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Fig. 1 A schematic illustration of the cylindrical jet in a dense environment. The six-angle star on the left

side is the exploding star. The cylindrical channel in the middle is an optically thin passage, due to the

sublimation of dust by the initial gamma-ray burst. The four-angle stars around the channel denote the

dense medium. Finally, the dashed lines indicate the edges of the laterally expanding cylindrical jet. The

observer is assumed to be on the right.Cu γ 
�8}>roRE
����#�� m 
�8j\�x�>r�Hir|�
Mej 
�
6��℄�Hir|� ǫ 
�8�2ps��uV�5�$RHw���N�G
�$�q�t��8�G
V_���*�G�%u`U ǫ = 0. �8j\�x�>rr|��8�Jd�
6��6 �J`�*�_ 3 A*Y#� [13,20−21]:

dm

dR
= πα2nmp , (2)

dR

dt
= βcγ(γ +

√

γ2 − 1) , (3)

dα

dt
= v⊥(γ +

√

γ2 − 1) , (4)Cu t
RHV%/^u��%��'����9��N�%E��β = v/c =
√

γ2 − 1/γ;

c 
V"�mp 
r�r|� n 
x�>r����� v⊥ 
M
^u�
6��El9P"��P2El9P��N`C*yz#t��z
 v⊥ = 0, �#t6��.El9P���z
 v⊥ = cs, �#t6��M
^u�x"lE 9P�x" cs ,�_
�E_ [20−21]:

c2
s = γ̂(γ̂ − 1)(γ − 1)

1

1 + γ̂(γ + 1)
c2 , (5)CuV_g� γ̂ ≈ (4γ + 1)/(3γ) [22].'Tu#t6�O.El9P�U v⊥ = cs. *Y (1) ∼ (4) NVI#�J-*Y!�j�E�℄�?+�6��}\YM`�C��%�
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G<� ν d�W���RHw��|��N
S̄ν =

(

α0

α

)2

Sν , (6)Ys Sν Nd[;�w�z���W�'&RHw�j�W�6�Yr��|�� [23−24]:

Sν =
1

γ3(1 − βµ)3
· 1

4πD2
L

P ′(γ(1 − βµ)ν) , (7)Cu µ = cosΘ, Θ 
�f86��l� 1��RH1 ('T#tRHVG6��T�l��Ue Θ = 0); DL 
V�Pn� P ′ `�NM
^uG<� ν′ drR<�%�u�I�� P ′ `��\�_L
C��%�
P ′(ν′) =

√
3e3B′

mec2

∫ γe,max

γe,min

dN ′
e

dγe
· F

(

ν′

ν′
cr

)

dγe , (8)Cu e 
	�	|�me 
	�r|�B′ 
M
^u�gM� F (x) = x
∫ +∞

x
K5/3(k)dk,

K5/3 N!h#`�� dN ′
e/dγe NM
^u	�/|-=`���N#tM
^ug/��M�./)tNN���. B′2/(8π) = ξ2

Be′, Cu e′ = γγ̂+1
γ̂−1 (γ − 1)nmpc

2. *Y (8) u� γe,min d γe,max -4
M
^u	�_E
�"qd"l���#���N#t	�=X_E
/|8r�=X_E

/)eNN� ξe, J γe,min = ξe(γ− 1)
mp

me

p−2
p−1 +1. 	�_E
�"l���#�J
 γe,max = 108/

√
B′ [25](B′ rRN Gauss), M
^u2p�5[<� ν′

cr =
3γ2

e eB′

4πmec
. N�}w	�-=`���N���%	�mY�5[�Æ�#� γc = 6πmec

σTγB′2t
, Cu σT N2(�ip6 [26]. u γe > γc ��	�d2emY
/�u γe < γc ��	�d2V_
/�	�-=`�� γc N-<��N-���`��

dN ′
e

dγe
∝

{

γ−p
e (γe < γc)

γ
−(p+1)
e (γe > γc)

. (9)

3 7jFG��i��4��γ ≫ 1, γm ≫ Mej, cs ≈ c/
√

3, 
w�*Y (1) ∼ (4)`�E!N
dγ

dm
≈ − γ

2m
,

dm

dR
= πα2nmp ,

dα

dt
≈ 2γc√

3
,

dR

dt
≈ 2γ2c . (10)`}w�

γ ∝ t−1/2 , α ∝ t1/2 , m ∝ t . (11)
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α )2 ∝ t−1, e′ ∝ γ2 ∝ t−1, B′ ∝ (e′)1/2 ∝ t−1/2, νc ∝ γγ2
cB′ ∝ t0, νm ∝

γγ2
e,minB

′ ∝ t−2, Sν,max ∝ NeγB′/γ−2 ∝ t−1. RHw�5��|��N
S̄ν =























(α0

α )2Sν,max(
ν

νm
)−

p−1

2 ∝ ν−
p−1

2 t−p−1, (νm ≤ ν < νc, slow cooling),

(α0

α )2Sν,max(
νc

νm
)−

p−1

2 ( ν
νc

)−
p

2 ∝ ν−
p

2 t−p−1, (νm < νc ≤ ν, slow cooling),

(α0

α )2Sν,max(
ν
νc

)−
1
2 ∝ ν− 1

2 t−2, (νc ≤ ν < νm, fast cooling),

(α0

α )2Sν,max(
νm

νc
)−

1
2 ( ν

νm
)−

p

2 ∝ ν−
p

2 t−p−1, (νc < νm ≤ ν, fast cooling).

