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The LHCb charmed ‘pentaquark’

spin/parity possibilities

Pc (4380)+
Pc (4450)+

5/2+, 3/2- (Most likely)

5/2-, 3/2+

3/2-, 5/2+



Possible interpretations

҉ True pentaquark resonant states

҉ Kinematic enhancements

photo-production of J/ψ on proton
 If true resonant states, can be observed in 

photoproduction too !

Tool to solve the true 
nature of exotic 
pentaquark particles

u channel

Standard way for J/ψ  
photo-production

s channel

t channel



Present data status of J/ψ photoproduction



UNPUBLISHED !

Pentaquark amplitude 
calculations:



The experiment in Hall C at JLab





HMS (electrons)

SHMS (positrons)

The decay e+e- pair of 
J/ψ will be detected in 

coincidence

50 μA



Maximizing Pc signal over t-channel background 
signal 

o Setting #1: Pc resonant channel
o Setting #2: background channel

o Spectrometer settings are 
optimized to select high t region 
where t-channel production is 
suppressed

o Enhancing the resonant 
production of J/ψ through Pc 
(4450)+ decay

Phase space of t-channel J/ψ production 
with acceptance rate



Projected results for resonant Pc channel



Projected results for t-channel process 



Sensitivity for discovery



Projected Impact on the world data of J/ψ photoproduction



Summary



 The result of the experiment will either identify the LHCb exotic resonant 

as a ‘resonance’ or reject its existence

 t-channel J/ψ background study will enhance our knowledge near 

threshold region 
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Spectrometer Settings



Bethe Heitler pair production

 Based on calculations of Pauk and Vanderhaeghen within the 
acceptance of our Pc (4450)+ mass centered spectrometer 
settings

 Constant background 10 times smaller than t-channel J/ψ 
production which can be calculated and controlled for



Background: Single e± , single π± and accidental 
coincidence rate

CTEQ5 and F1F209 Wiser

single π+ / π-

EPC and a background program 
from E94-010 experiment at JLab

positron rate estimation in SHMS
electron rate estimation in HMS

o Accidental coincidence rate between HMS and SHMS  ~ 
10-5 Hz for 50 ns trigger window negligible!

o Pion rejection > 103 (combined Cherenkov and 
calorimeter)

Single Rates



Background from lepto-production and γp      J/ψpπ

50 μA electron beam
at 11 GeV 

 Only quasi-real photons up to Q2 ~ 0.01 have an 
impact                    small enhancement of the 
count rates

 Contribution will be verified by a measurement 
without a radiator.

 Photons with higher virtuality are highly 
suppressed

o the virtual photon flux drops with Q2

o higher Q2 lower W2

t-channel cross section drops
the available phase space shrinks rapidly

 Spectrometer acceptance drops with Q2

o The inelastic channel of J/ψ production

o An additional final state pion is produced but 
not detected

o Possible contamination in the kinematic region 
of resonant pentaquark channel

o The cross section of inelastic channels < 30% of 
the elastic channels (at high energies)

o Dominant contribution:
o the resonant channel γp              J/ψΔ

γp             J/ψpπ



Projected results for resonant Pc channel



Projected results for t-channel process 




