
v 52 6 v 6 + � - d � Vol.52 No.6
2011 � 11 $ ACTA ASTRONOMICA SINICA Nov., 2011&�Dy39��G�∗X _ 1,2† W[^℄ 1,2 b`Z 1 aY\ 1

(1 IK=e K��.
 �) 100012)
(2 IK=e i/[ �) 100049)LH ���5a�3��n}LvPUnbXP*W*�YB}yA�n�3;H��fSP�vPU"(�V|vPU�LMXB (sF_ X VCwU) " HMXB (,F_ XVCwU) nA��3q6��P
?WP�vPUbXP*�3n!?) 4.7 ms, �(�vPUnF	?) 0.6 s, wUHP�vPU5t?) 3.5 ms; FERMI vPU (Fermi

Gamma-ray Space Telescope ��notVCvPU) W9EvPUYBwH� 1012 Gs;�O�8n,�vPU�HQUxsB\�g#�ZvPUZKmf
X��5O�3�x&\at�nz��
�� %~C
-7��C
8�� X 1A
4CN:	��
 P145; <�p2#
 A

1 JF �uOT� 1967 �� Hewish p [1] �?
� Gold[2] V Pacini[3] :
	~i+�bWmG`T�,bW��R�%x�ÆTm��|"UmYd�S~�l���_Tg"?{�/rU{&�,mD= [4−8], '�K�?`_^muOT�bluOTmh.�.���Æ�t<_0�+�Y`m6kk
�G~_�)t�S_Rt�=+�uORT��℄ COS-B ,T [9] � CGRO (Compton Gamma Ray Observatory),T [10−11] �
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q��uOTmQqh.�R���u 4 ��uOTm)�XAm�2jG:m�Y�T
D=�L�uOTmleMM%[�
��*KmuOTD=%[.&�u 5 �� -je��
2 '�EKI�Vq>O�
w1~)� 1 G.e`S��gm|KuOT)�il'8Gm�2�\�G>|9R�uOTSpiivG)�i�S�z`T3vm=�� HMXBs E�� LMXBs 5vG�2)�i�S���>�ifJ HMXB m_E^`T5�vGt�2)�\8mb#S [27]. vTVO�uOT (O)K� 10 ms) m�2ig(�Om�vT� 40% iW)<ZT�Gm [28], �_	~m�
�!�_�{+%[`_F_
���r2!��P�i��O�uOT�2r_�O�O�uOT?)'&�H(iM�muOT)vTG'��lgm [29−30], 	~_�sW)vTG��|�
�2�vTm�
�2E~�FERMI uOTrivG�2)�i�S�>Vm FERMI uOT�i�D�7muOT�r2i`T|$00
mwh3��'�2)`T3vm=��>|9g 6 ;O� FERMI uOT (aQ △) m�2$P�#!����oi�(	~SpW)vTG��vT�
�2E~�
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Fig. 1 Spatial distribution of various kinds of pulsars in the Galactic coordinate system. Blue dots

represent binaries. Black dots represent FERMI pulsars. Red dots represent HMXBs. Green dots represent

LMXBs. Red △’s represent all millisecond pulsars. Red △’s with red *’s represent isolated millisecond

pulsars
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3 '�EUSR0�
wuOTibWmG`T�F��T��- Rc= c/Ω = 5× 104P km. 4R c (F��
Ω (uOTaWm����a+( rad/s, P iuOTaWO)�a+( s. >VmuOT�"UR�^blW��ÆT\�bW%x�QqSÆ�l Ω̇ = −4π2P−3Ṗ

Ω . 1~m=�>Vm'�U{uOT�vTGmuOT� FERMI uOT� LMXB GmuOT�
RXTED=gmuOTmO)|xXTmuOO)�2dgs1TZ�S (� 2), D>	~;
m=,�A8�,G>Vm'�U{uOT� 1 645; (ATNF)[14]. vT� 1410
(ATNF)[14]. FERMI uOT� 54 ; [15−16]. LMXB GmuOTG�O)m� 37 ; [17].

