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HERA	Legacy	and	PerturbaLve	QCD	

H1		[arXiv:	1611.03421]	

Good	perturbaLve	descripLon		
	(hard	gluon	emission)	
	
			pT>5	GeV						Q2>5	GeV2	

	
Part	in	a	PT<<Q	TMD	regime		
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Parton	Content	

Unpolarized		
moments	

Polarized	(helicity)		
moments	

H-W	Lin++	[1711.07916]	
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SLll	Surprising	Proton	

Is	there	a	collecLve	moLon	in	small	systems	?	

 e	p	→	e	p	

 e	p	→	e	p	

PRC	68,	034325	(2003)	

Do	we	control	the	proton	form	factor	and	radius		?	

ALICE		[PLB	726	(2013)	164]	

Nature	575	147	(2019)	
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QCD	vs	pQCD	

Should not be confused with pQCD, which already can,  
but is not touching the intimate nature of the strong interaction 

AN	

Single Spin Asymmetries 

pp	à	πX	

Can QCD be a precision science  ?  
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3D	Imaging	
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Parton	Correlators	

quark polarisation 
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TMD	
World	

Beauty	and	complexity	of	the		
unique	strong-interacLng	world	

ΛQCD<<qT<<Q					same	physics	

PDF	TMD	
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SIDIS	Landscape	

SIDIS	Cross-SecLon	

TMD	FactorizaLon	

TMD	EvoluLon	
EvoluLon	kernel	(with	CS	non-perturbaLve	kernel)	

JLab	
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TMD	Probes	

H.	Avakian	at	Transversity	2022	

SIDIS	Cross-SecLon	

TMD	FactorizaLon	

TMD	EvoluLon	
EvoluLon	kernel	(with	CS	non-perturbaLve	kernel)	
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CLAS12	@	JLab	
CLAS12	wide	coverage,	excellent	PID,	various	polarized	targets,	high	luminosity			

Luminosity	upgrade			Stage-1:		2x1035	cm-2s-1			3	years	
	 													Stage-2:			>	1037	cm-2s-1			7-10	years	

RICH	PID	
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CLAS12	Features		
Large-acceptance	
comprehensive		
detector	

Central	Detector	
Exclusivity	
Fracture	funcLons	
Target	region	

Forward	Tagger	
(low-θ	spectrometer)	
Bethe-Heitler	
Low-Q2	

PhotoproducLon	
Forward	Detector			current	region	
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Beam	Spin	Asymmetry	@	CLAS12	
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FragmentaLon	@	CLAS12	
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MulLpliciLes	@	CLAS12	

Transverse	momentum	dependence	and	phase	space		
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JLab	Future	

Extend	the	reach	in	Q2	and	pT	to	exploit	an	unique	facility	at	the	intensity	fronLer	
	
Energy	increase	to	20++	GeV	
	
SOLID	and	CLAS12+	
	
Positron	source	

12	GeV	as	baseline	(no	new	SRF)	
	
New	650	MeV	recirculaLng	injector	
	
New	FFA	arcs	to	increase	number	of	passes	
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TMD	Regimes	

TMD	sensiLvity	(Affinity)		as	qT/Q			

A.	BaccheSa		@	JLab	workshop	22	M.	Boglione++	[arXiv:	2201.12197]		

12	

MAP22		
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The	perturbaLve	part	should	be	under	control	before	accessing	the	non-perturbaLve	
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The	Q2	Game	

	JLab	Upgrade	-	ECT*,	26th	September	2022	

Wide	leverage	(at	given	x)	to:					isolate	higher-twists	
																																																										probe	evoluLon	
																																																										disentangle	x	dependence	

		

Keep	Q2	moderate	to:																		avoid	perturbaLve	diluLon		
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TMDs	DescripLon	

Yellow	Report			[arXiv:	2103.05419]	

The	sensiLvity	on	the	relevant	parameters	changes	with	center	of	mass	energy	

√s	=	7	GeV	
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TMD	EvoluLon	

EIC	

JLAB22	

With	b	as	Fourier	conjugate	of	PT/z	

Collins-Soper	non-perturbaLve	evoluLon	kernel	

A.	Vladimirov	@	APCTP22	workshop			

Complementarity	in	Q2	and	b	coverage	
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Fracture	FuncLons	
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DVCS	Cross	SecLon	

∝

InformaLons	on	the	real	and	imaginary	part	of	the	QCD	
scarering	amplitude	

M.	Defurne	@	DIS2022	
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DVCS	Cross	SecLon	

S.	LiuL	@	JLab	workshop	series		

SensiLvity	change	with	c.m.	energy	and	Q2.		At	JLab20+	range	extended	towartds	low-x		

∝

InformaLons	on	the	real	and	imaginary	part	of	the	QCD	
scarering	amplitude	

	JLab	Upgrade	-	ECT*,	26th	September	2022	



23	Contalbrigo	M.	

GPDs	DescripLon	

JLab20+	can	cover	most	relevant	range	for	quarks	and	iniLate	probing	gluons	

PRD	105	(2022),	arXiv:2101.01826		
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Meson	Electro-producLon	
Enhanced	sensiLvity	to	peculiar	GPDs	
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Meson	Electro-producLon	
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Spectroscopy	

Stable	states	are	a	probe	of	QCD	confinement	(non	perturbaLve	QCD	features)	
Several	new	states	with	possible	exoLc	contribuLon	in	the	charmonium	mass	spectrum	
	
PhotoproducLon	as	alternate	producLon	mechanism	for	a	complete	descripLon		

CLAS24	+	zero	
degree	spectrometer	
to	tag	scarered	electron	
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Conclusions	

 
•   Constrain	models	in	the	valence	and	sea	region	
			
• 		Test	factorizaLon,	universality	and	evoluLon		
	 			
• 		Study	higher	twist	effects		

• 		InvesLgate	non-perturbaLve	to	perturbaLve	transiLon	(along	PT)		
	
• 		Flavor	separaLon	via	proton	and	deuteron	targets	and	hadron	ID	

• 		Test	of	Lavce	QCD	calculaLons	

A	comprehensive	study	provides	access	to	the	peculiar	dynamics	of	the	QCD	confined	world		

Next	step:	Moving	from	phenomenology	to	rigorous	treatment	(predicLve	power)	

New	data	coming	from	Jlab++	at	high-luminosity	and	EIC	at	high-energy	should	allow	to:	

The	last	decade	provided	many	evidences	that	correlaLon	of	partonic	transverse	
degrees	of	freedom	in	the	nucleon	do	exist	and	manifest	in	hadronic	interacLons	
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