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OutlineOutline

 Review of Charmonium SpectraReview of Charmonium Spectra
 General Phenomenon of S-wave General Phenomenon of S-wave ππ Exchange Exchange

 Application to the DApplication to the D
11
D* System (1D* System (1---- , I=0), I=0)

– Close, CD, Thomas PRD 81 074033 (2010)Close, CD, Thomas PRD 81 074033 (2010)

 Generalization to Other SectorsGeneralization to Other Sectors
 Experimental SignatureExperimental Signature
 Theoretical UncertaintiesTheoretical Uncertainties

– Filin, Filin, et al.et al. arXiv:1004.4789 arXiv:1004.4789
 SummarySummary



  

States of InterestStates of Interest

• Visha Bhardwaj -- Recent Results on X(3872) at BelleVisha Bhardwaj -- Recent Results on X(3872) at Belle

• Estia Eichten -- Hadronic Transitions in QuarkoniumEstia Eichten -- Hadronic Transitions in Quarkonium

• Kai Yi -- Quarkonium Spectroscopy Results at CDFKai Yi -- Quarkonium Spectroscopy Results at CDF

• Kenkichi Miyabayashi -- Other Charmonium and cc-like States at BelleKenkichi Miyabayashi -- Other Charmonium and cc-like States at Belle

• Arafat Gabareen Mokhtar -- Babar update on new charmonia in B decaysArafat Gabareen Mokhtar -- Babar update on new charmonia in B decays

• Cristoph Hanhart -- Hadron moleculesCristoph Hanhart -- Hadron molecules

• Mikhail Voloshin -- Hadroquarkonium Mikhail Voloshin -- Hadroquarkonium 

• Chiara Sabelli -- TetraquarksChiara Sabelli -- Tetraquarks

• Pierre Artoisenet -- Production of the X(3872) at the Tevatron and the LHCPierre Artoisenet -- Production of the X(3872) at the Tevatron and the LHC



  

There are Many Anomalous StatesThere are Many Anomalous States
Godfrey Proceedings of DPF-2009Godfrey Proceedings of DPF-2009



  

Unique Opportunity to Study Unique Opportunity to Study 
QCD Dynamics QCD Dynamics 

• QCD is very challenging and difficult QCD is very challenging and difficult 

• The naïve quark model (qThe naïve quark model (qqq) picture of mesons ) picture of mesons 
basically worked...basically worked...

– Particularly the charm spectrum seemed well Particularly the charm spectrum seemed well 
understoodunderstood

• However, many non qHowever, many non qqq states are possible and  states are possible and 
“predicted”“predicted”

• Unambiguous identification of these particles will Unambiguous identification of these particles will 
give critical tests of our models.give critical tests of our models.



  

Historical Historical π Exchangeπ Exchange

 Familiar from NN Application (Yukawa)Familiar from NN Application (Yukawa)
 By Analogy TBy Analogy Töörnqvist suggested “Deusons”rnqvist suggested “Deusons”
 Like the NN case Binding Energies were of order 1 Like the NN case Binding Energies were of order 1 

MeVMeV
 Discovery of a possible deuson X(3872) led to a great Discovery of a possible deuson X(3872) led to a great 

deal of interest in deal of interest in π-bound meson molecules (and π-bound meson molecules (and 
other meson exchanges).other meson exchanges).



  

P-wave P-wave π Emission π Emission 
From Parity ConservationFrom Parity Conservation



  

S-wave S-wave π Emission π Emission 



  

S-wave S-wave π Emission (Cont.)π Emission (Cont.)

Chrial Perturbation Theory ModelChrial Perturbation Theory Model

Quark-Quark-π Couplingπ Coupling

33PP0 0 ModelModel



  

Empirical SupportEmpirical Support
PDG Live 2009PDG Live 2009



  

DD
11
D* StudyD* Study

Liu Liu et. al. et. al. PRD77,034003(2008) PRD77,034003(2008) 
          –           – Z(4430)Z(4430)+ + as a Das a D

11D* bound stateD* bound state→→IsovectorIsovector

  
Conclusion: No BindingConclusion: No Binding



  

DD
11
D* Study (Cont.)D* Study (Cont.)

Conclusion: No Reason to Expect Isovector BindingConclusion: No Reason to Expect Isovector Binding
Robust Isoscalar BindingRobust Isoscalar Binding



  

DD
11
D* Study (Cont.) – D* Study (Cont.) – χχ Coupling Coupling



  

DD
11
D* Study (Cont.) – SchrD* Study (Cont.) – Schrödinger Eq.ödinger Eq.



  

DD
11
D* Study (Cont.) – The PotentialD* Study (Cont.) – The Potential

rrrmsrms [fm] = 0.6(1S) ; 3(2S); 6.5(3S)[fm] = 0.6(1S) ; 3(2S); 6.5(3S)



  

DD
11
D* Study (Cont.) – Form FactorD* Study (Cont.) – Form Factor



  

DD
11
D* Study (Cont.) – Parameter D* Study (Cont.) – Parameter 

FlexibilityFlexibility



  

DD
11
D* Study (Cont.) – D* Study (Cont.) – 

More Sensible Results (More Sensible Results (Λ = 1 GeV)Λ = 1 GeV)



  

DD
11
D* Study (Cont.) – Tune to Fit D* Study (Cont.) – Tune to Fit 

Y(4260) and Y(4360)Y(4260) and Y(4360)



  

DD
11
D* Study (Cont.) – D* Study (Cont.) – Generalize Generalize 

(Other C/I Channels; (Other C/I Channels; Λ= 1 GeVΛ= 1 GeV))



  

Theoretical UncertaintyTheoretical Uncertainty
Pretend S-wave Pretend S-wave π is the only thing...π is the only thing...

Make a static approximation to qMake a static approximation to q
00

Normal Yukawa Process...Normal Yukawa Process...

Parity Changing π Exchange Prop...Parity Changing π Exchange Prop...



  

Recent DevelopmentsRecent Developments
Filin, Filin, et al. et al. arXiv:1004.4789arXiv:1004.4789

Conclusion: Our States Do Not ExistConclusion: Our States Do Not Exist



  

Experimental SearchesExperimental Searches

• A deeply bound D1D* system requires strength in the A deeply bound D1D* system requires strength in the 
DD3DD3ππ channel. channel.

• We recommended looking in Y(4260) and Y(4360) decaysWe recommended looking in Y(4260) and Y(4360) decays



  

SummarySummary
• S-wave S-wave π Exchange as an interaction has general π Exchange as an interaction has general 

applicability (Dapplicability (D
11
D*, DDD*, DD

00
, B, B

11
B*, KB*, K

11
K*, KK*, K

00
K, aK, a

11
ρ,bρ,b

11
ω, ω, 

etc...)etc...)

• Uncertainties of OBE Molecular Models are large Uncertainties of OBE Molecular Models are large 
→ Study patterns and unique decay channels.→ Study patterns and unique decay channels.

– Y(4260) → DD3Y(4260) → DD3ππ
• Filin Filin et al.et al. find that the states are, at best, too broad  find that the states are, at best, too broad 

to be observed.  We should confirm.to be observed.  We should confirm.

• Is there a pair of mesons with suitable masses for Is there a pair of mesons with suitable masses for 
S-wave S-wave π π Exchange to work well?Exchange to work well?