RXTED=gmuOTG�O)m� 26;�,G�I 7;W)���	mO�uOT�4 26 ; RXTE uOTp� LMXB, b0��'�uOT�	~maWO)0/��)?R`1℄^\O)6e [31], �|�	~\ LMXB Ga�bRK�XT� 13 ; [14].
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Fig. 2 Period distribution of pulsars. The height of the column in one interval represents the number of

one kind of pulsars whose periods locate in this interval. Color curves represent the fitted curves of the

period distributions corresponding to different kinds of pulsars

3.1 $}BP.�u+��Æ�=;�1~�,
q2NuOTmO)�2��� ATNF Pulsar Catalogue Gm>VU{uOTmO)�2\ 1.85 ms g 8.51 s, ; 1 645 ;�%7O)( 0.86 s, 6oJL?v ��|1~�,O)| 25 ms �!��,�℄<m�2j`�Y�i$i|>Vm



452 � . e � 52 6O�U{uOT(S�O)\ 1.85 ms g 21.7 ms, ; 54 ;�%7O) 5.6 ms. 7
+{�p�Y�NsYd(
y = y0 +

A

w
√

π/2
exp

−2(x − xc)
2

w2
, (1),G y0 i$y^� xc i >� w i�+BF� A i�Y>Bm�p��Y�LGm

R̄2 )e�YE^mRh��Y�L�) 1 u 1 [�O)�2m >W) 4.7 ms W�)
10−2.4 ∼ 10−2.2 s =
��)40=
��2� 28 ;O�uOT��L>e>VmU{O�uOTmO)Sp�2) 1∼10 ms m�'���<O)_� 25 ms m|'�>VU{uOT(S�O)\ 26.6 ms g 8.51 s, ;
1 591 ;�%7O) 0.89 s. 7
+{�p�Y��Y�L�) 1 u 2 [�O)�2m >W) 0.62 s W�) 10−0.4 ∼ 10−0.2 s =
��)40=
��2� 351;uOT��L>e'�>VuOTmO)vG) 0.6 s &'�;�1~�4vTGuOTmO)m�2�ATNFvTGmU{uOT( 141;�uOO)\ 1.4 ms g 2.8 s, %7O)( 90.7 ms. 1~�,8�O)m�2%[+{�p�Y\��%�7
rp^ >�Y��YNsmYd(

y = y0 +
2A

π

w

4(x − xc)2 + w2
, (2),G y0 � xc � w V A m~�� (1) d��Y�L�) 2. O)�2m >W) 3.5 msW�) 10−2.6 ∼ 10−2.4 s =
��)40=
��2� 37 ;O�uOT�vT2�7
�'�U{uOTsom+{�p�Y�rai	~YJGk0�m����L>evTGmO�uOTO)vG) 3.5 ms i��

FERMI,T� 2008� 6# 11IJ8�U�g�2�?` 54; γ UBuOT [15−16],,G� 8 ;O�uOT (5 ;)vTG). Æ� FERMI uOTGmO�uOTs4^�T�2�lg*Cm�Y�L��|0�	~%[�Y�1~� 46 ;�O�m FERMIuOTmaWO)%[`�Y�4 46; FERMI uOTmO)�2\ 33.1 ms g 444 ms,%7( 166 ms. 7
+{�p�Y��Y�L�) 1 u 3 [�O)�2 >W) 0.14 s,) 10−1.0 ∼ 10−0.8 s =
��)40=
��2� 14 ;uOT��Y*�E�0R��'H���2ms4^vD_T��L>e�O� FERMI uOTmaWO)vG)
0.14 s i�� s 1 %~CQ/	v��5)�,���

Table 1 The fitted results of period distributions of pulsars with area version of

Gaussian function

y0 xc w A χ2 R̄2

Isolated millisecond radio pulsars 1.60 ± 0.60 −2.33 ± 0.01 0.25 ± 0.01 8.55 ± 0.58 1.315 0.986

