phase where we have
an adiabatic process and surrounding interstellar medium (ISM). In this paper, as
it will be shown in the next sections, the Sedov solution was satisfied achieving the
energy conservation in the adiabatic regime. In Sec. 2, we present the conventional
models'® 20 then we introduce our generic new model. In Sec. 3, we discuss our
numerical results and finally in Sec. 4, we draw our conclusions.

2. Dynamics and Radiation
2.1. Conventional dynamical models

So far, in the literature, many models have been proposed describing the expansion
of the GRB remnants such as the one of Chiang et al. of Ref. 18 where

dI’ rz—1
- = _ 1
dm M (1)
and
U
M=My+m+(1—-¢)= (2)

2
Here I', M, m, ¢ and dU = (I' — 1)dmc?,?! are the Lorentz factor, the total mass of
the fireball that includes the initial mass M of the jet (ejected by the progenitor
of the GRB), the swept mass from the external environment, the efficiency of radi-
ation and the fraction of the internal nonradiative energy, respectively. We remind
that this first proposed model was written just for the relativistic phase expansion
because the solution of Eq. (1) is not consistent with Sedov results for an adiabatic
expansion of NR phase. On the other hand, Huang et al. of Ref. 19 proposed newly
generalized model which is more or less fairly good for ultra relativistic (UR) and
NR phases. In Ref. 19, the authors have used an infinitesimal difference equation
for the internal nonradiative energy such as dU = d[(I' — 1)mc?]. In this model,
Eq. (1) is replaced by the following equation:
ar -1
dm ~  My+em+2(1—¢e)T'm’ ®)
where the radiation efficiency € was assumed to be constant during the deceleration
(see Ref. 15).
In 2002, Feng et al. in Refs. 20 and 22 suggested that ¢ is a variable belonging

to the interval [0,1] and proposed an infinitesimal difference equation for U of the
following form:

dU = d[(1 — &)Uy (4)
where U, = (I' — 1)mc? is an internal energy produced in the expansion. In this
case, one has?3

- o1
dm  Mo+m+U/c2+(1—¢e)I'm’

()
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with
tim
R ©
Here
tyn = 6mmec/ (o7 B*Ymin), (7)
and
tex = R/(T'c) (8)

are the synchrotron cooling and expansion times in the co-moving frame respec-
tively. The parameter ¢, is a fraction of the internal energy carried by the ac-
celerated electrons in the jet, m. is the rest electron mass, or is the Thomson
cross-section and B’ = (8wepe’)!/?
fraction of the kinetic energy of the shock converted into a magnetic energy and e’ is
an energy density defined in Ref. 24. The radius R of the blast-wave is determined
by the relation®®:

the magnetic energy density, where ep is the

@ - BCI‘(I‘ +T2— 1), 9)

d

where 5 = wv/c is the jet velocity and i, the minimum Lorentz factor depending
on the index p (2 < p < 3) and is given by?!

vmin:ee<p_2>(mp><r—1>+1, (10)

p_l Me

where m,, being the rest proton mass.
In the highly radiative case where (¢ ~ 1, U = 0), Egs. (3) and (5), together

with Eq. (1) reduce to the following differential equation!?:

ar  T?2-1
dm  My+m’

(11)

where the analytic solution is'®

(' =1D)To+1)  (mo+ M)
CT DT —1)  (mt )’ (12)

where 'y and myg are the initial values of I' and m respectively.
In the fully adiabatic case where (¢ ~ 0, U = Uex), Egs. (3) and (5) become'?

ar -1

- - - 13
dm My + 2I'm ( )

leading to the analytic solution!®
(T — 1)Moc® + (I'? — 1)mc? = Eyo, (14)

where FEyo is the initial value of the kinetic energy Fi.
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2.2. Our generic new model

In the Feng et al.model,?’ and because of the behavior of the radiation efficiency
€ evolving with time, a differential equation for the internal residual energy in the
fireball for the dynamical evolution of the GRB-afterglows was proposed. However,
the change in the radiative part was ignored.

In fact, the total kinetic energy Ej, of the fireball is given by?°

Ey, = —-1)(My+m)+TU. (15)
The global conservation of energy implies that
dEy, = —dFE,aq, (16)

where dFE;.q is the radiative part from the internal energy of the fireball. The
definition given by Blandford et al. is dEwq = el'(I' — 1)dmc?.25 The internal
energy created within the fireball is Ugy, such that

dEraq = eTdUsy. (17)

This is due to the fact that the internal energy can be radiative or remains
in the fireball and has the same form up to a factor £ (resp. 1 — ¢) for radiative
(resp. residual) internal energy. Therefore, Eq. (17) can be rewritten as

dBaq = eI'[(T' — 1)dm + m dl']c?. (18)
Using Egs. (15) and (18), one obtains the following differential equation describ-
ing the evolution of the fireball and consistent with the Sedov solution:
ar _ -1
dm — Mo+m(@ +1)+U/c?

(19)

It is important to notice that in the adiabatic case when ¢ ~ 0, Eq. (19) reduces
to Eq. (13) while in the highly radiative case where (¢ ~ 1) Eq. (19) gets the new
form

dar rz—-1
—=— ) (20)
dm My+m(1+4T)
leading to the following analytic solution:
My m 2m-c
I'= -1+ — ProductLog| —e ™ 21
+ — Produc og{MOe 0 ], (21)

(C = —Mpln(1 +T) is a constant).
Moreover, it was shown that the total luminosity of the fireball has the following
form:

dr
L=Lg+ Femc2E, (22)

where Lp is the total luminosity used in the models of Refs. 19 and 20, and has as
expression Lp = Ie[(T' — 1)c2dm/dt] and T is given by Eq. (19).
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2.3. Synchrotron radiation

The distribution of the accelerated electrons by the external shock behind the blast
wave in the absence of the radiation loss is generally assumed to be a power-law
function of the electron energy?3:

dN!
p £ = Cte’}/e_P, Ymin < Ye < Ymax (23)
Ve

Né(’)/e) =

where Ymax = a107(B’/1G)~1/2. Reference 26 is the maximum Lorentz factor and
“a” is a factor taking its values between 1 and 10. The power for synchrotron
radiation P, is defined as?* (ignoring all the absorption effects as SSA or diffusion

effects as IC or synchrotron self-Compton (SSC)):

2 2 “Ymax /
Rﬂz—f%iéf Nﬂ%ﬁ(%)wm (24)
1%
i

¢ c

min

where F(x) is the synchrotron function such that?®

F(z) =z / e J3(')da. (25)

Here K7/3 is the second kind modified Bessel function. The synchrotron frequency
V! is given by?7

V= 2 (26)
3
where vy, is the Larmor frequency
1 eB’
= — ) 27
L 21 2mec (27)

Note that the radiation in the lab frame can be calculated using the following

relativistic transformations2728:

(1+pr
= , 28
V=LY (28)
where z is the redshift.
The instantaneous intensity F,, giving the light curves at a frequency v in Jansky

(erg-s~'-em™3 .- Hz ') is

1 dp,

F, = v 29
4w D (2)? "ar (29)

where Dy (z) is the luminosity distance in the ACDM model with Q; = 0.3, Q) =
0.7 and Hy = 71 km-s~*Mpc~'. Note that for observations by satellites or terrestrial
telescopes, one has to use Sp by integrating F, in a giving interval [vq, vo]:

Sy = / Fdv. (30)

2
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3. Numerical Results and Discussion

The variation of the mass swepted by the fireball during the deceleration is given by
dm = 4rR*nm, dR, (31)

where
dR = el (r + VT2 - 1) dt. (32)

Here, t is the observed time and measured by telescopes and satellite. In solving
Egs. (1), (3), (5) and (19) numerically, the initial parameters are taken as: I'y = 250,
My =2-10"°Mg, p = 2.1, § = 10° (solid angle parameters), a = 4.0 and g = 0
with k=0, n =1 cm™! corresponding to the ISM.1”

Figure 1 displays the evolution of the jet velocity calculated according to
Egs. (3), (5) and (19).29 Note that the three models are compatible with the Sedov
solution, in the NR limit for the adiabatic case,?® where the velocity is propor-
tional to R~3/2. However, in the other regions, the solution of Eq. (19) is different
from those of Egs. (3) and (5). In fact for the UR case where z = m/My < 1,
the principal branch of Lambert ProductLog (z) function denoted by Wy(z) with

= 2e?*=¢ (C is integration constant) has the following series expansion near

(e: exponential) as Wy(z) = —1 + /2(ex +1) + 0<\/:z:+ %) which leads to

I' = %—I—%—FO(\M—F %) ~ % ~ R73. Of course in this limit 3 — 1 one

can explain the almost horizontal curve in the region of interval R € [10**-10'®] cm,

although there is a small shift due to the fact that in our model 5 = 1— % ~ \/%‘”_ .-

Q= W

All Models

10 T~ Haung et al (1999)3
3 N Feng et al (2002)
o' b -~ New Model
10° R-s,z -
L »
>
Il 3L _ .
- 10 e=0
. a=40 , p=2.1
10* | .
6=10 , g=0.
JT,=250, M =210°M,  e=1
10° | s
ISM(n,=1;k=0) ;
10 vl vl el vl s il s bl el il Ny
10" 10" 10°® 10" 10" 10"

R(cm)

Fig. 1. Evolution of the jet velocity 8 = v/c as a function of the distance R (in logarithmic
scale). For radiative (¢ = 1) and adiabatic (¢ = 0) cases.
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—— All Models
"""""" Feng et al (2002)
Haung et al (1999)
""" New Model ]

L a=4.0 , p=2.1

=10 , g=0. :
L I,=250 , M,=210°M_
” ISM(n,=1;k=0)
10" 10" 10" 10"
R (cm)

Fig. 2. Evolution of the Lorentz factor I" as a function of the distance R (in logarithmic scale).
For radiative (¢ = 1) and adiabatic (¢ = 0) cases.

