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Outline

1. Highlights on the present eRHIC Design

2. Highlights on the present JLEIC Design

3. Staging for eRHIC and JLEIC

4. EIC Accelerator Collaborations

1) BNL and JLab

2) With Other labs/Institutions

5. Impressions and Reflections by Others
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About the eRHIC Design

eRHIC Design Goal

• L ~1033-1034 cm-2s-1 (exceeding HERA luminosity by 2 orders of magnitude)

• High electron & proton polarization (>70%) 

Realizing complex spin pattern for electrons and protons

• Large acceptance detector

with detector elements integrated in the accelerator IR for forward particle detection

• Minimizing the construction & operational cost of accelerator

eRHIC pCDR

• The goal: document ready in March 2018

• Include sufficiently detailed design of 

accelerator systems to allow for a confident 

construction and operation cost estimate

• Present efforts are fully concentrated on 

preparation of detailed design document 

V. Ptitsyn ‘s talk

Present baseline design concept

• Ring-ring

• Add electron storage ring (5-18 GeV)

 Up to 2.1 A electron current. 

 < 10 MW RF power (administrative limit)

• Flat proton beam formed by cooling

• On-energy polarized electron injector 

 RCS is a cost-effective injector option

 Polarized electron source and 400 MeV 

injector linac: 10 nC @ 1 Hz rep rate
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eRHIC Design Parameters

	 No	cooling	 	 Baseline	with	cooling	

Species	 p	 e	 		 p	 e	

energy	[GeV]	 275	 10	 		 275	 10	

cm	energy	[GeV]	 104.9	 		 104.9	

bunch	frequency	[MHz]	 28.146	 		 112.6	

circumference,	m	 3833.918	 3833.940	 		 3833.918	 3833.940	

bunch	intensity	[10^10]	 11.9	 29.9	 		 6	 12.1	

number	of	bunches	 330	 		 1320	

beam	current	[A]	 0.49	 1.24	 		 1	 2	

rms	norm.	emit.	h/v	[um]	 4.5/1.9	 495/68	 		 2.6/0.5	 495/19.7	

rms	emittance	h/v	[nm]	 15.5/6.5	 25.3/3.5	 		 8.8/1.7	 25.3/1.0	

beta*	h/v	[cm]	 92/4.5	 56/8.4	 		 67/2.0	 23/3.4	

IP	rms	beam	size	h/v	[um]	 119/17	 		 77/6	

IR	rms	ang.	spread	h/v	[urad]	 130/379	 212/203	 		 115/292	 330/172	

b-b	parameter	(/IP)	h/v	 0.014/0.005	 0.094/0.098	 		 0.011/0.004	 0.051/0.097	

Longitudinal	bunch	area,	eV*s	 0.8	 	 		 0.4	 	

rms	bunch		length	[cm]	 7	 2.3	 		 4	 1.7	

rms	energy	spread,	10^-4	 6.6	 4.7	 		 5.8	 4.7	

max	space	charge	parameter	 0.002	 neglig.	 		 0.004	 neglig.	

IBS	growth	time	tr/long,	h	 8.1/8.0	 	 	 2.0/3.4	 	

hourglass	and	crab	crossing	factor	 0.81	 		 0.76	

peak	luminosity	[10^33	cm-2s-1]	 2.92	 		 10.2	
	

Official baseline

High bunch rep rate

High luminosity

Need cooling

V. Ptitsyn’s talk

Large bunch numbers

Very small βv

Short bunch length
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Present eRHIC Luminosity Performance
V. Ptitsyn ‘s talk
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Center-of-Mass	Energy,	GeV	

Baseline	with	Cooling	 With	Cooling	for	very	low	Pt	 No	Cooling	 No	Coolng,	for	very	low	Pt		

• Baseline curve relies on cooling just strong enough to reach 1034 cm-2s-1 (IBS growth times > 2h)

• Very low pt run curves are for collecting data with very forward proton scattering (pt ~200 MeV)

• Addressing risks of hadron cooling technology, “no cooling” curves demonstrate sufficiently high 

level of luminosity for realizing compelling physics program even without hadron cooling.

