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Jefferson Lab Electron-Ion Collider 
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  Electron complex 
•  CEBAF 
•  Electron collider ring 

  Ion complex 
•  Ion source 
•  SRF linac   
•  Booster 
•  Ion collider ring 

  Fully integrated IR and 
detector 
  DC and bunched beam 
coolers 

energy	range:	
Ee: 		3	to	12	GeV	
Ep:				40	to	100-400	GeV		
√s: 		20	to	65-	140	GeV	
(upper	limit	depends	on	magnet	tech.	choice)	

3 

April	2017	Update	



Luminosity and Energy range of JLEIC 
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CM Energy  
(in each scenario) 

Main luminosity limitation 

low space charge 

medium beam-beam 

high synchrotron radiation 



JLEIC IR Design Considerations 
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Electron	beamline	

Particles	Associated	with	Initial	Ion	

Central	
	Detector	

Beam	Elements	

Beam	Elements	

Beam	elements	limit	forward	acceptance	
Central	Solenoid	not	effective	for	forward	

50mrad	



Central Detector General Design 

Pol. Light Ions at EIC, Gent  6 

Upstream	Ion	FFQ	 Downstream	Ion	FFQ	

7	m	3.5	m	
IP	

~4	m	tracking	

~2m	Č	
~2.5m	CAL+dipole	1	

CAL	II	

~1.5m	Č	

~1.5m	CAL	

Two	opposing	needs:			
•  	FFQ’s	close	together	for	higher	luminosity	
•  Enough	space	for	detector	for	excellent	measurement	



Integration of Extended Detector with the Acclerator 

Pol. Light Ions at EIC, Gent  7 

Extended detector: 80+ m 
JLEIC 

EIC detectors must be extremely well integrated with the accelerator 



Crossing Angle and Event Symmetry 
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Ion-beam	Axis:	High	x	jets	and	proton/ion	“remnant”	
Goes	towards	the	initial	Ion	beam	direction	
Centered	about	the	ion	beam	axis		(xEp_beam	>>	Eelectron_beam)			

Electron-beam	axis:		Solenoid	axis	must	align	with	electron	beam	
									Low-x	electrons	and	“jets”:		

	Goes	toward	the	initial	electron-beam	direction	
									Centered	about	the	electron	beam	axis	(xEp_beam<<Eelectron_beam)	

Ion	beam	

Dipole	1	

~5	m	

Solenoid	

Electron	beam	



JLEIC Detector (Central Area) 
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Tracking Charged Particles with Large Momentum 
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•  A large dispersion at the 
detection point separates 
scattered (off-momentum) 
particles from the beam. 

•  A second focus and small 
emittance (cooling) allows 
moving detectors closer to 
the beam 

2nd focus on 
Roman pots 



Acceptance for Forward Protons 

Pol. Light Ions at EIC, Gent  12 

Acceptance in diffractive peak (XL>~.98)
           ZEUS: ~2%
           JLEIC: ~100%

ZEUS 
Leading Proton Spectrometer

Region 2 (Hi. Res)

Region	1	

t	

XL	
1	

Pt	

0.2	

0.994	 1	

(GeV)	

(GeV2)	

0	

1	

2.5	



Acceptance for XL ≈ 1 
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XL=0.994	

Diffractive	Peak	

HERA	Diffractive	cut	XL>.98	

Pick	up	some	of	this	
with	detector	position	
optimization.	
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Very Forward Neutrons 
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6 T max 9 T max 12 T max 

•  Neutrons uniformly distributed within ±1° horizontal & vertical angles around  
proton beam  

•  Each quad aperture = B max / (field gradient @ 100 GeV/c) 

← electron beam 
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Using Far Forward Detectors  

Pol. Light Ions at EIC, Gent  17 



Using Far Forward Detectors  
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π-

π+ 

 n (black)
 γ (blue)

p

Ions

e-

2212	 Ion	 10509	
321	 K+	 1	

2212	 Ion	 12902	
2112	 n	 53968	
321	 K+	 1	
211	 π+	 7	
130	 KL	 32	
22	 γ	 4196	

-2112	 4	 2212	 Ion	 14344	
2112	 n	 54097	
321	 K+	 6	
211	 π+	 20	
130	 KL	 33	
22	 γ	 4255	

-211	 π-	 28	
-321	 K-	 3	
-2112	 4	

IP: 1188885

3rd	FFQ	exit:	72801	

2nd	Dipole	exit:	71119	

2nd	Focus	point:	10511	

  e+Pb208 collisions at 10 x 40 GeV/u 

Vasiliy	Morozov	 Geometric	Tagging	R&D	at	JLEIC	



Neutron Calorimeter Example (ZEUS) 
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•  Lead-Scintillator	(compensating)	calorimeter	
•  7	interaction-length	
•  Had	resolution	of	65%/√E	
•  “Forward	Neutron	Tracker”	was	installed	later		
(Width	~1.5	cm)	

500	GeV	Neutron	à	3%	Energy	Resolution	



Neutron Calorimeter at EIC 
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EEIC	=	EHERA/10,	so	now	neutrons	are	~50	GeV	

65%/√E	à9%	resolution	

ZEUS	Uranium-Scintillator	Calorimeter	was		35%/√E	so	5%	resolution.	
	
Is	this	good	enough?		Do	we	need	something	better?		What	is	the	position		
resolution	we	need?	
	
What	about		Λ	->	n	pi	?		36%	br.				Is	it	possible?		Better	acceptance	than	p	pi?	
Can	we	reconstruct	this?	



JLEIC Simulation in Container 
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GEMC	environment	is	relatively	complex	to	set	up.		Running	JLEIC	simulation	in	
GEMC	on	a	new	platform	(e.g.	your	laptop)	used	to	take	a	considerable	effort.	