For the NR case where z > 1 or equivalently 2 > 1 or R € [10'-10%}] c¢m in
the region of an interest the Wy(z) function has the following series expansion

Wo(z) mlnz —Inz+ 22 + 0 (22)T = -1+ % ProductLog [%621‘4&070}. Note

Inz Inz

that in our model if z >, I' = 1 — CH“Q ~ C‘HHQ ~ R™3 (numerical result
shows that ¢ < —1In2) leading to 5 ~ R % instead of B ~ R™3.1920 This explains
the difference slope (in logarithmic scale between our model and that of Refs. 19
and 20 in fact in our new model the slope is smaller than that of Refs. 19 and 20).

Similar behaviors are noticed in Fig. 2 where the evolution of the Lorentz factor
for the radiative case shows a faster drop (large slope) in our new model. Further-
more, the curve of the three mentioned models coincides in the NR region.

In fact in Fig. 2 (see the curve in UR limit), in the adiabatic case where € = 0
and in all models we obtain the same differential Eq. (13) which has as a solu-
tion Eq. (14) and therefore in the UR (resp. NR) limit I" ~ R™3 (resp. B ~ R™%)

since m ~ R3. For the radiative case where ¢ = 1, in our model, we end up
2

with the differential equation 5—72 = _M()Jl:mi_(llm which has as a solution I' =

1+ 2 ProductLog | f-e* | In the UR limit T ~ (v2—1) 4 4+ ]

Mo R 3. However in the NR limit one gets I' ~ 1 — (C' + In2)20 (~1) and

B/ 2C+1n2/ _ Ctln2) | - L Rp-%

It is worth mentlomng that in the other models of Refs. 11 and 19, one has

2
a different differential equation that is 4L = ~ =y

dm — Mo+
(C—D@To+1) _ (mo+Mo )2 ) is th 'm't' 1 : g bvious that in the UR
(TFD)(To— 1) ( m+ Mo ) wnere 1o 1S € 1nitlal 1mass. 1S ODV1OUs at 11 e

limit I' ~ 22 — 1 ~ R~3 and in the NR limit 3 ~ R~3 (difference in power of R
in comparlson to our model). Again, the difference in the slope of I" as a function

which has as a solution
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10% T T T T T T ]

E —— All Models e=0. 3

0%E Feng et al (2002)

o 3 Huang et al (1999) 3

0 E e=1.

10% | -~ New Model N

10° b i ]
RTINS S, -
w100 T
w b E

0°F a=40 , p=21 3
10"F =10 , g=0. :
10°F T,=250 , M;=210"M, e

10% ;r ISM(nO: 1 ;kZO) :

:|| L ol L Ll L 1l L Ll ]

10" 10" 10" 10" 10"

R (cm)

Fig. 3. Evolution of the total kinetic energy Fj as a function of the distance R (in a logarithmic
scale). For radiative (¢ = 1) and adiabatic (¢ = 0) cases.

of R (in a logarithmic scale ) is due essentially to the fact that we do not have the
same solution of the two different differential equations mentioned above. Finally,
in the NR limit, I' — 1 that is why all curves tend to the same limit.

Figure 3 shows the total kinetic energy Ej as a function of R. Note that for
the case ¢ ~ 1, E} decreases slower in our new model than the proposed others
models in Refs. 19 and 20 and it is almost flat in the range of R ~ 10'6-10'" cm
(UR) and R ~ 10*®-10'% ¢cm (NR). In the adiabatic case, Ej, is constant for all the
models (Ej ~ 10°! erg). Figure 3 displays the evolution of the total kinetic energy
FE as a function of the distance R in a logarithmic scale for both the radiation and
adiabatic cases where ¢ = 1 and ¢ = 0, respectively.

In fact we remind that when € = 0 for all models (including ours), the solution
of Eq. (13) is that given by Eq. (14) leading to Ey = Ey, = (I' — 1)Moc® +
(I'? — 1)mc? = C*. This explains why the kinetic energy is constant in depen-
dently of the variation of R (both in the NR or UR cases). However, for ¢ = 1
(radiative case), the situation is different, especially in the NR case. The reason lies
in the fact that Eq. (21) reduces toI' ~ 1 — (C' + In 2)% (as it was pointed out
earlier) than the expansion of the kinetic energy Ej = (I' — 1)Myc? (common to
all models when ¢ = 1) will be ~ —(C + In 2)%(M + Mj) and since m < oM
than Ey ~ —(C +In2) = C*°. For the other models, using Eq. (12) we deduce that

B ~ 92 (mo+Mo)*(To—1) 1
k (F0+1) ’ITLJrMU
a straight line with a slope = —3. For the UR case, our model gives using Eq. (12)

~ L ~ R73.In the logarithmic scale, this behaves like

and I ~ %Mg ~ L ~R3 By~ me ~ 3= ~ R73. Similar expressions can
0 0

be obtained for the other models. Note in this case we have the same behavior of

FE. as a function of R expect of course the proportionality factor a small shift due

the difference of the solution of I' between our model and the others.
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. — —_—
- Haung et al (1999) 1
ffffffff Feng et al (2002)
10° b —— New Model -
—
10" | r
ta=40 , p=21
[6=10 , g=0.
[e.=1 , g=0.01
LT, =250, M,=210°M,
ISM(n,=1;k=0)
0 i M —ra—

1017

Fig. 4. Evolution of the Lorentz factor I'
For ec =1 and eg = 0.01.

R(cm)

as a function of the distance R (in logarithmic scale).

,,,,,,,, Feng et al (2002)
sl New Model T
w 4 2.1
a . 5 = <.
04| ’ ) |
6=10 , g=0.
e =1, g=001

0.0

- Haung et al (1999)

r,=250 , M,=210°M_""
ISM(n, = 1;k=0) ‘

10"

Fig. 5.

10" 10" 10"
R(cm)

(Color online) Evolution of the radiative efficiency of the fireball € as a function of the

distance R (in logarithmic scale). For e =1 and eg = 0.01.

Figure 5 shows the evolution of the radiative efficiency of the fireball € as a
function of the distance R for our model (black solid line), Feng et al. model (red

dashed line) and Huang et al. (blue
that our curve is a little bit shifted

dashed line) for e, = 1. and eg = 0.01. Note
in the interval 10'7-10'® cm, and coincide in

the region where R > 10'® cm. Note also in comparison with other models the

maximum which appears at R ~ 5 x
coincide (similarly for the UR case).

10%¢ cm. For R > (NR case), the three curves
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For the intermediate values of R, the efficiency € in our model is bigger than
that of the Feng and Huang models for the same radius R. For example for R ~
2 x 10'7 c¢m, €0ur model =~ 0.49, €Huang ~ 0.37 and epeng ~ 0.27. To justify this
behavior, we notice that using Egs. (7) and (8) defining #.,,, and t;,, respectively,
Eq. (6) takes the form € = ¢, [IDI'R™(Al'+ B)~}(I' — 1)72]~! where A, B and D
are constants.

Now in the NR region where R is large and I' ~ 1, ¢ — ¢, = 1 (see Fig. 5).

. . . 2 . . .
However, in the UR region where I is larger ¢ — ¢, ﬁ% and this is a decreasing

function of RI'?. Our numerical results show that Cfi—l; = g—lg% is a decreasing
dr dr

function of R and since 4= ~ I'? (for a larger value of T' see Eq. (9)) then 45
decreases faster that % as a function of R and consequently ¢ is a decreasing
function of R as it is shown in Fig. 5. Now, the shift of £ in our model compared
to the others lies in the fact that numerical results show that within the interval of
R € [10%,1019], the Lorentz factor ' of our model is greater than that of Refs. 19
and 20 for a fixed value of R (see Fig. 4) or equivalently for a fixed value of I'. The
radius R of our model is greater than that of Refs. 19 and 20. Therefore, if Eq. (6) is

rewritten as e = ¢, DF/R(AI‘-li-B)(F—l)Q , then it is obvious that if Rour model 1S greater

than Rother models (for a fixed value of I'), one has eour model > €O0ther models-

Figure 6 displays the luminosity as a function of the radius R. Note that there is
a concordance between the three models in the range 10'°~10'® cm than the curve
becomes steeper in our model in the range > 10'° cm.

