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Zb(10610) and Zn(10650)

Decay process

vVY(BS) >Zomr > Y(NS) mm
vV Y (BS) > Zor > ho(mMP) Tt
v Y(5S) > Zor — B*B® nx
* n=1,2,3 m=1,2

Mass and width

v Zu(10610) : Zo
M = 10607.4 + 2.0 mev ~BB*
[ =18.3 2.4 Mev

vV Z(10650) : Zv’
M= 10652.2 + 1.5 mev ~B*B*
F=11.5% 2.2 Mev

! Y(nhS)
ho(mP)

Belle group, PRL108, 112001 (2012).




Properties of Zo

Exotic quantum numbers

vV I6(JP)=1+(1+)
v Zb Is the “genuine” exotic state

Exotic twin resonances

v The masses of Zv’s are very close to the
respective thresholds of BB* and B*B*

Exotic decays

v The decay of Y(5S) = Zbm = ho(mP) T 7t is
not suppressed although it needs spin flip

Zb is a candidate of B*B™ molecule !




Branching fractions of Zp!"

Channel A of Z,(10610), % | A of Z,(10650), %
Y(1S)m+ 0.32+0.09 0.244+0.07
Y(28)a™ 438+1.21 2.404+0.63
Y(3S)mat 2.154+0.56 1.644+0.40
hy(1P)m™ 2.814+1.10 7.434+2.70
hy,(2P) ™ 2.154+0.56 14.84+6.22
BtBY 4+ BOp*t 86.0+3.6 -

B**B* - 73.44+7.0

v Open flavor channels are dominant

v hom decays are not suppressed

v The decay ratios seems not to be reflected on
the difference of phase space




Relations of spin str
decay properties of Zo

S. Ohkoda, Y. Yamaguchi, S. Yasui and A. Hosaka,
Phys.Rev. D86, 117502 (2012).




Light spin complex

v In the heavy quark limit, new conserved
guantity appear — light spin complex

Si : Light spin complex
Si=J - SH J : Total angular momentum
SH : Heavy quark spin

v We can write the wave function of heavy
hadrons as the direct product of Sh ® S

JPC SH® S bb(25+1L)
Y : 1-- : TH ® O : bb(3S1)
he : 1+ OH® 1 ; bb(1P1)

X 2 1+ 1 (1TH® 1)y ; bb (3P.)




Spin structure of meson pairs

v The spin structure of heavy meson pairs is
derived with spin recoupling formula.

B*B*(*S)) : [[bal', [bg]']"
1/2 1/2 1
}:iiﬁi{ha 1/2 1}[wmﬂJmﬂf
H,l H [ 1

| B L, _ _
= 50h© 1) + (15 90))

v Now consider the heavy meson pairs for
JPC=1-
BB('P,), \/%(BB* +B*B)(*P,),

B*B*('P,), B‘B*(°P,), B'B*(°F,)




Spin structure of meson pairs

BB: Lgb -I-1¢/ -I-\/_ljf + — 1&
2\/— 10 11 \/—12 01>

B*B—B'B 1¢, —eb flp
\/'2— \/g 11 2\/— 125
_ 1
(B*B*)g—o: —6¢1 2\/—¢11 £¢12 \/—_lﬂma
_ 5
(B*B*)g—y: \/T_ Uio — 2\\//; Yt 8 U2
Vap = ag @ by
T =15 ® O

v Spin structures imply the decay ratio of Y = B®B®




Decay ratio of Y - BB,BB* B*B*

M.B.Voloshin, PRD85 034024(2012)

v The decay ratio of Y (5S) - B®B® is given as

L(Y(5S) — BB) : I'(Y(5S) — B*B +c.c.) : I'(Y(5S) — B*B¥)
1 ; 4 ; 7

v The available data gives the ratio of the decay widths

EXP)
L(Y(5S) — BB) : I'(Y(5S) — B*B +c.c.) : I'(Y(55) — B*B*)
1 : 2.5 : 7 |




The spin structure of Zo

v The spin structures of Zv’s are given as

SH &® S Component
Zb D 505 @10 + (15 @07) ! %<BB* — B*B)(*$1)
70 ;%(05,@1;) - %(1;[@0;): B B (*S))

vV Zbis a mixture state of On and 1H
vV (OH ® 11) decays to hom, NvYy , ...
vV (1TH ® O1) decays to Y i, xXwr.,..




