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-Charged Z states
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-Upsilon scan results
-Summary



Luminosity at B factories
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Quarkonium production at B factoriesQ p

- Energy scan and Y(nS) transitions

- Production from B decay 

P d ti f ti- Production from continuum
Double charmonium production

- Two-photon production

- Initial state radiation
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Conventional charmonium cc
• Multiquark states

M l l

Exotic charmonium-like states
πc c–
u– Molecular state

two loosely bound charm mesons
• quark/color exchange at short 

distances

uu–

• pion exchange at large distance
– Tetraquark 
tightly bound four-quark state 

u– cuc–

Discovered at B-factories

• Charmonium hybrids
- States with excited gluonic degrees of 

freedom
• Hadro charmonium

c c–
η(2S),  Z(3930)=χc2(2P)
Exotic charmonium-like states
Double charmonium:
X(3940) X(4160)

• Hadro-charmonium 
– Specific charmonium state “coated” by 

excited  light-hadron matter 
• Threshold effects

g

cc–
π

X(3940), X(4160)
Decays with ψ(ψ’):
X(3872), Y(3940), Y(4008), Y(4260), 
Y(4360), Y(4630),Y(4660)….

– Virtual states at thresholds
– Charmonium states with masses shifted by 

nearby D(s)
(*)D(s)

(*) thresholds 

cc
π
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Y(4360), Y(4630),Y(4660)….
Charged charmonium:
Z(4430), Z1(4058), Z2(4258)



X(3872)
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Discovery of X(3872)
- X(3872) was discovered by Belle at 2003 in ππJ/ψ mass distribution and confirmed- X(3872)  was discovered by Belle at 2003 in ππJ/ψ mass distribution and confirmed 

by BaBar, CDF and D0.
- First exotic charmonium
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X(3872) properties
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Search for other decay modes with X(3872)
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X(3872) new production mode
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X(3940), Y(3940), Z(3930)
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X(3940), Y(3940), Z(3930)

(5.5σ)

New state

(5.5σ)

A.Kuzmin Heavy quarkonium and -like states 13

New state



X(3940), Y(3940), Z(3930)
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X(3940), Y(3940), Z(3930)
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X(4140)
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New states from two-photon study
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Charged charmonia
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Z(4430)+ observation by Belle
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Search Z(4430) by BaBar
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Z(4430) Dalitz analysis by Belle

A B C D EA B C D E
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New charged Z’s decaying into π+χc1
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No discrimination between J=0 or 1
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ISR at B factories 

ee++γγ ee++

ee––

ee

cc

γγ
s = E2

cm– 2EcmEγ
ccee––

ee

• Quantum numbers of final states are fixed JPC = 1– –

• Continuous ISR spectrum:
access to the whole energy range– access to the whole energy range

– αem suppression compensated by huge luminosity 
– comparable sensitivity to energy scan (CLEO-c, BES)
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e+e–→ J/ψπ+π– γISR 
Y(4260)... Y(4008)?

Y(4260)
454 fb-1

PRL95, 142001(2005)

Y(4260)

PRL99, 182004 (2007)arXiv:0808.1543

Y(4260)

Y(4008)

Y(4260)

550fb-1

Y(4008)?

• No room for Y states among 1– – charmonium 
33S = ψ(4040); 23D = ψ(4160) ; 43S = ψ(4415)

M(J/ψπ+π–), GeV M(J/ψπ+π–), GeV

e+e–→ψ(2S)π+π– γISR

– 33S1  = ψ(4040); 23D1 = ψ(4160) ; 43S1 = ψ(4415)
– masses of predicted 33D1 (4520); 53S1 (4760); 

43D1(4810) are higher (lower) 
• Absence of open charm production ...

i i t t ith ti l h i

e+e–→ J/ψ π0π0γISR is on the way

e e →ψ(2S)π π γISR 
Y(4360), Y(4660) ...

are inconsistent with conventional charmonium

Y(4360)
Y(4660)

PRL 99, 142002(2007) 

Y(4360)

PRL98, 212001(2007) 

Y(4660)

670 fb-1298 fb-1

Y(4660)?

