Zb and Zc states at Belle

Pavel Krokovny
Budker Institute of Nuclear Physics
Novosibirsk State University

Outline:

« Z*InY(5S) - Y(nS) n'm
«Z°iInY(5S) - Y(nS) n°n°
 Determinition of Z * quantum numbers
« Z*inY(5S) - BYBn

* Observation of Z*(4200) InB - J/ly K=
* Evidence of Z*(4050) ine*e - y(2S) n =«

* Summary



KEKB B-Factory

ARES copper
cavities {HER)

= TRISTAN
tunnel

B Gey e- 3.
Giel' e+
Linac

The Belle experiment

Integrated Luminosity[fb-1]

1000 /_/-/j
800 r/_’ff

600

400 /-/

200 //

S

0 —
1998 2000 2002 2004 2006 2008 2010 2012
Y(1S) Y(2S) Y(3S) Off Y (4S) Y(5S)
5.7 b1 24 fb1 3 b 89 fb-1 711 fb 121 fb-1
:_ T T T \i \+ T | *r T T /| T _:
i (1) C x@3s) b |
T(25) |
i HT(48) |
- | ]
- | \l -
- L \ ‘|| I| v |
e g bt pa
:_ . D ¥ ARGUS A ;.)LEU Y CUSB DHHM _:
- I “ Crystal Ball A CLEO 11 DA|SP LENA | |
I | | 9.5 | | | 10 | | 10.5 | 11 I



11.00

10.75

=
o
al
o

Mass, GeVI/c?
S
o

10.00 —

9.75

partial I'(keV)

9.50

Introduction

Y(11020)

Y(10860)

O

Y(1S)

N,(1S)

PC=Q*  1- 1+

Belle collected 121 fb! at Y(5S)

Belle: PRL100, 112001 (2008) 1

I'[Y'(5S) —»Y(1,2,3S) '] >>I'[Y(4,3,2S) = Y(1S) mw*m]
< Rescattering of on-shell B®B® ?

Y(28)

Belle: PRL108, 032001 (2012)
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Y(5S) — h,(1,2P) x*x- are not suppressed

h, production mechanism? = Study resonant structure in h, (mP)x*r-
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Process with spin flip of heavy quark is not suppressed: mechanism of Y(5S) —

h,(nP) x*x decay violates Heavy Quark Spin Symmetry
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Summary of Z, parameters
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Y(5S) - Y(nS)m*rr: J® Results
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6D amplitude analysis of decays Y'(5S) - Y(nS)x*m
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Confirms JP=1* hypothesis

6D amplitude analysis of
decays Y(5S)IY(nS)r*m
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Y(5S) - B'B™n: Selection

Masses of Z,(10610) and Z,(10650) are close to BB* and B*B* threshold.

Search for Y(5S) - Z,n decay with Z,— B®B*; reconstruct only one B and prompt pion
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Y(5S) - B*B™r: Fit
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B*B*n candidates are well described by Z,(10650) only contribution.

BB*n can be described by two models:
Z,(10610) + Z,(10650);

Z,(10610) + non-resonant amplitude. 12



/., branching fractions

Y'(5S) branching fractions: arXiv:1209.6450
BBr < 0.60 % (at 90% CL)
BB*nt =4.25+0.44 + 0.69 %
B*B*n =2.12+0.29 £ 0.36 %

To be compared with PRD 81 (2010)
f(BB*m) =(7.3+2.2+0.8)%
f(B*B*n) = (1.0+1.4+0.4)%

Assuming Z, decaying to Y(nS)mt, h,(mP)rt and B(*)B*only:

Channel Fraction, %

Z,(10610) Z,(10650)

T(18)n ™" 0.32 4+ 0.09 0.24 4+ 0.07
T(259)n " 4.38 +1.21 2.40 4+ 0.63
T(359)n " 2.15 + 0.56 1.64 + 0.40
hy(1P)m ™ 2.81 +1.10 7.43 4+ 2.70
hy(2P)m ™t 4.34 +2.07 14.8 4+ 6.22
BTB* 4+ BYB*+ 86.0 4 3.6 —

B*+B*V — 73.44+ 7.0

B(*)B* - is the dominant mode of Z, decays 13



Events/ 10 MeV/c?
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Consistent with % of Y(nS)rt'm

Phys. Rev. D 88, 052016 (2013) 14



Y(2,3S)n’n® Dalitz analysis

Phys. Rev. D 88, 052016 (2013)
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Phys. Rev. D 90, 112009 (2014)
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Observation of Z*(4200)
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Value in dat1
. 1°

A(2In L)

Exclusion levels of other
spin-parity hypothesis

Model 0| 1= |27 | 2F

Without K*(1680) 8.5 |8.50 |8.00|9.00
Without K§(1950) 840 |8.80|7.30 (8.9
LASS [61c]740]240]7.00

Free masses and widths |7.60|7.97 5.9 | 7.8
Free r 740|870 | 750|020
Nonresonant ampl. (S) |7.60|8.10|7.20|8.50
Nonresonant ampl. (S.P) |7.4¢|8.1¢|7.20|8.40
Nonresonant ampl. (S,P.D)|7.20|8.1c¢|7.1¢|8.40

Phys. Rev. D 90, 112009 (2014)

Jr=1+ other JP are excluded

TABLE III. The fit fractions and significances of all reso-
nances in the default model (J7 = 17).

Resonance

Fit fraction

Significance (local)

5 (800) | (7150 D)% 22 50
K*(892) [(69.070%)% 166.40
K*(1410) | (0.3*9%)% 410
K5(1430) | (5.970:5)% 22.00
K5(1430) | (6.375)% 23.50
K*(1680) | (0.3703)% 2.70
5 (1780) | (0.2501)% 3.80
"5 (1950) | (0.1501)% 1.20
K3(1080) | (0.455-1)% 5.30
K3(2045) | (0.2251)% 3.80
Z.(4430)1 | (0.510N)% 5.10
Z.(4200)" | (1970 0)% 8.20

17
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e'e” - Y(2S5) m'nt via ISR Neu
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Summary

* Neutral Z,0(10610) has been observed in amplitude analysis of
Y(5S)—>Y(5S) momo

* Advanced amplitude analysis confirms JP=1+ hypothesis for Z,+(10610)
and Z,+(10650) states

* Both Z,+(10610) and Z,*(10650) have been observed in decays to BB*
and B*B’. These modes are found to be dominant for Z,+ decays.

* A new charged charmonium-like state, Z+(4200) has been observed in
amplitude analysis of B — J/y K- + decay.

An evidence for a new charged charmonium-like state, Z+(4050) has been
obtained in amplitude analysis of e+e- — y(2S) - decay.

* More exciting results are going to come from Belle II.

24
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