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Outline 

ÅCharacteristics of Two-photon events. 

 

Å ggJ/yw.   
 

Å gghcp
+p-. 

   

ÅSummary. 
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Characteristics of Two-photon events 

ÅThe electrons are scattered at small angles, therefore 

undetected.  

ÅPhotons are quasi-real, which  

 forbids spin 1 resonances. 

ÅLow particle multiplicity and energy.  

ÅLow extra energy  (Eex) in the calorimeter. 

ÅLow pT of hadronic system.  

ÅHigh missing mass, M2miss =(Pme++Pme-
 - Pmhad)

2   

discriminates between initial state radiation (ISR) and 

two-photon events.  

Two-photon event 

e+e-ccg  
(g may or may not be observed) 3/14 



ggJ/yw (519 fb-1)  
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Motivation for ggJ/yw    
Å The charmonium-like states X(3915) and X(3872) are not well understood. 

Å The X(3915) was seen in B  X(3915)K, X(3915)  J/yw. 

 

 

 

 

 

 

 

Å Belle also observed it in gg X(3915)  J/yw.  

ü Need to confirm and improve the mass  

 and width measurement.   

Å The X(3872) J/yw was also seen in B decays.  

Å  X(3872) Jpc=1++ or 2-+ [4]. 

Å  gg X(3872) would imply Jpc=2-+.  

Å  gg X(3872) is not seen in Belleôs spectrum. 

  

[1] Belle , PRL 94 182002 

[2] BaBar , PRD 82 011101(R) 

[3] Belle , PRL 104 092001 

[4] CDF , PRL 98 132002 

[1] 
[2] 

[3] 
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X(3915) 

X(3872) 



Event selection for ggJ/yw 
ÅReconstructed via  

J/y  l+l- (l=e,m), w  p+p-p0 , p0  gg 
m(e+e-) ï [2.95,3.14] ; m(m+m-) ï [3.05,3.14] ; m(ppp0) ï [0.74,0.82] GeV/c2  

 

ÅMain Event selection : 
ï 4 tracks 

ï M2
miss>2 (GeV/c2 )2

 

ï pT < 0.2 GeV/c 

ï Eex < 0.3 GeV 

ï PID requirements.  
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BABAR preliminary  

BABAR preliminary  

After the event selection, clear w 

and J/y signals, with negligible 

background.     



ggJ/yw results 

Results are consistent with Belleôs 

3872 MeV/c2 

3919 MeV/c2 

efficiency 

corrected 

m(J/yw) = m(l+l-p+p-p0) ï m(l+l-) + m(J/y)PDG  (GeV/c2)  

New limit: 7/14 

BABAR preliminary  

7.6s 



X(3915) Spin determination  

J=2 

 

 

J=0  

J=0 J=2 

c2 9.48 14.56 

P(c2) 14.8% 2.4% 

Å Define qL: the angle between the two-photon collision axis and the positive 

charged lepton in the two-photon rest frame.  

 

[1] J. L. Rosner, Phys.Rev. D70  094023 

[1] 

First attempt to measure the 

X(3915) spin 

l+ 

qL
 

l- 

w 

g g 

X 
3890 < m(J/yw) < 3950  MeV/c2 
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efficiency 

corrected 

BABAR  preliminary  



gghcp
+p- (474 fb-1)  
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Motivation for gghcp
+p-  

Å Several new charmonium-like states were found in J/ypp, such as 

the X(3872).  

 

Å Interesting to look at hcpp decays,  

    due to different Jpc  (0-+ for hc, 1
- - for J/y). 

 

Å Provide branching fractions for known states: 

ï  cc2(1P), hc(2S), X(3915) and cc2(2P). 

 

Å Prediction for B(hc(2S)hcpp)~ 2.2%. 

ï obtained from G(hc(2S)hcpp)~G(y(2S)J/ypp)ÖRPHSP [2] 

 

[1] BABAR, Phys.Rev. D77 (2008) 111101 

[2] M.B. Voloshin  Mod.Phys.Lett.A17:1533-1538,2002  
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Event selection for gg hcp
+p- 

ÅReconstructed via hc  K
0
sK

-/+p+/- , K0
s  p

+p- 
m(K0

sK
-/+p+/- ) ï [2.77,3.22] ; m(K0

sK
-/+p+/-p-p+) > 3.5 GeV/c2  

ÅMain event selection :  
ï Number of tracks =6  

ï M2
miss>10 GeV2 

ï pT < 1.5 GeV/c 

ï Eex < 0.8 GeV 

ï Neural network.  