Isolated normal radio pulsars 3.07 ± 6.84 −0.21 ± 0.01 0.69 ± 0.03 309.60 ± 15.49 226.914 0.987

Normal FERMI pulsars 0.96 ± 3.42 −0.86 ± 0.05 0.55 ± 0.22 7.93 ± 4.89 5.38123 0.730
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Table 2 The fitted results of period distributions of pulsars in binaries with

Lorentzian peak function

y0 xc w A χ2 R̄2

Pulsars in binaries 2.43 ± 0.79 −2.46 ± 0.02 0.35 ± 0.06 20.29 ± 2.50 8.469 0.895���;m|K�O):smuOT��I 37 ; LMXB uOT� 26 ; RXTE uOT� 13 ;XT�Æ�s4^Tl3z�
>m�2oJ�z�jE�m�Y�bi\�G>|9R� 26; RXTE uOTBiO�uOT� 37; LMXB uOTG� 28 ;iO�uOT��64NO�uOTmO)�2SpvG)'�O�U{uOTmi$�z	~mzWO)!>Vm'�O�U{uOTmp��f"1~� 60 ;W) HMXBGmuOTmaWO):s�biÆ� HMXB m3Q℄EE�$&�O)�2D�r�D_��S�muOTE?!�_��|1~2z��	~VS�m,	uOTd)�s#�G!��1~a�dR HMXB mO)�2��4_�s0=Dm.e�J� 3 �e�
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Fig. 3 The period distribution of pulsars within HMXBs

3.2 $}BP.�u+��Æ6 m=1~9s;>VmO�U{uOT�vTGmO�uOTO)�2m=,�)SsK�9g�>VmU{O�uOTmO)�2 >) 4.7 ms i��10−2.4 ∼ 10−2.2 s�'��2mg��� 28;�,G 13;��
s4�lgm%7Æ7�
 (τc = P/(2Ṗ ))



454 � . e � 52 6( 7.8× 109 yr. vTGmO�uOTmO)�2 >) 3.5 ms i��) 10−2.6 ∼ 10−2.4 s�'��2mg��� 37 ;�,G 19 ;��
s4�lg%7�
( 1× 1010 yr. 1~\���L>|9g�vTGmO�uOTmzWO)p!>VmU{uOTmE�O)�sN��6Æ7�
r_sN�s�H(O�uOTi LMXBs �.mgJ�L�6 LMXBs GmG`TiÆE^_� 8 M⊙ m`T|$_��YJm [32−33]. LXMBs GmG`T� O)�F�bi	0
t6p�Tm3E��T3Em��^blG`T���O)%��gJYJO�uOT [29−30]. bi� 20% mO�uOTi>Vm���i09U [34]. >VO�uOTm.�s=it5�/℄mFw0��$$\�Y�LK9�4℄KO�uOTmO)VÆ7�
-z�
>m?,�y
	~mYJ�dr_CE���+S`s06p��mMM�>VmO�uOTmYJy
�ÆKoDbvT! [35−36]. pXK:Cth.400�i_p5�XKmQq�4V5G(muOTD=s4�1~'K�!s;�O�m FERMI uOT�'�>VmU{uOTmO)�2�
FERMI uOTO)�2 >) 0.14 s, ) 10−1.0 ∼ 10−0.8 s �'��2mg��� 14;�%7Æ7�
( 3.7×104 yr. '�>VmU{uOTO)�2m >) 0.62 s W�)
10−0.4 ∼ 10−0.2 s �'��2mg��� 351 ;�	~mÆ7�
( 7.9× 107 yr. 1~>|9g�FERMI uOTmO)�2�'�U{uOTm�2?,_
>�p!'�U{uOT�7l��JL$|Æ7�
m!UKC� FERMI uOT�'�U{uOTm!U��y�? 1 000;'�uOT6>��?s; FERMI uOT�4>D�D=m�L?`s0s^{��Z4K?Jm��>��|K�siÆ7�
40:s2�G:t�quOTm�ZVleMM��i FERMI uOTi�,mYJoD�-0$$\`T|$���Z�N�s�!UE?__>�iÆ�D=m
,M� [37−39] �.m�blD=gm'�U{uOTs�z�a�S��>ls�mi�GJJ�<�efKfY�C�mJ�1_<~mVW℄;s� 500 m C-<�U{&�, (Five-Hundred-Meter