Figure 6 shows the luminosity L¢ as a function of R for a variable efficiency
€. Note that L is a decreasing function of R and for relatively smaller values of
R (UR case) it is almost of the same order (for our model and those of Refs. 19
and 20) with a small shift difference (ours is larger). For example for R = 10'¢ cm,

3 bR MRELRARLL | ELELERLLY | ML | LELRALLY | LAY | LAY | _
5
107 & - Haung et al (1999) 3
W E N e Feng et al (2002)
107 & New Model
1042 r
T 10%E
A 1
o 3
o 1% E
e . a=40 , p=2.1
~ 10"F =10 , g=0.
E oe=1 ., g=001
10° E
= T,=250 , M,=210"M,
10%E  1SM(n,=1;k=0)
A Y R BT BRI EEEITITH BRI VO B .......|\‘

- 10" 10" 10" 10" 10* 10* 10%
R(cm)

Fig. 6. Evolution of the total luminosity of the fireball L¢ as a function of the distance R (in
logarithmic scale). For ec = 1 and eg = 0.01.
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Table 1. Some numerical results illustrating the luminosity of the three models.
Ly (erg-s™1) Lo (erg-s™1) Ly + Ly (erg-s™1)
R (cm) Huang Feng Our model
1.09 x 10° | 3.48785 x 10*® | 3.48786 x 10%® | 3.48798 x 10*° | —1.5353 x 10%*¢ 3.47263 x 1048
1.13 x 107 5.5 x 10%7 4.29 x 10%7 2.09 x 10*8 —1.16 x 10%8 9.36 x 10%7
1.03 x 108 2.5 x 10** 2.0 x 10%° 1.71 x 104! —1.40 x 10*! 3.08 x 1010
1.06 x 10*° 1.92 x 1034 3.13 x 1033 | 1.3323 x 10%* | —1.3318 x 1034 5.01 x 10%°
1.10 x 10%° 4.29 x 10%° 7.63 x 10%® | 3.03813 x 10%° | —3.03812 x 10%° 1.04 x 1023

if

Lour model & 1.44 x 10%9 erg - s™! and Lpeng & Liuang =~ 9 X 108 erg - s71. Now,
R increases, Lour model decreases faster than Lyeng and Lpyang for example for R
10 em, Lour model &~ 1030 erg - s71 and Lyeng &~ 3.13x 1033 erg - s7! and Lyuang
1.92 x 103 erg - s~1. Therefore, for larger values of R (NR case), the discrepancy
increases between the results of our model and those of Refs. 19 and 20. This is

~
~

due mainly to the fact that L contains two compelling terms L; = I'e(I" — 1)
dr
dt
As R increases, Lo increases and compensates Lq, such that L = Ly + L1 becomes

dm
which is positive and Ly = I'em > (present only in our model), which is negatixcflé.
smaller in comparison with the other models where the term Ls is absent. Table 1
summarizes some numerical values illustrating this fact.

Figure 7 displays the total kinetic energy Ej as a function of the distance R. For
e = 1 and ep = 0.01. Note the discrepancy between the three models for the range
> 5 x 106 ¢m. The curves in the three models became almost flat in the region
R > 10'® cm. Note also the existence of two slopes in our new model in the region
R > 5 x10'-10"® cm.

— ‘
Haung et al (1999)
Feng et al (2002) |
—— New model

10”" |-

s
s
= a=40 , p=2.1
o0 L 0=10 , g=0.
[ e=1, €B=0.01

r,=250, M,=210"M,
ISM(n, = 1:k=0)

| 10"
R (cm)

. ‘1016

Fig. 7.
scale). For e = 1. and eg = 0.01.

Evolution of the total kinetic energy Ej as a function of the distance R (in logarithmic
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Table 2. Some numerical results illustrating the kinetic
energy of the three models.

By (erg)

R (cm) Huang Feng Our model
1016 8.86 x 1059 8.86 x 1059 8.86 x 1059
1017 2.63 x 10°° 2.59 x 10%0 3.40 x 10°°

3 x 1017 1.22 x 109 8.81 x 1049 1.68 x 10°9
1018 1.16 x 10°%0 5.09 x 1049 1.07 x 10°%0
1019 1.16 x 10%0 5.83 x 1049 1.01 x 100
1020 1.15 x 10°%0 5.79 x 1049 1.00 x 100

Figure 7 displays Ej, as a function of R. Note that for values of R = 10'¢ cm
(UR region), Ej takes almost the same value for the three models (Ej ~ 8.86 x
1059 erg). The reason lies to the fact that in the UR region where T' is larger
and My > m, e e, (see Eq. (6)) and therefore in all models we have Ej ~
(I'—1) My and almost the same differential equation 4 = —%. In the NR region
where m > My and I' =~ 1, E}, becomes constant. For example for R ~ 10'° cm,
El(fuang) = 1.16 X 100 erg, El(Feng) ~ 6.09 X 10%* erg and Ek0ur model) & 1.07 X
10%° erg and R =~ 10?° cm, E(Huang) & 1.15 X 10%0 erg, El(Feng) = 5.79 X 10%9 erg,
Ek(Our model) & 1 x 10°Y erg (see Table 2). The reason lies to the fact that, in the

dr r’—1

NR region where I' = 1, ¢ = 0 and U ~ m(I' — 1) 4 ¢, one has - ~ —

M
= and therefore B, ~ 2(I' — 1)m + Cte
becomes constant. The difference in the constant between the three models is due
to the complicated expression of € ~ e, x 1/[R(AT' + B)(1 —T')?] (if T' — 1, where
I' is a function of m or equivalently R because slightly different our model to an

other. Anyway, numerical results show that in the NR case, Exyang becomes slightly

for all models which leads to m ~

bigger than ours and almost twice that of Feng et al.? In the intermediate region
where R ~ 3 x 10'7 cm, Eour model & 1.68 x 1059 cm, Epeng ~ 8.81 x 10 cm
and Exuang ~ 1.22 X 10°° cm. In fact, the difference between our model and Feng
et al.?% (resp. Huang et al.'®) is due to the difference in the expression of the
used differential equation 4L (see Egs. (3) and (5)) (resp. to the difference in the
experience of Ej (see Eq. (15)) and U (see Eq. (4) and U = Ue = (I' — 1)mc?).
Table 2 summarizes the behavior of Ej in various regions.

Figure 8 shows the light curve of GRB afterglow within all model for a radio
frequency vens = 3-10% Hz. Note the same behavior of the three models with a small

shift in comparison with Feng when R < 102 cm. Note also that (see Table 3):

e F), is a decreasing function of ¢ as it is expected.
e There are five regions where the slope d;;”
% as a function of t.

e There is a maximum (for all models) around ¢ ~ 43 s (F, (uang) =~ 6045 erg -

s7hem 2, Fy(peng) ~ 6049 erg - st -cm ™2, F,(Our model) & 7333 erg s~ !

change its direction. This is due to
the complicated behavior of

.em~2).
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105 i3 RELARLLLY LELAALLL BLELALLLL BELELRALLLY BELELELLLL IR IR, BELELLLLLL IR BELELLLLLL B E
£ Huang et al (1999) 1}
10° I Feng et al (2002)
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10° E
~ 10 - 3
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: =1, g =00l Y ]
10° r,=250 , M,=210°M, .
: ISM(n,=1;k=0) SN ]
10" £ . 8 <
v . (Radio) =3.10" Hz 3

10° 10" 10* 10* 10* 10° 10° 10 10° 10° 10"
tobs(s)

Fig. 8. Light curve of GRB afterglow (in logarithmic scale) within Huang et al.,'® Feng et al.2°
and the new models for radio frequency vops = 3 - 108 Hz.

Table 3.  Some numerical results illustrating the instan-
taneous intensity of light curve of the three models.

Fy (pnJy)
tobs (8) Huang Feng Our model
10 789.42 789.44 789.98
43 6045 6049 7333
1.2 x 103 1112 890 3159
108 205 98 207
108 6 1 4
10° 0.6 0.2 0.4
1010 0.05 0.01 0.04

This can be explained by the fact that the synchrotron function K(z) has a
maximum around z ~ 0.3 and therefore F}, should has a maximum corresponding
approximately to t ~ 43 s.

e For relatively small values of ¢ (region 1, ¢ ~ 10 s), one has almost the same

values of F), for all models. That is: F}, (fyang) ~ 789.42 erg - s l.cm™2, F, (Feng) =

789.44 erg - s™ - em ™2, F,(Our moden) & 789.98 erg-s~! - cm™?

e In the region 2 (where %fx

d i change the direction), our F, is above and different
from that of Huang et al.'® and Feng et al.?® For example for ¢t ~ 1.2 x 102 s,
F(Huang) ~ 1112 erg - s7* 1

3159 erg-s~! - cm ™2

) Cm_2> Fl/(Feng) ~ 890 erg-s - Cm_27 FV(Our model) ~
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Fig. 9. Integrated light curves of the GRB170208B afterglow observed by the XRT/Swift tele-
scope and their simulation (in logarithmic scale)

e In the region 3 where t ~ 10° s and F(fyang) =~ 250 erg - s~ - cm™2, F(peng) ~

98 erg - s™!-em™2 and F,(ur model) & 207 erg - s~1-em ™2, 4 changes again its
direction (decreases).

e In the region 4 where F, drops faster (a more pronounced slope is noticed) ¢ ~
10%-109 s and F), (fuang) € [6,0.6] erg - s~ -cm™2, F,,(peng) € [1,0.2] erg - s~ !-cm™2
and F,(Our model) € [0.4,0.04] erg - s™l.cm™2,

e In the region 5 where t = 101 s (R ~ 10! cm) and F(Huang) = 0.05 erg - s~1.

cm ™2, F(peng) = 0.01 erg-s~! 2

-em™2 and F,(0ur moder) = 0.04 erg - s!.cm™2?,
F, changes again its slope (increases).

Note that in all regions 1, 2 and 3 in our model, F, is above and almost the
same as that of Huang et al.!? but slightly different (almost a constant) from that
of Feng et al.?®

Figure 9 displays the light curves of the GRB170208B afterglow observed by
the XRT /Swift telescope and their simulation. Note the fairly good agreement of
our model in the X-ray afterglows region tons = 3 x 10?2 s and this confirm the
viability of our model. On the other hand, for GRB170208B where ¢, < ep,3' 33
we can also clearly notice that the elimination of the SSC’s emission did not affect

our simulation.

