
Proton	Mass	Workshop:	Experimental	Summary

Z.-E.	Meziani

Temple	University

Proton Mass Workshop 2017, ECT*, Trento, Italy4/7/17 1



Dominant	Theme
Accessing	the		Trace	Anomaly	through	

production	of	heavy	quarkonia at	threshold
¤ Charmonium production	at	threshold	as	a	probe	of	non-

perturbative	gluonic physics—Color	Van-der	Waal	force,	
Trace	Anomaly?
➥ J/Psi	production	at	threshold	at	JLab12	,	

� Hall	D	(GlueX)	[Eugene	Chudakov]
� Hall	B	(CLAS12),	Hall	A	(SoLID)	[Jian-Ping	Chen]
� Hall	C	LHCb pentaquark search	[Sylvester	Joosten]
� Accessing	the	real	part	of	the	Amplitude	[Oleksii Gryniuk]

➥ J/Psi	and	Upsilon	production	at	EIC	
� Simulation	(work	in	progress[Nils	Feege/A.	Deshpande]

¤ Spin	Structure	functions	of	a	spin	1	system:	the	deuteron
� Approved	measurement	in	Hall	C	at	JLab,	b1,	T20[Karl	Slifer]
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J/ψ photo-production: what do we know?
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Cross section well constrained above 100 GeV
Almost no data near-threshold
Resolution of the existing measurements too low
2 of the 3 lowest points unpublished! 
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t-channel
Brodsky S J, et al., PLB 498-1 (2001), p23

Pc?



Reaction	Mechanism	?
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Models-I:  Hard scattering 
mechanism (Brodsky, Chudakov, Hoyer, 
Laget 2001)
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Models -II: Partonic soft mechanism 
(Frankfurt and Strikman 2002)
2-gluon Form Factor
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J/Psi	photoproduction measurement	in	Hall	D
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Preliminary	Hall	D	results	on	J/Psi	at	threshold
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CLAS12	–TCS	and	J/Psi	experiment	
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CLAS12	J/Psi	Proposed	measurement
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J/ψ @ SoLID
* /N N Jg y+ ® +

Threshold J/Ψ production, probing 
strong color field in the nucleon, 
QCD trace anomaly (important to 
proton mass budget)

e p → e′ p′ J/ψ(e- e+)
γ p → p′ J/ψ(e- e+) 
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Imaginary part: related to the total 
cross section through optical theorem

Real part: contains the conformal (trace) 
anomaly
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PR12-12-06:	Near	Threshold	J/Ψ Electroproduction

Establish a baseline for J/ψ production in the JLab
energy range!

¤ Bonuses:
➥ Photoproduction data
➥ Decay	angular	distribution	of	J/ψ
➥ Interference	with	Bethe-Heitler term	(real	vs.	imaginary)

¤ Future Plans:
➥ Search	for	J/ψ-Nuclei	bound	states
➥ J/ψ medium	modification	
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¤ Measure	the	t dependence	and	energy	dependence	of	J/ψ	
cross	sections	near	threshold
➥ Probe	the	nucleon	strong	fields	in	a	non-perturbative region
➥ Search	for	a	possible	enhancement	of	the	cross	section	close	to	

threshold
➥ Shed	some	light	on	the	conformal/trace	anomaly	



Projection of Differential and Total Cross Section

Study the threshold behavior of cross section with high precision 
could shed light on the conformal anomaly 

Luminosity 1.2*1037/cm2/s,     11GeV 3uA e- on 15cm LH2 50 Days                                

No competition in statistics
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Proposed Experiment in Hall C
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Run with 2 settings:
”SIGNAL” Setting (9 days): 
minimizes accidentals and 
maximizes signal/background:

HMS: 34o, 3.25 GeV electrons
SHMS: 13o, 4.5 GeV positrons

”BACKGROUND” Setting:
(2 days): precise determination of 
the t-channel background

HMS: 20o, 4.75 GeV electrons
SHMS: 20o, 4.25 GeV positrons

Setup similar to E-05-101(WACS)
50μA electron beam at 10.7 GeV 
(or 11 GeV)
9% copper radiator
15cm  liquid hydrogen target
total 10% RL

electron in HMS

positron in SHMS



Projected results for “SIGNAL” Setting
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assuming 5% coupling (value favored by existing 
photo-production data)
9 days of beam time at 50μA
5/2+ peak dominates the spectrum

Wang Q., et al., PRD 92-3 (2015) 034022-7



LHCb pentaquark search
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J/Psi	and	Upsilon	at	an	EIC
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Abhay Deshpande and  Nils Feege



J/Psi	and	Upsilon	at	an	EIC
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J/Psi	and	Upsilon	at	an	EIC
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Karl	Slifer
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Conclusion

¤ Threshold	electro-photo-production	of	heavy	quarkonia at	
Jlab and	EIC	might		provide	critical	data	for	the	
determination	of	the	trace	anomaly.

¤ A	path	to	identify	a	quantitative	connection	between	the	
measurement	of	the	threshold	cross	section	(differential	and	
total)	and	the	matrix	element	of	<p|F2|p>		needs	to	be	
established

¤ Polarization	observables	need	to	be	explored	to	help	extract	
the	real	part	of	the	amplitude	of	production.	And	perhaps	
more	information	connected	to	the	Energy	Momentum	
Tensor

¤ A	bright	future	awaits?.....
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