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í�Ñ�0f�þ'X, éÜþ0f1�»�-u��Sü�
©Ûýÿ. �â���(J, �±íÿ f2(1810)

Ú f2(2010) �U��Üþ0f1�»�-u��ÿÀö. Ó��Ñ
 f2(1810) Ú f2(2010) ��Üþ0f1�»�

-u���PC&E. ù
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1 Ú ó

��X 20 ­V 70 c�ìCgd5��uy,

þfÚÄåÆ (QCD) ��£ãr�p�^��C
��5�|nØ, ®²�<�ÊH�É. þfÚÄ
åÆ¤õ/)º
éõ¢�y�, 3pU«, �â
�p�^Cq�:��¹, ÍÜ~êé�, �^r
Ý�é�f, <��±|^�6�{5?n�p�
^. �´3¥$U«, ÍÜ~êé�, �p�^rÝ
ér, �6�{Ø2·^. î8��, ïÄ$Uþf
ÚÄåÆ�k��{�k�:nØ, ,
ù«�{
I��þÈ©$�. 3yk�O�^�e, =¦|
^�AkÛ{��ù
È©(J, ¥mL§�7L
��
7��Cq. ��y3éu¢�þuyÚÈ
\��þrf�, nØþE,Ã{l1��nÑu
5)º§��5�. AO´Cc5�XnØuÐÚ
¢�^��ÅÚJp, <�l¢�¥È\
�þ�
êâ. ��¡, k
êâéÐ/�y
nØýó, �
´�k�
êâ��5�ýó¿Ø����. ¡é
�þ�rf¢�êâ, <��U/ÏÄuþfÚÄ
åÆ��
���., X: |©§��. [1,2], ��

�. [3,4], 6+�. [5,6] �é§��5�?1£ã.

du0f´ïÄrÍÜ!��6«��þf
ÚÄåÆ�n�|¤, 0fÌ�ïÄéun)þf
ÚÄåÆ���6�Aäk­�¿Â, 0fÌïÄ
®¤�âfÔn¥���©¹��+� [7−9]. �â
�#�âfL (Particle Data Group, PDG)[10], Cc
5�X���0f3¢�þ�þ�uy, �0fA
O´Ä��0f3âfL¥�SüÅÚ�õ. ,
,

éu�0f�»�-u��Sü%�3Ãõ¯K.

��¡, �
0f�»�-u��8vk3¢�þ
uy, é»�-u��ïÄ�"y¢��|±; ,
��¡, k
0f»�-u�¥%Ñyõ��¿�
Ó�� ���¹, éuù
��SüKI�¢�
ÚnØ��\©Û.

�©ò­:©ÛÜþ0f�1�»�-u
��Sü¯K. 3âfL¥, a2(1325), f2(1525),

f2(1270) Ú K∗
2 (1430) ©O��Ä�Üþ0fÊ

­�¥Ó ^¥þ�!Ó ^Iþ�ÚÓ ^
�­��¤
, Ä�Üþ0f�Sü®�2��
É [10]. d	, �Ä�Ó ^Iþ��Uu)�p�
·Ü, 3L�Ac¥éõ©z [11,12] é f2(1525)

Ú f2(1270) � · Ü � � Ñ 
 � ¦ � � ? Ø. Ä

† E-mail: fxchao@zzuli.edu.cn

c© 2012 ¥IÔnÆ¬ Chinese Physical Society http://wulixb.iphy.ac.cn

231401-1



Ô n Æ � Acta Phys. Sin. Vol. 61, No. 23 (2012) 231401

� Ü þ 0 f ´ î 8 � � @ £ � ' � � ß � A
� 0 f � � �. � ´ é u § � » � - u � � S
ü � � � 3 é � � � Æ. � � ¡ é u 1 � » �
- u � ¥ Ó   ^ ¥ þ � S ü, � , õ � ¢ � u
y a2(1700) ��3, ~X: L3 ¢�| [13] 3PCL
§ γγ → KS

