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How to produce charmonium at the Y(4S) 



The exclusive reconstruction of one B gives 
unbiased access to the B->KX decay !! 

 

                                       

Kaon 
momentum in 
the B rest 
frame ! 
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Principle of the analysis 

• Study the two-body decays B+g X K+  

     (X =cc)  by simply studying the K momentum spectrum   in the 
B center of mass: one peak per particle X 

• Access to the B center of mass frame is provided thru 
exclusive reconstruction of the other B 

• Works equally well for neutral X (B+ Reco) or charged X (B0 
Reco) 

• This work was performed in BABAR in 2004-2005 and 
published in Phys.Rev.Lett. 96 (2006) 052002  

• Used 200 fb-1 (50% of the full present BBAR statistics) 
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Physics goals for kaon recoil 

• Direct measurements: Properties of the full charmonium 
spectrum 
– Access to unbiased measurements of mass and widths of 

known or unknown particles 
– Measurement of production rate: absolute branching 

ratios of BR (B+ g X K+) 
• Knowing this absolute BR and observation of exclusive 

channels BgK X, Xgabc, one gets a measurement of 

BR(Xgabc) 
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Interesting measurements regarding  
the hc  

• Measure the absolute BR(B+ghc K
+), only known 

today with a 30% error: 

            PDG2004: BR(B+ghc K
+)=9 m 2.7 10-4 

• This will in turn gives better measurements of the hc 
BR decays 

• This will in turn give a better measurement of the 

BR(J/ygg hc) previously used to normalize the 
exclusive hc decays.   
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 Interesting measurements regarding 
the X(3872) 

• Measure the absolute BR (B+gX K+) (or get an upper 
limit) 

• Deduce the BR(XgJ/y p+p-) (or get a LOWER limit) 

• Look for a charged partner, irrespective of its decay 
modes 

• These three informations are very useful to know 
more about the true nature of this particle 

 



Sensitivity up to 4.8 GeV!  



 



 

200 fb-1 Data up to 2004  



 



  

  



A very good Kaon ID is essential 

 

Less than 5% contamination ! 



  

  

Spectrum dominated by real 
Kaons from real B decays 
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Kaon momenta fit in the  J/y- hc region 

 

DATA Run1+Run2 
N_y=127 +-26 
N_hc=106 +-27 

Mass and width fixed to 
MC values 

 



 

PDG 2012:  9.6+1.2 



 

PDG 2012 1.9+-1.2 <0.2 keV 



 

PDG 2012 2981+- 1.1 29.7+-1.0 

PDG 2012 3639+-1.3 
PDG 2012 10+-4 



 

PDG2012 7.2+-0.6 





 



 

1.34+-0.19 

0,1+-0,04 

6,4+-0,3 

4.9+-1.3 

PDG 2012 



 



 

PDG 2012 <3.2 
10-4 



The update of the analysis  

• Goal : Update 2004-2006 analysis published on 
200 fb-1 with 378k reconstructed B+ (1.9 kB+/fb-
1) (with a focus on high mass) 
– Yield 259 J/Psi  1.25 J/Psi per fb-1 

• Hope is to multiply the stat by a factor 2 (not 
difficult) and the yield by another x2 
– The factor 2 seems easier to get on the B rate rather 

than on the K rate 

– Goal 4 KB+/fb-1 ; 2.5 J/Psi/fb-1 

– (1 fb-1= 1 M B+-, B reco efficiency of 0,4%) 

 



MC distribution with all categories 
before BDT cut (1.3 ab-1) 

 





K signals from all signal MC 

Smaller background in the 4.7-4.8 
GeV region 

4.5 GeV 

4.3 GeV 

4.1 GeV 



Evolution cos 



Visibility of a X3872 in BABAR with 1.3 
ab-1 MC (Preliminary) 

 



Expectations 

• 1629 J/Psi reconstructed with 0.8 efficiency 
wrt  final selection 

• Total number of J/psi for MC (1.4 ab-1): 

• 2100 expected, ie 1.5 j/Psi per fb1-> 600 for 
the full data sample to be compared with 250 
in the old analysis 

• Regarding the X, final sensivity not yet 
estimated but should be close to 10-4  



Some very preliminary thoughts about 
inclusive analysis at LHCb 

• AT LHCb, one does not have access to the B center of mass 
• BUT, one knows the B direction of flight (ie the vector joining the 

primary vertex and secondary vertex. 
• Typical precisions 

–  x,y 8 microns/~20 microns 
– Z 100 microns  

• Typical flight distance 
– xy 30 Microns 
– Z up to a few cms! 

• Very good secondary vertex reconstruction in case of charmonium 
• One constraint missing to « forget » one particle :  

– Can be provided by the mass of an  intermediate resonance  
– The decay length is a crude measurement of the B energy  (to be 

explored) 



One simple example 

• B+-> Eta’ K+ 

– Eta’ ->pi+pi_ gamma 

• One forgets about the gamma and 
reconstructs only pi+pi- and K+ 

• Second degree equation to be solved to fully 
reconstruct the gamma and the B 

– Two solutions per event 



B mass reconstructed with partial technique 
MC line of flight 

2 entries 
per event 
Sigma =30 
MeV 
 efficiency  
~70%  



MC Primary 

MC secondary 

Important degradation compared to full MC: 
 sigma around 100 MeV 



Mass distribution real vertex 
(MC) No cuts 

2 entries per 
event 
Sigma=200 
MeV 
Can we select 
events which 
will have a 
better mass 
resolution ? 



Much better with charmonium (when using ther J/psi 

tracks at the secondary vertex) 

• Sigma= 40 MeV 

Example B+->Psi(2S) K+ 
Psi(2S)->J/Psi pi+pi- 
 
Mass reconstructed only 
with pi+pi-K+ 



Table of interesting decays in the pipi 
mode –Low mass 

eta omega Eta’ phi 

Gamm
a 

29 

pi0 85 43 15 

eta 40 

Omega 
 

Eta’ 

In each box, the BR in %  



Table of interesting decays in the pipi 
mode –High mass 

Eta_c Psi chi psip X3872 Y Z 

Psi 65 Stat? Stat? 

Eta_c X X 

chi X X 

Psi-2S X X 

Also possible to « project » charmonia state into light mesons 



Conclusion 

• Original results produced by inclusive charmonium method study in 
BABAR in 2005. (B. Aubert et al. Phys.Rev.Lett. 96 (2006) 052002) 
–   Still the only one on the market! 

• Unique results on absolute BR  
• Update of the 2004-2005 analysis  quite relevant 
•  Expected Increase in stats between 2.6 (guaranteed) and 4 

– Should  be ready for summer conferences 

• Will give improved precision on low mass charmonium and new 
results or limits on X,Y,Z up to 4.8 GeV/c with a sensitivity close to 
10**-4 

• Inclusive analysis also possible at LHCb to study states not easy to 
fully reconstruct  
– Could be interesting to « project » X,Y,Z  states to other charmonia 

states than J/psi 