4. Conclusion

Throughout this paper, a new generic model of the GRB afterglows which verifies
the Sedov solution and energy conservation in the adiabatic regime is constructed.
We have studied and discussed the evolution of the jet velocity, Lorentz factor,
kinetic energy, efficiency radiation coefficient, luminosity and instantaneous inten-
sity of light curve as a function of the radius of the blast wave R and/or time t.
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We have considered both the radiative and adiabatic cases as well as constant and
variable efficiency radiation coefficient €. The results of our model are compared
with those of Huang et al. and Feng et al. models. It turns out that the behaviors
and /or numerical results are almost the same in the UR region and different globally
in the other regions (relativistic and NR). Also, fairly good concordance with the
observational data of XRT/Swift telescope concerning the integrated light curves
of the GRB170208B was obtained in the interval of our interest tops = 3 x 102 s.
Concerning the very recent work on the GRB’s, we believe that the astrophysical
interpretations are a model-dependent and our model remains competitive and can
be used as an alternative to these new proposed models in the literature. In fact
there are many people still using these models to give various astrophysical inter-
pretations (see for e.g. the very recent papers of Refs. 12, 13 and 14, where their
work is based on the traditional model). There are also other recent papers suggest-
ing new corrections and modifications to the traditional model regarding the delay
ejection (see e.g. Refs. 15 and 34). Concerning the Lorentz factor its estimation
is also a model dependent. In fact in our model (see Fig. 9) a value of approxi-
mately 50. However in the work of Refs. 13, 14 and 16, they have obtained a value
greater than 100. Also from other papers which supposed that it has been possible
to put very stringent upper limits on the Lorentz Gamma factor I' ~ 34 (see for
e.g. Refs. 35-38). For the X-ray afterglow emission of long GRBs, the astrophysi-
cal interpretations depend also on the proposed model.?!:3? In fact, the authors of
Refs. 13, 14, 16, 40 have explained the X-ray afterglows as the emission when the
jet shocked the surrounding medium.

Finally, it is also very important to mention that there are a number of papers
which suggest the existence of an “intermediate” class of bursts (see e.g. Refs. 41
and 42). using various reasons, either physical or instrumental. Therefore, not only
the long GRBs originate from the collapse, but also there are some bursts which
may be short but actually result from collapsars, the physical mechanism behind
normal long bursts, and the usual progenitors of long GRBs.
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Abstract. A model of a hydrodynamic evolution of an external shock produced by the
deceleration of a relativistic jet ejected by a progenitor of the gamma ray burst is proposed and
studied. The model shows new aspects and gives the most realistic description of the radiation
energy produced by the fireball. The properties of the light curve of the GRB-Afterglows are
also discussed.

1. Introduction

The GRB 190114C [1] is the most energetic gamma ray burst ever detected in this universe with
a redshift z=0.4245, which is up to now a big unsolved puzzle. Recently, scientists have detected
for the first time gravitational waves associated with the GRB 150101B [2] and GRB 170817A
[3] which support the importance of this phenomenon and its study. Since the first publication
in 1973, three theoretical models have been proposed [4] namely that of Chaing et al (1999) [5]
which is inconsistent with the Sedov solution in the non relativistic phase [6] Huang et al (1999)
[7] with a general model compatible with the observational data and Feng et al (2002) [8] [9]
with a new realistic formula for the internal energy. In this work we propose a new model with
a novel expression of radiation thermal energy [11] consistent with the Sedov solution up to now
a big unsolved puzzle.

2. Hydrodynamic evolution

Many models have been proposed to describe the expansion of the GRB remnants with the

evolution of the Lorentz factor such as Chiang et all [5]:
dl rz—1 )
dm M (1)

where I', M, m are the Lorentz factor, the total mass of the fireball, the swept mass from the

external environment, respectively.

On the other hand, Huang et al [7] propose another model describing both the ultra relativistic
and non relativistic phases and based on the integral equation U = (I' — 1)dmc? + mI'¢? of the
internal energy leading to the following differential equation:

ar rz—1
dm ~ My+em+2(1—¢)'m

2)
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here ¢ is the radiation efficiency factor and Mj the initial mass of the jet.
Feng et al 2002 [8] assume a new differential equation of dU = (1 — &)dUg; (dUez =
(T — 1)dmc? + mI'c?) for the fireball model:

ar rz—1
dm — My+m+U/c2+ (1 —e)I'm

3)

In what follows, we propose a new definition of the radiation thermal energy different from
that of Ref. [10] (dU,qq = eI'(I'—1)c2dm) which can be rewritten as dU,qq = edUe, Consequently,
Finally, another differential equation for the evolution of the Lorentz factor is obtained: [11]:

ar rz—1
dm — My+m(T +1)+U/c?

(4)

It is worth mentioning that the radiation efficiency factor ¢ has the following expession [12]
[13]:
r—1
P (5)
e -1 r—1
t syn +1 exr
where t4y,, ter are the synchrotron cooling and expansion times in the co-moving frame
respectively.

3. Synchrotron radiation
The power spectral P,s of the synchrotron radiation (in erg.s —1.cm—3.Hz —1) in the comoving
frame for all accelerated electrons is given by [14]:

2 2 Fmaz /
p, = 3 / N;<F6>F(i/)dre (6)
N

C v

min c

where vy, and F(x) are the Larmor frequency, synchrotron function [15] and N/ electron
distribution accelerated by the shock in the non existence of radiation losses respectively written
as a power law [13]:

dN!
~dr,

where Ty (resp. Tpin) is defined in [16] [17] (resp. [18]).
Let us recall that the relativistic transformations from the host galaxy to the Earth referential
frames are [14] [19]:

Né(l—‘e) = CteFe_Pa Fin < Te < Tinas (7)

(1 +p)r
T (®)
1 /
a0 = (9)
tobs = (]— + Z)t (10)

Finally, the instantaneous intensity F, of the synchrotron emission (in Junsky) is given by:

1 dpP,

where Dp(z) and z are the luminosity distance and redshift respectively.
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4. Numerical results and discussions
Before proceeding, we recall that the expression of the sweep mass m as function of the distance
R and observation time ¢ is [20]:

dm = 47 R*nm,dR (12)

dR = BcI(T + VT2 — 1)dt (13)

where n is the number density of the GRBs environment medium, m, the proton mass and
My = 2 x 1075 M, the initial mass outflow of the fireball. As an initial input one has I'g = 300
the initial Lorentz factor, 0 = 10° a jet opening angle decelerating within the ISM with a
constant density n = 1lem? and k = 0 (n, k are parameters depending on the medium), g = 0
the lateral expansion and a = 9 and p = 2.1 the numerical and spectral parameters respectively.
We have used also ¢, = 0.01, eg = 1 as the electronic and magnetic efficiencies.

Figure 1 displays the solutions of Eqs. 2, 3 and 4, a function of time regarding the Lorentz
factor. Notice that for the three models, one has almost the same behaviors, Similar remarks are
also found from in Figure 2 for the internal energy. Figure 3 which shows the time evolution of
the radiative efficiency. Figure 4 represents the kinetic energy as a function of the time. Notice
that the new model predictions are quite different from those of Feng and Huang models in the
relativistic and non relativistic regions. This will account in the explanation of the real data
light curves behaviours. Figure 5 displays the Light curve of GRB Afterglow time evolution (in
a logarithmic scale) for V-band frequency v,s = 550nm. Figure 6 shows a comparison of the
theoretical GRB 170202A afterglow light curves (our code) with the observational data by the
XRT / Swift satellite in terms of the integrated fluence, Sp in the X-ray band.

hRAL IRLANLELLLLLL IR LLL B LAY LR LLL BRI LY AL LLL B ALELLLLL
----- Haung et al (1999)
- — —Feng et al (2002)
102 b New model i
[
10'F a=9.0 -
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g = 1. 5
| [,=300, M =210"M,
ISM(n,=1;k=0)
10° £
SEETTT T EEETTTT B E A W RTTT B S Ar N T TTT] B SR TTTT S S W17 RS AR T TTT| N ST TTT] M.

10’ 10° 10°

Figure 1. Evolution of the Lorentz factor T' as a function of time t (in logarithmic scale).
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Figure 2. Evolution of the internal energy U as a function of the time t (in logarithmic scale).
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Figure 3. Evolution of the radiative efficiency of the fireball € as a function of time t (in
logarithmic scale).

5. Conclusion
The conventional dynamical models of Haung et al 1999 and Feng 2002,were able to describe
the remnant emission of the gamma ray bursts for both radiative and adiabatic cases as well as
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Figure 6. Comparison of calculated afterglow light curves (our code) to observed data by the
XRT / Swift satellite in term of the integrated fluence, Sp (in erg.s~!.em™2 units) in the X-ray
band (E = 0.2 — 10keV).

also ultra-relativistic and non-relativistic phases, Furthermore, they gave a compatible solution
especially in the adiabatic case. In this paper, we have proposed a general model leading to
a new Lorentz factor evolution equation giving a consistent solution compatible with that of
Sedov and much very well the observational data.
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Abstract. GRBs are the most energetic phenomena in the universe. For this, two types of
shocks were suggested for the prompt emission and the jet within the medium environment.
In this work we try to treat the radiation of the GRB afterglows by synchrotron emission
mechanisms. Moreover, by ignoring the diffusion of the Inverse Compton scattering, the
absorption effect like synchrotron self-absorption is also studied and discussed.

