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= Since the B-Factories (BaBar and Belle) era,

many charmonium (cC) states have been

observed thank to the large statistics.
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Introduction

Charmonium(-like) States Production

= ISR (initial state radiation) production = B decays
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W\ JPC =0+, 17, 1+
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b) \ B — K(cC)
_ _ K
q q
ex) Z.(3900)* : ete” — Y,irY (4260) — Y, (TT7I/Y) ex) X(3872) : B— K(mr*mmJ/yp) (Belle, 2003)

(BESIII, Belle, 2013)

= Charmonium-associated production with J/@ mesons in e*e- annihilation
ex) ete” — J/un., /WX.o J/WN(2S) (Belle, 2002)

= Two-photon collision
ex) X(3915) : yy — J/y w (Belle, 2009), Z(3930) : yy — DD (Belle, 2006)



Outline

Recent Results on Charmonium(-like) States from B-decay at Belle

Amplitude analysis of B — w(2S)K*rr

= quantum number measurement for Z_(4430)*

Amplitude analysis of B® — J/yK-r*
= new charged state Z_.(4200)*
= new decay channel Z_(4430)* — J/y 11*

= no evidence of Z_(3900)* — J/y 1T*

Search for X(3872)-like states decays to n. modes

Search for charmonium(-like) states in B — ppK



|. Amplitude analysis of B — @ (2S)K*mr-

Events/0.01 GeV

The Charged Charmonium-like State Z_(4430)*

Found by Belle in 2007

Z.(4430)* — W(2S)TT* in B — W(2S)KTT*
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Quantum number measurement in 2013
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|. Amplitude analysis of B — @ (2S)K*mr-

Quantum Numbers of the Z_(4430)*

Z.(4430) — W(2S)TT" in BY — W(2S)K*Tr

= 4-dimensional amplitude analysis

= 4-dimensional parameter space defined by
(l) — (MZ—W-FJ Mi‘;"w"” HIJEI'FJ (_ID)

= all known K*11- resonances are included:
K*0(800), K*(892), K*(1410), K*0(1430), K*2(1430), K*(1680), Z(4430)

o9 K*(892) and K,*(1430) veto
¢Y'K": angle between ¥’ and K" decay g I
planes 221 A
6y’ helicity angle F ;¥
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K. Chilikin et al (Belle), PRD 88, 074026 (2013)



|. Amplitude analysis of B — @ (2S)K*mr-

Quantum Numbers of the Z_(4430)*

=  Projection of the fit results with the K* veto

K*(892) and K,*(1430) veto

45
D>
40 <[> Z_(4430) — W(2S)TT in BY — W(2S)K*TT
with Z(4430)- (JP41* BELLE
':g 35
= 30 = Significance : 5.20
0
~ 25F  without z(4 30)| = The preferred J° = 1+
S 20 ] | =  Exclusion level (J°=0-, 1-, 2-, 2%):
® !
5 15 LI 3.40,3.70,4.70,and 5.10
=
40 = M =4485'2 B MeV/2, T =200"4128 MeV,
U A " B(B"— Z(4430)"K*) X B(Z(4430)" — '7")
O™5 16 17 18 19 20 21 22 23 — (6.0717+23) X 1075

M2(y’ 1), GeV¥c*

TABLE 1. Fit results in the default model. Errors are statistical only.

JP 0~ 1~ 1" 2- 27
Mass, MeV/c? 4479 £ 16 4477 = 4 4485 = 20 4478 = 22 4384 = 19
Width, MeV 110 =50 22+ 14 200 = 40 83 =25 52 =28
Significance 450 3.60 6.4 220 1.8

K. Chilikin et al (Belle), PRD 88, 074026 (2013)



|. Amplitude analysis of B — @ (2S)K*mr-

BaBar and LHCb Results on the Z_(4430)* an,

= BaBar did not confirm Z(4430)* (2009) !

Z.(4430) — J/y1rin B0 — J/ytrKo* 2.(4430) — w(2S)1 in B9 — w(2S)mKo*

B. Aubert et al (BABAR), PRD 79, 112001 (2009)
= |HCDb confirmed the existence of the 7(4430) state & established its spin parity (2014)
= 4-dim amplitude analysis

Z.(4430) — w(2S)1 in B® — w(2S)mK*
= significance : 13.90

The spin parity J° = 1*

M=4475+ 7 MeV, T =172 £ 13 MeV
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Il. Amplitude analysis of B® — J/@K-1r*

New charged state Z_(4200)* — J/g m*

= New charged state Z_(4200)* is observed.
MAKx) > 3.2 GeVac?

