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KEKB & Belle

_
3.5GeV e+ × 8.0GeV e-

Lpeak = (1.7×1034)/cm2/sec
> 1.2/fb/day

Lint > 700/fb
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Production mechanisms
All expected charmonium states below DD threshold 
are discovered: 
missing by 2000: ηc(2S) Belle(2002) + hc CLEOc(2003) 

Many new states above ~3.7GeV are discovered 
by B-factories;   even more are still missing
Known production mechanisms  and  methods of search 

for new states (pioneered by B-factories):
• ee → Xcc γISR : access to 1- - states and their 

interference         
• ee → Xcc J/ψ : access to C=+1 (mainly J=0) states
• ee → eeγγ → Xcc : access to 0+/- and 2+/- states
• B → Xcc K            : any state can be produced (beyond 

the scope of this talk)
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MORE THIS YEAR?
• ee → γγ → Xcc - NO
• ee → Xcc γ - YES
• ee → Xcc J/ψ - YES

Kaleidoscope of previous results

ee→J/ψ X(3940)

γγ→χc2’

D*D*

DD*

ψ(4160)

ψ(4040)
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ee→J/ψππ via ISR

• Polar angle distribution agrees well with 
ISR expectation

• Combinatorial bg estimated by J/ψ sb
• Bgs from real (J/ψ ππ)non ISR or J/ψ Xnon ππ

are negligibly small

-the same as last year 
(hep-ex/0612006) but use extra 
data  sample  ⇒ improve ISR 
efficiency

J/ψ(→ l+l - )+ ππ + no extra tracks
detection of γISR is not required

120±14 ev. (8σ) 324±21 ev. (15σ)

• Clear signal of missed massless particle (γISR)
550 fb-1
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ee→J/ψππ cross-section 
• Bg subtracted M(J/ψππ) 

corrected for efficiency 
and differential 
luminosity

• Cross-check: 
measurement of cross 
section at ψ’ peak:

• Γee(ψ’)=2.54±0.12±0.89
• PDG’06: 

Γee(ψ’)=2.43±0.05

• Mππ spectra in different       
√s regions:

• √s 3.8 -4.2  & 4.4-4.6 GeV in 
agreement with 3-body 
phase space

• Y(4260) region
√s 3.8 -4.15 GeV: two 
clusters at low and high 
masses

Systematics
±7.5%
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Interpretations
• Non resonant J/ψππ ?
• Rescattering ee → D(*)D(*) → J/ψππ ?
• Another broad state ?

• Check the latter hypothesis and  
influence of interference of Y(4260) 
with non-Y contribution:

• Fit with 2 coherent BW
• Two- fold ambiguity in amplitude 

(constructive-destructive 
interference) + model uncertainty 
due to ψ’ tail 

2-BW fit with interference better describes 
the data: Y(4260) parameters are different 
(especially peak cross section – large 
uncertainty)

BW+ polynomial fit:  Y(4260) parameters 
consistent with BaBar
Phys.Rev.Lett.95:142001,2005. 
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ee→ψ’ππ at √s ~4-5.5GeV via ISR

ψ(→ J/ψ ππ) + ππ + no extra tracks
detection of γISR is not required
Similar analysis: efficiency is smaller;

bgs are almost negligible

• Polar angle distribution agrees well 
with ISR expectation

• Combinatorial bg estimated by ψ’ sb
• Bgs real (ψ’ππ)non ISR or ψ’ Xnon ππ are 

negligibly small

Two significant clusters:  One is near BaBar reported enhancement 
PRL.98:212001,2007 + NEW at M~ 4.7 GeV

• Clear signal of missed massless
particle (Mrec

2(ψ’ππ)~0)
670 fb-1
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Cross section and interpretation
• Bg subtracted M(J/ψππ) corrected for 

efficiency and differential luminosity

Y(4360) – consistent with BaBar
Y(4660) – NEW (5.8σ)
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ee→J/ψππ & ee→ψ’ππ together

• Peak positions at M(J/ψππ) 
& M(ψ’ππ) are significantly 
different

• Can 4 states be 
accommodated by theory?

• even the first one – Y(4260) 
is not understood yet

• These results to be 
submitted soon.

• Cross sections are to be 
send to public data base. 
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e+e-→ DD at √s~3.8-5 GeV via ISR
D0D0 or D+D- +  no extra tracks
detection of γISR is not required 

if γISR is detected M(DD γISR) is required ~ Ecm

Combinatorial bgs are estimated from D sb
Other bgs are small and taken into account

Consistent with ISR production

Mass M(DD) is in a qualitative agreement  
with BaBar: hep-ex/0607083

γISR is not detected

γISR is detected

M2
recoil(DD)

670 fb-1
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D*D*

DD*

Broad structure around 3.9 GeV
is in qualitative agreement 
with coupled-channel model   
Phys. Rev. D21, 203 (1980)

Phys. Rev. Lett. 98, 092001 (2007)

σ(e+e- → DD)

Cross section above 4 GeV has a 
similar shape to those measured for 
ee → D*D* ?

ee→ψ(3770) → DD
is consistent with 
BES/CLEO 
measurements
hep-ex/0612056;                  
PRL. 95, 121801 (2001)
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e+e- → DDπ at √s ~ 4-5 GeV via ISR

Clear  ψ(4415)→DDπ signal

D0 D- π+ + no extra tracks
similar analysis and bgs

no major bgs except for   
combinatorial.