1. Introduction
The most important objective of the BeppoSAx mission was to allow a better localization of
the gamma-ray bursts with accuracy of the order of ~ 3’ x 3’. That is allowed for the first time
in 1997 the detection of the X-ray afterglow appearing a few hours after the gamma-ray burst
GRB 970228 [1], than associated with the optical afterglow which was observed a few hours
later. The X-ray afterglow presents decay in power law.

Some months later, and for the first time they measured the redshift, z = 0.835, of the burst
GRB 970508 [2] which is provides definitively the cosmological origin of gamma-ray bursts.

Since then, theorists have focused their efforts on the development of theoretical models
making it possible to obtain light curves matching with the observations. The strongly favored
model which can describe these emissions well with successfully explanations of the majority of
features of the GRBs is releasing 10! ~ 10°* erge in a few seconds, with a variant the light
curve is the fireball model [3][4][5][6][7][8][9][10]. The scenario in this model is when the duality
of the fireball /blast-wave shocks the surrounding medium and emits radiation in X-ray, optical
and radio bands with synchrotron emission are the main radiation mechanism . However, in
reality we could not ignore the absorption effect when we talk about a low energy as a radio
band . The goal of this paper is to show the importance of this effect when we study the GRB
afterglows in low energies.

2. Dynamics and radiation
2.1. Hydrodynamic evolution
Feng model [11] assumes an evolution of the Lorentz factor I' in the fireball model [12] as follows:

o roy
dm  Mo+m+U/2+ (1 —e)'m

1)
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where m is the swept-up mass, M is the ejected initial mass and ¢ is the efficiency of radiation,
the internal energy U in the fireball is approximately by the following expression [13]:

dU = (1 — &)dUer = (1 — &)[(T — 1)dmec* 4+ mc2dT) (2)
Here Ug, is the internal energy produced in this expansion and radiation efficiency eis given by

[14]: .

t syn
e=e Ty 1 (3)
t syn +1 ex
with t;yn = 6mmec/ (O'TB;?mm) and t,, = R/(7c) are the synchrotron cooling time and the co-

moving frame expansion time, respectively. m, being the electron mass, o is Thomson cross
section, B the magnetic energy density [11] and R is the radius of the blast-wave determined
by

e,min

O — Berv(y + V) @

2.2. Synchrotron radiation and self-absorption

The distribution of the accelerated electrons by the external shock behind the blast wave in the
absence of the radiation loss is generally assumed to be a power-low function of the electron
energy [15]:

dN,
dye
where p is the index between 2 and 3, Ynae = al07(B /1G), /2 is the maximum Lorentz factor,

with a is a factor taking its values between 1 and 10. Moreover, one can also define the minimum
Lorentz factor as [16]:

NE(’Ye) = = C%_Pﬁmm < Ye < Ymaz (5)

mp(p — 2)

me(p - 1) * ! (6)

Ymin = 8e(r - 1)

The synchrotron radiation power at frequency v from all the accelerated electrons in the
comoving frame is given by [17]:

2V/3e2yy  [Ymaer v
p= 2 [N o r (2 )an ™
¢ TYmin VC
where F(x) is the. symchrotron function defined as [18]:
Fo)= [ Kyysla s 0
K53 the second kind modified Bessel function. and:
2 9
c= 3 9
Ve = VLY 9)
where vy, is the Lamor frequency:
1 eB
=—— 10
VL 21 2me (10)

The radiation in the lab frame can be calculated using relativistic transformations as
transformation as[17][19]:
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_(@+8T
“Tir: (11)
1 ,
Q) = de (12)
tobs = (1 + Z)t (13)

The instantaneous intensity giving the curves of light at a frequency v in Jansky
(erg.s t.em™3.Hz™1) is:

1 dP,
Flors = ——ar( &¥ 14
51075 = 1, () .

where Dy (z) is the luminosity distance calculated in the in the ACDM model with Qy; =
0.3,Qr = 0.7 and Hy = 7T1km.s~ ' Mpc~!.

At low frequencies synchrotron self-absorption (SSA) plays an important role. Where we can
see a modification on the general shape of the light curve, the number of the cutoff and their
values. So to estimate the self absorption frequency one requests the optical depth alongside the
line of spectacle. A simple approximation is o R/T where a s is the absorption coefficient [20]:

(p+2) / Tmez Ne(e)
=" P, (7o) ——%d~. 15
v 8Trmey, 'Y'IYL'L"IL v 76 (ﬂ)/ ) fye ’)/ ( )
with: ) )
2 B
p= 2B (2 (16)
me v,
So the instantaneous intensity for the SSA will be:
1 dpP,
F, =—4 17
(Fy)ssa Dy () 7T< T >SSA (17)
dP,,) dP
—+20+5) (5 ) (18)
< dr’ SSA ar SSA
dP. , dP. , 1 (NG
5 = S ﬁ(l — e A ) (19)
dl™ /) ssa dr™ ) orps @A

3. Results and discussion

First, the evolution of the light curve is affected by the initial various parameters values:
a = 40,p=23,g = 00,0 = 10°,e. = 1.0,eg = 0.0,y = 250 and My = 2 x 107°M,
with Mg is Solar mass. Here 6 is the jet half-opening angle. The GRB in our calculations
is assumed to be at z = 1.0 corresponding to the luminosity distance about Dj = 6.82Gpc.
These previous parameters are fixed we change the others such as )\;bls = 500.cm ™! related to
UV emission and vy, = 3 x 108Hz corresponding to the radio band. Here, we propose as an
environment a homogeneous interstellar medium with ng = 1.0cm™3, k = 0.

Figure 1 shows the light curve of the GRB afterglow in the two cases OTS and SSA emission
for a radio frequency vops = 3 x 108 Hz. Here the synchrotron self-absorption appears regulary
during the afterglow andand it becommes really visible typically in the radio emission, so it
arises in the radio afterglow. So far it was not able to be seen as in figure 2 when we have UV
frequency /\O_bls = 500.cm~'. Figure3 shows the ratio between the absorption coefficient for radio
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Figure 1. Light curve of GRB Afterglow in the two cases OTS and SSA emission for radio
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frequency vos = 3 x 108Hz and UV frequency )\;bi = 500.cm~'. This result is confirmed in
the figure 4 when the spectra of GRB Afterglow consist of a large absorption in low frequencies
contrary to the same case in highr frequencies.

4. Conclusion

Most of the observed gamma ray bursts (GRBs, i.e., very intense flashes of prompt, hard and
very brilliant cosmologic electromagnetic radiations) are usually followed by afterglows which
consist in remnant, softer, delayed radiations over a large frequency range extending from X-
rays down to radio waves. The most popular model describing both two radiation types is
the fireball model where two classes of violent collisions are assumed: (i) the internal shocks
behind the GRB emission and (ii) the external shock producing the remnant afterglows. In this
contribution, we report on a performed hydrodynamic modeling of the external choc that allowed
us to calculate afterglow light curves by assuming the predominance of the synchrotron emission
mechanism (OTS), which is justified mainly in the case of low electron densities (typically for
ne < 103em™=3), however at low frequencies the synchrotron self-absorption (SSA) has its effect
on the cutoff of the low energy spectrum because of the important values of the absorption
coefficient.
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Abstract: In this work, we are interested in
modeling the delayed emissions after the prompt emission
of the gamma-ray burst GRB Afterglows. We have made a
comparison between three hydrodynamic models
describing the evolution of the shock of a relativistic jet in
an external environment surrounding the source of a
gamma-ray burst or the interstellar medium. These models
are that of Chiang & Dermer (1999), Haunget al. (1999)
and Fenget al. (2002). In this case we have constructed a
numerical code to make clear our study, using several
methods such as the substitution method or integration by
the finite differences approach.

Key words: GRBs Aftergows
Hydrodynamicliste.

Organigramme -

|.INTRODUCTION

The afterglow of the gamma-ray bursts is the
second emission behind the prompt flash gamma
rays. It is to be noted that this was predicted by
theorists in the context of the fireball model
(Sari&Piran(1997)). The spectra of these afterglows
are spread over a very wide band, from Hard X-rays
(E> 10 keV) to radio waves (v ~ GHz). for a narrow
frequencies band (Zhanget al. (2003)).

Theorists focus their efforts to develop theoretical
models to obtain light curves consistent with
observations. In this work, we present and compare
three hydrodynamic models (Zouaoui al. (2011)),
analytical and with one-dimension (depending only
on the distance to the progenitor R) describing the
external shock in the fireball model. These are: the
modelsof Chiang (Chiang&Dermer(1999)), Huang
(Huangetal. (1999)) and Feng (Fenget al. (2002)).
This shock consists of a deceleration of a relativistic
material jet in the medium surrounding the source of
a gamma-ray burst.
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I1.HYDRODYNAMIC MODELS

The hydrodynamic evolution of GRBs Afterglows
describes the evolving of the Lorentz factor I' from
the GRBs source in the host galaxy to the
observational devices (Satellites or telescopes). This
Lorentz factor has been used in various models due to
the different physicists point of view.

Actually, the difference between these models is
in the definition of the internal energy (see tablel)

Table 1. Different Internal Energy Models.
Models Internal energy

Chaing | du = (" —1)dmcg} =j(1“—1)dmcz

dU = (T —1)dmc?
+mec’dT

du,, =(r -1)dmc?
+mc’dT

Huang |U =(T-1)mc?

Feng du =(1-¢&)duU,,

where I' is the bulk Lorentz factor of the deceleration,
m the masse of the surrounding medium swept-up by
the fireball and ¢ is the fraction of internal energy
radiated by the fireball (Daiet al. (1999)).