0 KS
0 *ÿ������, �þÚPC°

Ý©O´ (1767±14) MeV Ú (187±60) MeV; Bell ¢
�| [14] 3�C 1750 MeV � �þ�*ÿ���
���, �þÚPC°Ý©O� (1737±5±7) MeV

Ú (151 ± 22 ± 24) MeV; Crystal ¢�| [15] 3L
§ pp̄ → π0ηη ¥��w
�����, �´Ù�
þ�²w�uÙ¦¢�|�ÿþ(J, Ùê���
3 1660 MeV NC. ¢�þ�,®²uy a2(1700),

�é§��þÚPC��3��©Ü, �#�âf
L¥�vk�Ñù���Sü. �éuÓ ^¥
þ�, Ó ^Iþ��Sü�w�Àb�l. ¢�
þuy�äk JPC = 2++ Ú I = 0 þfêÔn�
�ê8éõ, ���Ñ
Ó ^Iþ�¤UNB�
�ê, ~X: f2(1430), f2(1565), f2(1640), f2(1810),

f2(1910), f2(1950), f2(2010), f2(2300), f2(2340).

�´��y3, 3¯õ�Ôn�¥vk?Û��
�±�ÎÃ�Æ/Sü�Üþ0f�1�»�-
u�. Ó�duÄ�Üþ�¥�U�ù
Ó ^I
þ�·Ü, ù
ÑòO\Üþ0fAO´Ó ^I
þ�Sü�JÝ. ù�¦�éÜþ0f�Sü¤�
©z'5�9: [16−18]. �
)ûù�¯K, ·�
}ÁÚ\õ���ëê, ¿�b½;,��åÚ�
ÇÑ�|©§��þ�', �Ñ
-u�0fSü
��«�Y [19,20].

�©Äuù���Ä: l;,�Ä�A�Ñu,

Ø�Ä;,�åÚ�Ç�äN/ª, �
U
é¯
õ�Ôn��ÑÜn�Sü, �I��Ñ1�»�
-u���þÌ, Ò�±ò¯õ�Ôn�«©m,

�þ�u1�»�-u��, �U�Sü3p-u
�, �þ²w�u1�»�-u��, K�U�S
ü�Ù¦0fÊ­��¤
.

2 �þ·ÜÝ


�â SU(3) +��¦©)5K 3 ⊗ 3̄ = 8 ⊕ 1,

d��§�Ú���§�|¤�0f�©OW¿

3 SU(3) +���Úl�L«þ, Ù¥n�Ó 
^ I = 1 ��!o�Ó ^ I = 1/2 ��Ú��
Ó ^ I = 0 ��W¿3l�L«þ, ��Ó 
^ I = 0 ��W¿3��L«þ. ��<�rùÊ
�0f�Ú�8¿���0fÊ­�. 0fUì
Ù JPC þfê�ØÓ, ©O|¤ØÓ�0fÊ­
�. 3§��.¥, 0fÊ­�¥Ó ^Iþ��
±u)·Ül
/¤ü�Ôn�, XJÀJ S = ss̄

Ú N = (uū + dd̄)/
√

2 �Ä, £ãÓ ^Iþ�·
Ü�±^e¡�þ²�Ý
L« [11,21,22]

M2 =

 M2
N + 2Ann

√
2Ans

√
2Ans M2

ss̄ + Ass

 , (1)

3ùp, MN Ú Mss̄ ©OL«à� N Ú S ��þ;

Ann, Ans Ú Ass ©OL« qq̄ ↔ q′q̄′ �m�D4�
Ì. ëê Ann, Ans Ú Ass ÷v±e'X [23]

Ans = AnnX, Ass = AnnX2, (2)

Ù ¥, ë ê X L « � Ä � SU(3) » " � K �
� � Û É § � Ú Û É § � � � þ ' �. · �
� X = 0.6298, ù��d��éØ§��.(
½, ¿�2�^5?10f�þ©Û [24,25].

