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Introduction

Charmonium production at B-factories

Recent news from Belle on
Charmonium-like states

Summary
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Charmonium renaissance: XYZ mesons

Discovered at B-factories

n(2S), Z(3930)=x,(2P)
Exotic charmonium-like states

Double charmonium:

X(3940), X(41060)

Decays with y(y’):

X(3872), Y(3940), Y(4008), Y(4260),

Y (4360), Y(4630),Y(46060)....

Charged charmonium:

7.(4430), Z.,(4058), Z.,(4258)
EXOfiC? tetraquark |cqcg), molecule D(*)D(*),

hybrid |ccg), hadrocharmonium. Are there hadrons with more
complex structure than the simple
Qq mesons and the qqq baryon4s?




D
The mechanisms of new
particle production at B-factories

From B-decays, e.g. B*—
X (3872)K"*

In double charmonium
production, e.g. ete —=J/Y
X (3940)

In yy fusion,
e.g. YY—n.(2S) or yy—=Z(3930)

In radiative return, e.q.
ete” = Yy Y (4260) — J/P =ntn”
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8.60 (K*) + 2.35°(K,)

Narrow width <2.3 MeV

Although above DD(*) threshold.
Mass (3871.46 +- 0.37 +- 0.07) MeV
(Belle, arXiv:0809.1224)

S-wave molecular state?



X(3872)

M.+ .- = M, (violates isospin)

Decays to J /vy, ¥(25)y = C = +1
Spin-parity analysis = J/¢ = 1++,2-+
Doesn’t decay to x.1v, DD, vv, ete

No charged partner, not an isovector

It is important to search for other decay modes



Recent News on X(3872)
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Higher X mass raised some speculations about new particle X(3875)
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X(3872)—Jlyy

B+ —» K* X(3872)
30.0*82_, , events (4.9c)
BO — KO X(3872)
5.7+35_, . (2.40)
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News on X(3872) radiative decays

Belle, Preliminary, QWG "10, 711/fb




News on X(3872) radiative decays

X(3872)=v "y

B+ — K* X(3872)

Belle, Preliminary, QWG "10, 711/fb
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But BaBar claimed Br(X—y’ 7 )/Br(X—=J/p 7)~3. Belle doesn’t confirm.
(PRL 102, 132001 (2009))
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X(3872) new decay modes

B° — X (3872)(K ™7~ )nr observed
BB - X(Ktn~ )nr)B(X — J/¢pntr™) = (8.1+£2.0" 1) x 10°¢
B(B? - XK (892))B(X — J/ymtw™) < 3.4 x107°¢

K* fraction is small unlike to cc
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Recent News on Y(3940)
and Observation of X(3915)



Y(3940) — Jhpo

Recent BaBar result
arXiv:1005.5190:
Double structure
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Y r—Jd/p w

Another states near 3.94 GeV: PRL 104, 092001 (2010) \/e+
9 e+

- X(3940)—D*D in double charmonium ' ¢

Production (but not seen in JAhpw or DQ)Q - o

(PRL 100, 20200 (2008)) E ok ;

-Z(3930) —DD in 2-photon events. ? 8 ‘ J=0,2 only

(interpreted as a candidate for y,") *2 6 F | 49+-14+-4 events

(PRL 96, 082003 (2006)) N ’
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So, it is important to search for
a signature of the Y(3940) or
Any other resonant state in 2-photon
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Recent News on Y(4140)
and Evidence for Y(4350)
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B* - JIypeK*, Y(4140)—J/ye
PRL 102, 242002 (2009)
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Search for possible
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vyr—=d/yo

- Belle PRL 104, 112004 (2010)
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' = '13' (I)N 4 MeV disfavor D,"*D.*~molecule scenario for

Y (4140) with JPC= 0 or 2+

I, (Y(4350)x B(Y(4350) — bJ/y) =
(6.772,,£1.1) eV for J*=0"
(1.5%7 £ 0.3) eV for JP=2"

interpretations: D, *D_,~ molecule or sscc tetraquark with J*¢=2*; P-wave
charmonium ¥_,(3P) =3°P,



D
Summary

B-factories discovered many exotic charmonium-like states that are not
easily explained as simple g-anti-q mesonsof the charmonium model.
These states have a number of intriguing and unexpected properties.

Recent news from Belle are:
- Belle measured X(3872) —D*0 DO, new peak parameters;

- Preliminary results on X(3872) — Jhp ¥ andy’ y¥: Now X(3872) — Jp y

is clearly established (both Belle and BaBar are observing);
X(3872) — '’ y is not seen by Belle (BaBar claims evidence)

-Also B—X(3872) (Kr)-nonres. is observed

- Belle finds two new narrow peaks in ¥ ¥ events:
Observation of X(3915)—J/hp w and evidence for X(4350)— Jhp
- Belle has not confirmed CDF Y(4140)—J/ipg in B-meson decays

Analysis at B-factories experiments is still going on...
But we need in more data to further investigate
exotic charmonium-like sector @ super B-factory!



