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T. Barns, S. Godfrey and S. Swanson
PRD72, 054026 (2005).

N. Brambilla, et al,
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Bottomonium

Belle group, PRL108, 112001 (2012).
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Z(10610) and Zn(10650)

L(5)
Exotic quantum numbers
<60 =1+1 e . e
VY (5S)=Zptt=Y (1,2,3S)m* 1~ o
¥/Zp's are “genuine” exotic states BB __ _#___ _
] (10650)
Exotic masses | BNy
¥Zp's are twin resonances with small B Zo*
mass splitting, ~ 45 MeV (15534) - '7 """"
¥Zp's are very close to the respective Chmt
thresholds, BB* and B*B* Y (nS), ho(mP)
Exotic decays
«The decays of Y (5S)=Zot-*ho(MmP)t T are A Dondar et
not suppressed although it needs spin flip S. Ohkoda, Y. Yamaguchi, S. Yasui,

K. Sudoh, and A. Hosaka,
Phys. Rev. D86, 014004 (2012)

Zo are B®MB®molecules ?
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B*B® molecules with OBEP

S. Ohkoda, Y. Yamaguchi, S. Yasui and A. Hosaka,
Phys.Rev. D86, 014004(2012).
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B*B® molecules
©We study B®B® molecules with OBEP mode

«+The B¥B® molecules correspond to the mass of Z»and Zv.
+The are many exotic states around the thresholds.

«The predicted molecules will be observed in radiative
decays or a pion emission in P-wave from Y (5S).

©In charm region, we do not obtain any DD states
nkl.
¥ Itis hard to explain the Z:(3900) with molecular picture.




Spin degeneracy

In heavy meson molecules



M. B. Wise,

Heavy quark symmetry

¥The effective Lagrangian for a heavy quark
Luq = Qi) — mq)Q Quv(z) = 6im@v'xﬂQ(w)

2
l 1/maq expansion 2
Luqer =|Quv - iDQ, |+ Q, (ZQDL)
mQ
LO

_ 0,,G*
QU_C(M)QS v b

g Q0 [ O/m)

Spin-spinint

©Heavy quark flavor symmetry

©Heavy quark spin symmetry
—— The heavy quark spins are conserved
IN Maq -> c.



Heavy quark spin symmetry

«light spin Si=J - SH
—— We can classify the heavy hadrons with the spin
structures (SH&® Si)J.

« Spin degeneracy
——Masses of the spin partners are degenerate.
2Ex) K spin=1
00wl sis.., B HQS doublet
5280Mey T——
187 0MeV — B

D

K spin=0
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Spin partners of heavy quarkonium
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Spin partners of heavy quarkonium

Quartet

L='| ------------- - = S = = = = S

ho Xb0  Xbl X b2

(SHXSI))y (OHXO01)o (THXO)1 (OHX 1)1 (TH®T11)o,1,2
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Purpose

® - 0

©Why dowe study P#P® inthe HQlimit? ® °~ @

PP PP

« Spin degeneracy may occur in the heavy meson molecules,

but how do they arise? Doublet or quartet?

«This study clarify the 1/maq effects in charm/bottom region.

This study
«”\We focus on I5(JP)=1+(1+), which corresponds 1

0 Zb channel

«”What are the spin partners for Zo?



OPEP model

S. Ohkoda, Y. Yamaguchi, S. Yasui,

- - K. Sudoh, and A. Hosaka,
YHamiltonian ;5 et don)

1+(1+°) 2 & (PP —PP) 351), &5 (PP — P*P) (*Dy), PP*(3$1), P*P*(*Dy)
Ko+ Cr =21 —2C7 —V/2T; -
( \ Ky. kineticterm
. —V2I7 Ky +Cr+T; —V2T;  —2C;+T;
+_ pu—
1 90, AT, Ko+ O AT, C : Centerforce

\ V2T, =20, +Ty —V2T; Ky+Ci+Ti) T

1-(1+) : & (epe +PP) 51), L (PP + P*P) (*Dy), P*P*(° D))

— O V2T, —V/6T7
H1—|—+ == \/§TI KQ - C[ - T[ _\/gTI
—\/6T7 —V3Tr Ky —Cr+1r
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Spin structures
S=Sgg+L #O+, 1-+,2+-,J<2)
5(JP)=1+(1+) : Zo

(PP~ PP)(S))) — % 0 ® 1)), + iQ
*a - @0 ‘ - @0
S=0 S=1
(SH ® Si)J
/%(PP* ~ P*P)(351)) ) (105, 14,01, 15;1)
PP =P P)CDY)) [ 010,20, 151) } (Or &0 T
PP (38))) T 1w, 04,02, 055 1) (TH ® 01
\ |PPCDy)) \[1#,00,20,2:1) ) (T ® 2))1
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OPEP model in HQ limit