3��0fÊ­�¥, Ó ^Iþ�Ôn� ϕ

Ú ϕ′ ´�þ²�Ý
����, M2
ϕ Ú M2

ϕ′ �é
A�������. Ôn� ϕ Ú ϕ′ �à� S = ss̄

Ú N = (uū + dd̄)/
√

2 ÏLÝ
 U éXå5 |ϕ〉

|ϕ′〉

 = U

 |N〉

|S〉

 , (3)

Ý
 U �±L«¤±e/ª

UM2U † =

 M2
ϕ 0

0 M2
ϕ′

 . (4)

�â'Xª (1), (2), (3) Ú (4), �±��

M2
N + 2Ann + 2M2

ss̄ + AnnX2

= M2
ϕ + M2

ϕ′ , (5)

(M2
N + 2Ann) × (2M2

ss̄ + AnnX2) − 2A2
nn̄X2

= M2
ϕ × M2

ϕ′ . (6)

� Ä � N � Ó   ^ ¥ þ � � p � �, � ± @
� N � Ó   ^ ¥ þ � � þ { ¿, l 
 � ± �
� MN = MI=1.
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�â (5) Ú (6) ª, ÏLÑ\��0fÊ­�
¥Ó ^Iþ�ÚÓ ^¥þ���þ, �±��
�A0f�¥X� ss̄ ���þ. òþã'XA^
� 13S1, 23S1 Ú 13P2 0fÊ­�¥, ©OO�

éA0f�¥X� ss̄ ���þ. ·�ò¤��(
J�Ù¦nØ�.���(J�
'� (�L 1),

3ùp¤^ëêÑ5g�#� PDG ¥ [10].

L 1 0fÊ­�¥X ss̄ ���þ (ü : MeV)

N2s+1lJ 13S1 23S1 13P2

�©(J 1018.32 ± 0.07 1688.33 ± 20.23 1530.95 ± 5.02

©z [26] 1009 1546

©z [27] 1010 1680 1538

©z [28] 1015 1544

©z [29] 1020 1690 1530

3 X3;,

X3;,´ 20 ­VÊ8�c�3ïÄÑ��
Ì�pU1��JÑ5�. �âX3;,é0f©
a�A�: 1) z�^;,d�X�äkØg^!�
þØÓ	, Ù¦þfêX>ÖÓ ^�¡����
Ó�0f|¤; 2) Ä�0f¤3�;,¡�+Þ;
, (leading trajectory), »�-u�¤3�;,¡�
+Þ;,�å�;, (daughter trajectory). éu�
�0f��Sü, AO´;�-u�Ú»�-u�
�Sü, X3;,nØ´��{'k���{. 3
X3;,é0f�©a�g�¥, �I�(½Ä�
0f¤3 �Ú�A�;,��å��ÇÒ�±
�½-u�0f¤3� �. Ïd, �Céõ©z
Ñé;,nØ�
�¦?Ø [26,30−32]. |^X3;
,��¡�±é®²uy�0f��nØþ�?
�Ú(@, ,��¡��±é¢�þÿ�uy½Ø
U(½�Ôn��nØ�?�Úýÿ.

� â X 3 ; , é 0 f © a � A :, ä k �
Ó JPC þfê�0f^O�5;?1£ã, �
� [26,31,32]

l = αij̄′(0) + α′
ij̄′M

2
ij̄′ , (7)

3ùp, iī′ L«�A�§� (�§�), l Ú Miī′ L
«éA0f�;��ÄþÚ iī′ �þ, α′

iī′
� αiī′(0)

�éA;,��åÚ�Ç. X3;,�åÚ�Ç÷

ve¡'Xª

αīi(0) + αjj̄(0) = 2αij̄(0), (8)

1
α′

iī′

+
1

α′
jj̄′

=
2

α′
ij̄′

. (9)

éu;,��Ç, b½ JPC Ú (J + 1)−P−C

þfêäk�Ó�;,, |^þ¡�'Xª, �±
��

α′
ij̄ =

1

M2
N (J + 1)−P−C

ij̄ − M2
NJPC

ij̄

, (10)

3ùp, ëê N L«»�-u�þfê. �âþ¡
�©Û, ò'XªA^�Ä�¥þ0f 13S1 ÚÄ
�Üþ0f 13P2 Ê­�¥, �±���A�Ä�
;,��Ç. XJ�Ä�;,�,��A�, ��
»�-u��å�;,AT²1uÄ�;,, ÏL
Ñ\®��0f��þ, �±�� 23P2 �'0f
���þ, �ã 1.

