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Outline

KEKB e*e- collider and Belle detector
Production mechanisms of hadrons.
X(3872) and Z.(4430)* : exotics in B decays
Z,(10610)" and Z,(10650)* at T (10860)
Z.(3900)" at Y(4260) and similar states
Extension to charm baryons

Challenges at higher statistics

Summary



KEKB/Belle : world highest
luminosity e*e- collider

Belle B E 2%
e

KEKB ~ High resolution 4
8GeV x3.5GeV@ T (4S) spectrometer with particle
identification capability s



Integrated luminosity of B factories

(fb™) Belle recorded more than 1 ab™!
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“XYZ” sensations at Belle
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What made it possible?

First of all, the world highest luminosity by KEKB.
High resolution 4n spectrometer, Belle.
Those two brought us possibilities to access;

« Various production mechanisms
— Each physics process has preferable states.
— Interplay among several approaches is effective.

« Various decay modes
— Each hypothesis; other decay modes, partner states.
— Partner states have specific decay modes.



Variety of recorded reactions
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Exotic candidate states found in B meson decays

X(3872) and Z-(4430)*



X(3872); various decay modes
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Events/ (9.5 MeV/c?)

More decay modes
X(3872)—Jhy v; C=+1

&> _f 50—
30 o 7F C . a)
C 2 LHCb
25 = 6f ~ 402"
0 f =~ [ &,
20 S 3t T L3 LHCb
3, = 303 ttpospndd,
15 5 = - Mmyasyyk+  [GeV/e?]
o 3 £ r
10 < 20—
e %
5 &)
5 ! 10
975“38M385 3.0.365 4 97538 L8 38,95 o _
iy (GeViC) wy (GeVle O————%3 %2 B3 = '5a 5.5
Ty (28 )yK- [GeV/c?]
.Basar 2009 | PRL 102 (2009) 132001 | 40
Belle 2011 | PRL 107 (2011) 091803 | Y b
- 2 -
- -
tHcb NPB 886 (2014) 665 S
predictions for pure cc sizg 3 o
. S F | ,
| prediction for pure DD* model 0 R T
1 TN (2S)y :CCV/(."Z]

predictions for admlxture of cc and DD*

, predicions for adm X(3872)—>\|1(28) Y

. Pure.molecule is unlikely .. found at LHCD. 10

RW



Admixture : most plausible
interpretation for X(3872)

X(3872)

Ar nucleus
DD ~7fm ‘;4
@ core N ;/ /
l J
. 4
DODO*

E. J. Eichiten et al., PRD73,014014(2006); A. M. Badalian et al., PRD85,031103(2012),
S.Takeuchi, K.Shimizu and M.Takizawa, PTEP2014(2014)123D01

DD* component is coupled with the same JPC cc, x..(2P) (unseen).
—can explain Br(X—D°%D")/Br(X—J/y n*n") is about 10.
—pure molecule is too fragile to be produced at Tevatron/LHC.
—another y.,(2P) dominant state would become broad.

Reaching such an interpretation is remarkable progress.
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More info., absolute br.
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Z.(4430)* in \|I(28)TC final state
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Confirmed by LHCb
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Candidates / ( 0.2 GeV?)

[u—
-
o

200

Confirmation by LHCb
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Such approach will be possible to study other states with Belle |l
statistics only. 14




Charged states in JP©=1- quarkonium-like decay above open
bottom/charm meson pair thresholds.

Z,(10610)*, Z,(10650)* at T (10860)
and Z_(3900)* at Y(4260)
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Two Z,* states seen in all
bottomonlum n+ systems at ’T‘(10860)

PRL1 08 122001 2012
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Z.(10610)*—BB", Z,(10650)*—

One B
reconstrpcted
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Molecular picture works
B* B B* B

Fy o 4. @
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l l B'B(") dominant Br.
: ; : | Decays to T and h,
T hy B B can co-exist.
\1'4 \'7 \1'4 H/, JP=1"* is supported
s-wave p-wave by Dalitz analysis.

A.E.Bondar et al., PRD84,054010(2011) PRD91,072003(2015).
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Z (3900)* at Y(4260)—Jhyr*r
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Also Z (4060)* in w(2S)n= at Y(4360)—y (2S) 1.
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. essons from these discoveries

« The decays of JPC=1- states above open
charm/bottom threshold contain charged state(s).
— Y(4260) — Z(3900)*r

— T(10860)—2Z,(10610)*x and Z,(10650)* 1"

 Near the meson-meson threshold, molecular
state plays an important role.

99 - 00 - HAL QCD simulation shows
& N\ Z,(3900)* is likely to be a
— “threshold cusp”.
PRL117,242001(2016)
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It should be a natural extension ..

Charmed baryon(-like) states

21



As for charm baryons

L1
g ‘lZZQ)
C

Need to clarify “what are ordinary”.

One of the constituent quarks is heavy,
the remaining light quarks may behave
“di-quark”; a good degree of freedom?.

L,: p mode, L,: A mode.

Still limited knowledge about excited
states — need to visit.

Also think about possible hunting for an
exotic.
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Observation of excited states

PRD89,052003(2014) PRD94,032002(2016)
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Both “charm baryon + light hadron” and “charm meson + baryon”
modes being visited, very important input for theories.

Determination of JP needs more data. 23



Pentaquark search in A_ decay

arXiv:1707.00089 to appear on PRD
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Challenges with higher statistics

« Search for partner states
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« Determination of quantum numbers 25



Summary

* Molecular picture plays important role near the threshold.
— X(3872) : D° D0 and mixing with y.{(2P).
— Z,(10610)* : B B*, Z,(10650)* : B* B*
— Zc(3900)* : Cusp due to DD* 2 JAy ©t (and 1, n) transition

according to the HAL QCD calculation.

* Activities to be extended to charm baryon(-like) system.
— Started to identify excited states in different decay modes.
— Pentaquark search in A, decay performed.

 Need more data; mission at SuperKEKB/Belle |l
— For partner searches because of anticipated decay modes.
— For determination of quantum numbers.

— Argand diagram approach only possible with Belle Il statisztgcs.