The global energy balance dEx=-dE: where Ex is
the bulk kinetic energy of the GRB fireball is given
by:

E, =T -1)(M,+m)c®+TU 1)
Similarly, the radiated differential energy has an
expression the following:

dE, = eI'(I" —1)dmc®

(2)

All these expressions lead to three different
equations according to the three models (see table2)
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Table2. Different Models.

Models Internal energy
Chaing dr -1

dm M
Huang | dr r’-1

dm M, +em+2(—&)lm

Feng | dr _ o1

dm M, +m+U/c? +{-¢)rm

111.BASIC CONCEPTS

The basicmathematical
programming code are:

D. Substitution method

The substitution x = logio (R/cm)is better for an
integration of a large scale distances, like the distance
travel of a relativistic fireball jet to the Earth. This
logarithmic scale is very helpful when we are dealing
with large distances.

methods usedin our

E. First order finite difference method:

The finite differences method is a numerical
method that looks for approximate solutions of
differential equations, in which finite differences
approximate the derivatives. In our case trying to
solve differential equations of the Lorentz factor as a
function of the mass m of the surrounding medium
sweep-up by the fireball.

In fact, this method appears to be the simplest one,
furthermore, using this method in our code gives
results which converge to Sedov solution
(Sedov(1969)), and also to the analytical solutions in
the cases of an expanded and constant radiation.

I\V.How DOES THE CODE WORK?

Our code was writtenin order to simulate the
evolution of the hydrodynamics of the GRB
Afterglows and study the external shock of the
fireball with the surrounding medium.

As usual in any program we have an input file
called Data.dat started with it, to take all necessary
physical quantities: as initial parameters of the
fireball and the external environment. After we
indicate if the state of the fireball is radiated or not,
constant or variable (we are talking about the
effectiveness of radiation). After that, we choose a
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model to minimize the Lorentz factor. We use the
logarithmic scale mentioned aboveand to find the
numerical solutions of the fireball, we use the finite
difference method and get all the physical quantities
necessary to the hydrodynamic study.

INPUT I

The fire ball parameter

The type of external surrounding

Substitution method:
x = logu ( Rlem

*Radiation

~The Lorentz’s

efficiencyis, minimal factor

constant or of the

variable

electronic

Hydrodynamic of the external chock:

*The model choice

population
sIntegration by finite difference method

Huang
eral. (1999) Feng  Chiang&Denmer (1999)
Internal energy of the shock \ o
and the rest energy in the fire

ball in integral expression \

Radiation efficiency is
constant or variable

etal. (2002) ;
*Internal energy in differential
expression
+

Radiation efficiency is
constant

The rest energy in the firebal, in
differential expression
+

OUTPUTI:
All the physics quantity of the part one (hydrodynamic)
dre calculate = use them in the radiation part as imput 11

Radiation efficiency is variable

Figure 1 — Organogram of the hydrodynamic evolution
GRBs Afterglows

V.NUMERICAL RESULTS
DISCUSSION

The aim of this work is to choose the most
compatible model with theobservational data. To
proceed, we take the hydrodynamic output as an input
to the next step which is in our case the radiation
treatment (Dai etal.(1998)).

We have taken a fireball with an initial mass
outflow, Mo = 2x10~®Mo, initial Lorentz factor I'p =
250, and a jet opening angle, Oje= 10°, decelerating
within the ISM with a constant density, n = 1 cm3and
k =0 (n, k are parameters depending on the medium),
lateral expansion g = 0, numerical and spectral
parameters a = 4 and p = 2.3 respectively. We have
used also ee,es as the electronic and magnetic
efficiencieswith ge+ep=1.

AND

The most important results are:

e Inall figures, we can note that there are three

sections of the deceleration corresponding to:
(i) the ultra-relativistic phase,

(i) the relativistic phase,

(iii) the non-relativistic phase.
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e In the case of an adiabatic expansion, the
internal energy produced by the external
shock remains entirely in the fireball. This
means that the deceleration of the Lorentz
factor is slower compared to that of a radiative
regime which generates a faster deceleration
due to the radiation (Fig.1-2-3) but for varying
efficiency; and if e = 1 it is similar to the
deceleration radiative scheme for the first
values of time and finished with an adiabatic
expansion. We can confirm this in Figure (4)
which shows the change in the total energy of
the fireball as a function of the distance.

e The main idea is to prove the advantage of
Feng’s model to describe this phenomenon.

e The goal of this code is to produceas much as
figures in order to find a plausible explanation
for all cases and understand what really
happened.

T T T

—— Chiang et al { 1999 )
Huang et al { 1999 )
Fenetal( 2002) o
All 3 models

[ a=40 , p=23
La=10" , g=0.
r =250 ., M =210°M,
ot L ISM (o, =1 em” k=0) :
E i L A4 1 i i il i 1 I L 1aal
107 10" 107

Ricom)
Figure 1 — Evolution of the Lorentz factor, of the
fireball as a function of distance, R, in the three models.

1 T T Ll 1
Feng etal ( 2002 )
or Huang etal (1999) b
o
05| iy i
/ a=4.0 p=23
6=10" , g=0
£ = 1 £ =0.01
[,=250 , M =210"M
ISM (n,=1em”, k=0) _
0-0_...| MR | PEEPREEETTT | PR | TR |
10" 10" 10" 10" 10"
Ri{cm)
Figure 2 — Plot of the radiation efficiency versus the
distance.

- ,_ T T T T 4 E
W E ~ Model of Feng et al (2002 ]
e Model of Huang et al { 1999 ) 3
E -~ Model of Chaing ct al { 1999 ) — -3
10" | T e
10° | —A
w0 iF ]
5 107k 3
107 F a=40 , p=23 3
ok B=10° ,g=0. E
L g,=1 £, =0.01 E
1% | r,=250 , M,=210"M_7
-~ ISM(n,=lem™ k=0)
i’ (PRI I L L i I J

10" 10" 10" 10" 107 10"

Ricm)

Figure 3 — Internal energy, U, of the fireball as a
function of distance R, in the three models.

T i . T e 3 v T
- Maodel of Feng & al (2002)
W = 3
. [ - ::e=U.
L 5, = 0.5
B, = I.
= g,=1,8 =001 . ;
5 otk i 5
= a=40 _ p=23 : 3
s=10° | g=0
el To=250 . M=210°M, |
EISM(n,=lem® k=0) ]
Ly PPRPIPPRTT | T IR L PR T
10" 10" 107 10" 10"

Riem)
Figure 4 — Evolution of the kinetic energy of the fireball

according to the distance R. with various values of the
radiation efficiency, €.

T T T T T ¥ b §
Model of Feng & al (2002)
1 ——k=0. ;n=Lem"”
N k=32 ,n=10"cm”
k=2 .n=10"cm”
T ok E
a=4.0
a=10°
£=1
100k T,=250 . M =210"M, e =
1 i 1 1 aail sl sl
10" 10" 10" 0" 10" 10%

Ricm)
Figure 5 — Plot of the Lorentz factor of the fireball versus
the distance R to the GRB progenitor for the considered
three types of external media. (Feng model)




Lumiere et Astronomie - Bibliothéque Nationale - El Hamma - 21-22 Décembre

VI.CONCLUSION

Previous studies have discussed the hydrodynamic
models of the GRB Afterglows and the modelization
needs a typical numerical solution. In this work we
have built a code for these three hydrodynamic
models in order to try explaining the puzzle of the
corresponding phenomena and to show what is the
most realistic model.

The hydrodynamic Feng’s model is the most
interesting one. Its basic idea is that the efficiency
changes and varies during the evolution of the
fireball, which makes it more realistic for a fairly
good description of the restituted internal energy.
Moreover, the solution of Feng’s model is consistent
with Sedov solution (Zouaoui etal. (2011)) to justify
the validity of the fireball evolution starting froma
ultra-relativistic phase to the non-relativistic one.

REFERENCES

Chiang, J,« Synchrotron and Synchrotron Self-Compton
Emission and the Blast-Wave Model of Gamma-Ray
Bursts», Astrophysical Journal, vol. 512, Issue 2, pp.699-
710

Dai, Z.G,« Gamma-ray burst afterglows: effects of radiative
corrections and non-uniformity of the surrounding medium
», Monthly Notices of the Royal Astronomical Society,
vol.298, Issue 1, pp.87-92

Dai, Z.G,« Gamma-Ray Burst Afterglows from Realistic
Fireballs », Astrophysical Journal, vol. 520, Issue 2,
pp.634-640

Feng, J. B,«Dynamical Evolution of Gamma-Ray Burst
Remnants with Evolving Radiative Efficiency», Chinese
Journal of Astronomy & Astrophysics, vol. 2, pp.525-532

Huang, Y. F,« A generic dynamical model of gamma-ray burst
remnants », Monthly Notices of the Royal Astronomical
Society, vol. 309, Issue 2, pp.513-516

R,« Variability in  Gamma-Ray Bursts: A

Clue », Astrophysical Journal, vol. 485, Issue 1, pp.270-
273

Sari,

67

Sedov, L,« Similarity and Dimensional Methods in Mechanics
», vol. 2. New York:Academic, 1969.