4 PC©Û

d þ ¡ � © Û, Ü þ 0 f 1 � » � Ä u
� 23P2 � Ó   ^ I þ � ¤ 
 ¥ � Û É ¤ © Ú
Û É ¤ © � � þ © O � (1811.84 ± 20.22) MeV

Ú (2038.94 ± 17.18) MeV, 
�ââfL�Sü,

f2(1810) Ú f2(2010) �k�U��éA�Ôn
� � 3. X J ò f2(1810) S ü � 23P2 Ó   ^
Iþ�¤
¥�ÛÉ¤©, |^ (1)—(6) ª�±
� � f2(2010) � � þ � (2039.51 ± 17.70) MeV.

ù�(J�âfL¥�Ñ��þ Mf2(2010) =

2011+62
−76 MeV �©��.

é u Ô n � f2(1810) � © Û, � Ð 3 � A
L § ¥ π−p → K+K−n u y, Ù � þ Ú ° Ý
©O� 1857+35

−24 MeV Ú 185+102
−139 MeV[33]. �C,

Uehara � [34] � � Ñ ù � � � � þ, � � 3 �
� � Ø �, â f L PDG ¿ v k � Ñ ù � � S
ü ( J. , 	 � � Ô n � f2(2010) 3 � A L
§ ¥ π−p → nφφ u y, Ù � þ Ú ° Ý © O
´ 2011+62

−76 MeV Ú 202+67
−62 MeV[35]. 3 f2(2010)

uy�ØÈ, f2(2150) ���3 pp̄ → π0π0, ηη, ηη′

L§¥uy, �´Ù�þÚ f2(2010) '��C, ©
z [36] �ÑâfL¥� f2(2010) Ú f2(2150) Ù¢
Ò´Ó���.

231401-3



Ô n Æ � Acta Phys. Sin. Vol. 61, No. 23 (2012) 231401

ã 1 Üþ0f+Þ;,Úå�;,

� 
 U 
 3 ò 5 � ¢ � ¥ � y ù «
Sü��U5, ·��Ñ
 f2(1810) Ú f2(2010)

��
PC&E. �âúª, N�Ý
 U �±L
«�

U =

 Xf2(1810) Yf2(1810)

Xf2(2010) Yf2(2010)



=



√
2AX√

2A2X2 +
(
M2

f2(1810)
− M2

nn̄ − 2A
)2

M2
f2(1810)

− M2
nn̄ − 2A√

2A2X2 +
(
M2

f2(1810)
− M2

nn̄ − 2A
)2

√
2AX√

2A2X2 +
(
M2

f2(2010)
− M2

nn̄ − 2A
)2

M2
f2(2010)

− M2
nn̄ − 2A√

2A2X2 +
(
M2

f2(2010)
− M2

nn̄ − 2A
)2


. (11)

/Ï®��Ôn���þÚ·��©Û(J,

�Ñ f2(1810) Ú f2(2010) §�ó�SN

|f2(1810)〉 = (0.999 ± 0.001)|N〉

− (0.006 ± 0.003)|S〉, (12)

|f2(2010)〉 = (0.006 ± 0.003)|N〉

+ (0.999 ± 0.001)|S〉, (13)

l¥�±w�ü�Ôn�ké��·Ü. �e5·
�©Û
 f2(1810) Ú f2(2010) ��
PC(J, �
â f2(1810) Ú f2(2010) PC�ü��I0f�k
�M�î/ª [11,37]:

Heff = g1Trace(fF PF PF )

+ g2Trace(fF )Trace(PF PF ),

ª¥, g1 Ú g2 L«��ÍÜrÝ, fF Ú PF ´£ã

Ð�0fÚ"0f���Ý
. �â©z [37], �
±��

R1 =
Γ (f2(1810) → ηη)

