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BxoicHadrons
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Z(10610) and Z,(10650)

A. Bondar, et al,

Ex l o q l m numl PRD84 054010 (2011)

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

VIEUR)=1+(1")
&Y (5S)=>»Zpt*Tt=Y(1,2,3S)t* I~
¥/Zo’'s are “genuine” exotic states
Exotic masses
¥/Zp’s are twin resonances with small
mass splittings, ~ 45 MeV
¥/Zp's are very close to the respective
thresholds, BB* and B*B*

Exotic decays
«The decays of Y (5S)=Zvt-*ho(MmP) Tt r are
not suppressed although it needs spin flip

Zo are B®MB®molecules ?
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Heavy quark symmetry



Heavy quark symmetry

+In heavy quark Iimit, spin-spin interactions are suppressed
——Heavy quark spin symmetry _—

DT 1 _|_ PRD45, 2188 (1992)
Qv(g;-) — e'MQ TﬁQ(gj)

Lnq = Q(le_ mq)Q

_ ) - (ZDJ_)Z ~ O-ILLVGHV 2
— ol D v v v s\ v 1
LHQET = Quv -1 DQy + @ 2me Qv — c(11)gsQ tmg Qv + O(1/mg)

+New conserved quantity appears in heavy quark limit
— light spin degree of freedom PRDGS, 034004

PRDSS, 034024 (2012)

S. Ohkoda, Y. Yamaguchi,
S S. Yasui and A. Hosaka,
| * Liaght spin PRDS6, 117502 (2012).
S — J — S g p Y. Yasui, K. Sudoh, Y. Yamaguchi,
| = H J : Total angular momentum S.Ohkeda, A. Hosaka and T.
Hyodo, Phys. Lett. B727 185-189
SH : Heavy quark spin (2013).



Spin structures
«¥Heavy hadrons are classified with spin structures,

OH ® Si)J.
JPC bbb (25+1L,) (SH ® Si)J
<(T)b N 0 i T 1So - (OH ® 01)J
Y 1 3S7 2 (ThH® 0y
<fhb 1+ 1P; - (OH® Ti)J
Xos o T+t 3P, =2 (TH® T1)y

¥ Spin selection rule
Y= Ynm Y = Xojw
Y Xhomrm Y X now



Spin degeneracy of heavy quarkonium

Quartet

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

ho Xb0  Xbl X b2

(SH®S)s (OHXO0)o (THX®O1)1 (OH®T1)1 (TH®T11)o,1,2



Spin structures

In heavy meson molecules
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Purpose
® - @

©We study P¥P¥ moleculesinthe HQlimit & "~ @
P(P*)  P(P¥

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

region

« This study shows the spin partners

«” Spin selection rules provide the information about the

properties of decays and productions
This study
«We focus on I5(JF)=1+(1+), which comresponds to Z»

channel
«What are the sphn partners for 4.7



Spin structures
Si=Sqg+L (0, 1-+,2+-,J<2)
I5(JP)=1+(11) : Zb

(SH ® Si)J

[ 145(PP* = P*P)(S)) \ (105, L[4, 02]; 1)
|5 (PP* = P*P)(°Dy)) [ I O, Li[1q,2.)5 1) } (On & T
PP(35))) T s 0o, 0.3 1) (1 ® O);
\ 1PPCDy)) ) \ILar, 2:[04, 2:]; 1)/ (TH ® 21)1
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Spin partners
JPC (s @ §F=C2) fpo Spin partners

quartet !
(O;I+ @1 "+ (A 1 o++, (g @1 )i++, (I @17 )or+

1+ (17 @0, )4 (0" ®0 o++  doublet !

(1 ®2 ) 05" @27 ) (1 @27 N )ar, (1~ @27 g

' The appearance of spin degeneracies is depend on dynamics
+\We need some sort of the effective model
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Spin degeneracy with o
exchange potential model
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OPEP model

«Interactions for B® and i
[,]: 18 Tr[Hb YMYSAI/;LaHa]

1+

2

H =

a

[ My, —M,ys]

« Coupled channels for 2,

1 (BB* — B'B)(’S,), 1 (BB* — B'B)(D)),

B*B*(°S,), B'B*(°D))

+”We obtain the Hamiltonians of
B®B® states

B(*)

B(*)

B
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=
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OPEP moded