&0 Z.(4200)* — J/wt* in B® — J/ytm*K-
© D>
T [with Z,(4200)* (3" = 17) />
& 50rwithout z (4200) BELLE = 4-dimensional amplitude analysis similar to Z_.(4430)*
E& 4[]3_ = Significance : 6.20
LE - = The preferred J° = 1*
= 30
T = Exclusion level (JP=0-, 1-, 27, 2%):
w _[
200 6.10,7.4 0, 4.4 0, and 7.00
10F = M = 419673417 MoV/2, T = 370+70+79, MeV.
oo LA " B(B° — Z.(4200)TK ™) x B(Z.(4200)T — J/¢nt) =
12 14 16 18 2 22 A5
M2(Jhy ), GeVAlc? (2.2705%56) x 1077,

Z.(4200)*
TABLE I. Fit results in the default model. Erpefs are statistical only.

JP 0~ 1~ 1T 2” 2+
Mass, MeV /c? 4318 £ 484315 4 40| 41967353 14209 + 14 |4203 = 24
Width, MeV  |720 4 254| 220 £ 80 [ 370 £ 70| 64 + 18 | 121 + 53
Significance (Wilks)| 3.90 2.30 8.20 3.90 1.90

K. Chilikin et al (Belle), arXiv: 1408.6457 (2014) 9



Il. Amplitude analysis of B® — J/@K-1r*

Argand Plots for the Z_(4200)*

= Argand Plot for H,

Argand plot for H1

0.1

m H,

~ 0.05)

-0.05[
0.1
0.15)

0.2f

-0.25F . |

03 -02 -01 0 01 02
F{eH1

— clearly shows a resonancelike change of
the amplitude in the plane of absolute

value and its phase.

—

Argand Plot for H,

Argand plot for HO

0.05 3.919 4.473

-0.05}

0.1

-0.15F
0.2F

much larger relative errors

impossible to draw any conclusion

K. Chilikin et al (Belle), arXiv: 1408.6457 (2014) 10



Il. Amplitude analysis of B® — J/@K-1r*

New decay channel Z_(4430)* — J/gp 1"

= New decay channel of Z_(4430)" is found.

1.432% GeV/e* < MA(K ) < 3.2 GeVic?

© ool with Z,(4430)* o
T 120/ With Z(4430) 7_(4430)* — J/Wrr* in B — J/WrrK:
8 [ without Z.(4430)*
< 100F
To} L
g 800 = The Z_(4430)* is significant (4.00)
2 GD: — evidence for new decay mode.
Q B B
@ " B(B® - Z,(4430)TK7) x B(Z.(4430)F — J/ymt) =

C 2-%-1.0-0.9 ;

20F
- T B(Z:(4430)" — 4(2S)n™) i
0 LA e AT AN ~

42 14 16 1 " TB(Z.(4430)* — J/omt)

2 214
M (J/y.m), GeV<ic — Z(4430) as a hadro-charmonium is also possible

Resonance | Fit fraction |Significance (Wilks) other than four quark resonance state.

Z(4430)* | (0.570 1% 5.10 S. Dubynskiy and M.B. Voloshin, Phys. Lett. B 666, 344 (2008)

Z:(4200)% | (1.975 )% 8.20

K. Chilikin et al (Belle), arXiv: 1408.6457 (2014) 1 1



Il. Amplitude analysis of B® — J/@K-1r*

No evidence of Z_(3900)* — J/gp m*

Z-(3900)* is also tried to add using the amplitude model with the Z_.(4200)* (J° = 1%)

No significant signal is found.

TABLE IX. Fit results with addition of the Z.(3900)" in the default model. Errors are statistical only.

JP 0~ 1~ I 2- 2t
Mass, MeV /c?|3889.8 + 3.3|3890.3 + 3.1{3890.6 + 3.3|3891.1 + 3.2|3891.5 + 3.3
Width, MeV | 432465 | 37.8 7.9 | 39.2+£8.1 | 394485 | 41.2+7.7

Significance 2.40 1l.1o 0.10 < 0.10 0.20

The upper limit of the branching fraction product

B(B° — Z.(3900)TK ™) x B(Z.(3900)" — J/¢nT) < 9x 1077 (90% CL).

K. Chilikin et al (Belle), arXiv: 1408.6457 (2014) 19



lll. X-like states decays to n. modes

X-like states decaying to n. modes

=  Motivation
= X(3872) was first observed by Belle in B — K(J/wm*1m). Angular analysis of this mode
performed by LHCb determined all quantum numbers: 1**.

= If X(3872) is a D°D*° molecule, there may be other “X-like” particles with different

quantum numbers, that are also bound states of D®*) mesons.

