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Why do we need EIC?Why do we need EIC?
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«Towards nuclear physics in electron-radioactive ion collisions»
L. Grigorenko 30.10.2019 
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«super electron microscope»



  

What is important?What is important?

 Dubna, 29.10.2019

● High Luminosity

● Ability to work with different Ions — from H to U 

● Wide energy range — up to and over 150GeV

● Maximum angle of detection

● High level polarization of particles
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What do we need to create a Collider #1 ?What do we need to create a Collider #1 ?
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What do we need to create a Collider #2 ?What do we need to create a Collider #2 ?
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Final focusing

Electron Ring

Ion Ring

Interection
Point

● Small beta-functions

● Beems steering

● Beams separation 

What do we need to create a Collider #3 ?What do we need to create a Collider #3 ?

 Dubna, 29.10.201905



  

Beam separation
Final focusing

Electron Ring

Ion Ring

Low angle deviated 
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What do we need to create a Collider #4 ?What do we need to create a Collider #4 ?

● Detector for interacted electrons

● Detectors for interacted ions

● Spectrometry

 Dubna, 29.10.201906
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What do we need to create a Collider #5 ?What do we need to create a Collider #5 ?

● Full energy injection

● Precooling for ions

● Good production rate

 Dubna, 29.10.201907
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What do we need to create a Collider #6 ?What do we need to create a Collider #6 ?

● Fast enough cooling

● Small emmittances

Electron Cooling

RF

RF
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What do we need to create a Collider?What do we need to create a Collider?

● Two rings

● Multiple bunches

● RF-system

● Final focusing & Beam separation

● Particle detectors and spectrometers

● Beam production system

● Cooling system

 Dubna, 29.10.201909



EICEIC

Unilac

SIS18 SIS100

Target

SFRS

CR/RESR

NESR

ELISE Project LayoutELISE Project Layout

FAIR Darmstadt 
Germany
2000-2013
Status: Delayed

 Dubna, 29.10.2019

Antonov A.N., Gaidarov M.K., ... 
Shatunov P.Yu., ... et al. The electron-ion 
scattering experiment ELISe at the 
International Facility for Antiproton and 
Ion Research (FAIR): A conceptual design 
study. //Published in Nucl.Instrum.Meth. 
– 2011. – A637. –Pp. 60-7610



ELISE: Collider layout ELISE: Collider layout 

Injection 
from
CR/RESR

Electron Cooling

Electron LINAC
EAR
Energy:  125 ÷ 500 MeV
Circumference: 53.7 m
Bunch population: 5·1010

Number of bunches: ≤24 

LINAC
Energy:  125 ÷ 500 MeV
Length: ~35 m
Particles per pulse: 5·1010

Repetition rate: 10Hz 

NESR
Energy:  120 ÷ 740 MeV/u
Circumference: ~222.9 m
Rigidity: 13 T·m
Bends: 24 ⋅ 15°
Reference A/Z: 2.7
Number of bunches: ≤120 

COOLER
Length:  6 m
Magnetic field: 1 T
Cooling time: 20 ms

 Dubna, 29.10.201911



Interection Region and Electron RingInterection Region and Electron Ring
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Electron Electron 
SpectrometerSpectrometer

Angle 10° ¸ 45°

Georg Berg

 Dubna, 29.10.201914



  

Structure Funtions Structure Funtions 
Ion ring

Electron ring

BetaX(IP):  150 cm
BetaZ(IP):  15 cm
BetaX(FF): 75 m
BetaZ(FF): 90 m
νx=νz=0.55
εx=εz= 50 μm∙mrad

BetaX(IP):  150 cm
BetaZ(IP):  15 cm
BetaX(FF): 27 m
BetaZ(FF): 43 m
νx=νz=0.2
εx=εz= 50 μm∙mrad

 Dubna, 29.10.201915



0.05ix 

L~Fi Nib niL~Fi Nib ni

Beam-beam limit

Luminosity considerationsLuminosity considerations
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Luminosity considerationsLuminosity considerations

L independent of Ni !L independent of Ni !
Space-charge limit

Z=3

Z=28

Z=92

`̀

Δν ≈ 0.08

 Dubna, 29.10.201917



DERICA ProjectDERICA Project

Energy (max):  300 MeV/u
Circumference CR: 222.9 m
βi (max): 0.654
Circumference ER:  56.8 m (68.7)
Bunches rate: 1*6 (1*5)
A/Z: 2.7 
Rigidity: 7.55 T·m

«Scientific programof DERICA –prospective 
acceleratorand storage ring facilityfor radioactive ion 
beam research» L. Grigorenko et al. UFN2019

Status: In Development
Goal: 2030
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Derica Project Layout Derica Project Layout 

Experimental
Hall:
70x148 m2

 Dubna, 29.10.201919



Experimental ring Experimental ring 
 

● CR circumference 193m
● Energy up to 500MeV/u
● Dispersion free straights 10m
● 4 experimental straights
● E-cooling

IONS

Electrons

 Dubna, 29.10.2019
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0.654 300.0 10×60

