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OJ 287, 0716+714 ) BL Lacertae ℄nQe�∗625 1† 374 2,3

(1 ��n�a�1��
�U8a� �� 065000)
(2 .+�a��5�.� 	/ 650011)
(3 ÆZ�=a���; Æ6 350108)+& OJ 287 zH�=w�EgV\�� BL Lac ���I\�qV8D����

TeV BL Lac �� (0716+714 5 BL Lacertae) �\�qV8D:G��MzO"�
'�n\'8�,RÆV TeV iD��|� 3 ���V',�s��℄Æ*� 22 GHz �
37 GHz 5 B "qVEO)�4FLg?Vt��ho'
�'�',R OJ 287 V TeVK%iDV�8�v��4b-?w
 (1) EO)�4F�,� OJ 287 � 37 GHz 5 B"qV4F>O�� 22 GHz, OJ 287 � 0716+714 Vb-GO�M� BL Lacertae G�lO:v� OJ 287 V4F�o�.IEg[�M�\'��,R�B OJ 287 V TeV K%iD���. OJ 287 � TeV "qV�i�� 3 �\8"qEO)�4F"W�8'��:
 (2) g?�,� OJ 287 � B "qGs� 37 GHz Vg?l4� 0716+714, o� BL Lacertae; � 37 GHz Gs� 22 GHz Vg?lo� 0716+714, x BL Lacertae �
37 GHz Gs� 22 GHz Vqg+�%��. 22 GHz l6K� 37 GHz. �/sg?V�℄�4� '�zA OJ 287 � 0716+714 5 BL Lacertae "WH�.?V/t
F8D�}�:�8z~� OJ 287 � TeV "qV8D℄j�9O"�
'�n'��,R�B OJ 287 VK%�i�M TeV 8q℄jV8Ds\8q)�VzK3KC$z:TB�kxZ �"�
gU�"�
vMWÆ�a_
d�-�d�s
 P158; ��S��
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1 '% �
Blazar yhbLDfV93Un�?
�
��*AChb
V�4 BL Lac ���
 [1]. Blazar�2t��(l�Jw�U(�pK7C:��^�hX����QIm���2�{Fr#< 0WTQ\2Ud{ [2−3]. Blazar U�h}0m�Fr#< U�^�h�7P�Ew*do< ���n��℄ri}��.r blazar KH
hbLDfV93Udo�[�8�D0dy< E8h6H9��Y7�U0�G* [4−7].
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Blazar UJ
�
(�*/)doDfV936(U0�.<���n12k�p��.r blazar (�Udo��pgn&^vH6(a!��hG*40�.<X2kT7� 20 xU 90 9K� EGRET �+Q blazar �J$hC!pU�h�a7p%�hb�(`4 X hCX!pU&+�y� blazar U7C�%J(:� “��” a! [2], 2J[7��2`*y}Fr#b?U�&�h0mU�wr�7�Ud{#n�7k�*Q?0W4L?0W�J&`�2J�7 &`RM�Q?0W�FxQ?0Wt�d{��&A~Bt0W (SSC0W)[8−10], 1?(?
	�6H;U^�h(?U ECD0W [11−12],1?(?
	�< #(�C�U ECC0W [13−15], 1?(?
A< 3)U(!�l�hU0W [16], 1?(?
	�< #(7ÆAU=#^�h0W [17] X��r BL Lac ��[7�,)U#��gn&�[ BL Lac ���*[�? BL Lac ���-V�? BL Lac ��4��? BL Lac �� [18].�N!�	&
m��+QU TeV blazar -�J(�ky��?U BL Lac ���℄w� 0716+7144 BL Lacertae y[�?U BL Lac ���N!�	&
m[�+Q�
)U TeV hC� OJ 287 y[�?U BL Lac ����<v�UDf��[7pU7CX:4 0716+714K BL Lacertae 9F��Ly[&7�+Q
U TeV hC [19]. /)1~�\ OJ 287 � 0716+7144 BL Lacertae� 22 GHz � 37 GHz K(` B !pUDN(�3E4 3 �!p!Vf>Us��^v&��+Q OJ 287 U TeV hCU�7�u�

2 �~uoR��/)E�s-B-	J� OJ 287 � 0716+7144 BL Lacertae � 22 GHz � 37 GHzK B !pUiOo9U�r�t�a� 1 �v�(�WCa 1 �v�T 1 OJ 287, 0716+714 t BL Lacertae \Æ}�*
Table 1 The data sources of OJ 287, 0716+714 and BL Lacertae

Band OJ 287 0716+714 BL Lacertae

22 GHz Salonen et al.[20]; Teräsranta et al.[21−23] Teräsranta et al.[21−23]

Teräsranta et al.[21−23]

37 GHz Teräsranta et al.[21−23]; Teräsranta et al.[21−23]; Teräsranta et al.[21−23];

Nieppola et al.[24] Nieppola et al.[24]; Zhang et al.[25−26] Nieppola et al.[24]

Villforth et al.[27]; Hufnagel et al.[32]; Pollock et al.[41];

Fan et al.[28−29]; Ghisellini et al.[33]; Villata et al.[34]; Webb et al.[42];

B band Zheng et al.[30]; Qian et al.[35]; Raiteri et al.[36]; Bai et al.[43−44]; Fan et al.[28];

Qian et al.[31] Montagni et al.[37]; Wu et al.[38]; Hagen-Thorn et al.[45];

Zhang et al.[39]; Zhang[40] Villata et al.[46−47]

3 �~f�b`
3.1 zhq
^a!0�| [48] ydo(�p�4(�3EUn1�\2{U�|��1�|#^
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Fig. 1 The light curves of OJ 287, 0716+714 and BL Lacertaen`a!0�Udqu*
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268 � . a � 53 xfu- f(i) K�	�1np�U�h �� w(i) *Z2u?�a,^ i �`��r��Z2u?S* 1; a,&���Z2u?S* 0. σ
(1)
f *a!0�U2.� σ

(2)
fδ K����r`&+2.U���a!0�U��7k��*	a, τs 4 τl ��*(�WCUDn4D3(�p���P&+UpV�l
J� τl, b τ > τl, � D(τ) *2��b τ < τs, � D(τ)  �� τ2;b τs < τ < τl, � D(τ)  �� τx, H- x ≤ 2[49]. �a!0��3 -�a,��IN$��IN$�rxU;I�Y$��_Y bin $U;H�*(�3EUJN�

3.2 �	�jq
^ÆdF$0�|y�3���r!VF$ZUka�| [50], 
#^k-$�Pr2.gY�#Q�t�Q��|�=+O&	^ 1 &�Q����r`!VUÆdF$0�$�dqua=	
UDCFij =

(ai − ā)(bj − b̄)
√

σ2
a − e2

a)(σ2
b − e2

b)
, (4)H- ai 4 bj ��y���r a 4 b -U�r`� ā 4 b̄ ��y����rUAz$�

σa 4 σb ��y����rU�;=.� ea 4 eb ��y���r-(��r`rxU+�2.�(� UDCF `�(r�r`!VUf> ∆t = tj − ti Frx�^ 2 &�Q�C� τ −∆τ/2 ≤ ∆tij < τ + ∆τ/2 pVp6 M r�r`UAz$��Iua=	
DCF (τ) =

1

M
ΣUDCFij(τ) , (5)H- M �v� ∆τ V�-U�r`rU��� u-U�;=.�v*

σDCF =
1

M − 1
{Σ[UDCFij − DCF (τ)2]} . (6)^ 3 &�r2S$U#Q�}��-&+(��rn�#z���2G|yrC�

DCFpeak �$�iJ� 0.8DCFpeak U�r`V2S [51], Lr���r`�%92UU�m�YJ� 0.5DCFpeak, l'J� 0.3DCFpeak U�r`V2S�Q��Iu*
DCFcentroid =

ΣτDCF (τ)