Zhang, B,« Gamma-Ray Burst Early Optical Afterglows:
Implications for the Initial Lorentz Factor and the Central
Engine», Astrophysical Journal, vol. 585, Issue 2, pp.950-
954

Zouaoui, E,«Hydrodynamical evolution of GRBs afterglows:
Realistic model with evolving radiative
efficiency», American Institute of Physics, Conference
Proceeding, vol. 1444, pp.359-362




Sciences ITechnoIogie A - N°41, Juin 2015, 71-74

L’EVOLUTION HYDRODYNAMIQUE DES AFTERGLOWS POUR
LE MODELE DE FENG

E. ZOUAOUI', M. FOUKA? AND S. OUICHAOUP

Laboratoire de Physique Mathématique et Subatomique, Université des Fréres Mentouri,
Constantine, Algérie.

2CRAAG, Observatoire d’Alger, B.P 63, Bouzareah, Alger (Algérie)

3Faculté de physique, Département de Rayonnement, Université USTHB, Algérie

Regu le 12/08/2013 — Accepté le 02/05/2015

Résumé
Nous avons modélisé I'évolution du choc externe produit par la décélération d'un jet relativiste, éjecté par un
progéniteur d'un sursaut gamma, par un milieu interstellaire (MIS). Nous avons adopté le modéle de Feng et al.
(2002), étant donné qu'il est le modele le plus réaliste dans la description de 1'énergie interne produite par le choc
et celle restituée dans la boule de feu, dans un autre c6té son accord avec les solutions de Sedov avec ses conditions.

Mots clés : Sursaut Gamma, Emission rémanente, relativité, Chocs externes, boule de feu, hydrodynamique.

Abstract
This paper presents a hydrodynamic evolution of the external shock produced by the deceleration of a
relativistic jet ejected from a progenitor of the GRB by an interstellar medium (ISM). We adopted the Feng et al.
(2002), since it is the most realistic model for the description of the internal energy generated by the shock and

the remnant in the fireball, in another side its agrees with Sedov solution conditions.

Keywords: GRBs Afterglows, relativity, external Shock, fireball, hydrodynamics.
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I. INTRODUCTION

Suite a la décélération d'un jet relativiste par la matiere du
milieu interstellaire (MIS), une fraction de 1'énergie cinétique
du choc est convertie en énergie  interne, U. Dans le modele
de Feng et al. (2002), on suppose qu'une fraction, Urey, de
cette derniére est restituée dans la boule de feu. Les deux
quantités sont liées par [1].

dU =(1-¢&)dU,, =(1-e)T —1)dmc® +mcdl (1)

€ étant l'efficacité de rayonnement, I" le facteur de Lorentz
global du jet, m la masse balayée par la boule de feu.

En établissant 1'équilibre énergétique, on aboutit a
I'équation hydrodynamique suivante [2]:

dar r’-1
dm  My+m+U/c*+(1—&)'m

2

M étant la masse initiale du jet. En tenant compte des
échelles de temps, de rayonnement et du choc externe,
l'efficacité de rayonnement peut étre exprimée par [3]:

tsyn

e=¢ =
+tex)

e "1
(tsyn

t'yn et t'ex étant, respectivement, le temps de refroidissement
synchrotron et le temps caractéristique du choc externe, et ee
correspondant a la fraction de 1’énergie interne prise par

Il. RESUTATS NUMERIQUES

Nous avons supposé¢ un jet relativiste de facteur de
Lorentz initial, I';=250, d'une masse initiale, M= 2.10-6 Mg,
de demi angle d’ouverture 6 = 10°, décéléré dans un
milieu externe homogéne de densité no = 1 proton.cm™, en
supposant trois type d'expansion: (i) une expansion purement
radiative, e=1, (ii) une expansion purement adiabatique, =0,

(iii) une expansion partiellement radiative, €=0.5. Nous avons
supposé une efficacité de rayonnement variable, suivant
I'équation (3).

lll. DISCUSSION

Le modéle hydrodynamique de Feng est le modé¢le le plus
général et réaliste du point de vue de I’efficacité qui change
ou varie pendant I’évolution de la boule de feu [3], et nous
avons confirmé le succés de ce modele par la comparaison
avec la solution de Sedov [4] qui justifie la validité de ce
modele dans la phase ultra-relativiste vers la phase non
relativiste (cf., fig.1-2).

Dans toutes les figures nous pouvons voir clairement qu’il
y a trois sections de la décélération correspondant a : (i) la
phase ultra-relativiste, (ii) la phase de décélération relativiste,
(iii) la phase non-relativiste.

Dans le cas d’une expansion adiabatique, 1’énergie interne
produite par le choc externe est completement restituée dans
la boule de feu , c’est-a-dire la décélération du facteur de
Lorentz est plus lente par rapport a un régime radiatif qui
provoque une décélération plus rapide a cause du
rayonnement(fig.5-6), mais pour une efficacité variable; et si
e~1 dans ce cas la décélération est similaire au régime
radiative pour le premier temps et finis par une expansion
adiabatique (fig.4-7-8) , et nous pouvons confirmée ¢a dans
la figure (10) qui représente 1’évolution de la masse totale de
la boule de feu en fonction de la distance . Dans cette figure
nous voyons que dans le régime adiabatique la masse de la
boule de feu augmente plus rapidement par rapport a une
expansion totalement radiative (cf., fig.9).

— Feng ctal (2002)
10 [ B

a=490

0.0

=1

T, =250

0=10°

ISMn, -

. p=23
g=0_
. g, =001
.M =210'M,
1an’ k=0)

11 0"

10"

R(cm)

Fig. 1. L'efficacité de rayonnement de la boule de feu € (eq. 3) en fonction
du rayon R, pour le modéle de Feng et al..
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Fig. 2. Evolution de la vitesse de la boule de feu f=v/c en
fonction du rayon R (cm), pour le modele de Feng et al et
pour le régime adiabatique £=0.
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Fig. 3. Représentation du temps d'arrivée des photons t (s)
en fonction de la distance R (cm), suivant le modéle de Feng
et al (2002), dans les cas suivants : (i) adiabatique =0, (ii)
partiellement radiative €=0.5, (iii) totalement radiatif e=1. ,
et (iv) le cas d'une efficacité de rayonnement variable par
I’équation 3. La relation entre la distance et le temps :

dr= ligﬁ cdt=p(p+ I)Fz(rdt

10 modle de Feng & al 2002) |
=_=(],
:_=05
£ =1
t_=1_,:§=ﬂ_ﬂl
05 a=40 p=23 i
- B=10° _ g=0
-
[,=250 . M, =210°M,
EM(n,=1cm’,k=0)
ool -
10" 10" ©™
R (am)

Fig. 4. Représentation Evolution de la vitesse de la boule de
feu B=v/c en fonction du rayon R, suivant le mod¢le de Feng
et al (2002), pour : (i) adiabatique €=0, (ii) partiellement
radiative £=0.5, (iii) totalement radiatif e=1. , et (iv) le cas
d'une efficacité de rayonnement variable par 1’équation 3.
La relation entre le facteur de Lorentz et le vitesse B et:

— 1
e

T :
modkic de Fong & al (202)
2 =0

w2 =05
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a=40 _ p=23
a=10" | g=90
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Fig. 5. Evolution du facteur de Lorentz I" (eq. 1) de la boule
de feu en fonction de la distance R, pour : (i) adiabatique
€=0, (ii) partiellement radiative €=0.5, (iii) totalement
radiatif e=1. , et (iv) le cas d'une efficacité de rayonnement
variable par I’équation 3.
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Fig. 6. Energie interne U (eq. 2) de la boule de feu, en
fonction du rayon R, pour : (i) adiabatique £=0, (ii)
partiellement radiative €=0.5, (iii) totalement radiatif e=1. ,
et (iv) le cas d'une efficacité de rayonnement variable par
I’équation 3.
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Fig. 7. Evolution de I’énergie cinétique de la boule de feu en
fonction du rayon R, pour : (i) adiabatique £=0, (ii)
partiellement radiative £€=0.5, (iii) totalement radiatif e=1. ,
et (iv) le cas d'une efficacité de rayonnement variable par
I’équation 3. La formule de I’énergie :
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Fig. 8. La quantité de mouvement (p) de la boule de feu, en
fonction du rayon R, pour : (i) adiabatique =0, (ii)
partiellement radiative £€=0.5, (iii) totalement radiatif e=1. ,
et (iv) le cas d'une efficacité de rayonnement variable par
I’équation 3. La formule de La quantité de mouvement:
P=pM,c
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Fig. 9. La quantité Luminosité totale Lyt (erg.s™') de la boule
de feu, en fonction du temps t, pour : (i) adiabatique €=0, (ii)
partiellement radiative £=0.5, (iii) totalement radiatif e=1. ,
et (iv) le cas d'une efficacité de rayonnement variable par
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Fig. 10. Profil de la masse totale Mbf de la boule de feu en
fonction de la distance R, pour : (i) adiabatique =0, (ii)
partiellement radiative €=0.5, (iii) totalement radiatif e=1. ,
et (iv) le cas d'une efficacité de rayonnement variable par
I’équation 3. La formule de La masse de la boule de feu:

E
M, =,
o /~-(r 1

IV. CONCLUSION

Nous avons présenté l'évolution du facteur de Lorentz
d'une boule de feu conique décélérée par un MIS, pour trois
types d'expansion: (i) adiabatique, (ii) particllement radiative
et (iii) purement radiative. Le modele hydrodynamique de
Feng et al. (2002) est le modele le plus général et le plus
réaliste, étant donné qu'il reproduit la solution de Sedov et il
définit correctement I'énergie interne restituée dans la boule
de feu, dans le cas d'une efficacité de rayonnement variable.
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Hydrodynamical Evolution of GRBs Afterglows:
Realistic model with evolving radiative efficiency

E. Zouaoui, M. Foukd and S. Ouichaotii
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Laboratoire SNIRM, B.P. 32, El-Alia, 16111 Bab Ezzouar,iéig Algeria.
TResearch Center in Astronomy, Astrophysics, and Geoph\i. 63, Algiers Observatory,
Bouzareah, Algiers, Algeria.