0.561 193.45 10×70

0.491 137.48 8×64

0.436 103.6 8×72
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Luminosity comparisonLuminosity comparison
11Be4+ 248.4U92+ Circumference Energy MeV/u Bunches

ELISE 2.1·1010 4·108 222.9 m 740.0 8×40

MESR 2.1·1010 4·108 173.56 m 485.35 8×40

DERICA 1.5·1010 - 222.9 m 300.0 11×55

Z=4

Z=92

s-1cm-2

 Dubna, 29.10.201921



  

Electron Spectrometer AlternativeElectron Spectrometer Alternative

Ivan Koop

 Disadvantages
● Complicated design
● Increased cost
● Supercoductivity 

 Advantages
● Angle 10° ¸ 75°
● Tight integration 
 with Final Focusing

● Increased luminocity 
 by factor of  3 � 5

● Increased Fini  
● Supercoductivity

m

m
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HERAHERA
Desy/Hamburg Desy/Hamburg 

1991-2007  ~1 fb-1

 Dubna, 29.10.2019
«THE ELECTRON-PROTON COLLIDER HERA»
G.-A. Voss and B. H. Wiik, 1994
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HERA IP Region HERA IP Region 

 Dubna, 29.10.2019

«HERA Luminosity» ZEUS Weekly 
Collaboration Meeting, January 22, 
2007, F. Willeke
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Electron-Ion Collider Project, USA Electron-Ion Collider Project, USA 

 Dubna, 29.10.2019

«EIC accelerator overview» Vadim Ptitsyn, Workshop on 
Physics and Detector Requirements at Zero-Degree of 
Colliders, Stony Brook 2019

The EIC  is designed to meet the requirements set forth in 
the Community White Paper and re-emphasized in 2015 
NSAC Long Range Plan and the NAS report:

• Highly polarized (~70%) electron and nucleon beams
• Ion beams from deuterons to the heaviest nuclei 

(uranium or lead)
• Variable center of mass energies from ~20 - ~100 GeV, 

upgradable to ~140 GeV
• High collision luminosity ~1033 – 1034 cm-2s-1

• Possibilities of having more than one interaction region

Goal: Start experiment at 2030
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JLEIC Scheme JLEIC Scheme 

 Dubna, 29.10.2019

«THE US ELECTRON-ION COLLIDER 
ACCELERATOR DESIGNS» A. Seryi et al. Proceedings 
of NAPAC2019.
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eRHIC Scheme eRHIC Scheme 

 Dubna, 29.10.2019

• Hadrons up to 275 GeV 
    eRHIC is using the existing RHIC complex: 
    Storage ring (Yellow Ring), injectors, ion  
    sources, infrastructure, 
• Need only few modifications for eRHIC
• Todays RHIC beam parameters are close 
    to what  is required for eRHIC

Electrons up to 18 GeV
            

• Electron storage ring with up to 18GeV   Ecm = 20 GeV -141 GeV installed in RHIC 
tunnel. Beam current are limited by the choice of installed RF power 10 MW.

• Electron beams with a variable spin pattern accelerated in  the on-energy, spin transparent 
injector:  Rapid Cycling Synchrotron  with 1-2 Hz cycle frequency in the RHIC tunnel

• Polarized electron source and 400 MeV s-band injector linac in existing tunnel
• Design meets the high luminosity goal of   L = 1034cm-2s-1
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EIC Interection regions EIC Interection regions 

 Dubna, 29.10.2019

Crossing angle is necessary to avoid 
parasitic collisions due to short bunch 
spacing, make space for machine 
elements, improve detection and reduce 
detector background, c = 50 mrad (JLEIC), 
25mrad (eRHIC)

JLEIC eRHIC

«ELECTRON ION COLLIDER MACHINE DETECTOR 
INTERFACE» B. Parker et al. Proceedings of 
NAPAC2019.28



  

JLEIC Polarization JLEIC Polarization 

 Dubna, 29.10.2019

Electorn Ring

Ion ring

• Figure-8 concept: Spin precession 
in one arc is exactly cancelled in 
the other 

• Criterion: induced spin rotation >> 
spin rotation due to orbit errors

• 3D spin rotator: combination of 
small rotations about different 
axes provides 

• any polarization orientation at any 
point in the collider ring

• No effect on the orbit
• Polarized deuterons
• Frequent adiabatic spin flips
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EIC ParametersEIC Parameters
and Luminosity and Luminosity 
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CMS Energy
GeV

Luminosity
cm-2s-1

EicC-I 12  24∼ 4 × 1033 

EicC-II 35  63∼ 1 × 1035 

EIC ChinaEIC China
Lanzhou Lanzhou 

Status: Proposal

X. Chen, A Plan for Electron Ion Collider in China,
PoS DIS2018 (2018) 170

17MeV/u

800MeV/u
1011 

238U34+
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LHeC CERN LHeC CERN 

Status:
Published 600 pages conceptual design 
report (CDR) written by 200 authors from 
60 Institutes in 2012
Goal: 2040? 

«The Case for the LHeC» Max Klein, Contribution to a Panel on 
Future DIS, 17.4.2018, Kobe 
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LHeC on One PageLHeC on One Page
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Thank You!Thank You!