ΣDCF (τ)
. (7)�ÆdF$0�U�3 f�a, DCF U�$
J���-���rF$Z
L�

DCF �$=Æ-SUuÆ��_Y bin$U;H��vrxU5JF,>pV�b DCFU�$�J��Un*���v�r a 5J��r b; b DCF U�$�N��Un*���v�r a ,>��r b.
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4 �~f�
4.1 0�lO.�[Ny(
�/)�{a!0�|r OJ 287 � 0716+7144 BL Lacertae UDN(�3EgY��3�t��3X 2. � 2 -/)Y^ 1 �IN$rxU;I�JNH*��!pU(�3E�{��3EH*����UDN3E�t��3a,���� 2 -��\y��� 37 GHz 4 B !p� OJ 287 U(�3Ek->=N�� 22 GHz, OJ 287 4
0716+714 Ua,FN�w BL Lacertae k� OJ 287 4 0716+714 U3EJ9u�C�|�� 0716+7144 BL LacertaeF�\wh�OJ 287 � 22 GHz � 37 GHz 4 B !pU3E=N���- OJ 287�� 3 �!pUDfZk�?~�℄wQ2J*&�[&��+Q
A OJ 287 U TeV J$hC���- OJ 287� TeV !pU�h�H� 22 GHz �
37 GHz K B !p!VUDfZL
�7&��9�
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Fig. 2 The analytical figure of minimum variability period with structure function method
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Table 2 The analytical results of minimum variability period with structure

function method

Source 22 GHz period 37 GHz period B band period

bin=36.5 d (yr) bin=36.5 d (yr) bin=36.5 d (yr)

OJ 287 11.2 1.12 13.1 1.31 21.5 2.15

0716+714 10.2 1.02 23.0 2.30 34.1 3.41

BL Lacertae 81.0 8.10 79.5 7.95 24.6 2.46

4.2 �w#X[
��{ÆdF$0�|r OJ 287 � 0716+7144 BL Lacertae � 22 GHz � 37 GHz K
B!p!VUpVf>gY��3�t��3X 3. ��3 -�bf>* ��v�7!p5J�bf>*����v[7!p5J�/){�$�iJ� 0.8DCFpeak U�r`U2SCrxU;I�$H*pVf>�I<�3a,X� 3. �3a,>v�OJ 287� B !pFr� 37 GHz Uf>k3� 0716+714, n� BL Lacertae; OJ 287 � 37 GHzFr� 22 GHz Uf>n� 0716+714, BL Lacertae � 37 GHz Fr� 22 GHz Upf*�$��- 22 GHz 5J� 37 GHz. �.rf>U�\�3�/)�&�y� OJ 287 �
0716+7144 BL Lacertae!VG�->U.s��-� B !pFr� 37 GHz � 37 GHzFr� 22 GHz !VUf>4 TeV hCUL
!V�7&�#_�9�
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Fig. 3 The analytical figure with discrete correlation function method
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Table 3 The analytical results of time delay with discrete correlation function

method

Source B-37 GHz delay 37 GHz-22 GHz delay

the bin of abscissa (d) the bin of abscissa (d)

OJ 287 28.1 1025.7 0.45 16.4

0716+714 19.2 700.8 1.5 54.8

BL Lacertae 34.3 1252.0 -0.3 -11.0

5 ��u|�
(1) �{a!0�|r OJ 287 � 0716+714K BL Lacertae � 22 GHz � 37 GHz K

B !pUDN(�3EgY��\�3�a,y� OJ 287 UDN3E=N�N OJ 287� 22 GHz � 37 GHz K B !pUDfFr�?~�[&��+Q
A OJ 287 U TeV �h��- OJ 287 � TeV !pU�h�H� 22 GHz � 37 GHz K B !pUDN(�3E!V�7&��9�
(2) �{ÆdF$0�|r OJ 287 � 0716+714 K BL Lacertae � B !pFr�

37 GHz 4 37 GHz Fr� 22 GHz !VUf>gY��3�a,�&�y� OJ 287 4
0716+714 K BL Lacertae � B !pFr� 37 GHz 4 37 GHz Fr� 22 GHz Uf>G�.s��-� B !pFr� 37 GHz 4 37 GHz Fr� 22 GHz !VUf>4 TeV hCUL
!V�7&�#_�9�

(3) Fermi �+Q� OJ 287� GeV 7pU�h [52], L℄+N!�	&
m[&��+Q OJ 287 U TeV �h�rD"+�9�7y}� OJ 287 � TeV !pU�h7C\i�tTN!�	&
m&��+QHJ$�h� OJ 287 � TeV 7pU7C\i�7y}�VTe+U6��8U�m�7y}�H7C�jq\i�L TeV 7p\iU7Cr[7p(�UyJ2JB#y9SA�,! /S�R Claudia M Raiteri 4 Margo Aller ��F$�r�/S�Rk�_UYr� V � � �
[1] Urry C, Padovani P. PASP, 1995, 107: 803

[2] Ulrich M, Maraschi L, Urry C. ARA&A, 1997, 35: 445

[3] Blandford R, Konigl A. ApJ, 1979, 232: 34

[4] $<���f/�Z.+�Y��.a�� 2008, 49: 1

[5] Wang H T, Bai J M, Deng W G, et al. ChA&A, 2008, 32: 229

[6] $<��j{w��.a�� 2010, 51: 27

[7] Wang H T, Yang J Y. ChA&A, 2010, 34: 343

[8] Marscher A, Gear W. ApJ, 1985, 298: 114

[9] Maraschi L, Ghisellini G, Celotti A. ApJ, 1992, 397: L5

[10] Bloom S D, Marscher A P. ApJ, 1996, 461: 657



272 � . a � 53 x
[11] Dermer C D, Schlickeiser R M. A&A, 1992, 256: L27

[12] Dermer C D, Schlickeiser R. ApJ, 1993, 416: 458

[13] Sikora M, Begelman M C, Rees M J. ApJ, 1994, 421: 153

[14] Blandford R D, Levinson A. ApJ, 1995, 441: 79

[15] Dermer C D, Sturner S J, Schlickeiser R. ApJS, 1997, 109: 103

[16] Tavecchio F, Maraschi L, Sambruna R M. ApJ, 2000, 544: L23

[17] Arbeiter C, Pohl M, Schlickeiser R. A&A, 2002, 386: 415

[18] Padovani P, Giommi P. ApJ, 1995, 444: 567

[19] Chen L, Bai J M. ChPhL, 2010, 27: 119501

[20] Salonen E, Terasranta H, Urpo S. A&AS, 1987, 70: 409

[21] Teräsranta H, Tornikoski M, Mujunen A, et al. A&AS, 1998, 132: 305

[22] Teräsranta H, Achren J, Hanski M, et al. A&A, 2004, 427: 769

[23] Teräsranta H, Wiren S, Koivisto P, et al. A&A, 2005, 440: 409

[24] Nieppola E, Tornikoski M, Lähteenmäki A, et al. AJ, 2007, 133: 1947

[25] �Lj��\�e���Y��.a�� 2009, 50: 141

[26] Zhang H J, Zhang X, Dong F T, et al. ChA&A, 2009, 33: 373

[27] Villforth C, Nilsson K, Heidt J. MNRAS, 2010, 402: 2087

[28] Fan J H, Lin R G. ApJ, 2000, 537: 101

[29] Fan J H, Liu Y, Qian B C, et al. RAA, 2010, 10: 1100

[30] Zheng Y G, Zhang X, Bi X W, et al. MNRAS, 2008, 385: 823

[31] Qian B C, Tao J. PASP, 2003, 115: 490

[32] Hufnagel B R, Bregman J N. ApJ, 1992, 386: 473

[33] Ghisellini G, Villata M, Raiteri C M, et al. A&A, 1997, 327: 61

[34] Villata M, Raiteri C M, Popescu M D. A&AS, 2000, 144: 481

[35] Qian B C, Tao J, Fan J H. AJ, 2002, 123: 678

[36] Raiteri C M, Villata M, Tosti G, et al. A&A, 2003, 402: 151

[37] Montagni F, Maselli A, Massaro E. A&A, 2006, 451: 435

[38] Wu J, Zhou X, Ma J, et al. ASPC, 2009, 408: 278

[39] Zhang B K, Dai B Z, Zhang L, et al. PASA, 2010, 27: 296

[40] Zhang Y H. ApJ, 2010, 713: 180

[41] Pollock J T, Pica A J, Smith A G, et al. AJ, 1979, 84: 1658

[42] Webb J R, Smith A G, Leacock R J, et al. AJ, 1988, 95: 374

[43] Bai J M, Xie G Z, Li K H, et al. A&AS, 1998, 132: 83

