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%LTRQ 1 
UPS 1,2

(1. _D=o2�Dzo℄_℄ÆE� 710600 � 2. _D=o2�v-T2Æ " 100039)JG�;�vCuIKzpR`F�r[>AJFqdYI�'�^�KzpR`zm��qpR`[ PT $,w[ AT qF�5���KzpR` PSR B1855+09 15 yr qF�5���!,w[ TAI − USNO ��� ,w[ TAI − PTB ��
�5��i�qkr[>A>CqN\�KzpR` PSR J0437−47 1 yr �Iq5��}H�!IvY,w[D��KzpR` PSR

B1937+21 P PSR J1713+07 qF�5��qkv�>S�S�g:�Æ|SpR`[ PTens q�S$�N�V5L�e&��KP�v^CuIpR`r[LqJoj�D��tpR`r[Lq_X�;pR`[�.ru,�,w[>C�
}DO0>Cu,P�U5�A�x
^/od�JF�D*^CuI��3M*0) (SKA) ;KzpR`r[>A�xq�D#&�� # Æ���A[m�pR`[�|v�F�5���KzpR`�pR`r[LN;�)��P127.1+1 ��� >B�8,�A
1 ����yJyoQ_yl�j1�U(pE�4���$(,y3�^�4�pZ` [1∼4] ��
G�P�JyoQ_qZ=��RoQ_Z�-qpt+/�.n℄[p�C�1994 
 Kapsis6 [5] :�?t+ Arecibo �0
_ 1984∼1993

 PSR B1855+09O PSR B1937+21X;JyoQ_qZ=�u_p
XH��/℄JX;_+y��poQ_Zp4���E�l
1 yr �HpE�4��aj#+v`>&pz�� 2001 
� Lommen [6] �:�?t+JX;__ 1984∼2001
� 17 yr qZ=�p
XH�,U℄	uE�4��p�[�E� PSR

B1855+09 15 yr pE�4��� tBH7�0
 (USNO) �Mp+vZ���mBps<Lt+1�Mp PTB +vZ-q�&J��E9���9#�O�(p��� PSR B1937+21g�*ULpoQ_`��qZ>Bpe�d4�/|�	pylU>�pjd���p4��vj~M
	pE�qZ=��#��qZ�?�bgY�*�p�Hew 90 
d�IpJyoQ_ PSR J0437−47 pqZ=�an℄.f69;pIE [7,8] ��	njpoQ_Z4��� PSR B1855+09 �d%�JyoQ_ PSR J1713+07 3 9 yr pqZu_/|��3�qZ>B`:# PSR B1937+21 J~p4��f	9�B)I,�*oQ_` [9] ��� 9�54�2004-09-20 � E�54�2004-12-02



� 2 ���������1�m���D������� 23 3��">=�pJyoQ_x�7�A���Q�TCJyoQ_3 60 ;�� (7�F)n_$oQ_) �&[pJyoQ_�p/��T:fg�
R^ [3] ��
G�BtHoQ_qZK (Pulsar Timing Array, PTA) anE}�C�3� 10 "*oQ_qZKFV =/���/ PTA �.gL|)/(�H?�p?�Li
�~k�pJyoQ_�
E�qZ=��J~ps�*)/(.g�* PTA [10] ��E�4��Æ(p�~JyoQ_pqZ=�>��R{RpoQ_Z�-q�	pE�4���.L 7Qe_pqZ�E [11,12] �e�HI� =8lp 10 "* PTA [>�~I1)oQ_qZK (Universal Pulsar Timing

Array, UPTA) �P�	�7���R1e���poQ_Z�-q��&>�:��+vZC�=B�
_N/#�O&f!%�T4Æ�g�w.n
�IE [13] �
2 �qSaG�6��k%-x\r(�
2.1 ��/-�C PSR B1855+09 � PSR B1937+21 �I3!6�	$�:JyoQ_qZ=��w�8\dp/�g Princeton bloQ_t+~P� Arecibo