Γ (f2(1810) → KK̄)

=


√

M2
f2(1810)

− 4M2
η√

M2
f2(1810)

− 4M2
K

5

×

(
Xf2(1810)ξ

2
1 −

√
2Yf2(1810)ξ

2
2

Xf2(1810) −
√

2Yf2(1810)

)2

, (14)

R2 =
Γ (f2(1810) → ππ)
Γ (f2(1810) → KK̄)

=


√

M2
f2(1810)

− 4M2
π√

M2
f2(1810)

− 4M2
K

5

×

( √
3Xf2(1810)

Xf2(1810) +
√

2Yf2(1810)

)2

, (15)
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R3 =
Γ (f2(2010) → ηη)

Γ (f2(2010) → KK̄)

=


√

M2
f2(2010)

− 4M2
η√

M2
f2(2010)

− 4M2
K

5

×

(
Xf2(2010)ξ

2
1 +

√
2Yf2(2010)ξ

2
2

Xf2(2010) +
√

2Yf2(2010)

)2

, (16)

R4 =
Γ (f2(2010) → ππ)
Γ (f2(2010) → KK̄)

=


√

M2
f2(2010)

− 4M2
π√

M2
f2(2010)

− 4M2
K

5

×

( √
3Xf2(2010)

Xf2(2010) +
√

2Yf2(2010)

)2

, (17)

Ù¥,

ξ1 =
1√
3

cos θ −
√

2
3

sin θ,

ξ2 =

√
2
3

cos θ +
1√
3

sin θ,

θ = −11.5 ◦C L«Ä��I0f¥Ó ^l�Ú
ü

L 2 f2(1810) Ú f2(2010) �PC(J

PC�ª R1 R2 R3 R4

nØ(J
0.2192 6.7729 0.1846 0.0001

±0.0015 ±0.057 ±0.0009 ±0.0001

��·Ü�, �\�A�ëê, l (14)—(17) ª·�
�±��éA�PC°Ý, �L 2.

5 ( Ø

�©òX3;,nØÚ0f�þ·ÜÝ

ü ö ( Ü å 5, | ^ ��� # � 0 f � þ ' X
ª, éÜþ0f�Sü�
ýÿ. �â©¥�©
Û, �Ñ
Üþ0f1�»�-u���¤
�
�þ��, (Üyk�¢�êâ, ·�íÿÔn
� f2(1810) Ú f2(2010) ék�U��Üþ0f
1�»�-u�¥�Ó ^Iþ�¤
�3. �
©(Ø� Godfrey � [29] l�éØ§��.��
(J�©��. �©�(ØéÜþ0f�Sü,

AO´Ù¥�Ó ^Iþ��Sük�½��
Ï, X J f2(1810) Ú f2(2010) � S ü � � ( á,

@o�þ�u f2(1810) �Ôn�, ~X: f2(2240)

Ú f2(2410) AT3�p-u�þ�Ïé§�� 
�. 
éu@
�þ�u f2(1810) �Ôn�, K�
UI�W¿3Ù¦0f�¥½ö�Ä��'0f
�·Ü¯K.

��, �
U
3¢�¥u��©(J��1
5, ·��Ñ
 f2(1810) Ú f2(2010) ��
PC&
E, 3ò5�¢�¥?�Ú�y.
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Mass analysis of the isoscalar state of the
23P2 meson nonet
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Abstract

In the view of the experimentally confirmed existence of the a2(1325), f2(1525), f2(1270) and K∗
2 (1430), which are the ground

tensor meson 13P2 members, through combining the Regge trajectory and meson mass mixing matrix, we investigate the assignment of

the first radial excitation of tensor meson. We suggest that the states f2(1810) and f2(2010) should be the candidates of this assignment.

Moreover, some information about decaying of f2(1810) and f2(2010), which serve as pseudoscalar mesons, are presented. The results

should be tested in the experiment in the future.
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