=  Assumption

candidate combination quantum number JP€ decay mode
X,(3872) DOD*0 — DOD*0 ks X — N, X = NP
X(3730) DODC + DODO 0+ X — NN, X — NI
X(4014) D*0D*0 + D*0D*0 0+ X — NN, X — NI

. X,(3872) : C-odd partner candidate of X(3872)
= Analysis features

= Xis produced in charged B decays: B* — K*X (n. — KK 11, K, — 17*1T")
= combined fit of 2 decay modes of n (yy and 1*r119)
= test mode BT — K*y(2S), w(2S) — J/w 1T gives results consistent with PDG

= B* decays into the same final states, but without intermediate X are studied.
Anna Vinokurova June, QCD2014 13



lll. X-like states decays to n. modes

X-like states decaying to n. modes

X — NI X — New
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X: M(X) GeV/c?-Y: N events Anna Vinokurova June, QCD2014 {4



lll. X-like states decays to n. modes

X-like states decaying to n. modes

= No signal was observed in any of the studied decay channels.

= Upper limits on the branching products for

B* — K*X, X = nc.h for h=1*1r, 0, n, m°

= Upper limits on the branching products for

B* — K*n.h for h= 11, w, n, M

Decay mode . u Decay mode . U
Bt _» KtX ifte (90% C.L.) B _» K£X Hi=te (90% C.L.)
X — NITHT 179 £ 165 | 3.0x10° B* — KEn 155 £ 72 3.9x10%
X,(3872)
X — Nw 6.0 £ 125 6.9 x 10° B* — K*n.w -41 £ 27 5.3 x10%
N — yy 13.8 £ 9.9 n— vy -14.1 + 26.1
X —nNnen 4.6 x 10° B* — K*n.n 2.2x10°
X(3730) n — T 14+1.0 n — T -1.8 £+ 3.4
X —nm -25.6 £ 104 5.7 x 10 B* — K* n.1° -1.9 +£ 121 6.2 x 10°
X—=nN,N—YY 89+11.0
3.9x10°
X(4014) X —nen, N — T 1.3+1.6
X — N -8.1 + 13.2 1.2 x10°

Anna Vinokurova June, QCD2014 1 5

Preliminary results




V. Charmonium(-like) states in B — ppK

Charmonium(-like) states in B — ppK

=  Motivation
= measure the branching fraction of the decay B* — ppK* and B° — ppK,° for
intermediate charmonium(-like) states such as n.(2S), w(3770), X(3872) and X(3915)
= will be of interest for future experiment PANDA which plans to study charmonium and

charmed particle production in pp annihilations.

= Analysis features
= based on blind analysis (3.7 GeV/c? - 4.0 GeV/c?)
= continuum suppression using modified Fox-Wolfram moments
= K, — 1T

= test mode J/y — pp and n. — pp in B* — ppK* give results consistent with PDG

16



V. Charmonium(-like) states in B — ppK

=  Pre
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liminary results
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Ongoing study
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V. Charmonium(-like) states in B — ppK

Search for Charmonium(-like) states in B — ppK

LHCb (2013) % = BESIII (2013) B'ES]]I

(cC) — pp in B* — ppK*

B[B+ - pﬁK+}lﬂtal
B(B+ — J WK+ — ppK—T)

=4.91 £0.19 (stat) £ 0.14 (syst),

B(BT — ppK ")y, <285 Gev/e?
B(B* = J/UK+ — ppK+)
—2.02 4 0.10 (stat) + 0.08 (syst),

BBt — n.(1)K* — ppK™)
B(B+ = J/VK+ — ppK+)

= 0.578 = 0.035 (stat) = 0.025 (syst),

BBt — ¢y (2S)K+T — ppK™)
B(BT — J/yK+ — ppK+)

= 0.080 = 0.012 (stat) = 0.009 (syst).

B(X(3872) — pp)

-3
B(X(3872) — J /ym+m—) <2.0x10

The LHCb Collaboration, Eur. phys. J. C 73, 2462 (2013)

(cT) — pp in Y(3686) — Ypp

Br(n.(2S) — pp) < 4.8 x 103 90% C.L.
Br(h. — pp) < 1.7 x 103 90% C.L.

M. Ablikim et al (BESIIl), PRD 88, 112001 (2013) 1g



Summary

summary

=  Preferred quantum number of Z_.(4430)* is 1* in B® —» y(2S)Km* decay and

new evidence of the Z_(4430)* — J/y 1 is found.

= New charged charmonium-like state Z_(4200)* is observed in B® — J/WK-T*

decays. The quantum number is 1*.

= No X-like states are observed in decays to n.m*m, n.w, NN and n..

Upper limits for the corresponding product branching fractions were set.

= Search for charmonium(-like) states in B — ppK is ongoing.

19
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