305 m L|)/(pqZ=� [3] � 1994 
 Kapsi s6 [5] �/℄ Arecibo L|)/(
JyoQ_ PSR B1855+09O PSR B1937+213 10 yr pqZ=��?�E��E/|�JyoQ_yl�j 1 yr �Hp4��#+v`>&���(EE�� Allan �Bp��- σy(τ) G/N+v`p�j4�� [14] �ft+/|�σz(τ) ��.hR oQ_yl�j4��p8q�"����~h� oQ_#+v`�j4��p&Æ [15,16] � σy(τ) �=�Z (+v``BboQ_qZ>B) p�^B�,
X�
+v`boQ_p�jÆ�Y�{&�� σz(τ) �
 =�Zp?^B��
+v`boQ_�jÆ��jp,YY�{&��Lp+v`:Z� τ 3, 5 yr Z�� σz(τ) �� 
5 × 10−15 z�� PSR B1855+09 : τ ≥ 3 yr Zpz�#�L+v`Ph�� PSR B1937+21p σz(τ) �: τ ≈ 2 yr Z�X��~#+v`>&�f� qZ>B^`:s�u�qZ=R� p|GC�,Y+f� PSR B1937+21 pE�4��pjM[�hZ8,�J>�g	�;�pqZ=R�Y� PSR B1855+09 7`:J~pqZ=R�>�gÆ,��N
aÆb�	p�N
a (≈5 Gyr) 3, PSR B1937+21 p 20 " [3] ��sh�[JyoQ_p�I�.�L|)/(p =�qZ=�>��p#��=�#�p7��(��Z[pJyoQ_qZ=��EPv�/�PSR B1855+09O PSR B1937+21If3 17 yr pqZ�E��7e�[pqZu_.{P|℄JyoQ_yl�j&+vZ1�.(pE�4���
 PSR B1937+21 pu�qZ=R��℄[p8`O�i�
2.2 PSR B1855+09 � PSR B1937+21 ��3!6�	$�

Arecibo L|)/(:�/ PSR B1855+09 O PSR B1937+21 3 10 yr pqZ=��EV� 1994 
TX 1997 
w�
℄1w.[#?�Æ�<�℄+�pqZ=�� 1998 
 14#?Vp Arecibo L|)/(vj
HuX;_�i��JyoQ_�
qZ=��2<�℄[t[p ABPP (Arecibo-Berkeley Pulsar Processor) N# —— �*
D, 112 MHz p��lP%WB�ZL! [6,17] �_ 1989∼1999 
� Backer 
ipoQ_t+~[�tBByL|�0
 (NRAO) 42 m L|)/(
 PSR B1855+09 � PSR B1937+21O PSR J1713+07