Parameter limits 

ξp < 0.015

ξe < 0.1

ΔQsp < 0.05

Psr < 10 MW

Ip < 1 A
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Upgrading RHIC Hadron Ring for eRHIC

• Beam instrumentation upgrade (to address considerable increase of total & peak currents). 

That, at least, includes BPMs and polarimeters.

• Higher harmonic RF system, for bunch splitting & for stronger focusing (shorter bunch length)

• Injector system upgrade; (7 ns kicker rise-time)

• Copper coating of RHIC beam pipe. 

• Beam dynamics evaluation: beam stability; electron cloud and associated heating load 

• Flat hadron beam emittances

Achieved at RHIC 

at 255 GeV

eRHIC 275 GeV 

No cooling

eRHIC 275 GeV

With cooling

Bunch intensity, 1011 2.4 1.5 1.6

Bunch frequency, MHz 9.4 28.2 112.6

Beam current, mA 330 620 1000

Peak current, A 12 16 39

Normalized emittance, 1e-6 m 2.5/2.5 4.5/1.8 2.6/0.5

beta*, cm 50/50 94/4.2 67/2

rms bunch length, cm 40 7 4

V. Ptitsyn’s talk

x 12

x 3

x 25

x 10
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eRHIC New Electron Complex

Polarized electron source

• Low rep rate, high charge (1 Hz for 10 nC)

• Bunch length ~1-2 ns

• The 350 kV polarized gun designed combining 

SLAC high-charge gun and JLab inverted gun 

technologies.

• SL-GaAs cathode: P~86%, QE~1% at 780 

nm, cathode lifetime ~ few weeks

114MHz 

buncher
570 MHz 

buncher

3GHz 

buncher 2.856 GHz buncher TWP (8 tanks)

Coil solenoids

Mott polarimeter

Corrector

Laser

400 MeV pulsed warm 

linac as a pre-injector

Warm RF systems

E. Wang

SLAC gun JLab gun

eRHIC gun

NEG
BPM

FCT
Ion pump

TSP

25500L/sec NEG+TSP pump 

TSP+ion

Beam test

Potential R&D collaboration topics
• Cathode lifetime modeling and experiments

• Large cathode gun experiments

• Extremely high vacuum studies

• High polarization cathode and spin related simulation

• Beam halo induced beam loss, Beam dynamics studies

V. Ptitsyn



JLab Accelerator Division Seminar, Nov. 9, 2017 8

eRHIC Electron Injector

Design Status
• Two injector schemes have been under consideration: RCS and RLA

• The choice of the injector scheme is scheduled to be made in November

Cost-efficient option: Rapid Cycling Synchrotron  (RCS)
• Fit inside existing RHIC tunnel, polarization transmission losses < 5%

• Fast acceleration: 100 ms ramp from 400 MeV to 18 GeV, 1 Hz ramp repetition rate

• Spin transparent lattice design concept: highly symmetric arcs connected by straight sections 

(designed with unity beam transport matrix) or detector bypasses 

• So far no show-stopper found from spin simulations with misalignment & magnet errors

V. Ranjbar talk

V. Ptitsyn talk

Magnet field

ramp range: ~45
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eRHIC Electron Storage Ring

• Lattice for 18 GeV has been developed including an interaction region. 

• Initial variants of lattices for 5 and 10 GeV with proper emittances were demonstrated. 

• Initial check of chromatic correction with distributed sextupole families: ~18s DA.

• Beam dynamics studies: beam stability shown for design parameters

• Arc magnets (D,Q,S) have been designed; Initial design of vacuum system has been done.

• Electron storage ring next to hadron ring (same plane)

• Rings intersect in each straight to keep circumferences equal, 

similar to present RHIC

• Main eRHIC detector in IR6, a possible 2nd detector in IR8

• Two locations (IR7 and IR10) for RF

• Requires large beam-beam parameters (ξ=0.1) 

to reach high luminosity over the entire energy 

range

• This was achieved in KEKB, transverse SR 

damping decrement ~1/4000

• Damping decrement in eRHIC should be at 

least as large as in KEKB to achieve the same 

beam-beam tune shift at all energies

C. Montage

V. Ptitsyn
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eRHIC Ring-Ring IR Design
V. Morozov / B. Palmer

Electron Detectors

Neutron Detectors

Roman Pot

Forward Spectrometer

B. Parker

• 22 mrad total crossing angle; crab cavities (338 

MHz) for both beams

• Integrated detector components (neutron detector, 

Roman Pots, e-tagger, luminosity monitor) 

