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1 ��þX��V(ÚkHz QPOy�{0

1.1 ��þX��V(

X��V(d1���(£Ï~´¥f(½çÉ¤Ú1��3üz�ð(|¤
[1]
"�âX�

�Ú1ÆÅã1Ý�'�±9�(��þ§X��V(�Nþ�±©�3aµ��þX��V

((HMXB)
[2]
!¥��þX��V((IMXB)

[3]
Ú��þX��V((LMXB)

[2]
"

3LMXBXÚ¥§�(��´�þ6 M⊙
[4]
�xL(!�.ÌS(!F−G.æã(�"�

�(���¥f(ÚçÉ§lð(�(áÈÔ�§�)X��Ë�"��(L¡Úå|é

r§á���(�Ô��±¼�é��Uþ§ùÜ©UþÒ�±=C�X��Åã�Ë�U

þ§§Ý��106
∼ 107 K§;.1Ý�1027

∼ 1031 J/s
[5]
"XÚ�;�±Ï��§lê©¨

�êzUØ�"LMXBXÚ¥¥f(�g=±Ï���AÎ¦§=Î¦óÀ(
[6–8]
§^|�
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�104
∼ 105 T

[5, 10]
"330õ�¥f(LMXB¥uyX���ÚZâ[O±Ï��(kHz QPO)y

�
[11]
§cö´�UN�X��â,OrNõ��U©y�§U�um��á�©ü«a.µ~

��´I.X���§dáÈÔ�3¥f(L¡æÈ��½þÝE¤�uªØàC�)§m�

�m�A���AU¶II.�é��§���@�´duáÈ��Ø½5E¤§���A¦

�A©¨"ù«�u3Ø�1 s��mS§X��rÝ�O�20∼ 50�§���¬¯�E

Ñy�u§Ù±ÏÎÃ5Æ"

�âX��1Ì3VÚã¥£±Ñ�;,/G§¥f(�LMXB¥�3üa;.�µ

p1Ý�ZÚ$1Ý�Atoll
[9, 12]
"ZÏ~3ê��½U��mS3CCD/HIDãþ£x

ÑZ.;,§©�3�©|µHB£horizontal branch¤!NB£normal branch¤ÚFB£flaring branch¤§

Ù1Ý���0.2 ∼ 1��O¶î1Ý
[13]
¶Atoll�CCDã¥Ï~�©�3�©|µUB£upper

banana¤!LB£lower banana¤ÚIS£island state¤§Ù1Ý$uZ§���0.001∼ 0.2��O¶

î1Ý
[13]
"

1.2 kHz QPOy��oN£ã

|^õÇ�ÝÌ�{�±é¥f(LMXB?1�C©Û§=éX���1C�

?1Fp�C���ÙõÇ�ÝÌ£PDS¤§3ÌãþÑy�¸§XJÙ¬�Ïf£½Â�

e¤Q > 2§K¡Ù�O±Ï��£QPO¤
[14]
"¥f(LMXB¥�3´L�QPO¤©§�)XkHz

QPO£300∼ 1 200 Hz§Ï~¤éÑy¤ÚhHz QPO(hectohertz quasi-periodic oscillaiton§�100

Hz)�pª¤©§15 ∼ 60 Hz�HBO (Horizontal Branch Oscillation)Ú�5 Hz� NBO(Normal

Branch Oscillation)�$ª¤©
[9, 15]
§±9õ�ªã�D(Ú��ªÇ

[13]
"1983cî³X��*

ÿÕ¥(£EXOSAT¤uy
LMXB¥�O±Ï��(QPO)y�"

LMXB¥�QPOy�´;.��C&Ò"§3õÇÌþLy�äk�½°Ý�¸§Ï~

^Lorentz¼ê£ãµ

Pν ∝ λ/[(ν − ν0)
2 + (λ/2)2] , (1)

Ù¥ν0´¸�ªÇ§£ã
QPO3õÇÌþ� �¶λ´�p�°£FWHM§ü �Hz¤§�

&Ò�ÍÜ�m�'"<�Ï~rùü�þ�'�½Â�¬�ÏfQ§

Q ≡ ν0/λ , (2)

