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VEPP-2000 
2E = 0.32 – 2.0 GeV 
Round beams 
L = 2 1031 cm-2  c-1at  1.8 GeV 

CMD-3 
DC – drift chamber, 
ZC – Z-chamber 
SC solenoid, B = 1.3 T 
LXe – LXe calorimeter (400 l) 
TOF – Time of Flight system 
CsI – CsI calorimeter (1152 cr) 
BGO – BGO calorimeter (680 cr) 
MU – muon range system  

Phys.Lett. B723 (2013) 82-89 
e+e-→2(p+p-p0) 

CMD-3 
BaBar 

INTRODUCTION 



MOTIVATION 

e+e- →w(782) 

To calculate detection efficiency for e+e- →2(π+π-π0) we have to correctly describe  

angular correlations between particles 

e+e- →(1020) 

s(4p2p0) = 0.11 nb @ 1.7 GeV s(4p2p0) = 0.61 nb @ 1.7 GeV 

w(782) w(782) w(782) 

(545) 

(545) (545) 

At least we need: 

− w(782)3p 

− w(782) 

− 3p 

− a0(980)(770)  
− (770)4p 

Ecm = 1.6 GeV Ecm = 1.8 GeV Ecm = 1.94 GeV 



DYNAMICS  AT  Ecm = 1720 MeV 

m(p+p-p0) m(pp0) 
(w3p)→ (61±6)%  
(w)  → (27±7)% 
(4p)→ (12±4)% 

cos(00) cos(--) cos(++) 

cos(0-) cos(0+) cos(+-) 

Talk @ XV RadioMonteCarlo (Mainz,Germany, 11/04/2014): 

Determined the 
fractions of w3p, w, 

4p from the fit of 
m(3p) we could 
describe m(2p) and 
angular correlations 
well enough. 



GENERATOR 
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EXPERIMENTAL MASS DISTRIBUTIONS  @ Ecm = 1872 MeV 

EXP Data 
MC Data 

m(pp), 
900<mrecoil <1050  MeV 

m(4p), 
700<mrecoil <850  MeV 

m(p(3p)) vs m(3p) 

EXP Data 
MC Data 

EXP Data 
MC Data 

m(p(3p)), 
540<m3p <560  MeV 



ANGULAR CORRELATIONS FOR  2(p+p-p0) AT Ecm = 1872 MeV 

N  = 432 
N(w3p) = 264±40 
N(a0) =   26±9 

Ecm = 1872 MeV 

Model: 
(w3p) = (61±9)% 
(a0)   = (6±2)% 

(4p)  = (33±9)% 

From fit 

All the rest 

cos(0-) cos(0+) 

cos(00) 

cos(--) cos(++) 

cos(+-) 



MASS DISTRIBUTIONS FOR  2(p+p-p0) AT Ecm = 1872 MeV 

m(2p) 
EXP Data 
(w3p,a0 subtr) 
MC 4p 

m(4p) 
EXP Data 
(w3p,a0 subtr) 
MC 4p 

m(3p) 
EXP Data 
(w3p,a0 subtr) 
MC 4p 

 More clear  signal in EXP data than 
provided by 4p  is observed 

 Narrow resonance state in m(4p) is seen 
 f0(1370) intermediate prroduction with 

consequent f0(1370)→ decay is a good 

candidate  

 Primary MC generator  of the process        

e+e-→f0(1370)(2p)P-wave is needed 



CONCLUSION 

 Primary Monte-Carlo Generator of the process e+e- →a0(980)(770) has been 

created and installed into the CMD-3 Experiment Monte-Carlo simulation package. 

 The signal from e+e- →a0(980)(770)  has been observed in the CMD-3 

experimental data at Ecm= 1872 MeV  by studying 2(p+p-p0) final state. 

 Angular correlations and mass distributions  for 2(p+p-p0) final state  at Ecm= 1872 

MeV could not be described by contributions of  w3p, a0(980)(770)  and (770)4p 

contributions 

 Narrow resonance state decaying into p+p-p+p-, p+p-p0p0  is needed to describe 

mass distributions (at least) 

 Primary Monte-Carlo Generator of the process e+e-→f0(1370)(2p)P-wave  is the next 

step of the analysis  

Thank You! Stay tuned!  



Questions ? Comments ? Discussion … 

Novosibirsk, 
Bugrinsky Bridge – 3rd bridge over Ob river in the city



BACKUP SLIDES 



Evidence of e+e-→h1(1170)3p→(p) 3p ? 
We study m(3p) versus m(2p) to search for possible X → (770)p decay 

Ecm = 1.6 GeV Ecm = 1.8 GeV Ecm = 1.98 GeV 

MX = 967±22 MeV/c2 

X  = 193±73 MeV 
MX = 1000±35 MeV/c2 

X  = 179±70 MeV 
MX = 1064±40 MeV/c2 

X  = 228±70 MeV 

h1(1170) is only candidate for the X-state, listed in PDG. Mx(Ecm), X(Ecm) should be studied 



DO WE SEE  e+e-  →b1(1235) (770) ? 

Ecm = 1980 MeV 
(Threshold  = 2005 MeV) 
760 < m(3p) < 800 MeV/c2 

Fit: 
Mx = 1255±34 MeV/c2 

x   = 307±38 MeV 

PDG(2014) 