• Full acceptance achieved using spectrometer 

magnet (5-22 mrad) and Roman Pots (<5 mrad)

• Avoiding generation of synchrotron radiation which 

can produce significant backgrounds

• Magnet designs provide shielding electrons from 

strong focusing and deflection magnets for hadrons



JLab Accelerator Division Seminar, Nov. 9, 2017 11

Cooling R&D at BNL: CeC P-o-P Experiment
V. Litvinenko

CeCP-o-P Test

• Many subsystems (SRF linac, 

beam diagnostics, etc.) fully 

commissioned

• e-bunch compressed, desired 

peak current demonstrated

• System is ready for CeC

demo during RHIC Run 18

• The test time is quite short 

due to RHIC scheduling

• Presently, no cooling design 

concept has been identified 

for ring-ring eRHIC

• All cooling concepts under 

study, magnetized electron 

cooling could be a fall-back
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Principle of Coherent Electron Cooling (CeC)
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CeC P-o-P Experiment Schedule

Total 11 days!
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Cooling R&D at BNL: RHIC Low Energy e-Cooling
A. Fedotov

• Luminosity improvement for RHIC low energy operation to search for OCD critical point (Beam 

Energy Scan Phase-II Physics Program)

• 2 MeV bunched beam cooler

• Commissioning/operation by Run 19

• Test bad for high energy e-cooling

Project Mission



JLab Accelerator Division Seminar, Nov. 9, 2017 15

Layout/Parameters of LEReC Electron Cooler
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Cooling R&D at BNL: RHIC Low Energy e-Cooling
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Other eRHIC Talks

• “Beam Polarization in eRHIC”  by Francois Meot (BNL)

• “Dynamics with Crab Cavities for EIC” by Yue Hao (MSU/BNL)

• “Overview of Collective Effects in eRHIC” by Michael Blaskiewicz (BNL)

• “eRHIC Beam-Beam Simulation” by Victor Smalyuk (BNL)

• “Additional Beam-Beam Challenges” by Yun Luo (BNL)

• “eRHIC Machine Detector Interface” by Elke Aschenauer (BNL)

• “RF for high Intensity electron EIC Storage Ring”     by Wencan Xu (BNL)

• Crab Cavity Development for EIC by Subashini De Silva (ODU)

• “Fast Track Actively Shielded Nb3Sn IR Quadrupole R&D”     by Brett Parker (BNL)

• “RCS Polarization Beam Study at Cornell” by F. Meot (BNL), 

Karl Smolenski (Cornell)

• “CBETA Status” by Stephen Peggs (BNL)
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JLEIC High Energy ERL Cooler

• JLEIC needs two DC coolers and one high energy ERL cooler for hadron beam cooling

• The design concept of an ERL based cooler was proposed more than 10 years ago

• The technical design of the ERL cooler started about 3 years, has made lot of progress

• Strong cooling:  requires Amp class cooling electron beam  adding a recirculator ring

(11 circulation, balance between technical challenges of fast kicker & beam dynamics) 

• Weak cooling:   ~0.2 A cooling electron beam, simple ERL

S. Benson

vertical bend to ERL

fast extraction kicker

exchange 

septum

fast injection kicker

vertical bend to CCR

injector
beam dump

linac

dechirper rechirper

ERL ringRecirculating 11 turns  reduction of 

current from the ERL by a same factor

ion beam
ion beam

cooling solenoidMagnetization flip

B<0

circulator ring

B>0 B>0B<0

circulating bunches
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ERL-Circulator Cooler R&D

Magnetized source development

Beamline

Gun Solenoid

Gun HV Chamber

beamline

Gun HV 

chamber
Gun 

solenoid

magnetized beam

Harmonic RF Fast kicker

10 harmonics

5 harmonic 

prototype

H. Wang talk
A. Mamun talk
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JLEIC ERL Cooler: Where are We & Where Do We Go?
S. Benson

 ERL Design
 Add doglegs and update injector design.