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

YHamitonian 50 et don)
1+(1+7): 5®B* —B*B)CS)), J;(BB* — B*B)(*D,),B*B*(S,), B'B*(°D))
(Ko +C —\/ 2T —2C —\/ 2T \
—V2Ty Ko+ Cr+Tp —V/2T;  —2C;+ Ty

20, V2T, Ko+ C;  —2T, T + Tasofooe
\_\/iTI 207 +T;  —/2T; K2‘|‘CI‘|'TI)

C . Cemnterforce

1-(1+*): &5 (BB*+B*B) (°s1), &5 (BB* +B*B) (*D1), B*B*(°D1)

KO — C[ \/§T[ _\/ETI
Hi++ = V2T Ky —Cp =Ty —/3T}
—/6T] —/3T; Ky —Cr+ 17
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OPEP model n HQ Imit
] S. Ohkoda, Y. Yamaguchi, S. Yasui, H a m i Itonia n
<« Potential model 5555‘?3&.3‘56?65333%012) H HP%: ] ]
J in HQ basis

Hﬁ? = U1_+1_H1+—U1+_
[ Ko—C  —20T 0 0 (O ® 1)
B —2V2T Ky —C 42T 0 0 H 1
0 0 Ko+3C| 0 (TH ® O1)1
\ 0 0 0 |Kx+3C ) (TH® 2);
2| 0 0
_ o |HIY| 0 - Diagonalized (So.5)
o | o |[HMY Hamiltonian @ H 72"
Koy—C  —2V2T 0
H
HY = | 28T K, C+2T 0
0 0 Ky — C —2T
H(lal) 0
_ 1++ ‘ ) H(O 1) H(1 1) H(1 1) H(l 1)
0 ‘ H Y k= 0++ 1++ 7 ST2++
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Meson molecules in HQ limit

¥Mass spectrum
PHQSquartet: H\OY =m\VD = VD = gibD
2 They are lowest bound state of PP states

¥Wave functions
2 Spin structures restrict the wave functions
PEX) 1+(1+): /(PPCs) ¢ S(PPEs)

1 : 1.

¥Decay properties
2 Spin selection rules lead the decay properties

9EX) L(Z) = xpoy) : T(Z) = xmy)  T(Z)— xny)
1 : 3 : 5
P(Hﬁ}r) — Xp0T) F(Hﬁi) — XpIT) F(Hl(ii) — Xp2T)
4 : 3 : 5)
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P®P® states in HQ imit
P(PY)  P(P)

Pion ‘ /A
PP*,F:*E’:‘ __________________________________
PP Quartet
¥ ¢ ¢ v
hoTt Xb1TT Xb12T Xb12T

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 limit
Y(bS) = Zvm > Y(nNS)n =«

(TH®O)1 (1HX0n)1
< ho(ImMP)mn
pﬁ*’p*ﬁ* (OHX T11)1
PP Quartet
Zp?
hoTt Xb1TT Xb12T Xbl12Tt

I5(JFC) 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

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

— Zy’
BB =«a== A
— Zb
BB*- - OE O E E EEEEEm

S T+(1+)

Mixing ratio of each channel

(SH®SI)y (OHXT11)1 (THXO)1 (THX21)1

P®P®™  100% 0% 0%
BWB®™  84%  15% 1%
Decays homt Y (Y T)owave

«HQS is broken in the bottom quark region
<7 (1HX0)1 component alows the decays, Zb=»
Y(nhS) .
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Diquark-antidicuaks in HQ imit

L. Maiani et al,

Phys. Rev. D71, 014028 (2005) Q
Gluon
Compact q
} 100 MeV

I5(JFC) +(1+ ) 1-(0™) 1-(1+) 1-(2+)

(SHXS))y (OH®T1)1 (TH®T1)o (THX®T1)1  (THX®T))2
(TH®O1)1  (0H®O1)o
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Summary

We investigate the P®P® states in HQ limit

The spin degeneracy is related with the inner structures of the
heavy hadrons
(0,1)

Wefindaquartetin H\o" = #\:Y = B = B

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

Spin structures give the decay properties

Y. Yasui, K. Sudoh, Y. Yamaguchi, S. Ohkoda, A. Hosaka and T. Hyodo,
Phys. Lett. B727 185-189 (2013).

23



