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Mark 421 ��yow}��3)
∗<?; 96> < B =:8 A�7 †

(0Q�
Q�℄$'n_v`�. �J 650092)1+ W$}-^\iym^�-��Su��2H0a�e� (Synchrotron Self-

Compton, SSC) ��Lya5 BL Lac DA S5 0716+714 ^�'yUh�$& Paggi a�^u7{~.�n�Ly^a5u7& Paggi a�Ap� δ =-~1\Y^u7+H�WG�:�^SÆ+��U$!$Sm^H0��^ δ =-~1r�.m^^3�U+��nY�e���u7�Æ�Ly�"��$ Mark 421 DA^ �L�d 3 O+HX=
^�'y,8u7�#=a5u7U&+HX=
^,8u7�E\H���^�R�,8Y^ Mark 421 DA^+HX=�U$!$`4Sm^�-�O�n^���r &#��� BL Lac ����n� Mark 421, |��2�z�4 {
�� P157; "%l��� A

1 ,* �
BL Lac C�#TtwaAKmjx℄��C��
"P���3/� [1−2] ��/u��a:�Æ~(����'?/33t`?;�l�&xTg�, (SED) 
"/�t) [3−4], 
T�T#LM – � X �hTx��T�T# MeV∼GeV Tx�Oo�w&

BL Lac C� SED /�t)KxR
"q℄Kx [5] Bp℄Kx [6−7]. q℄Kx���Q
T�R
�-#%+79'h�p
kGq℄_3R℄℄wk|<l℄℄G/����T��-#℄wk|<�l℄℄X�d����%�X�d���℄N℄/℄℄�-*G�q℄Kx��QM�d�Kx (External Compton model, EC)[8−9] BG/`�d�Kx [5,10]. p℄Kx�Q��T���-#℄wk|<�J℄℄_'9AUG/��9A�|#q℄Kx�℄wk|<l℄℄�,#P
℄�Oo�	 BL LacC�y&x��YH:�℄l℄�,R
"
F6l℄g�/F6l℄g�C,r{l℄g�?C,r{l℄g��T?C,r{l℄g [11], h�r{l℄g [11], |,℄[hxl℄g [12−13].  #|,℄[hxl℄gT�C,r{l℄g&�{fWD/� – X �h&x+7t6��L�1��#�	 Blazars ℄�&x��YH [13−16]. V#|,℄[hxl℄�,�
Paggi ` [12] %�Rt��1 SSC ��Kx�	- BL Lac C�℄�&x���|��4
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358 E V � � 52 �`49AK� Paggi `�%�|,℄[hxl℄�,BRl℄G/��℄ δ <,}0�o$HG/��Tg�, Ssyn
ν
BX�d���Tg�, Sic

ν
. Rl℄G/��℄ δ <,}0�Tq�-l℄℄2�T*��mX�d���t6�Lv-Kx5,��UV#|,℄[hxl℄�,��Rt��1 SSC ��Kx [5,9,17] �| BL LacC� Mark 421 *GW< (�<�K<�
<) b�&xYG��+7t6z}�	�[X Mark 421C�4*GW<bTg�,ddWD5,�M��	l��YH�UKf�;)=, H0 = 70 km·s−1·Mpc−1, [JT*Du ΩM = 0.27, ��T*Du Ωr = 0, Z*�(Q�=, ΩΛ = 0.73.

2 �0 SSC ~��(�1 SSC��Kx�1���#w& Blazars�&x��Tg�XB4�℄�1 SSC��Kxf��#E�℄wk|<l℄℄s{��t)��t)RN47Ym-℄�1K<BJp℄l℄,Du�XB�|,℄[hxl℄g [12] H+��t)Rl℄T*�,

N(γ, t) = N0(

γ

γ0
)−s−rlg( γ

γ0
) cm−3 , (1)

(1)  K� γ Ql℄>:Z�℄� γ0 QF�l℄>:Z�℄�N(γ, 0) = N0δ(γ − γ0), N0QF�l℄,Du4�N=,� s Ql℄gC,� r Qgv8�%� (1)  K℄l℄�,BUf [18-19] K"*G/��%X�d���℄`4( �XB[X�1 SSC ��Kxb℄G/��pu Isyn(ν) BX�d���pu Iic(ν). Q-`4X�d�����<�XBf�G/���/℄^�E�<#��t�4�Tx� Klein-Nishina r�#eT℄�Q-gql℄4 Klein-Nishina 1)℄��r8�4`4KXB4�}0 [20]:

σ =

{

σT U hνγ/(mec
2) ≤ 3/4

0 U hνγ/(mec
2) > 3/4

. (2)

(2)  K� σT = 6.652 × 10−25 cm2 # Thomson ��rG� h # Planck =,� me #l℄�EJ*� ν #�/℄b8� c #/3�Æ+}0VF4`4X�d��� zK�
Klein-Nishina�m��F9gH��<T*Du Urad(γ, t) ≃ 4π

c

∫

ν(γ)