S. Ohkoda, Y. Yamaguchi, S. Yasui,

K. Sudoh, and A. Hosaka, HQ . Hamiltonian

Phys. Rev. D86, 014004 (2012) H n
JFC" in HQ basis
Ul__,_l_H1+—U1+—

[ Ko—C  —2V2T 0 0 ) (On ® 1)
—2V2T Ky —C +2T 0 0 H 1
0 0 Ko+3C| 0 (TH ® O1)1
\ 0 0 0 |Kx+3C ) (TH® 2);
HY 0 | o0
o |HIY| 0 - Diagonalized o g
0 o | HMY Hamiltonian : Hﬁp%’ 2
Ko —C —2V/2T 0
—2/2T Ky —C + 2T 0
: O e QS Quartet
H | o (0,1) <I1-!> (L1) _ (1)
0 ‘ Hl(ﬁ) HyZr = Hoyy = Hiyy = Hyly
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Spin partners of PYP® with =1

< Attraction

«Repulsion

Hamiltonian diag(V') multiplets H ﬁ%’sl)
Ko—C =227
—C —2T,—C +47|HYY = BV = gl = gD
—2V2T Ky —C+2T
K —C —2T —C - 2T gD = gty — gty — gty
Ki—C+21 867
: o) 5 —C —2T,—C +41|H? = g = g{t?» — g2
—OOT Ky —C+ 8T
Ky—C —2T —c-2r |HSY =n%? =gl = gD
FQ'_C”%%T _E%ET 0,3 1,3 1,3 1,3
s o ||se -2 -Ctar B9 = g = g — gl
ERLVEL N PRl
Ky — C —2T _C—2T g% = gt — gt — gt
0,0 1,0
Ko + 3C 30 %Y = g
(0.) _ (L) _ 77(L1) _ (1D)
K1 +3C 30 7D = gt) — gty — glbl
K» +3C 3C 1YY = g = gl = gl?
K3+ 3C 3C HYY = g8 = g — gy
Ki—C +4T —C +4T g% — go)

o-+ — i
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ho(NP)-x1(NP)
No(nND)-Yb(ND)

ho(nF)-Xx6(NF)
No(nS)-Yo(NS)

+«”Doublet

Spin partners of PYP® with =0

Hamiltonian diag(V) multiplets H Sifé’sl) attraction
(KO +3C evaT ) 3C +67,3C — 127|HSD = HVD = Y = H(D|
6v2T Ko+ 3C —6T
(Kl FIOGT T ) 3C +6T,3C — 127 |H"? = g1?) — g2 — g{2|
B )y 430 - 2T
(K2 YIO-RT T ) 3C +67,3C — 127 |H$Y = VY = o0 = H(Y) 1y
WS |y 4 3C - 20T
Ky +3C — 12T 3C — 12T g0 — gt NN
Ko — 9C —9C 29 = g0 Y
K, —9C —9C gy — gty — gD — ghbl
Ky —9C —9C B = g0 = g(P =gl
K3 —9C —9C B = g = gt — gty
K1 +3C + 6T sc+6r  |HOY =gty — gth — gty
Ko+ 3C + 6T 3C + 6T 2 = 502 = gD = gL
K3 +3C + 6T sc+6r7  |H®Y =g — gltd - gLY

s only appear in |=0.
«Quarkonia can only couple to P¥P®™ sta
attraction force exisi

S.
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Spin partners of Zo
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P®P® states in HQ imit
P(P*)  P(P%

Pion ® -
L
PP Quartet
Zp?

I5(J7C) 1+(1+) 1-(0") 1-(1*) 1-(2+)
(SHXSI)y (OH®T1)1 (TH®T11)o,1,2
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P®P® states in HQ imit
P(P*)  P(P%

Fion ® -
e e
PP Quartet
Yt bhom Xb1TC Xbl2TC Xbl2TC

I5(J7C) 1+(1+) 1-(0") 1-(1*) 1-(2+)
(SHXSI)y (OH®T1)1 (TH®T11)o,1,2
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B®*B® states with OPEP

K Sudeh and . Tl Mg = 5280MeV
Phys. Rev. D86, 014004 (2012) Z : MB* _ 5325M6V
- b
B'Begaeee i e s e s e e s e e e mmmm
A
(10650)
45MeV
|
_ Zb
BB*-! BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN B BN |
(10604) I
|

S 1+(1+) 1-0™) 1-(1*) 1-(2+)

22



B*B® states

S. Ohkoda, Y. Yamaguchi, S. Yasui,
K. Sudoh, and A. Hosaka,
Phys. Rev. D86, 014004 (2012)

B*E*-; - W%b_’ _ Mixing ratio of each channel
(10650)
(SH®S))y (OH®T1)1 (THXO)1 (THX21)1
45MeV
B 7 P®P™  100% 0% 0%
BB*-%=-=--=2T. .- _
(10604) — BB®™ 84% 15% 1%
Decays ho1t Ym (Y 7T)D-wave
_ NobYy XY
(1BO5B59) """""" «”HQS is broken in the bottom quark region
¢ (1h&®01)1 component allows the decays,
Y (BS) = Zot m=> Y (nNS) T+ 1T

T(Z° = veoy) : T(Z° = xo1v) : T(Z° — xpo
|G(JPC) .I"'(.I"") 4 (b1Xb'Y): (ngb’Y): (b5xb7)
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Summary

We investigate the P®P® states in HQ limit

The spin degeneracy may be useful to understand the nature
of exotic hadrons.

We find spin partners of Zo: H\0" = BV = #Y = BV

Spin partners of Z, are possible to be observed in future
experiments.

Spin structures give the decay properties.
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