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W=y Anomaliesin Y(5S) — (bb) n*n~ transitions

BELLE
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h,(nP) production mechanism could be exotic.
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Z,(10610) =7, Z,(10650) =7/

Fit results
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Fit results

Average over 5 channels
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Angular analysis = both states are J? = 1* Decays = 19 =1* (C=-forZ)

Bondar et al, PRD84,054010(2011)

Proximity to thresholds ~|[B B*)=| @ @

favors molecule S-wave hy(mP)7 ;
over tetraquark ~|B*B* ) =| @ - W not suppresse

Phase btw Z, and Z, amplitudes is ~0° for Y(nS)nm and ~180° for h,(mP)nn

Properties of Z, states are consistent with molecular structure.



Observation of Z,— BB*, B*B*
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=y Observation of Z.—BB* and Z,’—>B*B*

. arXiv:1209.6450
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Dalitz plot analysis
of Y(5S) — Y(nS) n°x®
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W=y Dalitz plot analysis of Y(55)— Y (nS)r°r°

BHELLE

Analysis procedure is the same as for charged pions
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B Results of Dalitz plot analysis -

Fit fractions

T(1S) T (2S) T(35)

solution A solution B

7Z,(10610)" | < 3.5 |13.5+£4.04+1.8/30.0+£6.14+3.6(44+11+3
7Z,(10650)° | < 3.5 <7 <13 < 4.2 (90%C.L)
C.f. arxiv:1207.4345
Z,(10610) " [2.5410 8] 19.6739 26.8755
Z,(10650) % 1.0475°55 58112 11.0753

Fit fractions of neutral and charged Z,s are consistent

Y(2S)n° Y(3S)n° Combined
Significance of Z,(10610)  4.9c 4.3c

(including systematics) observation of Z,(10610)°

Y (nS)n°n® channels are consistent with Z, states being isotriplets
14



NEW

6D amplitude analysis of Y(5S) > Y(nS)r*r

Spin-parity of Z, states

15



A One-dimensional angular analyses

BHELLE

arxiv:1105.4583
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All other JP with J<2 are disfavored at typically 3 level.

Results are not conclusive. 16



Events/ (2.5 MeV/cz)

Y(5S) > Y(nS) (—p*u) n*n” amplitude analysis
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difference w.r.t.
previous analysis

S(s1,s2) = A(Z,,) + A(Z,,,) + A(f,(980)) + A(f,(1275)) + A\g |+ A(G)b

7 7 DN
BW Flatte BW C, + C,-m?(sur) BW

Amplitudes in Lorentz invariant form. Background: Y(nS) sidebands.
Efficiency: integrate PDFs using reconstructed phase-space MC (non-parametric). 17



D

< Comparison of spin-parity hypotheses

BHELLE

Clear picture of interference between Z, and non-resonant S-wave amplitude

116 Y(2S)

0 0.25 0.5 0.75

M?2[rttt], Ge\-/z/c4

Useful projection to explore
“deficit” due to interference.

Z,, helicity angle ~ M?(nt*r™)

1* S-wave
1- P-wave

Z,—>Y(nS)m
2* D-wave

L2~ P-wave

= A, is ~independent on M?(n*n) for 1%,
other hypotheses change sign over M?(nt*1”)

Interference region has high sensitivity.
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(Events /10 Mev/cz)

Comparison of spin-parity
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Origin of structure at threshold?

1. Threshold effect

T T Chen Liu PRD84,094003(2011)
(*)
Y(5S) Y2s) z, \ z./
B(*)

S-wave M [Y(2S)r]

Danilkin Orlovsky Simonov PRD85,034012(2012)
. . 4.5 T T T
2. Coupled-channel resonance multiple re-scatterings = pole

T/ B(*) T i/ B(*) T B(*) T 3r
+ + ...

B Y(25) B®)  Y(2S)  B™ Y(25)

O | | ]
10.5 10.55 10.6 10.65 10.7

3. Deuteron-like molecule
T,p,®,C exchange  Y(5S)

Ohkoda et al arxiv:1111.2921

B(* Y(2S)

Request to theory: predictions (formulas) to fit data ! 22



Summary

Z,(10610) and Z,(10650) states observed in 5 decay modes:
Y(1S)rn*, Y(2S)x*, Y(3S)r*, h, (1P)r*, h (2P)m*
Masses close to BB* and B*B* thresholds.

Observation of Z,(10610)*—BB*, 7, (10650)*—B*B* Dominant modes: BF~80%

Z,(10650)*—>BB* is suppressed “smoking gun” of
molecular structure?

Dalitz plot analysis of Y(nS)n°t® consistent with Y(nS)n*n, observation of
Z,(10610)°

6D amplitude analysis Z,, spin-parity is unambiguously 1+

All experimental data point to molecular structure of Z,.

Fit to data with various predictions is crucial to discriminate dynamical model.
Collaboration btw. theory and experiment.

Z, — very rich phenomenological objects, can help to understand highly excited states?
23
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B Fit projections for Y(2S) n*n
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B Fit projections for Y(3S) n*n
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ogle’e —x* " (h,J/p)) (pb)

70

ol ©®  0cle'® — "7 ho (scan data) Production of h_

50f ) UE(e+e' — " JAp)

Trigger

Observation of e*e” - n*n” h_ above DD threshold by CLEOc

Ryan Mitchell @ CHARM2010

° o (e'e — n* n” h) (4170 data)

is unsuppressed
relative to J/y.

a0. Energy dependence

a0 of the cross-section ¢ —— Enhancement @ Y(4260)?
20,

TIR— | J}i

Pos 4 a05 41 415 42 425 43

e*e” Energy (GeV)

Belle sees Y(55)=>Yn'n =

should search for Y(5S)—>h, n*n
28