^5L�QPO&Ò��Z5
[16, 17]
"QPOÒ´õÇ�ÝÌþQ > 2��
¸§Q < 2�¸�D("

&Ò�rÝÏ~dz©'þ���Ì£rms¤£ã§rms ∝ P1/2£Ù¥P =
∫

Pνdν´QPO&Ò¤

CX�õÇÌÈ©¤§L«&Ò�ÌÓo6þ�z©'
[18]
"ù�§Ò�±^3�A�þµ̧ �ª

Ç!¬�ÏfÚþ���Ì5£ãQPO&Ò"

3õÇÌþ§kHz QPO&Ò��I3Î¦þ?"@31971c§ShvartsmanÒ¿£�Î

¦?�Cz&Ò�)uÔ�áÈ���(�L§
[19]
"1995c.§ÛÜ X ���C&ÿ

ì(RXTE)
[20]
u�§Ì�^uïÄ¥�UÌ©EÇX����C5�§Ù,�ü���§

3Sco X−1
[21–23]
Ú4U 1728−34

[24–26]
¥�Uuy
kHz QPOy�§l¦kHz QPOy��ª�

�y¢§�X�LMXB�kHz QPOy���&ÿÚïÄ
[18]
"Z¥§kHz QPOÏ~Ñy
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3HBÚNB�ºà§Atoll¥kHz QPOÑy3ISÚLB��à
[8, 13]
§Ó�kHz QPO�Ñy3

�
fLMXBs§�)Î¦óÀ(
[27]
"

ã 1 kHz QPOéª
(a)� Z Sco X−1� kHz QPOéª

[32]
¶(b)� Atoll  4U 1608−52� kHz QPOéª

[95]
§́ Ù1998c�ueüÜ©�õÇ�Ý

Ìã§Ù¥12�kHz QPÓ ÏL��uÿ�¯�Fp�C�£FFT¤�{3Ù1998c�u�eüÜ©¥&ÿ�"

ã 2 QPOpª�éu$ª'Xã
Ù¥pª´kHz QPO�eª§$ª´HBOªÇ¶p$ªÇ¥y�5'X§¿ò��)xL(�p$ªÇ

[96]
"êâ5u©

z[29, 97, 98]"

kHz QPOÏ~¤éÑy3õÇÌþ£�ã1¤§éª¥�p�¸�ªÇ¡�pªν2§,��

¸�ªÇ¡$ªν1§éªm�´AzHz§�¥f(g^ªÇ£½g^ªÇ���¤��O��

Ø�L20%"kHz QPOéª�m±9�Ù¦ªãQPO�p'é
[13]
§�Z¥�Atoll¥��

«�'5Ä���"kHz QPOeª�$ªQPO�m¥�5'X
[28, 29]
"ÙªÇ3á�I£ê�

�¤SÏ~�1Ý�O�O�§ÙªÇm�∆ν = ν2 − ν1Ï~�X1Ý�O�~�§XSco
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ã 3 kHz QPOªÇ��éueª'Xã
ü�X��óÀ(SAX J1808.4−3658ÚXTE J1807−294

[99]
�QPOªÇ$uÙ¦AtollÚZ��§�´kHz QPO�.�(J

[69]
"

X−1
[30]
"��Cuy3 Cir X−1¥§ªÇm��X1Ý�O�O�

[31]
"3��Iþ�1Ý

vk�'5§�3ν− Lxãþ£Ñ�X��²1�
[32]
"

kHz QPOþª�eª�m'X�ÚO©Ûuy�3r�'5§©z¥²~^�Æ'

Xν1 ≈ ν
b
2

[33–36]
Ú�5'Xν2 = Aν1 + B£Xã2!3¤

[37]
5[Üéª�m�'X"̄ ¢þ�Æ'X

�±g,/�ÑªÇm�kO��~��Czª³§�5'XÃ{Ú�)ºZ¥ªÇm

��ù�Czª³"�Æ�ê3üa�m�3XÚ5�É§Z¥��Æ�ê�é��"d

	§Z3þª�� 840 HzNCq��3$:§éu�p�ªÇ�Æ�ê��"

