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A SEARCH FOR THE LHCB PENTAQUARKS IN HALL C AT JEFFERSON LAB 



LHCB CHARMED (CHARMING!) “PENTAQUARK” PC

Pc(4450)
Pc(4380)

2 Pc states needed to  
describe the results: 

Narrow:  M: 4450 ± 2 ± 3 MeV 
Γ: 39 ± 5 ± 19 MeV 
Wide:  M: 4380 ± 8 ± 29 MeV 
Γ: 205 ± 18 ± 86 MeV 

Spin parity either: 

• 5/2+, 3/2- (most 
likely) 

• 5/2-, 3/2+ 

• 3/2-, 5/2+ 



NEW LHCB RESULTS: OBSERVATION OF NEW PENTAQUARKS (26 MARCH 2019)

• 9x more data than 2015 paper 

• Previous results are consistent 

BUT!!! 

There is a new state:  

M: 4311.9±0.7+6.8/-0.6 MeV 

Γ: 9.8±2.7+3.7/-4.5 MeV 

AND 

Pc(4450) is resolved into 2 narrow peaks 

★Pc(4440)  
M: 4440.3±1.3+4.1/-4.7 MeV 

 Γ = 20.6±4.9+8.7/-10.1 MeV 

★Pc(4457) 

M: 4457.3±0.6+4.1/-1.7 MeV 

Γ = 6.4±2.0+5.7/-1.9 MeV 



CHARMED “PENTAQUARK” IN PHOTO-PRODUCTION

๏Common Interpretations for LHCb Observations 
‣ LHCb: True resonant “pentaquark” states 
‣ Alternative: Kinematic enhancements through Anomalous Triangle Singularity (ATS) 

๏  The photo production is an ideal tool to distinguish between explanations 
‣ If Pc states are real states, should also be created in photo-production 
‣ Kinematic enhancement through ATS not possible

X-H Lui et al., PLB 757, 231 (2016) and references therein 
Q. Wang et al., PRD 92-3 034022-7 (2015) and references therein



J/Ψ PHOTO-PRODUCTION: CURRENT DATA STATUS

t-channel

ᵞ

p P’

J/ψ e-

e+

c

✴Measured in many experiments at high Wᵞp  

๏dominated by t-channel 2-gluon 
exchange 

๏Almost no data in threshold region

Pc?



PENTAQUARK SEARCH WITH E12-16-007 EXPERIMENT IN HALL C

★ 10.6 GeV beam 
energy 

★ 50  μA  

★ 9% copper 
radiator 

★ 10 cm LH2 target

e-

e+

Ran February 8 - March 5 2019!
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ONLINE ANALYSIS RESULTS



SHMS CALORIMETER CALIBRATION
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SHMS CALORIMETER CALIBRATION
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SHMS CALORIMETER CALIBRATION

Phase1: 4.835 GeV, 17 deg Phase 2: 4.3 GeV, 20.1 deg

Phase 3: 3.5 GeV, 30 deg Phase 4: 4.4 GeV, 24.5 deg



HMS CALORIMETER CALIBRATION
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HMS CALORIMETER CALIBRATION
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HMS CALORIMETER CALIBRATION

Phase1: 4.95 GeV, 19.1 deg Phase 2: 4.6 GeV, 19.9 deg

Phase 3: 4.08 GeV, 16.4 deg Phase 4: 4.4 GeV, 16.5 deg 



PARTICLE IDENTIFICATION

Noble Gas Cherenkov: filled with N2 at 
1 atm

Lead Glass Electromagnetic Calorimeter

Cherenkov: filled with C4F8O at 
0.225 atm

Lead Glass Electromagnetic Calorimeter

SHMS

HMS



SHMS PARTICLE IDENTIFICATION (PID)
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SHMS PARTICLE IDENTIFICATION (PID)
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SHMS PARTICLE IDENTIFICATION (PID)
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SHMS PARTICLE IDENTIFICATION (PID)
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HMS PARTICLE IDENTIFICATION (PID)

all events 

electrons selected by  HMS CER > 3 npe 

pions selected by HMS CER = 0 npe
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HMS PARTICLE IDENTIFICATION (PID)

HMS Cherenkov Cut Efficiency & Pion Rejection Factor
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HMS PARTICLE IDENTIFICATION (PID)

HMS Calorimeter Cut Efficiency & Pion Rejection Factor
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HYDROGEN ELASTIC DATA DURING J/PSI_007 EXPERIMENT



SUMMARY

E12-16-007, high impact experiment 

★ True nature of the LHCb pentaquark “Pc” 

★ J/Ψ photo production absolute cross section. 

★ High precision measurement of t dependent cross 
section between 9-10.6 GeV 

★ Largest dataset of J/ψ produced with real photon beam.

This work is supported by the Department of Energy through grant DE-FG02-94ER4084



BACK UP SLIDES



MUON CHANNEL: ONLINE RESULTS



GLUEX (LUBOMIR PENTCHEV’S SLIDE IN NOVEMBER 2018)
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BACK UP SLIDES
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