●  Container	=	very	lightweight	Virtual	Machine	
○  Not	running	full	OS	with	all	its	daemons	

and	services	
○  Does	not	reserve	large	amounts	of	system	

resources	(RAM,	CPU)	
	

●  Primary	use:	Provides	complete	software	stack	
with	all	dependencies	
○  Running	on	laptop/desktop	
○  Running	on	batch	farm	

Solved	by	using	“Containers”	(Docker)	

Reduces	installing	and	running	
JLIEC	simulation	to	4	steps.		
Takes	~10	min.	depending	on	your	download	speed.		Runs	on	Mac/PC/linux.	

D.	Lawrence,	M.	Diefenthaler,	M.	Ungaro,	Z.	Zhao	



High-x at EIC 
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Highly	asymmetric	collision	at	the	parton	level		

Parton	carrying	xEproton_beam	

Since	x	->1,	this	is	like	the	beam	energy	
	
Parton	energy	~100	GeV		

Eelectron_beam	

	
Electron	Beam		~10	GeV	

Where	does	the	final	state	go?	



High-x configuration at EIC 
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Most	of	the	time:	

Eelectron	≅	Eelectron_beam	

θ	~	Q2	

E	jet																					
Eproton_beam	

=	X	

This	is	hard	to	measure:		a	jet	close	to	beam	pipe	

beamline	

This	is	why	HERA	measurement	have	big	bins	for	high-x	
Can	we	do	better	at	LHeC	and	EIC?					Yes..	in	principle..	

Need	a	very	precise	measurement	to	get	x	



Detector Concept for High-x I 
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No	Field	

Pb-Sci	calorimeter	

electron	

High	Granularity	Particle-flow	Calorimeter	

Proton	beam	

Tracker/TRD	

Dipole	
Field	

Θ	

Ejet	

Electron	is	“always”	10	GeV:	use	TRD	to	ID,	use	conventional	calorimeter.	Measure	
angle	to	get	Q2.		
Jet	energy	needs	to	be	measured	as	well	as	possible	for	x:	use	particle	flow.		
30%/root(E)?		If	so	3-5%	resolution	on	x	(0.5	to	1)	

electron	beam	



Detector Concept for High-x II 
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“Dipole”	

PWO	calorimeter?	

electron	

Proton	beam	

Tracker/TRD	

Θ	

Ejet	

electron	beam	

Calorimeter	solution?	
PbW			~	3%/√E	and	1-2%	constant	term?	
											Absolute	calibration?		Difficult	but	not	impossible?	

Tracking?	à	

Tracking	solutions?	
For	L	=	1.5m,	B	=	1T	and	p=	10	GeV	
s	≈	10mm		
so	100um	measurement	of	s	gives		
a	~1%	measurement	of	p	at	10	GeV.	
(Needs	checking!)	

How	well	does	the	
electron	need	to	be	measured?	



Low-x configuration at EIC  
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electron	energy	<	Ebeam		Relatively	high	angle	

y	~	1		(lowest	x)	

10	GeV	total	

y	~	0.1	(same	Q2,	somewhat	larger	x)		

10	GeV	total	

electron	energy	≈	Ebeam		Low	angle	

Left	side	is	essentially	fixed	target	kinematics	

“remnant”,	p	for	diff.	

“remnant”,	p	for	diff.	



Large Dipole Concept 

Pol. Light Ions at EIC, Gent  27 

EM	

EM	

HCAL	

HCAL	

dipole	dipole	

VTX	
+Tracking	

solenoid	

TOP	
GEM	Tracker	



Tracking Resolution for Small tracker 
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For	L	=	0.5	m,	B	=	1.5	T	and	p=	10	GeV	
s	≈	5mm		
so	50	um	measurement	of	s	gives		
a	~1%	measurement	of	p	at	10	GeV.	
	
Doesn’t	sound	impossible.	

Can	we	live	with	the	smaller		
central	tracking	volume?	



Electron Beam Shield 
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Can	we	get	the	electron	beam	though	the	dipoles?		

Stony	Brook	Magnetic	Cloak	
N.	Feege	et	al.	

MgB2	Shield	Prototype	
Statera	et	al.		
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Conclusion 

•  Reviewed some aspects of the current JLEIC detector design. 
•  Designed to have nearly 100% acceptance for all parts of the 

event including the far forward part. 
•  Fully integrated with the accelerator design. 
•  Simulations Container to test performance for your favorite 

physics coming soon! 
•  High-x was not a high priority consideration in this phase of the 

design. 
•  Some thoughts on high-x (and low-x) performance 

enhancements were presented. 

Pol. Light Ions at EIC, Gent  30 



EXTRAS 
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Angular Acceptance of  

Pol. Light Ions at EIC, Gent  32 

•  Quad apertures = B max / (field gradient @ 100 GeV/c) 
6 T max 9 T max 12 T max 

←
  e

le
ct

ro
n 

be
am

 



Elastic J/Psi Production in the EIC Detector 
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JLEIC Detector (Central Area) 
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Large Dipole Concept 
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EM	

EM	

HCAL	

HCAL	

dipole	dipole	

VTX	
+Tracking	

solenoid	

TOP	
GEM	Tracker	
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   Activity Name                                                               2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 

12 GeV Operations 
12 GeV Upgrade 

FRIB 

EIC Physics Case 

NSAC LRP 

NAS	Study	

CD0 

EIC Design,  R&D 
Pre-CDR, CDR 
 CD1(Down-select) 

CD2/CD3 

EIC Construction 

CD0	=	DOE	“Mission	Need”	statement;			CD1	=	design	choice	and	site	selection		
CD2/CD3	=	establish	project	baseline	cost	and	schedule	

pre-project	 on-project	

Pre-CDR	 CDR	