b= X Y

v X0+ ¥ (P-wave)
xpoy(M1) > ;o1 = (15 ® 1;7)]y=0 ® (0 ® 1))
1 1 V5,
= §(1H ®0;) — ﬁ(lH @1 )|g=1+ ?(11{ ®2; )s=1
vV X1+ ¥ (P-wave)

T 1 15,
Xp1y(M1) > [j=1 — —ﬁ(lH@@ol )+ 50 @)=+ (g ©2) =

vV X2+ ¥ (P-wave)

Xpey(M1) > [r=1 = —é(lgf ®0;) + @(11;

_ 1, _
3 @1, )|y=1+ z(15 ®2;)]s=1

6 6

D(Z) — xp0y) : T(Z) — xmy) : T(Z) — xp27)
1 : 3 : 5,

v This ratio is testable with experiment




Decays of Zb = Y (nS)

as hadronic molecules

S. Ohkoda, Y. Yamaguchi, S. Yasui, K. Sudoh, and A. Hosaka,
in preparation.




Branching fractions of Zp!"

Channel A of Z,(10610), % | A of Z,(10650), %
Y(18)xt 0.32+0.09 0.24 +0.07 |-x10
Y(28)nt 438 +1.21 2.40 +0.63

Y(38) " 2.15+0.56 164 +0.40 V%05
hy(1P) 2.81+1.10 7.43 +£2.70
hy(2P) 2.15+0.56 14.8+6.22

BTB* + B'B*T 86.0£3.6 -

BB — 73.4£7.0

v The decay ratios seems not to be reflected
on the difference of phase space.

Gr(2s)/qr(1s) ~ 0.55 dr(35)/qr2s) ~ 0.42




Diagrams for ZpC)*=» Y (nS) mr+

v Assuming that Z»!") is hadronic molecule.

1

V2
Z) = |B'B") .

|Zy) = |BB* — B*B) ,

v Feynman diagrams are described
with hadronic loops




Effective Lagrangians

v Lagrangians for ZBB* and ZB*B*
v Couplings are determined by Z, - BB* and Z, - B*B*

EZBB* — gZBB*MzZM(BBZ—l_BZB))

Lz pps = QZ/B*B*GumﬁauZLBZB;a

v Lagrangian for pion and B(B*) meson
v Coupling g is determined by D* = D7«

L,=ig T H,y,vsAy,H,] g=0.59

1+v

H, = >

a

[ngM_MayS]




Couplings of Y and B(B*)

P. Colangelo, et al,
PRD64 054023 (2004)

L= TR H,, hH, ] +He.+ (Q1<—>Q2)(

1+ 1—9¢
A [E L 1]

v Vector meson dominance determines the couplings

B B
Y

X

B B gppTs) = 13.2
My (nsS) 9BBY(25) = 20.1

fr(ns) 9BBY(35) = 24.1

< 0|by*b|Y >= fre* 9BBY(nS) =




Diagrams for Zu’t=» Y (nS) T+

Y




Diagrams for Zu’t=» Y (nS) +

v The explicit transition amplitude is given as follows

d4
(B . q .. o
X [i9B* B+ (ns) €676V €€ Bur (2 — P+ k)?)[gBBer (€500 - k)]
1 1 1
X 2 2 F(q27 k2)

(q)2—m%. (P —q)?—m%. (¢g— P+ k)?—m%
v We introduce the form factor

AL A2 A2

2 1.2\ __
]:(q’k)_q2+A2Zk2—|—A2/<:2—I—A2




Numerical results

v Partial decay widths of Zv’(10650)

No Cutoff Az = 1000, A = 600| exp
T(1S)rt  71.3 0.044 0.028
T(25)rT  17.6 0.31 0.28
T(3S)r™  0.86 0.18 0.19

v Partial decay widths of Zb(10610)

No Cutoff Az = 1100, A = 600| exp
T(1S)r™ 955 0.081 0.059
T(2S)rt  19.8 0.51 0.806
T(3S)rtT  0.485 0.14 0.396

v The momentum of final states mainly control
the results.
v The form factor plays significant roll.




Summary

We study the decay properties of Zo as
hadronic molecules.

The spin structure of Zo implies that Zo = ho 7

Analyzing the spin structure gives useful
information of the decay properties.

We analyze the decays of Zv = Y m with the
intermediate meson loops and the form factor.