 Calculate collective effects (BBU, ion trapping, halo formation)

 Beam exchange design

 Linac design
 Optimize HOM damping.

 Consider 3rd harmonic cavity for CCR operation.

 Cooling Insertion
 Balance cooling partition

 Specify solenoid tolerances

 CCR Design
 Microbunching gain is low.

 Explore shielding

 Calculate collective effects (ion trapping, wakes, resonances)

o Injector design 
 Magnetization is preserved up to end of booster

 Need to try lower frequency

o Merger Design
 Many options to explore

 Might be able to just go straight in (straight merger).

Cooler Development History

Fall 2013           Develop Figure 8 cooler CCR concept

Spring 2014      CCR option de-scoped due to µBI 

Spring 2015      Magnetized cooler solution chosen

2014 – 16 µBI   suppression developed

Summer 2016   Harmonic Kicker Prototype developed

Fall 2016 ERL   solution (weak cooling) developed

Fall 2016           Change back to CCR solution
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ERL Cooler Parameters and Challenges
D. Douglas

• Energy 20–55 MeV

• Charge 3.2 nC

• CCR pulse frequency 476.3 MHz

• Gun frequency 43.3 MHz

• Bunch length (tophat) 2 cm (23°)

• Thermal emittance <19 mm-mrad

• Cathode spot radius 3.14 mm

• Cathode field (magnetized beam) 0.05 T

• Gun voltage 350 kV

• Normalized hor. drift emittance 36 mm-mrad

• rms energy spread (uncorr.)* 3x10-4

• Energy spread (p-p corr.)* <6x10-4

• Solenoid field x length 1 T x 2x30 m

• Electron beta in cooler solenoid 37.6 cm

• Bunch shape beer can

}1.5 A
}83 MW

RF drive costs 

motivate use of ERL

How do these requirements 

compare to state-of-art?
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State of Art: ERL Landscape

1 kW 10 kW 100 kW 1 MW

10 MW

100 MW

1 GW

legacy

operating

under construction

proposed

S-DALINAC

(CCR Driver)

JLEIC 

(“Light” 

Cooler)

CW with 

Pbeam>PRF

(linac-ring)

(linac-ring)

D. Douglas
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Aerospace Analog History of ERLs
Tigner

(1965)

Chalk River 

(1970s)

LANL SDI 

(early 1980s)

HEPL 

(mid-late 

1980s)

CEBAF FET 

(early 1990s)

IR Demo 

(late 1990s)

IR Upgrade 

(Early 2000s)

JLAMP 

(ca 2010)

Industrial EUV 

Driver (2015)

ONR INP 

(2012)

JLEIC 

CCR

ONR MW 

FEL

D. Douglas
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What to Do?

• Multiple generations separate state of art system readiness from required performance

• Need development in many areas, including:

– CW/high charge magnetized source

– merger

• management of CSR, space charge,  

microbunching

– modeling with CSR and space charge 

• model validation (1D, 2D, 3D…)

• validate treatment of ends of bunches

• simulation dynamic range (part per million 

statistics => trillion particle simulation…)

– CSR shielding

– methods for mB gain control

– LSC wake control/compensation

• Nonlinear longitudinal matching

– magnetization-preserving beam transport

– high-rep-rate beam transfer

– halo (simulation statistics inadequate…)

• Formation mechanisms (scattering: IBS, 

Touschek, beam/gas,…; dynamical)

• Characterization (LDR diagnostics, 

tomography…)

• Control (suppression, collimation, 

matching (linear and nonlinear…)

– power scaling (“Calvin effect”)

• 100x state of art… what could possibly go 

wrong…?

What tests are needed, and where can these be performed…?

D. Douglas
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Where to go: Existing Opportunities

• ASTA/IOTA/FAST can support single bunch studies

 3.2 nC magnetized bunch  can initiate evaluation of single-bunch dynamics & evolution

 Could IOTA  offer a CW analog?