Aperture Spherical Radio Telescope, 
I FAST), �) 6 yr 
�J [40]. FAST �J
�J(g!Sg_C-mU{&�,� FAST !kJ.� 100 m &�,d	��+! 10����&(GN 20 g�^_7M;mm}J Arecibo 300 m &�,E!�,dY℄��+! 10 ��k(g!g_maC-&�,� FAST �)*K 20∼30 yr ��Ng!siW�mt+�g_�?mU{uOT�__-���uOTmh.j�_m℄%�
4 '�Et*�|�
wuOTm)�XAi2�=�=^gm�1~m��2:HmuOT�W�7
'&�nmuOTX!t"U�W fRm)�XA4� Bs = ( 3Ic3PṖ

8π2RN
6 )1/2 = 3.2 ×

1019(PṖ )1/2 Gs, � ATNF m����sC [14]. SdG I iuOTmW�E^�	W( 1045 g · cm2. RN iG`Tm�-��( 106 cm. vTGmuOTXA�!�$&��(^)\�TS6p3EmMM�fCE�m �SOM��t_t�r`XA [41−43].�NvTÆ�Ii%�m�H�_�=gO)fs�r2�klm�X!t"U�Wm
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G�r2�T
X!t"U�WklXA�m�|S���1~+0:j HMXB V LMXB GuOT�m)�XAm�2�1~m=�>|lg)�XAm|KuOTm)�XA�2d)s1TZ�S��I 1 521;'�U{uOT� 97 ;vTGmuOT� 54 ; FERMI uOT|x 12 ;XT�
4.1 $}Br(�z�u+��Æ�=SquOTmXA�2J� 4�e�>|�MX!t"U�Wlg)�XAm ATNFuOT;� 1 521 ;�XA�2� 1.08 × 108 ∼ 9.36 × 1013 Gs, %7>( 2.33 × 1012 Gs.,XA�2rL?Rv ��|1~r�8�Y�|XA4�p� 1010 Gs �!�Æ�>VmO�uOTmYJ��B#-09U�XAYJ��r0
C��6s4^r_T��|1~Ai�2X!t�WbRXA�0�	~%[�Y��<XA_� 1010 Gsm|'�>VU{uOT(S�XA�2� 1.09× 1010 ∼ 9.36× 1013 Gs, ; 1 494 ;�%7XA 2.37 × 1012 Gs. 7
+{�p�Y��Y�L�) 3 u 1 [�,)�XA�2m >) 1012.09 Gs, ) 1012 ∼ 1012.5 Gs =
��)40=
��2� 584;'�U{uOT��L>e'�>VuOTmXASp) 1012 Gs ms^{S�
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Fig. 4 The surface magnetic field strength distribution of pulsars. The height of the column in one

interval represents the number of one kind of pulsars whose surface magnetic field strengthes locate in this

interval. Color curves represent the fitted curves of the surface magnetic field strength distributions

corresponding to different kinds of pulsars1~lg` 97 ;vTGmuOTmXA�	~|O�uOT(S�bi�vTGm
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GmuOTmXA�2�0�	~j%s5m�Y�;�1~
q FERMI uOTm)�XA�2��'�uOTsC� FERMI uOTmXA�2�oL?v �i<m 8 0 FERMI uOT(O�uOT�6,G 5 0W)vTG�Æ�s4^�T�1~nAO� FERMI uOT�A��O�m FERMI uOTm)�XA�2j�Y��<m FERMI uOT� 46 ;�i�O�uOT�XA(
3.58× 1011 ∼ 1.08× 1013 Gs, %7( 3.03× 1012 Gs. 7
+{�p�Y��YNs�L�) 3 u 2 [�,)�XA�2m >) 1012.4 Gs, ) 1012 ∼ 1012.5 Gs =
��)40=
��2� 23 ; FERMI uOT��L>e FERMI uOTm)�XAr) 1012 Gs ms^{S� s 3 %~Cs)�{	v��5)�,���
Table 3 The fitted results of the surface magnetic field distributions of pulsars with

