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Something narrow in the JPC=1−−−− −−−−

pp system near Mpp = 2mp??

pp→→→→e+e−−−−

e+e−−−−→→→→hadrons
e+e−−−−→→→→6ππππ

2mp

2mp

Fit:  M = 1870 ± 10 MeV
Γ Γ Γ Γ = 10 ± 5 MeV
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Look at pp from J/ψψψψ!!!!γγγγpp

•C-parity = +

•Spin = 1  suppressed? (Yang rule)

•S-wave (for Mpp ≈≈≈≈ 2mp)

• ∴∴∴∴ probes JPC= 0−−−−++++states
•complements pp!e+e- and e+e- annihilation



Selection
• ≥ 2 chrgd trks; ≥ 1γ veto e+e− & µ+µ−

• 4C-fits
– CL(γγγγppbar)> 0.05;  CL(γγγγppbar)>CL(γγγγK+K−−−−))))
– CL(ππππ0ppbar)<0.001

• PID(p) ≥ 0.02;  PID(pbar) ≥ 0.02
• for γ: BSCmax<0.8
• no explicit TOF requirements

– used by pid if available (Anal memo wrong!)

• …



pp masses for selected events

ηηηηC???

use entire (50M) J/ψψψψ data sample



Fit gives “reasonable” results 
for the ηηηηC

•M=2983 ±±±± 2 MeV
•PDG: 2980 ±2 MeV

• ΓΓΓΓ= 23 ± 6 MeV
•PDG:  13 ± 4 MeV (& rising?)

•B(J/ψψψψ→→→→γηγηγηγηC→→→→γγγγpp)              
= (1.8 ± 0.4) x 10−−−−5

•PDG: (1.6 ± 0.7) x 10−−−−5



Are the pulls reasonable ??

pmeas-pfit(p) pmeas-pfit(p)

peak shifts" ∆∆∆∆E ≈≈≈≈ −−−−10MeV 
(is dE/dx correction off?)  

σσσσ’s are ok

σσσσ=2.6% σσσσ=2.8%

Emeas-Efit(γγγγ)

σσσσ=25%

mean ≈≈≈≈0

Mpp < 1.9 GeV “signal” events

γγγγ’s are okay p & p are a little off



Are these really p and p’s?  (yes!)

p p K++++ K−−−−

Tagged p & p from
J/ψ→ψ→ψ→ψ→ΞΞΞΞ−−−−ΞΞΞΞ++++

Tagged K+& K−−−−from
J/ψ→ψ→ψ→ψ→ΚΚΚΚ∗+∗+∗+∗+ ΚΚΚΚ−−−−

CLpid

EBSC EBSC

CLpid CLpid
CLpid

EBSC
EBSC

signal
p? p?

CLpid CLpid

EBSC
EBSC



Main background: J/ψψψψ→→→→ππππ0pp
(with 1 γγγγ missed)

J/ψψψψ→→→→ππππ0pp

N0(-4.8 δδδδ 1/2 +12.9 δ δ δ δ 3/2)

δδδδ = (Mpp – 2mp)



Mass-dependent acceptance

Jin Shan has noted 
that the acceptance is 

Mpp-dependent

weight S-wave BW 
using bilinear fit use ππππ0pp data for 

shape of the bkgd

Fit results: •Nsig=105 ± 17 evts 
•M=1884±4 MeV
• Γ Γ Γ Γ = 19 ± 7 MeV
•backgnd level agrees    
with MC-scaled ππππ0pp

Acceptance Mpp



Compare with other fits

bkg shape 
from ππππ0pp 

fit

bkg shape 
free

M=1884±4 MeV
Γ Γ Γ Γ = 19 ± 7 MeV

Σ=6.8σΣ=6.8σΣ=6.8σΣ=6.8σ

ηηηη(1760)?

bkgd only? bkgd only?



Is it from the J/ψψψψ or radiative return?
(look in ψψψψ(2S) data)
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If it really is from the J/ψ:ψ:ψ:ψ:

If it is a radiative return (ISR) process::::
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How many events are expected in the ψψψψ(2S) data?

from the 14% rule



There is ≤≤≤≤1 event in the ψψψψ(2S) data

•3.8M ψψψψ(2S) decays

•L(ψ(ψ(ψ(ψ(2S)) = 6.0 pb-1

ψψψψ(2S)→→→→γγγγpp

Radiative return is strongly disfavored!!



Corrected |cosθθθθγγγγ| distribution

N(1+cos2θθθθγγγγ)
(|cosθθθθγγγγ|<0.8)

As expected for radiative
decays to a 0−−−−++++ state



What is it?

• pp molecular state?
– too narrow for an S-wave?

• 0−−−−++++ glueball?
– why so close to 2mp?  &  the 1−−−− −−−−state?

• dynamical effect?
– why not in γΛΛγΛΛγΛΛγΛΛ? or γΞγΞγΞγΞ−−−−ΞΞΞΞ++++????

• ????



Summary
• new and unexpected(?) narrow meson state
• significance is high 6.8σσσσ
• definitely p and p’s

– CLpid and EBSC distributions clearly show this
• pull distributions are reasonable??

– are the low-p dE/dx corrections ok?
• background almost all from ππππ0pp

– well studied with data & MC
• radiative-return strongly disfavored
• no known meson resonance fits data
• angular distributions are consistent