*ÿ�uykHz QPOéª�g=ªÇ�'�©Ù31Ú1/2NC
[27, 38]
§��kHz QPOéªÚ

g=ªÇÑ*ÿ��£ã4´26�kHz QPO�g=ªÇ©Ùã¤§§��m�3�'5
[44]
"

ã 4 26�g=ªÇ�©Ùã
äN�ëê9ë�©z�L1
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L 1 RXTE&ÿ��LMXBs¥f(g=ªÇ

¶¡ νs/Hz P/ms ë�©z

Î¦óÀ((8)

IGR J00291+5934 599 1.67 [39]

XTE J0929−314 185 5.41 [39]

XTE J1751−305 435 1.87 [39]

XTE J1807−294 191 5.24 [42]

SAX J1808.4−3658 401 2.49 [39]

XTE J1814−338 314 3.18 [39]

HETE J1900.1−2455 377 2.65 [39]

XTE 1739−2851) 1122 0.89 [43]

Atoll(11)

XB 1254−690 95 10.5 [41]

4U 1608−52 619 1.62 [39]

4U 1636−53 581 1.72 [39]

4U 1702−43 330 3.03 [39]

4U 0614+09 415 2.41 [39]

4U 1728−34 363 2.75 [39]

KS 1731−260 524 1.91 [39]

A 1744−361 530 1.89 [39]

SAX J1750.8−2900 601 1.66 [39]

Aql X−1 549 1.82 [39]

4U 1916−05 270 3.70 [39]

Ù¦(7)

EXO 0748−676 552 1.72 [40]

MXB 1659−298 567 1.76 [39]

MXB 1743−29 589 1.70 [39]

SAX J1748.9−2021 442 2.26 [39]

GS 1826−238 611 1.64 [39]

IGR J17191−2821 294 3.40 [39]

SWIFT J1756.9−2508 182 5.49 [39]

5µ1) XTE 1739−285�g^1122 Hzk�?�Ú(@
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1.3 kHz QPO&Ò��Z5

Barret�<^RXTE�êâ�[ïÄ
3 �Atoll  4U 1608−52!4U 1636−536Ú4U

1735−44�¬�ÏfÚþ���Ì�ªÇ�'X
[16, 45, 46]

§uyÙeª3,�ªÇ£éu4U

1608−52§ν1 ≈ 800 Hz¶éu4U 1636−536§ν1 ≈ 850 Hz¤±e�¬�Ïf��'§3ù�ª

Ç�m¬�Ïf�����£éu4U 1608−52§Q ≈ 200¶éu4U 1636−536§Q ≈ 222¤�

�â,eü§pªQPO�ªÇ�ÍÜ�mvk²w��'5"4U 1636−536�eª�þ�

��Ì3600∼820 Hzm��´~ê§,��ªÇ�O\~�£�ã5¤"3ù��§¦�

qé6�Atoll?1©Û
[17]
§uyØ4U 0614+09	�Ù¦5�eª�¬�Ïf3pª?þ

kâ,�eü§34U 0614+09¥�&ÿ��ªÇO\�Ü©"Ø4U 1728−34	��p

ª¬�Ïf���ªÇ�O\O\§���&ÿ���ªÇ"Méndez
[47]
ïÄ
7�Atoll

Ú5�Z�þ���ÌÚ¬�Ïf�1Ý�'X§uyþeªþ���Ì����£rmax¤Ñ

�1ÝO\�ê~�¶eª�¬�Ïf�����1ÝkO\��êeü§�'þ���

Ìeü�¯¶þª�¬�ÏfA�Ø�6u1Ý"Barret�<@�ù��*ÿy�´¥f

(��½�;��A�
[17]
§¿?Ø
Ù¥�K�Ï�",	§�
*ÿyâL²Óa¥f

(LMXB*ÿ��Zâ[QPO��Z5�ü$´du¥f(L¡Ë�å�^���
[48–50]
"