νs,min

Isyn(ν, t)dν }0�Æ K� ν(γ) = min[νs,max, 3mec
2/(4hγ)], νs,min, νs,max �!#G/��dqBdPb8�##�+79f�ab℄
��3*Q

Ftot(ν) =
πR2δ3(1 + z)

d2
L

[Isyn(ν) + Iic(ν)] erg · cm−2 · s−1 · Hz−1 , (3)

(3)  K� R #��t)��� δ #�d��℄� z #L�� dL #C�℄/uÆ!��`#-℄�T/℄ (> 1 TeV) 4J%9AKS%FM��/℄e���+7X℄�T��g��Q-[XRgg�4`49AK�XB%�FM��/ (EBL) _(Kx [21−22]|��3*z}�=

Fin(ν) = Ftot(ν) exp−τ(ν,z) erg · cm−2 · s−1 · Hz−1 . (4)
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(4)  K� τ(ν, z) �`Uf [22] K
�r�b`4℄/��
3 v5�k�|,℄[hxl℄gR
*l℄gC, s �gv8 r �F�l℄>:Z�℄ γ0 BF�l℄,Du4�N=, N0 �m�Q-Kx5,os℄���XB�	-|,℄[hxl℄g℄�N26�*G5,�NVFl℄g℄�N26�J 1 :!�
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Fig. 1 The spectral variations of electrons with (a) the spectral index s, (b) the initial Lorentz factor of

electrons γ0, (c) the spectral curvature r and (d) the normalized factor of the initial number density of

electrons N0, respectivelyJ 1(a) H+-l℄g7l℄gC, s �N℄26
Ul℄gC,�N��l℄g4
γ = γ0 Ikj�U γ < γ0 ��l℄,Du7l℄gC,6P�6P�U γ > γ0 ��l℄,Du7gC,℄6P�gq�J 1(b) H+-l℄g7l℄F�>:Z�℄ γ0 �N℄26
U γ < γ0 ��l℄,Du7 γ0 ℄6P�gq�U γ > γ0 ��l℄,Du7 γ0℄6P�6P�J 1(c) H+-l℄g7gv8 r �N℄26
Ugv8 r �N��l℄



360 E V � � 52 �g4 γ = γ0 Ikj�l℄,Du7gv8 r ℄6P�gq�J 1(d) H+-l℄g7F�l℄,Du4�N=, N0 �N℄26
l℄,Du7F�l℄,Du4�N=, N06P�6P�
4 / Paggi u���	�txj|Rl℄��'8℄`4��")N��
�N#%��jG/��9A�o`4�2�N#%� δ <,}0`4� #�jZ*�G/��g (�=℄ 5/3 q���<,)℄�G7���%� δ <,}0`4Rl℄℄��'8�T|X�d����
��o`4℄l℄B�/℄T*�,	PG��VF-G�℄X�d���g�%� δ <,}0`4S�mX�d���t6�4G/`�d�KxK�X�d����/℄�-#G/����|G/��9A%� δ <,}0�5S #G/���/℄℄2�T*q���mX�d�����t6�J 2 K�%�kG5,�XB|�-�jG/��9AB δ <,}0r�b|l℄G/��BX�d���℄`4t6�MJK���H
%� δ <,}0`4℄G/��4
T9�-2�T*�VF&7℄G/��BX�d�������
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Fig. 2 The synchrotron and inverse Compton scattering radiation on condition of same parameters. Solid

lines and dotted lines represent the calculated results with the methods of the δ function approximation

and the classic synchrotron radiation, respectivelyQ-�?XB`4t6℄D"��XB
Kx��# S5 0716+714C��&xYG��+7t6 [12], [X"<Tg�,vhB5,�!�J 3 � 1 :!�M 1 K��
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Fig. 3 The spectral energy distributions of S5 0716+714 at low and high states. Triangles and dots are

the observational data of S5 0716+714 at low and high states[12], respectively. Dotted and solid lines are

the calculated results with the model at low state and high state, respectivelym 1 S5 0716+714 ��s�'q�
Table 1 The model parameters of S5 0716+714

δ B(Gs) R(cm) N0(cm−3) s r γ0

Our results (high state) 15 0.14 1.68 × 1017 2.2 × 10−5 1.45 0.45 4.50 × 103

Paggi’s results (high state) 10 0.151 7.79 × 1017 0.03 1.18

Our results (low state) 12.5 0.11 1.86 × 1017 1.8 × 10−4 1.14 0.50 1.48 × 103

Paggi’s results (low state) 10 0.0764 2.61 × 1017 0.41 1.18

5 �(t-.
Mark 421C�#L� z = 0.031℄jx TeV&x γ �h-�l�&xÆ~��
"eT℄�N?;�Q-�	Mark 421C�℄�&x��?��V#Mark 421C�
�K�� 3NW<bYG��+7t6 [23],XB%�Æ+Kx| Mark 421C�℄ 3N*GW<b℄�&xTg�,�!z}`4�4`4K�XBf��d��℄ δ = 15,K< B = 0.02 Gs,��t)�� R = 3.8 × 1017 cm, F�l℄,Du4�N=, N0 = 0.4 × 10−5 cm−3, l