(12)G,i��4�� γ ≈ 1, cs ≈
√

5βc/3, 
w�*Y (1) ∼ (4) `�E!N
dβ

dm
≈ − β

2m
,

dm

dR
= πα2nmp ,

dα

dt
≈

√
5βc

3
,

dR

dt
≈ βc . (13)`}w�

β ∝ m−1/2 , m ∝ R3 , R ∝ α ∝ t2/5 . (14)�/}w (α0

α )2 ∝ t−1, e′ ∝ γ − 1 ∝ t−6/5, B′ ∝ (e′)1/2 ∝ t−3/5, νc ∝ γγ2
cB′ ∝ t−1/5,

νm ∝ γγ2
e,minB

′ ∝ t−3, Sν,max ∝ NeγB′ ∝ t3/5. RHw�5��|��N
S̄ν =























(α0

α )2Sν,max(
ν

νm
)−

p−1

2 ∝ ν−
p−1

2 t−(15p−11)/10, (νm ≤ ν < νc, slow cooling),

(α0

α )2Sν,max(
νc

νm
)−

p−1

2 ( ν
νc

)−
p

2 ∝ ν−
p

2 t−(15p−10)/10, (νm < νc ≤ ν, slow cooling),

(α0

α )2Sν,max(
ν
νc

)−
1
2 ∝ ν− 1

2 t−
1
2 , (νc ≤ ν < νm, fast cooling),

(α0

α )2Sν,max(
νm

νc
)−

1
2 ( ν

νm
)−

p

2 ∝ ν−
p

2 t−(15p−10)/10, (νc < νm ≤ ν, fast cooling).

(15)�2i��4�� R 8�V�5��W���. νm ≤ νR ≤ νc, ℄A�86 �5��(`�N Sν ∝ ν−
p−1

2 t−p, !�\V���z�5��(`�JN S̄ν ∝ ν−
p−1

2 t−p−1.uUG�e p = 2.5 �� S̄ν ∝ t−3.5, `*h&{u5���(
,N�"��>>e2?��}6�� Sν ∝ t−p.

4 ^~�`FNI #��
w�&{�W��V�5��C���e�%��%u�W�C*��_℄e�D��℄�5pYr�Hir| Mej = 4.8 × 10−8 M⊙, ℄����#�
γ0 = 300, ℄�H�8�J R0 = 2.6 × 1015 cm, j\>r�℄�r|N m0 = Mej/γ0 =

1.6×10−8 M⊙,>r��� n = 1000 cm−3, ℄�6�6 �J α0 = 0.1R0 = 2.6×1014 cm,�lD�!Q�GDlC�#t_�
P/|
 E0 = 1052 erg. G�%RHw� R 8��|����W�C* ξe = 0.1, ξ2
B = 10−6, p = 2.5, DL = 106 kpc, 6#tRHVG6��T�l��Ue Θ = 0. W��%�9[K�2F 2 ∼ 4 u�
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Fig. 2 Evolution of the bulk Lorentz factor γ of the shock in a cylindrical jet
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Fig. 3 Profile of a laterally expanding cylindrical jet. The x-axis represents the scale length along the jet

axis, while the y-axis represents the scale length perpendicular to the jet axis. The solid lines show the

profile of the jet, and the dashed lines indicate the optically thin channel.
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Fig. 4 Optical afterglow light curves in R band. The dashed line represents the flux from the whole cross

section of the cylindrical jet. The solid line represents the actually observed flux leaking from the optically

thin channel.F 2 
�
6����#� γ '�% t ��}�jFu`�\_�G t ≈ 105 s at6��Z�Cf,i��4��F 3 K��
�
6��El9PNg�`�L
�\_'�6��El9P�6�6 �uj.)tBjBq���-bG�z(Ka.�Y!Q�W�`�j�zuRHw�5��|�)tBjBq�j!5��(�,N�"�F 4 u-4E_��8℄9� R 8�5��| Sν d�\V���z� R 8�5��| S̄ν . Gi��4��:F�V,Rf`�E!N Sν ∝ t−2.61, S̄ν ∝ t−3.58, Y8I��-p�-[E_�i��4� R 8�:[:upf p = 2.5 �9[�m��e9[E_�P^ Sν

S̄ν

≈ t0.97 8&{P^ Sν

S̄ν

= α2

α2
0

∝ t �jb�i6�YtX1%W��p�-[d�e�%�
`^��
5 DN{aN'TuW�C*�
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w��}L
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Gamma-ray Burst Afterglows from Cylindrical Jets in a
Dense Environment

CHEN Xu HUANG Yong-feng
(School of Astronomy & Space Science, Nanjing University, Nanjing 210093)

ABSTRACT It is widely believed that many gamma-ray bursts are due to relativistic jets.

Previous studies on beaming effects in gamma-ray bursts are mainly based on a conical

geometry. However, some observations of relativistic jets in radio galaxies, active galactic

nuclei, and “micro-quasars” have shown that many of these outflows are cylindrical, but

not conical. In this study, we assume that the jets that produce gamma-ray bursts are

cylindrical, and that the circum-burst environment is dense and optically thick. In the

prompt burst phase, the strong X-ray emission can sublimate the dust in the circum-burst

medium, generating an optically thin channel that allows optical photons to escape. As a

result, optical afterglows can be observed only for observers that are on the axis of the jet.

It is shown that the observed optical afterglows usually decay very rapidly (in the form of

Sν ∝ t−p−1, where p is the power-law index of electrons), due to the joint effect of the lateral

expansion of the cylindrical jet and the absorption of optical photons by dust outside the

channel. Our model provides a possible explanation for the so called dark gamma-ray bursts.
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