ã 5 4U 1636−53�QÏfÚþ���Ì�ªÇ'Xã
[16]

(a)þã�þ���Ì�þª'Xã§(b)eã�QÏf�þª'Xã"dêâ5gRXTE�'Oêì£PCA¤§*ÿ�ml1996c4�

�2004c9�§ã¥z�êâ:�Í1�m�u600s"3êâ?nL§¥¿vkLÈ�©êâ§©Û¥�´íØ
X���u��

mm�§¦^Ù¦¤k1f
[16]
"

2 ékHz QPOy��nØ)º

LMXBXÚ¥§�(JøÔ���ª��k3«µ£1¤e�(´��¿÷âF��ã(§

KÔ��±ÏL1�.�KF:6���(þ¶£2¤e�(�NÈ'âF���õ§KÔ�

�Ñ$���(º°Ä§�(ºd�(�	N�§�Ü©���(Ó¼§��6���(L



3Ï �·§�µ¥f( X ��V(¥ kHz QPOy��nØ)º 2833Ï �·§�µ¥f( X ��V(¥ kHz QPOy��nØ)º 2833Ï �·§�µ¥f( X ��V(¥ kHz QPOy��nØ)º 283

¡þ¶£3¤e�(þ�3�
�	��Ô��¹Ä�:§@o�§���Ô�6×L��(

�§Ò����(¤áÈ"�(JøÔ���ªØÓ§éuáÈL§k�½K�"�duá

ÈÔ��Uþº�Ñ´3��(NC?1§¤±X���u���(JøÔ���ª'X¿

Ø��"3��(NC§½áÈ$Ä���(�^|ÚeáÔ��A5k'"áÈÔ�3

äk���Äþ��¹eÒ/¤��áÈ�"áÈ�S�Ô�÷Ú^;��S$Ä§ÅÚ^

���(L¡"ù�áÈÔ��m�Ê¢�^¬º�ÑÚåU§=z�X��láÈ�L¡

Ë�Ñ�"

8c§ékHz QPO��)Å�¯`ª�"duÙÄåÆ�I�áÈ��SÜ«�£9�

�(NC¤Ô��$Ä�I��§ÏdÊH@�kHz QPO�)u¥f(L¡NC�rÚå|

«�§Ì��Ä�Ï�©�ü«µ£1¤3áÈ��S>.§du^|�^�â,OrÚáÈ�

¸�â,Cz§��Uþ�-�º�¶£2¤��(NC��éØ�A"

2.1 ^|�áÈ�S>.Ô��p�^�(J

lUN�áÈL§5w§U
Úåã��Uþº��Ï�7,´áÈ�¸�â,Cz"

du3��áÈ�¥K�Ô�$Ä�Ì��Ú´ÚåÚ^|§Ïd�^ØÚÔ�eá�Úå

³U���§¬{�Ô��eá§lÚå�¸�Cz"

2.1.1 ^¥ûª�.

l�Ð&ÿ��kHz QPO&Ò©Û§ü�kHz QPO�¸�ªÇÓ�O\§Ùm�

3Ø�#N��S�~ê§ùÒéu<�^ûª�.5)ºdy�
[51, 52]
"ûª�.�Ð

dAlparÚLamb�<JÑ§̂ 5)ºGX5−1¥20∼40 HzÚCygX−2¥5∼50 Hz�HBO§=^¥

ûª�.
[53, 54]
"ÙÔn�¸´f^¥f(±CO¶îáÈÇáÈÔ�§Ù±�/¤mÊV�"