• JLab UITF & LERF, ELBE@HZD can support low power/low charge CW tests for hardware and 

dynamics

 JLab ERLs down for LCLS-II module tests through 2018

• No “true” (Pbeam>>PRF) SRF ERLs in operation at this time

 no immediate opportunity for high power testing in SRF environment

 BINP capable of high charge/current/CW at low energy… 

• 2019:  three SRF ERL facilities available: Cb, bERLinPRO, JLab

 Complementary capabilities/limitations

 JLab is legacy generation (low charge, MW class) but fully commissioned and operationally 

flexible

 Cb is “next generation”, but experimental design may be operationally challenging (FFAG)

 bERLinPRO high current/power; design charge low but SRF gun offers possibility for 

high charge, but no magnetization 

Distributed/coordinated program of collaborative studies provides coverage for 

many outstanding issues

25

D. Douglas
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Planning forward…

• Immediately

 Fund and perform exploratory tests of magnetized high charge (single) bunch 

dynamics at ASTA

 Design, build, and test 1st generation CW magnetized source of bunched beam

 Run CW CAM-dominated beam in existing/upcoming ERLs

• Intermediate term 

 Push ERL performance to 10 MW class

 Leverage opportunity to give input to upcoming projects (PERLE)

 Explore options for 100 MW class system (IKEA?)

• Long term

 Design, build, test 100 MW system optimized for magnetized transport, beam 

exchange (“CCR test”)

26

D. Douglas
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Other JLEIC Talks

• Overview of JLEIC Ion Injector Complex by Todd Satogata (JLAB)

• JLEIC Ion Linac Design by Brahim Mustapha (ANL)

• Beam Polarization in Figure-8 Rings by Vasiliy Morozov (JLAB)

• Nonlinear Beam Dynamics in JLEIC Collider Rings by Yuri Nosochkov (SLAC)

• Dynamics with Crab Cavities for EIC by Yue Hao (MSU/BNL)

• JLEIC Beam Synchronization Issue by Jiquan Guo (JLAB)

• Overview of Collective Effects in JLEIC by Rui Li (JLAB)

• Beam-Beam Simulation: JLEIC by Yves Roblin (JLAB)

• Overview of JLEIC and eRHIC IR Designs by Vasiliy Morozov (JLAB)

• JLEIC Machine Detector Interface by Rik Yoshida (JLAB)

• RF for High Intensity EIC Storage Rings by Robert Rimmer (JLAB)

• Crab Cavity Development for EIC by Subashini De Silva (ODU)

• JLEIC Super-ferric Magnet R&D by Peter McIntyre (Texas A&M)

• JLEIC Cooling: Conceptual Design, Simulation and Experiment by He Zhang (JLAB)

• Magnetized Electron Source Development by Abdullah Mamum (JLAB)

• Fast RF Kicker for ERL Cooler by Haipeng Wang (JLAB)

• Test of CEBAF Operation Mode for JLEIC Injection by Jiquan Guo (JLAB)
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eRHIC Staging

• Why staging? (just an exercise to be prepared for)

- funding for full facility not available

- Case that limited funding becomes available early: could be ready earlier 

Stage 1  substantial cost reduction wrt full build-out (30-40%?)
• RHIC yellow ring for ions, minor changes from RHIC

• Storage ring for 5 GeV, only 1 of 3 dipoles installed in every cell, eventually half the quads 

• RF installation for 5 GeV, 2 SC 2-cell cavities,  0.5 MW SR power  

• Rapid cycling synchrotron in AGS 5 GeV (but good up to 10 GeV) 

• Polarized source in Bld 912 adjacent to AGS 

• No or little additional service and equipment buildings

• No strong hadron cooling

• Only one IR/detector

Stage  2  Significant Cost reduction w.r.t full built-out
• Add 2nd and 3rd dipole for 10 GeV operation in the storage ring 

• Add RF cavities for 10 GeV (6.5 MW,  add 5 cryomodules, add RF for RCS) 

• Reach full luminosity

Stage 3  cost increase wrt nominal small compared to cost of upgrade  

to full performance
• Full build out of SR for 18 GeV  (+ 80M$)

• Strong Hadron cooling

• 2nd IR and detector  

• RCS in the RHIC tunnel 5-18 GeV (RF from AGS)

F. Willeke

Not clear, no hadron cooling?
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Ideas for JLEIC Staging

• Reaching high CM energy by staging
 Electron collider ring can go up to 15 GeV (limited by SR power and emittance)