γISR is not detected

γISR is detected

Consistent with ISR production

670 fb-1
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Resonant structure in ψ(4415)→DDπ

Br(ψ(4415) → D(Dπ)non D2(2460))/Br(ψ(4415) →DD*
2(2460))<0.2

M(D0π+) vs M(D-π+) from ψ(4415) region
Clear D*

2(2460) signals
Positive interference
Non D*

2(2460) contribution is not seen

DDπ not DD*
2(2460)

DD*
2(2460)

~14σ
M = 4411± 7±3  MeV
Γtot =77±20±12 MeV
Nev= 109± 25±11

Consistent with BES,
hep-ex/0705.4500,

PDG06, Barnes at.al
Phys. Rev. D72, 054026 (2005)

σ(e+e-→ψ(4415))×Br(ψ(4415)→DD*
2(2460))×Br(D*

2(2460) →Dπ)=(0.74±0.17±0.07)nb

670 fb-1
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Semi-inclusive cross-section via ISR

D*D*

DD*

Phys. Rev. Lett. 98, 092001 (2007)

DDπNEW

DD
NEW

uds-continuum

+ +

=

These 4 final states almost 
saturate inclusive cross section

2×

2×
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ee → J/ψ D(*)D(*)

All signals are  > 5σ

693fb-1

P r e l I m I n a r y

• The method is pioneered  by 
Belle 

• Reconstruct J/ψ and one of 
two D (or D*)

• Unreconstructed D(*) is seen 
as a peak Mrecoil (J/ψ D)

• D and D* recoiling against 
reconstructed J/ψ D are well 
separated (~2.5σ)

• Simultaneous fit to D-signal 
and D-sidebands to fix bg

Phys. Rev. Lett. 98, 082001 (2007)

D*D*

D*D*DD*

DD

DD*
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Study of ee → J/ψ DD(*)

X(3940)

D-reconstructed  D*-tag

• Tag unreconstructed D(*) by |Mrecoil (J/ψ D)- M D(*) | < 70MeV
• Refit Mrecoil (J/ψ D)→ M D(*) : improve M DD(*) by a factor of 3-10

Relativistic BW

D sidebands

6.0 σ

ee → J/ψ DD reflection

D-reconstructed  D-tag

3.8 σ

M = 3942   ±6  MeV
Γtot =37     ±12 MeV
Nev= 52     ±11

+7
-6

+26 
- 15
+24 
- 16

Bg subtracted
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Study of ee → J/ψ D*D(*)

• Broad peak at MDD not 
consistent with non resonant  
DD production in the process 
ee →J/ψ DD (3.8 σ only); 
large fitting systematic error 
in the parameters of this 
enhancement.

• X(3940)→DD* confirmed with 
new data (6.0 σ), M and Γ are 
in agreement with published 
results. 

• New state, X(4160), is 
observed in D*D* decay mode. 

M=(4156       ±15)MeV/c2,
Γ = (139       ±21)MeV/c2

D*-reconstructed  D-tag

X(3940)

cross check

D*-reconstructed  D*-tag

X(4160)

new state

+25
-20

+111
-61

M = 4156     ±15 MeV
Γtot =37       ±21MeV
Nev= 24

+25
- 20 

+111 
- 61
+12 
- 8

5.5 σ

3.8 σ
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Summary
Exclusive multy final states ISR study at Belle:  

J/ψππ: Y(4260)+ NEW broad enhancement at 4.0GeV are well 
described by 2 coherent BW
ψ’ππ: two well separated peaks: one is consistent with BaBar

observation, another is NEW
Cross sections for ee→J/ψππ & ee→ψ’ππ are significantly different
DD cross section: complicated shape: ee→ψ(3770) consistent with 
BES/CLEO, broad enhancement ~ 3.9 GeV – coupled channel effect, 
above 4GeV has similar shape as D*D* 
DDπ: ψ(4415) signal observed, dominated by ψ(4415) → DD**

2  decay
Sum of NEW DD + DDπ , together with published D*D & D*D*,  cross 
sections is close to inclusive ee → hadrons ( - ee → uds continuum)

Double charmonium production:
X(3940): is confirmed with a significance 6.0σ (5.7 σ including 
systematics);
NEW state, X(4160), observed for the first time- 5.5 σ (5.1 σ
including systematics);
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BACK UP SLIDE 1 Y(4260)

• Previous result with hadronic sample 
(~50% signal events are rejected)

hep-ex/0612006 

M = 4295 ± 10 (+10 -3) MeV
Γtot =133 ±26 (+13 -6) MeV
B * Γee = 8.7 ±1.1 eV

M = 4263 ± 6 MeV
Γtot =126 ±18 MeV
B * Γee = 9.7 ±1.1 eV

Present study: BW+2nd order polynomial:
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BACK UP SLIDE 2

D*D*

DD*

Phys. Rev. Lett. 98, 092001 (2007)
• ee→D*D(*) with partial reconstruction:         

D(*) + γISR +πslow (from unreconstructed D*)
• Use Recoil mass difference to suppress bg
• Use kinematical constrain                                

Mrecoil(D* γISR) → MD to improve resolution

X 2 to account for neutral D*D(*)
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BACK UP SLIDE 3
• X(3940) seen in Mrecoil(J/ψ) spectra
• Now many (overlapping) states 

are found to contribute to 
Mrecoil(J/ψ)

• X(3940) parameters are  obtained 
from X(3940) → DD* sample –
consistent with the present study

Phys. Rev. Lett. 98, 082001 (2007)

M = 3943 ±6 ± 6 MeV
Γtot =15.4 ±10.1 MeV
Nev= 24.5 ± 6.9

5.0 σ
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