áÈ�Ô�du�pm��ÞÚÊ¢�A§Øä���ÄþÚ^ª�¥f($Ä§eá

L§¥º��ÚåUÜ©�Ë�Ñ�"��SÜ«�±Ë�Ø�Ì"du9Ø½5Úá

ÈÔ�m��é$Ä�Ï�§ù
«���lfN�m©ÙØþ!§/¤�
p�Ý�ì

¬"ù
ì¬3mÊV��S>.±mÊVªÇ$Ä§/¤kHz QPO¥�þª"du�ÞÚ

Ê¢�A§ù
�lfNì¬Øä���Äþ»��^¥¤£"3mÊV�Ú^¥¥m

�>.�«�§¥f(^ÏÚ�lfN�^Ï¬u)é§�du�lfNm��é$Ä

�)m�©–²0¿[Ø½5§ù
Ï�¦p�Ý��lfNì¬Ñm§¿é¯�¥f(

�=½áÈ�¥f(L¡u�X��"XJáÈ��Ë�Ø´¶é¡�§K3,��� 

��lfN�^¥��p�^¬��uÙ¦� �§Ïd3ù����)�éu^¥±û

ªνb = νK − νs��ª§=éª¥�eª"ù��.�5�Lamb�<
[55]
?�ÚuÐ¿^5)º

@Ï3Z¥uy�ü�15∼60 Hz HBO
[14]
"dud�.@���Øþ!(��¥f(�=§

ÏdØ·^u¶é¡áÈ"

2.1.2 (:ûª�.

MillerÚLamb�<�Ä�áÈÔ�eá��Ý�(��'X§JÑ
(:ûª�.
[56]
"

ù��.Ó�@�pª´Ô�$Ä3A½�»?�mÊVªÇ§$ª´mÊVªÇÚ¥f

(g^ªÇ�ûª"�§b½3ù�A½�»NC§áÈ�SÜ«��Ô�±(��p$Ä§
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Ïd¡ù��»�(:�»"3mÊV��S>.§du^ë6!���e±9Ë��K�

�)�Ý�Øþ!5§/¤�lfNì¬"XJù
ì¬36Nm©�(�eá��»	/

¤§K3§�����(L¡�®²�°Ñ¶XJ3ù��»p¡/¤§�)�ì¬�*

Ñ�m´eá�¥f(L¡�m�100�§KØ¬�»�"3(:�»	§6N±æ(��S

*Ñ�(:�»§,�±�(�Ú^eá"(:�»Sdu»��Ý:ìO\§¤±áÈ�

¥�lfN�Ý~�"5g,�ì¬�íNÚ^eá¿±mÊVªÇ^=§�¥f(-E�

)²��l/X��u�«§ù�«�÷¥f(»�±mÊVªÇ^="du¥f(g=Ú

å�ëìXö�¬K��mÊVªÇ§Ïdþª�f/�6ug^"du�Äþ��§m

ÊV6eáÜ©'ß?^¥eá�¥f(L¡§,�Ü©÷^|�$Ä�L¡§�¥f(-

E?�)9�"XJù
9��g^ØÓ¶§K¬�)^=X��Ë�å§¿3Ë�Øå�

�^e�±Ï��"ù��.E,ýó
��~êªÇ�∆ν = ν2 − ν1 = νs"��d�.�

?U�ªÇm��±�ug=ªÇA�â[
[57]
"?§LambÚMiller

[58]
JÑûª��þ(:

�»Ú�=�»?;�ªÇ��§�ÑªÇm��±�g=ªÇ���"�XLMXB¥kHz

QPOÚg=ªÇ�êâ�5�õ§û�.®²��õê*ÿêâØÎ"

2.1.3 >.³^�.

