
Nicola Neri  
INFN, Sezione di Milano  

 on behalf of the BaBar Collaboration 

X Rencontres de Vietnam 
Flavor Physics Conference

Icise, Quy Nhon, July 27 - August 2, 2014

1

Recent results on 
conventional and exotic 

quarkonia at BaBar 



29 July 2014Nicola Neri - Recent results on conventional and exotic quarkonia at BaBar

Outline
!  Study of                                and of                                 

and search for  
! search for exotic states X(4140) and X(4270) in Dalitz plot of  
! X states are candidates for non-conventional mesons: e.g. tetraquark, 

glue balls or hybrids.   
!

! Bottomonium spectroscopy and radiative transitions 
involving the                     states   
! measurements of radiative product BRs and fine splittings of the states 
! verification of phenomenological model predictions for the spectrum 

and perturbative and non-perturbative QCD calculations
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B± ! J/ K+K�K±

B0 ! J/ �
J/ �K

B0 ! J/ K+K�K0
S

�bJ(1P, 2P )

Paper in preparation

Paper in preparation
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Controversial discovery of X exotic states
! CDF observed two narrow peaks in the            

invariant mass distribution of                 
decays
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! Evidence not confirmed by LHCb experiment 
studying the same B decay in 2012 using 0.37 fb-1 

of data.   

! Upper limits at 90% C.L.  

B+ ! J/!"K +
J/ �

mX 4140 = 4143+2 .9
�3.0 ± 0.6 MeV/c 2

�X4140 = 15.3+10.4
�6.1 ± 2.5 MeV

�X4270 = 32.3+21 .9
! 15.3 ± 7.6 MeV

mX4270 = 4274.4+8.4
�6.7 ± 1.9 MeV/c2

> 5� evidence

> 3.1� evidence

 6.0 fb-1 

  arXiv: 1101.6058 

2011

2012
PRD 85, 091103 (RC) 2012
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Confirmations of existence of X(4140)
! Confirmed two peaking structures.  

Possible contribution of reflections in 
X(4310). 
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2013

! D!  Collaboration confirms the 
X(4140) state, the other resonance is 
not statistically significant (1.7 ! )

mX 4140 = 4148± 2.4± 6.3 MeV/c2

�X4140 = 28+15
! 11 ± 19 MeV

�X4310 = 38+30
�15 ± 16 MeV

mX 4310 = 4313.8 ± 5.3 ± 7.3 ± MeV/c 2

> 5� evidence

mX4140 = 4159.0± 4.3± 6.6 MeV/c2

2014

! X 4140 = 19.9 ± 12.6+1
! 8 MeV 3.1� evidence

Phys. Lett. B 734, 261 (2012)

PRD 89, 012004 (2014)
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! Select a pure sample of B+ and B0 decays with 

Study of                       and
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B± ! J/ K+K�K± B0 ! J/ K+K�K0
S

B0 ! J/ K+K�K0
SB± ! J/ K+K�K±

424 fb-1BaBar  
preliminary

BaBar  
preliminary

J/! ! µ+µ! , e+e!

mES = energy substituted mass

B+ ! J/ K+K�K+

B+ ! J/ �K+

B0 ! J/ K+K�K0
S

B 0 ! J/!"K 0
S

B 0 ! J/!"

Non-resonant component measured for the first time

!  = average efficiency 
over phase space

New
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Select events in the "  region
! The "  resonance is the dominant contribution in K+K- spectrum 
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B ± ! J/!"K ±

BaBar  
preliminary

BaBar  
preliminary

B 0 ! J/!"K 0
S

BaBar  
preliminary

BaBar  
preliminary

New
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Search for X exotic resonances

! Significances below 2!  for both X(4140) and X(4270) 
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B ± ! J/!"K ± B 0 ! J/!"K 0
S B+ +B0

Using Feldman-Cousins method set upper limit (UL) at 90% C.L.

BaBar  
preliminary

BaBar  
preliminary

BaBar  
preliminary

! Fit to the Dalitz plot: uniform distribution (i.e. phase space) + two incoherent Breit-
Wigner functions with parameters fixed to CDF values. Efficiency variations over the 
Dalitz plot are accounted in the unbinned maximum likelihood fit.

New

Phys.Rev. D57 (1998) 3873-3889 
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Search for 
! Decay can result only from                    transition with 

rescattering of                           
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B0 ! J/ �
øbd! øccødd

ødd ! øss

Using  Feldman-Cousins method set UL at 90% C.L.

B(B0 ! J/ �) < 1.01⇥ 10�6

BaBar  
preliminary

BaBar  
preliminary

New
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Bottomonium spectrosopy
! Bottomonium is a strongly        bound state 
! Rich laboratory for verification of 

perturbative and non-perturbative QCD 
calculations 

! Radiative transition amplitudes between long-
lived bottomonium states described in 
potential models: electric (E1) and magnetic 
(M1) leading-order terms 

! Measurement of partial width of E1 
transitions directly probe potential model 
calculations and inform relativistic corrections
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bb̄

Potential model 
matrix element

b quark charge =1/9 Photon 
energy
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Measured transitions
! Measurement of radiative product branching ratios 

and fine splittings* in E1 transitions involving                  
and                  spin triplets using           [28 fb-1] 
and           [14 fb-1] data 

! Phenomenological model prediction 
! Use 2 events samples: 2 calorimeter photons, and 1 

photon + 1converted photon in e+e- pair 
!  Transitions: 

!   
!