 Ion collider ring can go higher with high field strength of SC magnets

• Hadron Cooling staging
 Weak cooling (no circulator ring)

 Strong cooling with a circulator ring

• Luminosity upgrade
 Doubling bunch rep rate and increase current

 Higher energy also leads to high luminosity

100 GeV CM

115 GeV CM 

140 GeV CM

Baseline

1x1034

2x1034

LHC SC 

magnet

F. Pilat
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Coordinated BNL-JLAB R&D

• Strong Hadron cooling for eRHIC and JLEIC, Alexei Fedotov, Yuhong Zhang

• Augment the CBETA ERL for full test relevant for EIC ERL,   S. Brooks, D. Douglas

• Design and prototype of IR magnets, Brett  Parker, Tim Michalski

• Beam-Beam Simulation Tools Development & Application, Yue Hao, Yves Roblin

• Design & Simulation of ERL for Beam Cooling, W. Xu, B. Rimmer, S. Benson

• Performance Study of  He-3 ion source Anatoli Zelensky, A. Sy, R. Millner

• Study of e-Beam Polarization during Acceleration F. Meot, F. Lin

• Crabbing integration, Dynamics, SPS Test Y. Hao, V. Morozov, Q. Wu, B.Rimmer

• Broadband kicker for feedback systems Michael Blaskiewicz, Bob Rimmer

• Study of electron cloud effects, Michael Blaskiewicz, Rui Li

• Collective effects in EIC, Michael Blaskiewicz, Rui Li

• Development of Superconducting Crab Cavities, Q. Wu, B. Rimmer, J. Delayen

• Electron Source Development Study, Erdong Wang, Matt Polker

• Study of ERL in CEBAF, F. Meot, T. Satogata

• Head-on IR design, Dispersive Crabbing, Ch. Montag V. Morozov

• Test of super-ferric 1.2 m cold mass prototype, Tim Michalski, B. Parker

30

(currently under discussion)
F. Willeke
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LBNL Expertise and Technologies for EIC
By Wim Leemans

Accelerator physics and 

technology, advanced modeling

Advanced Accelerator 

Physics R&D and the ALS  

testbed for some concepts

New integrated national SC 

magnet R&D  program
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LBNL Can Help EIC

• We have strong capabilities that can contribute to EIC success:

 Strong accelerator physics combined with high performance modeling

Experience with high current storage rings such as PEP-II, ALS, ILC 

damping rings, etc. 

Modeling of electron cloud, beam-beam interactions

Exascale program to increase speed and fidelity of modeling tools

 Specialized RF design and high precision digital RF control, diagnostics

 Lead laboratory for HEP’s U.S. High Field Magnet Development 

Design, fabrication, testing and infrastructure for R&D in SC magnets that 

could be applied to EIC

• Berkeley Lab is committed to helping with the EIC

 Funded LDRD to support collaboration with EIC.

 Strong advocacy and connection with science through Barbara Jacak

W. Leemans
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The Berkeley Accelerator Controls & 

Instrumentation (BACI) Center

Three areas where BACI has competitive advantage, well established 

collaboration record and strong capabilities

1) Advanced RF Design and Engineering

o CW Normal conducting cavities and RF structures, including RFQs and RF electron 

gun cavity (APEX and LCLS-II injector) 