Titarchuk�<^¥f(±����9>.«�£l%³^�ÄåÆ¤5)ºLMXBs¥�

Zâ[Cz&Ò"3¥f(áÈL§¥§���Äþ���áÈÔ�3¥f(±�/¤��

áÈ�¶,�Ü©�7¥f(�æmÊV^=�Ô�É¥f(Úå�^gdeá§��¥f

(±��l%³^{�Ùeá
[59]
"Ïd§¥f(NC�3ü�«�µáÈ�Ú>.«">.«

=áÈ��S>.�¥f(L¡�m�«�§duáÈÔ�eáL§¥ÏÊ¢Ú�Þ�^

���Äþ§Ïd3ù�«Ô�$Ä´�mÊV�"ù��Ä�áÈ��¥f(�^¥�p

�^�>.�
[60–63]
§2éÜ�
6NåÆÚ$ÄÆ�I§�±|ÜÑ�X�kHz QPO�."Ù

u� �´áÈ�Ô�ì�º�ÚåUl¦l%å�uÚå�l%³^«"3ù�«�§

Ê¢Aå¦Ü©�Äþ�	DÑ§�lfN�Ý�Øþ!5¦Ü©Ô�¼��õ�Äþ�

�mÊV^=§¿3R�Ú»�²{¶þ��"ù
ØÓ�ª���ªÇ�u,�Ìª�u

)��§ù�ÌªÒ´kHz QPO�þª§eª´Ô��mÊV$Ä�ªÇ§ü�ªÇm�

´^=�áÈ�¥�pc|å�)�Ìª©)�A��z
[60]
"OsherovichÚTitarchuk|^a

|–�VØ½55£ãkHz QPO��)
[64, 65]
"3¦���.¥§*ÿ��Zâ[QPO´Û

d'.£Rossby type¤a|–�VÚåÅ���y�"Ûd'.a|–�VÚåÅ´�3^=

�IXe§�ºÝ6N$ÄÚå�ÚåÅ"²;�?n�{´rù��ÚåÅw¤´3�p

c|å�^e�mÊV��f§ÏdkHz QPO�@��¥f(^¥3»�¡NC�=ÄªÇ

k'"

2.1.4 ^6NC�©Å���.

C�©Å´^6N¥÷X^å�DÂ�îÅ"��Ôn¥^Ù)º��¥

5∼8 min�QPO
[66–68]
"áÈ�äkÚF�¥aq�^6N�¸§Zhang

[69]
@�kHz QPOd

aq���Å��)§JÑC�©Å���."b�¥f(^|�ó4^|§áÈÔ�eá

L§¥3,�A½��» �§̂ Ø�ueáÔ�é^|��EÂØ§ù�¥f(�áÈ�
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Abstract: In the power density spectrum of neutron star in low mass X-ray binaries (LMXBs),

the Rossi X-ray Timing Exploer (RXTE) detected kilohertz quasi-periodic oscillations (kHz QPOs).

The frequencies of kHz QPOs range from a few hundreds to thousand, which corresponds to the

dynamical time-scale for accreting matter in the inner partof the accretion disk. Therefore, it is

generally thought to be occurred in the accretion flow close to the neutron star surface, which brings

the information from the central compact star and its stronggravitational field, such as mass, spin

period, angular momentum, radius, magnetic field, and so on.So, the kHz QPOs of accreting com-

pact objects open up a new window on the physics of strong gravity and dense matter. Based on the

basic phenomena of kHz QPOs, we primarily introduce the theoretical interpretations of kHz QPOs.

There are two kinds of models for explain the kHz QPO theoretically. One is involved in the effects of

magnetosphere, including the beat-frequency explanationand Alfvén wave oscillation model. Both

of them consider the interaction between the inner accretion disk and the magnetosphere. But the

beat-frequency model predicts a constant frequency interval. With the increasing data, it is found

that the frequency interval is variable. So this model is inapplicable. The other relates to the effects

of strong field for general relativity, i.e. relativity precession model (RPM) and relativity resonant

model (RRM). RPM takes the lense-Thirring precession and the classical precession caused by the

gravitational quadrupole term due to the compact star rotating. RRM is a pure mathematical model

and only can explain the the certain ratio frequency and somefrequency relations. There are many

physical problems which cannot be explained by this model, such as the detailed physics that gov-

erns excitation, damping and modulation, the resonance modes and how to excite them, and so on.

From the frequency relations among white dwarf, neutron star and black hole and the types of QPOs

in these sources, we can infer that both magnetosphere-diskinteraction and strong gravity contribute

to the emission of kHz QPOs. Analyzing the special properties of the sources, we can study the

emission mechanism in detail and promote the theoretical study of kHz QPOs.

Key words: X-ray binary; accretion; kHz QPO