[44] Bai J M, Xie G Z, Li K H, et al. A&AS, 1999, 136: 455

[45] Hagen-Thorn V A, Larionov V M, Jorstad S G, et al. AJ, 2002, 124: 3031

[46] Villata M, Raiteri C M, Aller H D, et al. A&A, 2004, 424: 497

[47] Villata M, Raiteri C M, Larionov V M. A&A, 2009, 501: 455

[48] Simonetti J H, Cordes J M, Heeschen D S. ApJ, 1985, 296: 46

[49] Simonetti J H, Cordes J M. ApJ, 1990, 349: 97

[50] Edelson R A, Krolik J H. ApJ, 1988, 333: 646

[51] Peterson B M. Advanced Lectures on the Starburst-AGN Connection. Singapore: World Scientific,

2001: 3

[52] Neronov A, Vovk I. MNRAS, 2011, 412: 1389



4 G $<�Y� OJ 287, 0716+714 6 BL Lacertae W*��5 273

Comparison and Analysis of Light Variations of OJ 287,
0716+714 and BL Lacertae

WANG Hong-tao1 PAN Yan-ping2,3

(1 Physics and Electronics Information College, Langfang Teachers’ College, Langfang 065000)

(2 Yunnan Astronomical Observatory, Chinese Academy of Sciences, Kunming 650011)

(3 Department of Mathematics and Physics, Fujian University of Technology, Fuzhou 350108)

ABSTRACT OJ 287 is a low peak frequency BL Lac object with violent actions. Its en-

ergy spectrum distribution (SED) in low frequency is similar to the other two TeV BL Lac

objects (0716+714 and BL Lactertae). However, its TeV gamma rays are not detected by

the Cherenkov telescopes. We compare the differences and similarities in the aspects of

the minimum variation period and time delay among 22 GHz, 37 GHz and B band. The

causes of OJ 287 without detected TeV gamma rays are studied and analyzed. The results

are as follows: (1) In 37 GHz and B band, the minimum variability periods of OJ 287 are

smaller than those of the other two objects, respectively. In 22 GHz, the minimum vari-

ability period of OJ 287 is comparable to 0716+714, but is much smaller than that of BL

Lacertae. Though with smaller variation period, we can not detect the TeV gamma rays

from OJ 287. It is shown that the radiation from OJ 287 in TeV band is possibly not related

to the minimum variation period in 22 GHz, 37 GHz and B band. (2) The time delay of

OJ 287 in B band relative to 37 GHz is longer than that of 0716+714, but shorter than

that of BL Lacertae. The time delay of OJ 287 at 37 GHz relative to 22 GHz is shorter

than that of 0716+714. The corresponding time delay of BL Lacertae is negative, which

means that the radiation at 22 GHz leads the radiation at 37 GHz. By comparing and

analyzing the results in time delay, we can not find some obvious differences among OJ 287,

0716+714 and BL Lacertae. It is probable that the SED of OJ 287 is steeper than others,

which leads to the undetected TeV gamma ray radiation with the Cherenkov telescopes. It

is still unknown how the SED in TeV band affects the light variation in the low energy band.

Key words quasars: individual, galaxies: fundamental parameters, methods: analytical