o RF measurement and characterization

o Beam impedance modeling and measurement

2) Ultrahigh Precision Controls

o RF controls

o Femtosecond synchronization

o Controls for complex systems

3) High Dynamic Range Beam Instrumentation

o Beam orbit feedback systems

o Beam loss measurement and control

o Femtosecond electron beams

BACI is well-positioned to respond to the R&D needs of EIC

W. Leemans



Proposed LBNL contributions to EIC magnets

34

JLEIC

High Field IR Quadrupoles Rutherford cable based arc magnets

LARP HQ quadrupole HQ Nb3Sn coil Cosq winding CCT winding

W. Leemans



LBNL proposed contributions to JLEIC Magnets

35

1. Fast ramping 3 T dipoles for the ion booster

• CIC dipole: explore feasibility of testing short model at LBNL: test goals, 

system requirements and supporting analysis

• Cosq study: performance and cost estimates based on past projects

• CCT (Canted Cosq) study: incorporates sagitta, combined function for 

efficient packing; and cooling of individual turns for high ramp rates 

2. Dipoles for the ion collider: 

• Develop a cosq design for 6 T, to support operation at higher energy

3. IR Magnets: 

• Perform a preliminary analysis of the IR magnets to provide feedback 

on feasibility, design challenges, and possible iteration of the target 

parameters toward an optimal IR layout

 Discussions with JLEIC are underway to prioritize topics and finalize plans

 EIC LDRD extension approved: includes magnet effort at 8% FTE in FY18   

W. Leemans



JLab Accelerator Division Seminar, Nov. 9, 2017 36

SLAC Expertise and Technologies for EIC
By Bruce Dunham
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SLAC Expertise and Technologies for EIC
B. Dunham
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SLAC Expertise and Technologies for EIC
B. Dunham
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Accelerator Expertise at Fermilab and EIC - 10 Reasons 

to Call Chicago   by Vladimir Shiltsev
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Accelerator Expertise at Fermilab and EIC
V. Shiltsev
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Accelerator Expertise at Fermilab and EIC
V. Shiltsev
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5

• High-field superconducting magnets

• Superconducting accelerating cavities 

and cryotechnology

• Sources & injectors

• Radioactive beams

• Beam dynamics, final focus

• Plasma acceleration, laser/beam 

interactions

• Beam instrumentation

• Related technologies (RF, vacuum…) ©
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Accelerator R&D in France
By Claude Marchand, CEA Saclay/Irfu

Accelerator R&D in France – Main skills

C. Marchand
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Accelerator R&D in France – Strategic Priorities

Participate to world-class accelerator projects

development & construction#1

Achieve the construction and commissioning of SPIRAL2 ph.1 @GANIL

 SRF 200kW heavy-ion driver linac -> first NFS experiments (2018+) 

 Upgrade SPIRAL2 injector A/Q=7 –> construction once S3 demonstrated

Support CERN for HL-LHC upgrade  

 Prototyping & production of MQYY NbTi magnets -> 2020+ 

C. Marchand
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Accelerator R&D in France – Strategic Priorities

Participate to world-class accelerator projects

development & construction#1

Secure our commitments in the construction of major accelerator projects (XFEL, 

IFMIF, ESS, FAIR & SARAF ph.2)

 XFEL (800+ couplers, assembly of 103 cryomodules) -> last CM delivered to July 2017

 IFMIF (EVEDA: HWR SRF prototype cryomodule) -> 2018+ 

 ESS (RFQ, Spoke & Elliptical SRF cryomodules…) -> 2020+ 

 FAIR (ion source, p-linac RF sources, Super-FRS…) -> 2022+

 SARAF ph.2 (rebunchers, HWR SRF cryomodules…) -> 2022+

C. Marchand

Achieve the construction and commissioning of SPIRAL2 ph.1 @GANIL

 SRF 200kW heavy-ion driver linac -> first NFS experiments (2018+) 

 Upgrade SPIRAL2 injector A/Q=7 –> construction once S3 demonstrated

Support CERN for HL-LHC upgrade  

 Prototyping & production of MQYY NbTi magnets -> 2020+ 
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Accelerator R&D in France – Strategic Priorities

Sustain an ambitious accelerator R&D 

program on selected areas#2

Develop (laser-)plasma acceleration (electrons, ions) 

 Definition of a 2025 roadmap -> experimental program at CILEX/Appolon, EuPRAXIA DS…

 Improve French (& European) teams structuration 

Pursue R&D on next-generation hh colliders

 Maintain & develop strong R&D collaboration with CERN -> HL-LHC, HE-LHC, FCChh

 R&D on high-field magnets for HE-LHC & FCC -> Nb3Sn, HTC

 Machine design & instrumentation -> FCChh/EuroCircol, UA9 experiment

Keep and develop our expertise on e+ e- colliders

 Maintain strong R&D collaboration with CERN and KEK -> ATF2, ILC, CLIC, FCCee…

 Commissioning of SuperKEKB-BEAST -> luminosity monitoring, background @ IP

 R&D SRF, couplers, beam @IP, e+ sources… -> be ready for a possible ILC construction!? 