� 1 � {�)t�KzpR`r[>A�D 3�sJyoQ_: 800 MHz O 1470 MHz �
℄qZ=� [18] ��Z=�
 Arecibo L|)/(Æ:^� 4 yr pqZ=�p"VW� j℄<��� [6] �
 NRAO 42 m O Arecibo X)/(qZ=�C�njpoQjaZ� TOA′ �1�
wOeO���
TOA = TOA′ + ∆CLOCK + ∆DM + ∆BACKEND , (1)
^� ∆CLOCK ,=�=:p+v`P
 Bt+vZ TAI pBU� ∆DM ,#=��jP<pB�#O�∆BACKEND ,qZ=�V�ZLC�pwOZ��� (1) 
eOVp TOA �>�8,g#qZ=�=:p+v`�<�p=��jOV�^MZLC�wO:<pZ�� X)/(pxL.Z7��*g<�	uP�pxL.Zp�x�- (X�Y�Z) (=BX 1 m) OBtqZ/ (BIPM) 28p UT 1−UTC �	�G TOA l\jx\ TOA �:J�l\^� UT1 =B
 TOA p�R3, 0.1 ns Zm�d%�^tH�oQ^M_)/("��lC�jA[jV�ZLC�R�p[rwO��#2���Æ℄�*gP�JX*)/(Z�
~pqZu_�:+yP� (1) 
eO&l\jx\ TOA V�9T�
X)/(6�_p TOA �
�?&Æ��+2�XI�pC�B
��V�P�"C�B	��=���j��C�� PSR B1855+09 15.6 yr O PSR B1937+21 16.8 yr p67 TOA u_.gJ~njp��� TEMPO >�O JPL 
_N/ DE405 >	x\ TOA l\X�|C℄\�<�RhpqZ�b�l>#2��JX;_p���Z=x (.Z�y
�2K) Oyl=x (yle�i���ixs) [6] �PSR B1855+09g;y_��y_Al=x��Z�qZ�b#2���:JZ=x2�RV�nU PSR B1855+09 15.6 yr pqZ>Bp6�=B, ±2.6 µs �&7`:7QC�+f�
 PSR B1937+21�
 16.8 yr p TOAu_�<�# PSR B1855+09P�pqZ�b (7�Fy_Al=x) �njpqZ>BK|GC�,Y+f��6�=B, ±9.3 µs �:qZ�b^A{yle���ixT����njp PSR B1937+21qZ>B6�=B�X, ±1.7 µs �f>B^9`:X��pe�d4� [6] �<℄�?njpqZ>B^tH.g=:p+vZ TAI #qZ�b��poQ_Z (PT) pBU�l TAI −PT [11] ��� σz(τ) ��njp PSR B1855+09O PSR B1937+21 p TAI −PT 4�� (�>Hyl�j4��) �1` " 1 O" 2 �" 1 ^[`U℄��~��q�ptBH7�0
�Mp+vZ (TAI −USNO) OmBps<Lt+1�Mp+vZ (TAI −PTB) p4��-O�_" 1 >�9U� PSR B1855+09 : 10 yr �p4��u +vZ�Jh�g� 	qZ=�=BÆb�Y�-0Hu�l� PSR B1855+09 qZ>B6�=B, ±2.6 µs ��+v`&
=B��7b ±20 ns ��s=�Z�A{� PSR B1855+09 p4��-O7�E���+vZ�KIHU+f�: τ ≥ 15 yr Z� PSR B1855+09 pE�4��|G� +vZ TAI − USNO ��� TAI − PTB ��"VU�tBH7�0
:e�H�Æ�xZpG�+v` ('`��` HP 5071 s) nZ�j~�mBps<Lt+1�g^zj
q+v` (Primary Clock) nZp{bd/�d%� PSR B1855+09 p TOA �X)/(u_���I�Arecibo L|)/(s4=� 1∼2 ^�NRAO 42 m L|)/(sX*4;=��^�2&� B*X�qZ=RÆb [18] �<�A{qZ=�^x�2�s)/(xZpA{�PSR

B1855+09 pqZ=B�)��s+yZm (J�gIdoQ_qZ=�p*p#�) ��	
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# 1 �KzpR`$,w[�k5��q'�

# 2 �KzpR` PSR B1937+21 $ PSR J1713+07 q�k5��



� 1 � {�)t�KzpR`r[>A�D 5�_" 2 >�9U�PSR B1937+21p4��:3 1 yr V�� 10−14 z��� 10 yr V-OKIHU+f�Jg��qZ>B^pC�4�� p��pt+I8,�PSR B1937+21g;y_��C�4�g�_4�p�E [19] ���68,�>���;
_5��Al8��
_Ale�: 17 yr �H [6,11] �:l<�y_�b[g
_Al8��b	RJ� TOAu_�6�a�>Bp6�=B|G�X�h3��njO2�l�9f��9fI TOA u_��+�a#�O'F	pqZ�b [20] �
2.3 PSR J1713+07 �?��

PSR J1713+07g;yle�, 4.57 ms poQy_��y_Al8�e�, 67.8 d �"_g;�LÆ$pJyoQ_�: 1510 MHz O 2695 MHz pgZv��1, (8±2) mJy O
(2.9±0.9) mJy [9,21] ��� Arecibo L|)/(_ 1992∼2002 
 (�^ 1994 
TX 1997 
w^�=���� NRAO 42 m L|)/(pqZ=�) 3 10 yr p TOA u_�:2�℄���Z=x�yl=xOP<y_Al=xV�nj℄ PSR J1713+07 �Bt+vZ TAI ,=:pqZ>B [6,9] ��<� σz(τ) ���8℄"_pyl�j4�� (<" 2) ��" 2 >��
PSR J1713+07: τ ≈2 yrZp4��L 10−14 �fRV�-O�KIHU+f�J>�G. �yOylp�:767d��>�gp-Æ|p��Z' (<>�`:p
_) p�R��"�W Arecibo L|)/(%�[��Z��L|)/(O:vjb{$
 PSR J1713+07pqZ=���+��9
� TOA pC�=B�
P=t+�l+" 2 �dp4��-O2^g�;��N�	: τ ≈2 yr Zp4��	#+v`>&�
 {RoQ_Zp�R#�M9��U4K�
2.4 PSR J0437−47 �?��

PSR J0437−47 g;yle�, 5.75 ms poQy_��y_Ale�3, 5.741 d �gX��Ip�L�$�2K�� (162 pc< d < 205 pc) pJyoQ_ [7] �y$�IV�Parkes�0
 64 m L|)/(UC.�	�=E�qZ=�
V� Parkes �0
qZ=�g<�y[pC�oQ_qZ� (Fast Pulsar Timing Machine, FPTM) ��i#�℄px0<hOZL>� [22] �:P�"_	� 4 yr qZ=�p TOA �#2��℄	p���Z=x�yl=xOy_Al=xVnQ�JZ=xp��#�}�#=�Z�.Ep PSR B1855+09 O
PSR B1937+21P&� PSR J0437−47qZ>Bp6�=B, ±0.5 µs �� σz(τ) �?njp4��-O` " 1 [7,8] ��" 1 >��"_: τ > 1 yr p4��|GL TAI −USNO O
TAI −PTB X+vZC���L PSR B1855+09 �J/|"_;�pyl�j�D4��
PSR J0437−47Æ(pqZ#�W℄�:Æ�%�[p	�L$�=�^=&(�2K��_t�℄
^M[3wOeO��1gB�wOeOp=BP
ÆXp�R�J�g"_qZ>B4��Æ(p+ÆR��
2.5 �:��+�HT9�?℄X��28�/p 4 ;JyoQ_pqZ=��E�d� 10 ";JyoQ_�� 2000 
"Vij`,E�qZ=�p
V�[pqZ=��E7�xZA{�&#����(�-0I��/p�E�PSR J0437−47� �j4��(�:nZ�w1�|G�f� PSR B1855+09 �3	�4��7<+vZ�f�E�4��&+vZ��f�2&�)nj��9#����{G�JyoQ_:E�4���w&+vZ��f�Æ℄<�



� 6 ���������1�m���D������� 23 3�JyoQ_#+v`�RnZ��P XI�fW6�
+vZE�4��p#��1�
� [23,24] �PSR B1937+21O PSR J1713+07qZ>B^�|GC�+f�.E�=�>�℄#��qZ�b [6] �<�RhpE�4�����P��~JyoQ_�Rp{RoQ_Z
PTens �>�r�bWWe_nZp=B��(E�4�� [11] �>�)x�P�I�anpJyoQ_qZ>B7� PTens pt+	℄.n.�
�pIE�
3 �qSas\M (PTA)Hew 90
dT�Foster O Backer [10] �U PTA $
�PTA �*�k�p�~JyoQ_1�Æ(pE�4���2&�L�67�8 ���:�M=��-xZP
4�����8!>�LQp"�E�[�Ip.LQpJyoQ_>�6Pj=�'�^0�yl�j4��7LQI>�DW�qZ=��L��Z:X*�jH�
��+WWB�Z
(DM) ,Y
 TOA p�R [25] �
3.1 �(F1�P�JyoQ_1�Æ(E�4��p�f��G PTA pE�8��>^IEuh��- [13] �

(1) �R{RoQ_Z�-q���+vZ=B�
(2) #��|C
_N/�
(3) Æ�&f�e!%�T4 (GWB) �JyoQ_=xp��g�+vZ,=:p (��k� TAI b TT (BIPM)) �+vZ=B
oQ_=x	R#qZ>B7I�R�f"Y�gegdp��.g{	
7QoQ_p�RgP�p��7Q=�GqZ=�njp TOA l\j�|C℄\Z*g��
_N/�
_N/=Bp�R1��gd�
. �)HP��UpX;oQ_G{�N/=B
qZ>Bp�ROL MP�� GWB 
qZ=�p�R1�}gd��:�)IO��8p 4 ;oQ_,Q�
 . �)H
2, 90◦ pX;oQ_�GWB 
XIqZ=�p�Rg MP���
 