area version of Gaussian function

y0 xc w A χ2 R̄2

Isolated normal radio pulsars 13.47 ± 15.31 12.09 ± 0.03 0.95 ± 0.07 686.39 ± 51.83 915.616 0.979

Normal FERMI pulsars −0.02 ± 0.17 12.40 ± 0.01 0.73 ± 0.01 23.07 ± 0.41 0.055 0.999XT�H(isK�D�7mG`T [44], �℄!�Æom4XA [45], 	m{X"Um�^Ka�XAmuÆ [46]. 	m℄E!�Æo�s4^rT��|rAbR	m)�XA�0%s5�Y�
4.2 $}Br(�z�u+��Æ6 \� 4 Gm�YNs>B>|9R�'�U{uOT� FERMI uOTm)�XA4��vG) 1012 Gs 4ss^{�(`5RtD>'�uOTm)�XA� FERMI uOTV2K0�uOTm)�XAm=,�1~dRuOT)�XAVO)mA8��J� 5 �e�\� 5 G1~>|9R��D�O� FERMI uOTm�
p!'�U{uOTK℄0s^{�bi	~m)�XA?,0_�4Gm=D�Ji|+�"U(Sm�7
γ UBuOT|"U�S�^�aW%x�R�le('�O�uOTmMM
G�)�XA-z�
>mÆM�4m=>�i�(D=z/m
,M� [37−39], bl?�ms42��?Ra�muOT�2�%�2��?Ra�S)�XAmE�A8�'[>�i�('\mX!t"U�W0=*:�4y
)uOTlemMMG�XAm%ei_p%s5G:mh.�f">|
>t9RK�ÆN�7m+�uOT�GPTwriA[)s.m�4i�7muOTiÆGPT���ZmQqm=��?�
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Fig. 5 The relation between the periods and surface magnetic field strengthes of pulsars. The red dashed

line is spin-up line which represents the minimum spin period accelerated under the limit of the Eddington

accretion. The blue dashed line is the “death line” corresponding to a polar cap voltage, below which the

pulsar activity is likely to switch off[33]

5 �! -��2�?m|KuOTm�
�aWO)V)�XAm�2:G%[`h.��L>e0�KNmuOTm4N℄EL?Rs�m?��Æ�O�uOTm�
!�_�)�\8G%[_
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YJm+��	leg
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Statistics and Evolution of Pulsars’ Parameters
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ABSTRACT The period distribution and surface magnetic field strength distribution of

pulsars as well as the spatial distribution of pulsars are analyzed statistically. The spatial

distribution of millisecond pulsars is more dispersive than that of normal radio pulsars. And

the spatial distribution of low-mass X-ray binary pulsars is also more dispersive than that

of high-mass X-ray binary pulsars. The peak values of the rotation period distributions of

isolated millisecond pulsars, normal radio pulsars and millisecond pulsars in binaries are

4.7 ms, 0.6 s and 3.5 ms, respectively. The surface magnetic field strengthes of FERMI

pulsars (gamma-ray pulsars observed by Large Area Telescope/Fermi Gamma-ray Space

Telescope) and normal pulsars all concentrate in 1012 Gs. Combined with the model of the

formation and evolution of pulsars, we discuss some characteristics of these distributions.

The results show that some young pulsars in the high-energy radiation stage are associated

with supernova remnants. This is the direct reflection of the theory that pulsars are formed

by supernovae. The results also show that the surface magnetic field strengthes of pulsars

change a little in the transformation period from the high-energy γ-ray pulsar stage to the

normal radio pulsar stage.

Key words pulsars: general, stars: statistics, X-rays: binaries