C. Marchand
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Accelerator R&D in France – Strategic Priorities

Sustain an ambitious accelerator

R&D program on selected areas#2
Pursue & focus the R&D effort on high-power ion linacs

 R&D on Superconducting RF -> multi-layer structures, mech. polishing, low beta high Qo…

 Machine design & instrumentation -> beam halo, reliability schemes, high power RF…

 R&D on sources & injectors -> p/d/HI sources, RFQs

 R&D on exotic beam production -> which TIS, booster, cooler for which element?

Sustain R&D on photo-injectors and innovative e- / light sources  

 R&D on high brightness short bunches photo-injectors -> sub-ps, R&D @PHIL

 R&D on laser-beam interaction -> high Q optical cavities & recirculators, synchronisation

 Keep our high expertise on X and γ Compton sources (LAL) -> ThomX, ELI-NP

 Ongoing brainstorming on ERLs -> possible multi-turn demo project Perle@Orsay?

C. Marchand
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Accelerator R&D in France – Strategic Priorities

Develop partnerships & propose innovative

accelerators for applications#3
Accelerators for energy

 Keep & further develop our leadership on accelerators for ADS –> R&D for MYRRHA, 

GUINEVERE experiment @SCK*CEN (Belgium)

 Be ready for a possible construction of MYRRHA 100 MeV –> from 2018? 

 On the fusion side, secure our comitments in IFMIF –> demo @Rokkasho (-> 2018/19) 

Accelerators as versatile neutron or light sources

 Secure our comitments in SARAF (Israel) and ELI-NP (Romania)

 Achieve Thom-X Compton source–> 1st beam in 2018/19

 Help preparing next-generation FEL –> LCLS2, R&D for LUNEX5 @SOLEIL

 Develop R&D on compact accelerator-driven neutron sources –> IPHI, GENEPI2

Accelerators for health

 Radio-isotope production –> ARRONAX (Nantes), CYRCE (IPHC Strasbourg)

 R&D for therapies –> instrum. for hadrontherapy, new concepts (eHGRT @PRAE, AB-NCT?) 

C. Marchand
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Accelerator R&D in France – Strategic Priorities

Develop partnerships & propose innovative

accelerators for applications#3

Accelerators as versatile neutron or light sources

 Secure our comitments in SARAF (Israel) and ELI-NP (Romania)

 Achieve Thom-X Compton source–> 1st beam in 2018/19

 Help preparing next-generation FEL –> LCLS2, R&D for LUNEX5 @SOLEIL

 Develop R&D on compact accelerator-driven neutron sources –> IPHI, GENEPI2

400 MeV Superconducting Linear

Accelerator

400 MeV Laser WakeField

Accelerator

266 

nm

HHG

20-40 

nm

Advanced FEL line

Pilot user 

experiments

LUNEX5 @ SOLEIL
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Accelerator R&D in France – Strategic Priorities

Develop forefront research infrastrutures

and technological platforms#4
Improve national structuration of our operating research platforms

 Accelerators for nuclear physics –> GANIL (Caen), ALTO (IPN Orsay)

 Multi-disciplinary accelerator-based platforms (materials, radiobiology, 

environment…) –> AIFIRA (CENBG Bordeaux), ANAFIRE (IPN Lyon), ANDROMEDE 

(IPN Orsay), ARRONAX (Nantes), CYRCE (IPHC Strasbourg), GENEPI2 (LPSC 

Grenoble), SCALP (CSNSM Orsay), IPHI (IRFU Saclay)

Maintain of our technological platforms for accelerator R&D & develop partnerships

with industry

 Superconducting RF technologies –> Synergium (IRFU), Supratech (IPN+LAL Orsay)

 Superconducting magnets technologies –> Synergium (IRFU)

 Ion sources & injectors R&D platforms –> Synergium (IRFU), LPSC (Grenoble), GANIL

 High-intensity beams R&D platform –> IPHI (IRFU)

 ISOL technologies platforms –> ALTO (IPN Orsay), GANIL

 Photo-injector & Electron-Laser Interaction R&D platform –> PHIL (LAL Orsay)
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