2, 180◦ pX;oQ_� GWB 
XIp�R�g MP�� GWB 
e;oQ_p�R.4 x)#"oQ_WO�U# GWB [3�UR�px
�2# GWB p��IO& [8] �Æ℄�:�RhpqZ�b2�s;oQ_p=xV�V"pqZ>B^9�I�+vZ�
_N/=BO GWB ^A���9�KJZ^A�XJ�=� 5 ;67�8 �)pJyoQ_ [8,10] �^tH�I� =8
p PTA b���Z=� 10 ;�HpJyoQ_��pgP�qZK�
p=�:#2��s;oQ_
%=x (�H�R=x) p�Z�����U+vZ�
_N/=BO GWB 0j�v� (JZ�$H,1)=x� Globe

Parameter)��"VU�JyoQ_yl�j1�U(pE�4��g1)=x��p
X��R�1)=xp��.�P oQ_Z�-qt+� PTAgoQ_Z�-qt+�e_U�_�Cp-W�	,{RoQ_Zp�RO�M}�℄
X�
3.2 PTA �O �K

PTA b Hew 90 
d�X�e�H��Y"* PTA  =/�� Princeton bloQ_t+~# Backer 
ip Berkley blt+~P� Arecibo L|)/(pqZ=��:�.



� 1 � {�)t�KzpR`r[>A�D 7�n PSR B1855+09O PSR B1937+21 E� TOA u_
XH�vj~M3 10 ;JyoQ_p}� [6] �#℄�Z� Backer t+~� NRAO 42 m L|)/(E�~M 6 ;JyoQ_pqZ=� [18] �2_ 1996 
8b� NRAO 100 m L|)/(�
 12 ;JyoQ_p TOA=� [26] ��bPs Parkes�0
 64 m L|)/(��R 32 ;JyoQ_pqZ=��2qXy��p=�Z�XJ: 5 yr �H [8] ��B Nancay L|)/(k�yle�ix
ṗ < 2 × 10−20 s/s p 20 ;JyoQ_�,qZ=�
V [27] �2&��/℄:�T9=��E [28,29] �mB Effelsberg 100 m )/(E�~M 10 ;JyoQ_p}� [30] ��n|p
Kalyazin 64 m L|)/(�.n 8 ;JyoQ_3 5 yr p=�IE [31] �2#;%�^t+� (CRL) R�vj^W� PTA qX�"qXp=�
V5b:�,v�oQy_��pgk"t+�oQy_Al8�,
XpoQy_Z� (BPT) �LlH BPT & PT 1�.(pE�4�� [32∼34] �d%��B Jodrel Banck L|�0
�NHpL|%MK���R℄yop PTA T��2fg=#BtR��;% CRL 34 m �OpqZ=���.nr
�E [35] �8B9h���CG 25 m L|)/(UC	8CJyoQ_pqZ=��By�0
v6=�Gp 50 m L|)/(�	YT JyoQ_pqZ=��: PTA q��Cp
XH��6�U℄ UPTA $
 [6] ��*e�H�$�Rps*
PTA �!Z=�#�� PTA P�p26JyoQ_�P�26_ TOA p�?&Æ�	��p PTA ~RI��p UPTA ��Gv%pBtR��^I)�p PTA <l�-�
3.3 �2��*<H&sY�lwfa 1 km2 pL|=�K` (Square Kilometer Array, SKA) g 15 *By=#pBtR�T�� Taylor [36] mF�U℄ SKA poQ_�pOJyoQ_qZ=�qX�0Ll8q��LgZv� L > 0.3 mJy poQ_xZ, (3.5± 1.5)×105 �|N�^ 20% poQ_pL|�Lw�AGx)��:x)H�Æ�j3 70000;oQ_�X���$Æ�jpoQ_3, 1500 ;�&b:�,Æ\oQ_��^ 0.3 mJy< L < 3 mJy poQ_�F��IxZp 4% ���

SKA �poQ_p/��
�Xb��gVK�
 (Tied Array Mode) �<�"�

!IoQ_�, (< SMC/LMC�,)�
�U�p���:�*4��I 1000;��oQ_��g��Oe*p^M�P%I{�
�P�"�
:�
�>�Æ�1� 80% p,'�:
70 cm 4�H� SKA pb{�, Parkes 64 m L|)/(p 20 "�Æ�� SKA �)�IH(;[poQ_OXJn�;[pJyoQ_��^7�E�4��(�
�0lt+1�
�
�pJyoQ_OoQy_�QX>�Æ�jsJyoQ_ [37] �

SKA 1��"(pb{���
n�;JyoQ_�
qZ=��2�njL s+yZm#�pqZ>B��J~n�;JyoQ_7IpqZK���"�-�p#��R{RoQ_Z�-q�2:+vZ=B��|C
_N/=Bt+O�T4Æ��w.n!�dIE�
4 ����mqZ=�/|�JyoQ_pE�4��#+v`>&��pJyoQ_�< PSR J0437−47



� 8 ���������1�m���D������� 23 3�
1 yr �Hp4��|G� TAI − USNO O TAI − PTB +vZC�� PSR B1855+09 :
τ ≥15 yr pE�4��� TAI − USNO �f�	�4��7(�Jh�Æ,� TOA p�Z=Bb�&=�^xJ�AreciboL|)/(s4=� 1∼2 ^�� NRAO 42 m L|)/(s 2∼3 4;=��^��sqZ=�)/(pA{��pL|)/(��	�S
#,	kS
�9{HP%WB�[psp��O TOA �?ZL>���p#��:�Æ\JyoQ_�)njs+y#�pqZ>B���xJyoQ_�>an3 ±1 µs p#��Æ℄�JyoQ_p4��	℄nj��9#��X oQ_Zp���y�9>�gJyoQ_#+v`�RnZ�J�P�oQ_ZE�4��p�fG#�+vZC�pE�4���PTA pq��CO?�8�,{RoQ_Zp�R#�M\?℄���:� 5 
���)P�BtH PTA pqZ=�u_��R�
10 ;��JyoQ_~Ip{RoQ_Z�	p4��( 7Qe_�npoQ_Zp4���#℄�Z�� PTA =���JyoQ_�R=xO1)=xp SUPERTEMPO>��p7e�	a+vZ=B�
_N/=BO�T4Æ�t+.n
�IE� UPTA p�CO-G SKA p^W�	.�P "
't+.n!�d�C��'=A�
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Progress on Millisecond Pulsar Timing Observations

YANG Ting-gao1, ZHONG Chong-xia1,2

(1. National Time Service Center, Chinese Academy of Sciences, Shaanxi 710600, China; 2. Graduate School of

the Chinese Academy of Sciences, Beijing 100039, China)

Abstract: Long term timing stability for some millisecond pulsars is reviewed and analyzed.

Comparison between PSR B1855+09 timing results from Arecibo and some atomic time scales

exhibits that the long term stability of the pulsar σz(τ) at τ ≥ 15 yr is better than that of atomic

time scale TAI−USNO and approaches TAI−PTB. Short term timing behavior for this pulsar

is mainly affected by its larger timing error. When more regular timing observations are made

and more radio telescopes contribute to timing observations of this pulsar the timing stability of

PSR B1855+09 may be further improved. Millisecond pulsar PSR J0437−47 is a perfect celestial

clock, its timing stability is obviously better than PSR B1855+09 and some atomic time scales.

Long term stabilities of PSR B1937+21 and PSR J1713+07 seem limited by low frequency timing

noise. However they may contribute to make an ensemble pulsar time scale. Millisecond pulsar

timing array (PTA) has been developed and operated over the world. Uniform distribution on

the sky of target millisecond pulsars is needed and some common millisecond pulsars for timing

of PTAs are also important to connection of PTAs. Information on errors of atomic time scale

and ephemeris may be derived and gravitational wave may be detected from PTAs. In the future,

powerful Square Kilometer Array (SKA) will make contribution to both new pulsar search and

high precision timing observations for millisecond pulsars.

Key words: astrometry; pulsar time scale; review; timing stability; millisecond pulsar; pulsar

timing array (PTA)