362 E V � � 52 �℄gC, s = 1.26, gv8 r = 0.30, F�l℄>:Z�℄ γ0 = 4.70 × 103, [X Mark

421 C�
<b℄Tg�,vh�|M��D-℄Kx5, (K<���t)��B�d��℄) *��yF9��-℄l℄g�,�[X Mark 421 C�K<B�<℄�&xTg�,�XB�!xF�l℄,Du4�N=, N0 = 1.4 × 10−5 cm−3, l℄gC,
s = 1.05, gv8 r = 0.24, F�l℄>:Z�℄ γ0 = 2.30 × 103, BF�l℄,Du4�N=, N0 = 2.5 × 10−4 cm−3, l℄gC, s = 1.37, gv8 r = 0.13, F�l℄>:Z�℄ γ0 = 0.33× 103 [X Mark 421C�K<B�<℄�&xTg�,�t6�J 4 :!�|�℄Kx5,/4 2 K�J 4 K��t=�{��t	k{B�th�!# Mark

421C�
�K��<℄+7t6�hh��hB�h�!#XB�Kx|*GW<℄`4t6�MJ 4 K��H�Æ+KxTG?f;� Mark 421 C�℄�&xTg�
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Fig. 4 The spectral energy distributions of Mark 421 at low, medium and high states. Squares, triangles

and dots are observational data of Mark 421 at low, medium and high states, respectively. Dotted line,

dashed line and solid line are the calculated results at low, medium and high states, respectivelym 2 Mark 421 ��s�'q�
Table 2 The model parameters of Mark 421

State δ B(Gs) R(cm) N0(cm−3) s r γ0

High 15 0.02 3.8 × 1017 2.5 × 10−4 1.37 0.13 0.33 × 103

Medium 15 0.02 3.8 × 1017 1.4 × 10−5 1.05 0.24 2.30 × 103

Low 15 0.02 3.8 × 1017 0.4 × 10−5 1.26 0.30 4.70 × 103
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6 �Æ
Blazar C�℄*Wp��%℄wk|<l℄℄Z25V��_3`!℄�℄["Q��N"* [24]. V#|,℄[hxl℄�,�XB%�Rt��1 SSC ��Kx`4-

Mark 421 C�4*GW<b℄�&xTg�|# BL Lac C�� #A"l;�/℄�� (&�
_[\�/℄ [9], �ht���/℄ [8]), Rt��1 SSC ��Kxf�#D"℄ [25−26]. Q-;� Mark 421 C�
�K�� 3 NW<bYG��+7t6�XB4�*G℄l℄�,�XB℄�	t6 I�+7X℄Mark 421 C�℄*GW<�T# #_3Rl℄�,�N�m℄�Kx`4t6*
_3R℄l℄�,�N�TVFC�Tt�XB�Q�U\&o���_3RN�t)�VF�t)`!℄�Du�N [27], _3R`!℄�Du�N�T;�XBjO℄l℄�,��.KxA"�^X
�℄e3YH�TXB4�℄|,℄[hxl℄�,���e#NNe3YH�l℄�,OXt<
I℄t6� p � ! $
[1] Finke J D, Dermer C D, Böttcher M. ApJ, 2008, 686: 181
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A Research on Multi-band Radiation Mechanism of

Mark 421

KANG Shi-ju HUANG Bang-rong KANG Ting LIANG Ji-hua

ZHENG Yong-gang
(School of Physics & Electronic Information Technology, Yunnan Normal University, Kunming 650092)

ABSTRACT Based on the logarithmic parabolic energy distribution of electrons and the

homogeneous one-zone synchrotron self-Compton model, the multi-band spectral energy dis-

tribution of S5 0716+714 is reproduced. Compared with Paggi’s results which are obtained

with the method of the δ function approximation, we find our results are a little different. It

is argued in this paper that the δ function approximation used in calculating the synchrotron

radiation of a single electron leads electrons to partly lose their energies, thus affects the

results of inverse Compton scattering radiation. The model is applied to the high, middle

and low states of Mark 421 object, respectively. By changing the parameters, we find that

the multi-band spectral energy distributions of Mark 421 can be well reproduced. It is con-

sidered that the variation of the distribution of the electrons in the jet probably induces the

different observational states.

Key words galaxies: nuclei, BL Lacertae objects: individual: Mark 421, radiation mech-

anisms: non-thermal


