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Mesonic spectroscopies beyond QM?
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Candidates: “XYZ”
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Discovery in Y,/Y(5S)2 Y (nS)/h, (mP)mr+1m—

c . Belle arXiv:1110.2251
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Z,(10610) M=10607.2+2.0 MeV  Z,(10650) M=10652.2=1.5 MeV

For discussion on Y, (10890) see Prof. Anmed Ali’s talk 4



Z,~>Y(1S)t=> Two Z, states contain a bb quark pair

charge = + 1 = Z,s must contain additional light quarks

“minimal” quark configuration : Four-quark states!



B-B* & B*-B* molecules?
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Theoretical explanation - exotic strucutes
= S-wave BB* and B*B* molecular states

Bondar, Garmash, Milstein, Mizuk, Voloshin, arXiv:1105.4473
Zhang, Zhong, Huang, arXiv:1105.5472

Voloshin, arXiv:1105.5829
Yang,Ping, Deng, Zong, arXiv:1105.5935
Sun, He, Liu, Luo, Zhu, arXiv:1106.2968

= Tetraquark state

Yang, Ping, Deng, Zong, arXiv:1105.5935
Guo, Cao, Zhou, Chen, arXiv:1106.2284
Ali, Hambrock, Wang, arXiv:1110.1333



Tetraquark interpretation

Z,~>Y(1S)n=>» Two Z, states must contain
a bb quark pair

charge = + 1 2 Z,s must contain
additional light quarks

i. Two states with JF¢ = 0t+;

o)
0"+)

IOQ’OQ_; 01>;
11g,15; 05).

ii. Three states with J = 1:

1Z6) = (Oppq) @ 1ibg) — 1) @ Op)) /Y2, [17%) = 5 (I00,1oi 1) + 1,003 1)
1Z5) = 1pg) © Lipg)- 1) = Z5 (100,165 1) ~ [10,0g; 11);

1) = |1g,14; 1).



Tetraquark interpretation

H=2mg+HE + HSY + He, + Hyy.

HZY = 2(Kp)sl(Se-S) + (S5:S4),
HZ? = 2(Ku)(S5-S; + S5.8,) + 2K55(S5.S5) + 2K(S,.Sy),
Hs, = QAQ(SQ.L-I-SQ.L),

. — B Log(Lgg +1) Maiani, et.al 2005
LL — Q . .
2 Ali, et.al, 2010

mz, = (104437532)MeV, mz = (1062872;)MeV,
Amz, =2v/a2? + b2 = (185721 )MeV.

Data: m(Z,(10610))=10607.2+2.0 MeV m(Z,(10650)=10652.2+1.5 MeV

The naive tetraquark model fails to explain the Z,s’ masses.



meson loop corrections

(b)

Including the loop corrections, we now have the follow-
ing structure for the 2 x 2 mass matrix

b Zo 1L
M—M+zcz( PZ —\/Ff L ) (11)
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meson loop corrections

Including the loop corrections, we now have the follow-
ing structure for the 2 x 2 mass matrix

M=M+Zci( FZ i _\/Ff L ) (11)
© \_\r&r% %

Ichb(QP)ﬂ' | Cnpp |Chb(lp)ﬁ' | BB+

2

| astll [—11] 3+1 [-1a] -
%
The coefficient for h,(2P)pi final state is largest! % |
I'(Zy, — hy(2P)7) = (1.7713)MeV, =71
I(Z) — hy(2P)7) = (2.5122)MeV. § i}
0 . : .
Thy(2P)r = \gzghb(2p)w/gzbhb(2p)w| = 1-2:1):%. 0 ! 2 3 4

['(Z,—h,(2P)r)(MeV) (b)
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meson loop corrections

['(Zy, — hy(2P)m) = (1.7113)MeV,
I'(Z) — hy(2P)7) = (2.5722)MeV.

Phy(2P)r = 1921 hy(2P)x/ 920k 2P)x| = 1.270'5-

_|_

L +0.640.4
Belle data (1110.2251): ahb(QP)W — 1’6—0.4—0.6

X 9v,z!xm X 977/
aiezd)z — b b

9YeZym X 9z,i the ratio products of the production andcorresponding
decay amplitudes of the Z,(10610) and Z,(10650) in given final states.
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Summary

€ The two charged Z, states are exotic

and may play an important role to

understand QCD dynamics in bottomonium sector

€ Naive tetraquark model fails to explain the mass of Z, states
€ We consider the meson loop corrections to the Z, spectrum
€ With the measured Z, masses, we have derived

the partial decay widths of Z, into h, (2P) final state.

Thank you for your attention!
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