Abstract. In this paper, we present and compare the classical, gearaticealistic models describ-
ing the evolution of a relativistic blast wave of the GRB fiaibindeed, we have shown that while
the classical model holds only in the afterglow relatizigthase, the generic and the realistic mod-
els are valid for the whole evolution of the blast wave, ifm the relativistic phase to the non
relativistic one, consistently with Sedov’s solution for adiabatic expansion. We are especially
interested here in the case of an evolved radiation effigigaking into account the synchrotron
emission as a basic radiation mechanism. This case is cethpathat of constant radiation effi-
ciency, simply identified to be the conversion coefficient.

Keywords: hydrodynamic - GRB afterglow - fireball - blast wave
PACS: 98.70.Rz, 98.58.Mj

INTRODUCTION

The afterglow is the delayed emission accompanying GammeaBRests (GRBs), that
is observed from X-ray up to radio wavelengths. It is intetpd in the framework of
the external shock model assuming the deceleration of GRiaej® the surrounding
medium, e.g., the interstellar medium (ISM). The main efarsprocess involved in
this case is the synchrotron radiation. The hydrodynaneiealution of GRB afterglows
depends on how to express the internal energy in its integidifferential form. In this
paper we will present, compare and discuss three unidimealsanalytical models: the
Chiang & Dermer (1991), Huang et al. (1999) and Feng et al.{p6tbdels. We show
that the Huang et al. and Feng et al. models concord with S&dolution in the case
of adiabatic, non relativistic stages. Besides, we showthigaFeng et al. model is more
realistic than that of Huang et al. in the case of an evolvatative efficiency.

HYDRODYNAMICAL MODELS

The bulk kinetic energy of the GRB fireball is expressed by [1, 2
Ex = (T —1)(Mo+m)c?+ (1—¢&)l'y, (1)

wherel is the bulk Lorentz factor of the decelerating firebdlly the initial mass
of the GRB outflow,m the mass of the surrounding medium swept-up by the fireball,
U = (I — 1)m the internal energy angthe fraction of internal energy radiated by the

The 8th International Conference on Progress in Theoretical Physics (ICPTP 2011)
AIP Conf. Proc. 1444, 359-362 (2012); doi: 10.1063/1.4715453
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fireball, mainly by synchrotron radiation. The radiatedatiéntial energy is given by
dE = el (I — 1)dm¢, and the global energy balance give&x = —dE. In classical
models (e.g., [1]), the differential internal energy isagisby:dU = (I — 1)dm¢, leading
to the classical hydrodynamical equation

dr -1
am= M 2
with M = Mg + m+ (1 — €)U /c?. For deriving a more general and realistic equa-
tion, Huang et al. (1999) [2] have considered the interna@rgy in the formdU =
d [(F — 1)mcz}. Upon manipulations, they derived the following new hydnoaimical
equation

dr rz—1

dm~  Motem+2(1—e)m ®)

Let's setUex = (I — 1)mc, for the internal energy produced behind the external
shock. The part of internal energy restituted in the fireballgiven by Huang et al.
is U = (1— €)Uex, Whereas Feng et al. have proposed a more reasonable wiére
formula,dU = (1— €)dUey. The latter expression leads to the following new diffeiant
equation

ar r’—1 %)
dm  Mp+m+U/c2+(1—¢&)fm’

One notes that the two models (those of Huang et al. and Fealg ate identical in
the case of a constant radiative efficiency but are diverfyerdn evolving efficiency.
Furthermore, in the case of an adiabatic expans&og- 0), equations (3) and (4)
lead to late non relativistic expansion concordant withdv&dsolution [4], that yields
B ~ R 32 in case of an adiabatic non-relativistic fireball expandimgn ISM with
constant density. This is not the case for the classical indelscribed by equation
(2), as reported in figure 1 for an ISM of density= 1 cm 3, initial mass outflow
Mo = 2 x 10~®M.,,, initial Lorentz facto g = 250 and jet opening anger = 10°.

One must note that realistically the radiative efficienculdceevolve. By taking into
account the synchrotron radiation, the latter efficiencylobaexpressed as [3]

t*l
g = 8%7 (5)
tsyn+tex
wheretsyn andtey denote, respectively, the synchrotron cooling time andaezon
time. Figure 2 depicts the difference between the two uppatets in terms of the bulk
Lorentz factor (left panel) and the evolving efficiency frigpanel). As a result, this
difference is significant for the non-relativistic phaseendthe Lorentz factor in the
Fang et al. model decreases faster.
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FIGURE 1. Plot of the fireball velocityf, versus the distance to the GRB progenitor for the consilere
three different hydrodynamical models. For the non reistiiv adiabatic stage, one gefs~ R2 within
the Chiang & Dermer model arf/@%/2 in Huang et al. and Feng et al. models, that are consisteht wit

Sedov’s solution.
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FIGURE 2. Left panel: plot of the the bulk Lorentz factdr,— 1, versus the distance to the GRB
progenitor for the two considered hydrodynamical moddéisge of Huang et al. and Feng et al.) assuming
an evolving radiation efficiency given by equation (5). Ripanel: plot of the radiation efficiency versus
the distance.

SUMMARY AND CONCLUSION

In this contribution, we have examined and compared threedaynamical models of
GRB afterglows. We have showed that the Chiang & Dermer modebtionsistent
for the whole evolution of the fireball. In contrast, the Hgast al. and Feng et al.
models are valid for both relativistic and non-relatigstixpansion phases and for both
the radiative and adiabatic regimes. However, the integrakpression of the restituted
internal energy in the Huang et al. model actually leads t@wrestimation of the
radiated energy whereas the differential expression @egby Feng et al. seems to be
more realistic for a good description of the GRB afterglowletion.
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Hydrodynamic study of Gamma Ray Burst Afterglow emissions

Abstract

GRB are still a mysterious science, Its discovery for the first time almost led to an outbreak of a
world war. It has been attracting attention of scientists mainly for analysis of the observed data.
In this thesis, we are interested in modeling the GRB afterglow emissions. Which is defined as the
delayed emission of the prompt GRBs, and in which we adopted the duality of fireball blast-wave
model of the accelerating relativistic jet.

In this work we compare three models: Chiang model 1999, where he took a differential expression,
which is the only model whose solutions are not compatible with Sedov’s solution in which the
jet velocity is proportional to the distance by —3/2, also does not respect the principle of energy
conservation in adiabatic process. On the contrary, Huang model 1999 adopted the integrative
form, which produces a different hydrodynamic equation with constant radiation efficiency for all
phases of the jet evolution. On the other hand, Fang model 2002 took in his consideration the
fact that the efficiency coefficient is not constant during the time scales of synchrotron emission
and external shock, after all a new definition of the internal energy remaining in the fireball had
been proposed. Based on the same principle of energy conservation, we propose a new term for
the radiated energy, especially this new model presents new behaviors, such as the prediction of
the beginning of the X-ray plateau of gamma ray burst afterglow. This is achieved by writing a
Fortran code for the computation of light curves on the basis of synchrotron emission, and the
effects of the synchrotron self absorption. We end up with simulating some data of X RT — Swi ft
satellite.

Keywords: GRB-afterglows, Synchrotron radiation, Fireball, Hydrodynamic, Modeling.



Etude Hydrodynamique des émissions rémanents du Sursaut Gamma

Resume

Les sursauts gamma sont une science mystérieuse. Leurs découverte pour la premieére fois a presque
conduit a une guerre mondiale. Ces sursauts ont attiré I’attention des scientifiques principalement
pour 'analyse des données d’observations.

Dans cette these, nous nous sommes intéressés a la modélisation des émissions rémanente. Qui est
associé a I’émission prompte des sursauts gamma, et dans lequel nous avons adopté la dualité du
modele boule de feu-onde plane de jet relativiste en accélération.

L’étude a comparé 3 modeles: modele de Chiang 1999, qui a pris une expression différentielle, est
le seul modele dont les solutions ne sont pas compatibles avec la solution de Sedov (8 ~ R~%/?), ne
respecte pas non plus le principe de conservation de I'énergie dans le processus adiabatique. Par
contre, Huang 1999 a adopté la forme intégrée, qui produit une équation hydrodynamique différente
avec une efficacité de rayonnement constante pour toutes les phases de ’évolution. D’autre part,
Fang 2002 a pris en considération le fait que le coefficient d’efficacité n’est pas constant pendant
les échelles de temps d’émission synchrotron et de choc externe, pour cela une nouvelle définition
de I'énergie interne restante dans la boule de feu été proposée. Basé sur le méme principe de
conservation d’énergie, nous avons proposé un nouveau terme pour I’énergie rayonnée, spécialement
ce nouveau modele présente d’autres intéressants comportements dans lesquels il prédit que c’est
le début du plateau de rayons X de I’émission rémanence retardées. Ceci est realisé en écrivant
un code Fortran pour calculer les courbes de lumiere sur la base de I’émission synchrotron, ainsi
les effets de synchrotron auto-absorbé. Nous finissons par la simulation de certaines données du
satellite X RT — Swi ft.

Mots clés: Emission rémanence, Synchrotron, Boule de feu, Hydrodynamique, Modélisation.
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