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LO	DIS																		Photon	Gluon	Fusion	(PGF)				QCD	Compton	(QCDC)																																											
Direct	process	

Probe	the	parton	dynamics	inside	the	proton:	
i.e.	ΔG,	Gluon	Sivers	func7on,	…	

Low	Q2	events,	quasireal	
photon	producaon,	
probe	the	photon	
structure	

Resolved	process	

High	pT	dijets	are	produced	
Underlying	events	via	dijet	method	

Jets	at	EIC:	How	jets	are	reconstructed,	how	do	jets	look	like…		
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Jet	Algorithm		

ì  Cone-	Type	algorithm		
ì  SISCone:	All	circles	defined	by	pairs	of	edge	points	are	all	stable	cones		

ì  Clustering	algorithm		
ì  kT	algorithm	
ì  Ana-kT	algorithm	
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Number of jets
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ep:	20×250	GeV	
Paracles	selecaon:		
stable	paracles,	pT>250	MeV/c,	-4.5<η<4.5	
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Underlying	events	
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Underlying	events:	everything	except	the	paracles	fragmented	from	the	hard	scaked	partons		
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•  Toward:	|ΔΦ|	<	60	degree,		
•  Transverse:	60<|ΔΦ|	<	120,		
•  Away:	|ΔΦ|	>120	

•  Trigger	Jet	is	Jet	with	highest	pT,	
ΔΦ=	Φ_part-	Φ_Jet1	

						Measurements:	
•  charged	mulaplicity	density,			
							sum	pt	density	
•  Density	difference	in	3	regions	



Underlying	events	
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region method

off-axis method

ü  In	each	event,	we	analyze	jets	with	high	momentum,	jet	by	jet.	
ü  For	each	jet,	we	define	two	cones	(r	=	0.4).	
ü  Each	cone	is	centered	at	the	same	as	the	jet	but	±π/2	away	in	Φ	

from	the	jet	Φ.	
ü  Take	the	paracles	from	the	two	cones	as	underlying	event.	
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Results	from	the	two	different	
methods	are	consistent.		

Off-axis	method	
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[Phys.	Rev.	D	91,	112012	(2015)]	
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region method 



“Resolved process” 
•  Hadronic photon (with 

strcture) 
•       is smaller than 1 

“Direct process”   
•  Point-like photon (no 

substructure) 
•        is equal to 1 xγ xγ

PGF: Di-jet produced Similar with pp collision 

§  Separate resolved and direct processes, to enhance resolved process 
§  Reconstruct     by using dijet/dihadron as observables: 
     Two hadrons/jets with highest pT 

xγ xγ
rec = 1

2Eey
(pT1e

−η1 + pT 2e
−η2 )

Dijet	method	to	probe	the	resolved	
photon	
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unpolazied	 polarized	
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Asymmetry	
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ALL = Δσ /σ

Input:	polarized	proton-PDF:	DSSV-14;	photon-PDF:		[Phys.	Lek.	B	337	373-375	(1994)]	

q Max.pol	and	min.pol	can	be	separated	from	experimental	measurement	at	EIC	
q  Polarized	photon	PDF	will	be	firstly	measured	at	EIC		



Flavor	tagging	
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Accessing	∆G	Via	g1	at	an	EIC	
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EIC	would	greatly	
expand	kinema7c	
reach	and	precision	
of	g1(x,Q2)	
measurements!	



Gluon	Polarization	with	Di-jets	
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q  Gluons	can	be	probed	in	DIS	via	the	higher-order	
photon	gluon	fusion	process.		

						à	ALL	for	jets	is	sensiave	to	gluon	polariza7on.	
q  Virtual	photon	momentum	fracaon	is	used	to	

discriminate	between	resolved	and	direct	processes.	
q  Di-jets	are	found	in	Breit	frame	and	require	one	jet	

with	pT	≥	5	GeV	and	the	other	with	pT	≥	4	GeV.	

Accepted		
region	

Resolved	
PGF	
QCDC	

Photon	Gluon	Fusion	

xr
ec
	

xinput	



ALL	as	a	function	of	dijet	mass	
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q  The	PDF	uncertainaes	represent	the	current	knowledge	on	the	helicity	structure	
of	the	proton.		

q  A	significant	amount	of	integrated	luminosity	will	be	needed	for	the	dijet	ALL	
measurement	to	place	meaningful	constraints	on	the	polarized	PDFs.	



Gluon	Sivers	Functions	
ì  Transverse	Momentum	Dependent	parton	distribu7ons	(TMDs)	provide	useful	

tools	to	image	the	nucleon	2+1	D	(kT)	structure	in	momentum	space.	

ì  Sivers	funcaon	describes	the	correlaaon	of	kT	and	ST.	
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Similar	for	gluons	

•  Due	to	different	gauge	link,	the	gluon	Sivers	
funcaon	extracted	at	EIC	will	be	independent	
from	that	measured	in	pp	collisions.	



Accessing	Gluon	Sivers	at	an	EIC	
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Back-to-back	limit:	
	
PT’	=|PTh1-PTh2|/2		
kT’	=	|PTh1+PTh2|		
kT’	<<	PT’	

Single	Spin	Asymmetry	(SSA)	
dependent	on	gluon	Sivers	

1.  Dijet	method	
2.  Charged	dihadron	
3.  D0	pair	(Single	D0)	

PTh1		
	
	

PTh2	



Inputs	for	Sivers	function	
parameterization		
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JHEP	04	(2017)	046	Anselmino	et	al.	 JHEP	09	(2015)	119	D’	Alesio	et.	al.		