!   
!

!

10

*splittings due to spin-orbit and tensor interactions

⌥(3S)
⌥(2S)

PRD 84, 094501 (2011)

⌥(3S) ! ��bJ(2P ),�bJ(2P ) ! �⌥(1S, 2S)
⌥(1S, 2S) ! µ+µ�

3S ! 2P ! 1S

2S ! 1P ! 1S
!(2 S) ! !" bJ (1P), " bJ (1P) ! ! !(1 S)
!(1 S) ! µ+ µ!

3S ! 1P ! 1S
!(3 S) ! !" bJ (1P), " bJ (1P) ! ! !(1 S)
!(1 S) ! µ+ µ!

! BJ (1P)
! BJ (2P)

3S ! 2P ! 2S
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Two photons analysis: method 
! Decay chain
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2S ! 1P ! 1S
⌥(mS) ! �

soft

�bJ(nP )
! bJ (kP ) ! " hard !( kS)

⌥(kS) ! µ+µ�

! Fit " soft spectrum, " hard cannot be 
resolved in calorimeter 

! Use cluster timing information of 
the calorimeter to reject beam 
background. Mass constraints on       
to improve resolution 

! Determine         signals from  
unbinned ML fit to the photon 
spectrum: double sided Crystal Ball 
function (Sig), exponential+ linear 
function (Bkg)

�bJ

⌥

#b2(1P) #b1(1P)

#b0(1P)

#b0(1P)

Zoomed view

BaBar  
preliminary

New
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Two photon analysis: fit results
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#b2(2P) #b1(2P)

#b0(2P)

#b0(2P)
#b0(2P)

#b2(2P) #b1(2P)

#b0(2P)

3S ! 2P ! 1S3S ! 2P ! 2S

Zoomed view Zoomed view

BaBar  
preliminary

BaBar  
preliminary

New
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Converted photon analysis: method

! Confirmation of two photon 
results and new measurement of 
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BaBar  
preliminary

BaBar  
preliminary

2S ! 1P ! 1S

3S ! 1P ! 1S

#b1(1P)
#b2(1P)

#b0(1P)

#b1(1P)

#b2(1P)

! Same decay chains
⌥(mS) ! �

soft

�bJ(nP )
! bJ (kP ) ! " hard !( kS)

⌥(kS) ! µ+µ�

3S ! 1P ! 1S

! Fit the " hard spectrum reconstructed 
from the converted hard photon in     
e+e-. Signal efficiency 0.1% (0.8%) at 
E*" ~200MeV (800 MeV) 

! Large improvement in energy 
resolution from 15 MeV to 2.5 MeV 
wrt two photon analysis 

! Necessary to reconstruct the  
transition                           with 
similar photon spectra E" hard~E" soft

3S ! 1P ! 1S

New
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Converted photon analysis: fit results

! Clear evidence of J=2 and J=1 signals are seen
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BaBar  
preliminary

BaBar  
preliminary

#b0(2P)

#b1(2P) #b2(2P)

#b0(2P)

#b1(2P) #b2(2P)

3S ! 2P ! 2S 3S ! 2P ! 1S

! Improved energy resolution allows separation of the #bJ(2P) peaks in 
the                           transition3S ! 2P ! 2S

New
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Results for                    transitions 

! 9.0!  evidence for #(2S)$" #b0(1P), #b0(1P)$"# (1S)
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2S ! 1P ! 1S

product BR for cascades involving #bJ normalised to #b1 channel

BaBar  
preliminary

New
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Results for                    transitions
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3S ! 2P ! 2S

! 6.0!  evidence for #(3S)$" #b0(2P), #b0(2P)$"# (2S)

BaBar  
preliminary

New
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Results for                   transitions 

17

3S ! 2P ! 1S

! 2.2!  evidence for #(3S)$" #b0(2P), #b0(2P)$"# (1S)

BaBar  
preliminary

New
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Conclusions
! We performed a study of the                                                 

and                                    decays 
! obtained new branching fraction measurements 
! significance below 2!  for both X(4140) and X(4270) exotic 

resonances in the            mass spectrum.   
! search for the suppressed decay                      and derive an UL 

for the branching fraction 

! Comprehensive study of electric dipole transitions                     
a                       and                     
! Used two unique and complementary techniques: a) 2 calorimeter 

photons b) 1 calorimeter photon + 1 converted photon in e+e- 
! achieved best observation significance for                                and 

for 
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B± ! J/ K+K�K±
B0 ! J/ K+K�K0

S

B0 ! J/ �

!(1 S,2S,3S) ! bJ (1P, 2P)

! b0(1P) ! " !(1 S)

! b0(2P) ! " !(2 S)

Paper in preparation

Paper in preparation

J/!"