ï  hc Dalitz Plot 
 

0 *(1430)K
*(892)K

m(K0
sK

-/+p+/- p+p-) hc sideband  

gg hc  K
0
sK

-/+p+/- sample 

Neural network 

inputs: 

Å pT  

Å Eex  

Å K and ́  ID 

Signal 

bgd 

3 
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Analysis procedure 

Å Initially, the inclusive hc yield was obtain from a fit to m(K0sK
-/+p+/-). 

Å Based on this fit, it was decided to focus on known resonances.  

 

Å To maximize sensitivity, we perform a two-dimensional fit in m(K0sK
-/+p+/-) 

and m(K0
sK

-/+p+/-p-p+) in a window around each resonance of interest.  

 Event types in 2D fit 

Signal 

Combinatorial bgd  

X-peaking bgd   

    (peaks in m(K0sK
-/+p+/-p-p+)) 

hc-peaking bgd 

    (peaks in  m(K0
sK

-/+p+/-))  

Nhc =50 Ñ 37 
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BABAR  

preliminary  



gg hcp
+p- results cc2(1P) 

hc(2S) 

X(3872), X(3915), cc2(2P) 

Å  The two-dimensional fit is carried out   

    around the different X states. 

[1] Belle, PoS ICHEP2010, 162 (2010). 

See contribution from  

non- resonant X  K0
sK

-/+p+/-p-p+ 

[1]  

2( (1 ) (1 ) ) 2.2% @90

( (2 ) (1 ) ) 7.4% @90

c c

c c

P S CL

S S CL

c h pp

h h pp

B  <

B  <

Using B(cc2(1P) K0
sK

-/+p+/-) and  

B(hc(2S)K0
sK

-/+p+/-)  we obtain:  
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hc(1S) 



Summary 

ÅConfirm Belleôs results for ggX(3915)  J/yw 

 
 

 

ÅBABAR determines a limit  on ggX(3872)  J/yw 

 

 

ÅNew limits on decays to hcp
+p- 

 

 

2( (1 ) (1 ) ) 2.2% @90

( (2 ) (1 ) ) 7.4% @90

c c

c c

P S CL

S S CL

c h pp

h h pp

B  <

B  <

( (3872)) ( (3872) / ) 1.7 @90X X J eV CLgg ywG B  <

( (3915)) ( (3915) / )( 0) (52 10 3)

( (3915)) ( (3915) / )( 2) (10.5 1.9 0.6)

X X J J eV

X X J J eV

gg

gg

yw

yw

G B  = = ° °

G B  = = ° °

3 
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Thank you  

for your attention 
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Two-photon cross section and width  

Two photon-

flux  

Form factor 

The cross section depends linearly on the two-photon width. 

ů(ɔɔX)=Gɔɔ ůeff   

ůeff  is obtained from GAMGAM a two-photon generator . 



Systematic uncertanties  

ggJ/yw 

systematic 

uncertainties   

gghcp
+p- 

systematic 

uncertainties   

Fixed parameters, +/- ů 

Mass shift based on ISR jpsi -> KKˊˊˊ0 

Resolution  Data-Mc differences  

Fixed parameters, +/- ů 

Bkg description polynomial order.  

Resolution Data-Mc differences  

Fit range 

Efficiency parameterization  
Efficiency Data-Mc differences  



X(3915) Background estimation 

Å ISR Y(2S)->J/ypp. Veto  m(J/ypp) outside the Y(2S) region 

[3.675,3.700], using MC estimates < 0.9 events @ 90 CL. 

Signal PDF from 

X(3915) MC . Bkg 

1st order polynomial  

N_bg =4 +/- 3 

9-tile method 

is consistent  

with the pT 

estimate  

B(5) = B(2)+B(4)+B(6)+B(8)- 

(B(1)+B(3)+B(7)+B(9)) 

9-tile method Bkg estimation pT Bkg estimation 



m(KsK
-p+), m(KsK

-p+p-p+) correlation 

m
(K

sK
- p

+
p
-
p
+
) 

G
e

V
/c

2
 

 

m(KsK
-p+) GeV/c2  

Events from Dalitz Plot Sideband 