M( (2S) + ) G VM(ψ(2S) + –) GeV
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Y states vs inclusive & exclusive cross sections e+e–→hadrons

) PRL98 092001 (2007)0) 0) 5)0) 0) 5)

R(s) = σ(e+e–→hadrons)/σ(e+e–→μ+μ–) – Ruds
0) 0) 5)0) 0) 5)0) 0) 5)0) 0) 5)

R(s) = σ(e+e–→hadrons)/σ(e+e–→μ+μ–) – Ruds
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• Peak positions for M(J/ψππ) and M(ψ(2S)ππ) are

ψ
(4

16

Y YY YY YY YY YY Y

Interpretations of Y states 
• Conventional charmonia with shifted masses

• Peak positions for M(J/ψππ) and M(ψ(2S)ππ) are 
significantly different

• Y(4260) mass corresponds to dip in inclusive and
D*D* cross sections

• Y(4660) mass is close to Λc
+Λc

– peak

if Ruds=2.285±0.03 Durham Data Baseif Ruds=2.285±0.03 Durham Data Baseif Ruds=2.285±0.03 Durham Data Baseif Ruds=2.285±0.03 Durham Data Baseif Ruds=2.285±0.03 Durham Data Baseif Ruds=2.285±0.03 Durham Data Base

• Charmonium hybrids 
– The lightest hybrid is expected by LQCD  around 

4.2 GeV
– The dominant decays Y(4260)→D(*)D(*)π, via virtual 

D**

Hadro charmoni m

PRL101,172001(2008)c c–
g• Hadro-charmonium 

• Multiquark states
• S-wave charm meson thresholds

e+e–→Λc
+Λc

– γISR
g
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Upper Limit • No evident structures: only UL’s 

Exclusive e+e−→ D0D*–π+ cross-section via ISR
PRD 80 091101(R) (2009)

ψ(4415)
Upper Limit 

• Baseline fit:
– RBW for ψ(4415) & threshold function for 

non-resonant contribution without 
interference between amplitudes

Y(4260)
ψ(4415)

• To obtain limits on X→D0D*–π+,
X=Y(4260), Y(4360), Y(4660),  X(4630) perform 

four fits each with one of the X states, ψ(4415)
and non-resonant contribution 

disfavor hybrid 
interpretation for Y(4260)

σ(e+e–→ψ(4415))×Br(ψ(4415)→D0D*–π+)< 0.76 nb at 90% CL
Br(ψ(4415)→ D0D*–π+) < 10.6 % at 90% CL

p ( )

UL at 90% CLUL at 90% CL
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Heavy quarkonia discovered at B-factories
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Summary

• In  the experiments at B-factories more than 15 new quarkonia have 
been discovered (both predicted conventional states and many new 
exotic quarkonium-like states).

• Recent topics:
-Charged charmonia
-X(4160) in D*D*
-New narrow peaks observed in two-photon events J/ψω and J/ψφ-New narrow peaks observed in two-photon events J/ψω and J/ψφ
-Belle has not confirmed CDF Y(4140)

A l i f B f i d i ill iAnalysis of B-factories data is still going on…
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Backup slidesac up s des
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Y(5s) scan
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The Yb(10889)
s 

se
ct

io
n

 /
 p

b • Fit with 1 Breit-Wigner
(floated mean and width)
with 3 floated 
normalizations
(for 1S 2S and 3S)

Y
(n

S
)π

π
cr

o
ss

(for 1S, 2S and 3S)
• Comparison Yb vs. Y(5S):

mean ~20 MeV higher
width around ½

o
n

 /
 p

b

• Fit with 2 Breit-Wigners
fixed to 
Y(10860) = Y(5S)
Y(11020) = Y(6S)

)π
π

cr
o

ss
 s

e
ct

io PDG parameters

• Final state interaction
or a new state?

Y
(n

S
)
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Y(2175)  e+e–→ φπ+π– γISR

Interpretations: 
PDG 09:Y(2170) 33S1 ss state?  but predicted width ~380MeV!
hybrid similar to Y(4260)? tetraquark? .... 
Other decay channels to be measured to clarify the nature of
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Other decay channels to be measured to clarify the nature of 
Y(2175)
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Z(4430) Dalitz analysis by Belle
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