Posiavity	bound	

“SIDIS1”	
Quark	Sivers	 Gluon	Sivers	



Projections	for	the	SSA	with	dihadron/
dijet		

18	

Dihadron	 Dijet	

XChu	

Dijet	reconstrucaon:	
pTh>250	MeV,	pi/K/p/
gamma,		
|η|<4.5	
Jet	cone	R=1.0,	ana-kT		
pTjet1>4.5	GeV,	pTjet2>4	GeV	

ep	20x250	GeV	
1<Q2<20	GeV2,	0.01<y<0.95	
Charged	pi/K/p,	|η|<4.5	
Correlaaon	limit:	kT’	<	0.7PT’	
z>0.1,	pT>1.4	
∫	L	dt	=	20	�-1	



Projections	for	the	SSA	with	dijet		
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q Strong	correlaaon	of	jet	momentum	to	
its	mother	parton	

q Direct	handle	on	parton	kinemaacs	put	
stronger	constraint	such	as	xparton	

q Large	staasacs	allow	to	explore	SSA	in	
muladimensional	analysis.	

xparton
rec = 1

W
(pT1e

−η1 + pT 2e
−η2 )

Dijet	reconstrucaon:	
pTh>250	MeV,	pi/K/p/gamma,		
|η|<4.5	
Jet	cone	R=1.0,	ana-kT		
pTjet1>4.5	GeV,	pTjet2>4	GeV	



Dilution	of	parton	level	asymmetry	with	
dijet			
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q  Hadron	fragmentaaon	momentum	smearing	and	resonance	decay	are	important	
q  Other	smearing	effects	in	dijet	processes	à	parton	radiaaon 



Summary	

ì  Jet	observables	have	proven	to	be	powerful	tools	
for	the	exploraaon	EIC	physics	including:	
ì  Esamate	the	underlying	effects:	comparable	with	

STAR	result.		
ì  Photon	structure:	wide	kinemaacs	range,	polarized	

photon	PDFs,	flavor	tagging.	
ì  Gluon	polarizaaon:	improvement	of	constraining	

Delta	G	to	probe	proton	spin.	
ì  Gluon	Sivers:		the	most	precise	analyzer	for	the	gluon	

Sivers	effects	at	an	EIC	is	the	di-jet	channel,	due	to	its	
staasacal	advantage	it	provides	the	best	sensiavity.	
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XChu	
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Gluon	Sivers	
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q  Gluon	TMDs	is	ingredient	of	complete	3D	imaging	of	nucleon,	and	can	be	
uniquely	measured	at	EIC	by	measuring	gluon	Sivers	funcaon.	

q  Gluon	Sivers	funcaons	can	be	measured	via	photon	gluon	fusion	through	tagging	
D0	meason,	dihadron	and	dijet	at	EIC.	
Ø  The	heavy	favor	D	meson	pair	producaon	is	the	cleanest	channel	to	tag	

gluon	iniaated	processes,	however	the	most	staasacally	challenging	process	
and	therefore	the	sensiavity	to	small	gluon	Sivers	effects	is	limited.	

Ø  The	most	precise	analyzer	for	the	gluon	Sivers	effects	at	an	EIC	is	the	di-jet	
channel,	due	to	its	staasacal	advantage	it	provides	the	best	sensiavity	even	
for	the	small	Sivers	effects	and	can	span	the	largest	Q2-range	to	study	TMD	
evoluaon	effects.	



MC: Comparing to existing Data	
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1/30/19 XChu 

Unpolarized Data from H1: 
Ep: 27.6 GeV x 920 GeV,5<Q2<10, 0.0005<xBj<0.002 
pT*, η* defined in gamma-hadron center of mass frame 

D* 

Charged particle 
Eur. Phys. J. C73, 2406 
(2013), 

Eur. Phys. J. C71, 1769 (2011) 

Phys. Lett. B717, 383 (2012) 

Polarized Data (Sivers) from 
COMPASS 
160 GeV μ beam on fixed target 
0.1<y<0.9, Q2>1, W>5 

The MC reproduces a wide range of data 
over a wide range of kinematics extremely well 

 



Dilution	of	parton	level	asymmetry	

XChu	
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Turn off  
frag pT 

Full simulation PARJ(21)=0 

PARJ(21)=0,MSTJ(21)=0  

Turn off decay  
of resonances  

Fragmentation momenta smearing 
and resonance decay contribution 
accounts for the parton to hadron 
level asymmetry dilution at 
COMPASS energy. 



Projections	for	the	SSA	with	D0		
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ep	20x250	GeV,	1<Q2<20	GeV2,	0.01<y<0.95,	z>0.1,	pT>0.7,	∫	L	dt	=	20	�-1	

D0	cut:	Acceptance	|η|pi/K<3.5,	pTpi/K>0.2	GeV,	zpi/K>0.1	

D0D0bar	pair	 D0	+	X	

•  The	small	branching	raao	(D->K	+	pi	(3.9%))	makes	it	challenging	to	precisely	determine	
the	gluon	Sivers	funcaon.	

•  Asymmetry	for	single	D	mesons	is	reduced	since	the	transverse	momentum	of	one	D	
meson	is	not	a	good	proxy	for	the	iniaal	gluon	transverse	momentum.	



Jet	algorithm	

XChu	
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MC: Comparing to existing Data	
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