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Overview

» 60 GeV Baseline ERL Design

@ Synchrotron radiation effects on beam dynamics
® Choice of Arc Optics — Emittance preserving lattices
® Balanced emittance dilution & quasi-isochronicity

® ERL performance — End-to-end simulation

+ 50 GeV ERL Options — Optimizations
® Emittance dilution due to quantum excitations
® Circumference considerations
@ Lattice modularity and scalability

® Staged approach
» Summary
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LHeC Recirculator with Energy Recovery

injector

- 0.5 GeV
Linac 1

10 GeV/pass

\__\‘ Linac 2 0.5GeV
10 GeV/pass )
P

LHC 60 GeV

Beam Energy [GeV] 7000
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Luminosity [1033cm2s-1] 16 16
s s
R
0 in linacs

Bunch charge [nC] 35 0.64
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Synchrotron Radiation Effects

» Synchrotron radiated energy:
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» Natural energy spread due to quantum excitations:
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Arc Optics — Beam Dynamics Issues

» Emittance dilution due to quantum excitations:

/ :(\L)idS:—q<H>
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* Momentum Compaction — synchronous acceleration in the linacs:

LH C—

7

E— .!eftegon Lab = Thomas Jefferson National Accelerator Facility

Operated by JSA for the U.S. Department of Energy Alex Bogacz Electrons for the LHC Workshop, LAL - Orsay, June 27-29, 2018



Arc Optics — Emittance preserving FMC cells
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Quasi-Isochronous Optics

TME-like Optics

DBA-like Optics
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Energy Loss and Emittance Dilution in Arcs

EdGeV] DEgMeV] |De i [m rad] |De [m rad] |[D**s.,.,,. |Ds,, .
Arcl 10.5 1 2.7E-09 2.7E-09 3.9E-06 3.9E-06
Arc2 20.5 11 1.5E-07 1.5E-07 2.1E-05 2.4E-05
Arc®3 30.5 51 4.1E-07 5.6E-07 5.6E-05 8.0E-05
Arc® 40.5 160 2.2E-06 2.8E-06 1.1E-04 1.9E-04
Arc® 50.5 387 4.6E-06 2.0E-04 3.9E-04
Arc® 60.5 797 1.4E-05 2.1E-05 3.1E-04 7.0E-04
Arc 50.5 387 4.6E-06 2.5E-05 2.0E-04 8.9E-04
Arc@ 40.5 160 2.2E-06 2.8E-05 1.1E-04 1.0E-03
Arc®3 30.5 51 4.1E-07 2.81E-05 5.6E-05 1.06E-03
Arc2 20.5 11 1.5E-07 2.82E-05 2.1E-05 1.08E-03
Arcl 10.5 1 2.7E-09 2.825E-05 3.9E-06 1.09E-03
Dump 0.5 2.825E-05 1.09E-03
Total@EnergydossdGeV] 2.0
Normailzed@Emittance@Dilution@efore@Pdmminrad] 7.4 RAmM] 1000.0
NetNormailzedEmittance@Dilutiondmmi@nrad] 28.2 r[m] 743.6
NetiNaturallMomentumBpread 0.001
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End-to-End ERL Tracking (Placet 2)

PHYSICAL REVIEW SPECIAL TOPICS—ACCELERATORS AND BEAMS 18, 121004 (2015)

Beam-dynamics driven design of the LHeC energy-recovery linac

200

Dario Pellegrini, Andrea Latina, and Daniel Schulte
CERN, Geneva CH-1211, Switzerland
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Cryo Unit Layout/Optics — Half-Cell 130° FODO

160

x 34

BETA_X&Y[m]

802 MHz RF, 5-cell cavity:
L. =93.45cm
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LinacEnergydGeV] 10
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Linac for 50 GeV 3-pass ERL

160
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BETA_X&Y[m]
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quad Cavity Cryo: 8 RF cavities Cavity Cryo: 8 RF cavities
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S— .!efie’20n Lab m— Linacdllengthdm] 828.8

Operated by JSA for the U.S. Department of Energy Alex Bogacz Electrons for the LHC Workshop, LAL - Orsay, June 27-29, 2018

LHoO=—

12




50 GeV ERL Optimized for Synchrotron Radiation

EAGeV] | DEAMeV] | De V“[m rad] |De , [m rad] (D“‘s ... |Ds_,,.

Arcil 8.7 1 2.7E-09 2.7E-09 4.2E-06 4.2E-06
Arc2 17.1 9 1.5E-07 1.5E-07 2.3E-05 2.7E-05
Arc®B 25.4 43 4.1E-07 5.6E-07 6.1E-05 8.8E-05
Arc® 33.7 133 2.2E-06 2.8E-06 1.2E-04 2.1E-04
Arcb 42.1 322 4.6E-06 2.2E-04 4.3E-04
Arc® 50.4 664 1.4E-05 2.1E-05 3.4E-04 7.6E-04
Arch 42.1 322 4.6E-06 2.5E-05 2.2E-04 9.8E-04
Arc@ 33.7 133 2.2E-06 2.8E-05 1.2E-04 1.1E-03
Arc3 254 43 4.1E-07 2.81E-05 6.1E-05 1.16E-03
Arc2 17.1 9 1.5E-07 2.82E-05 2.3E-05 1.19E-03
Arc 8.7 1 2.7E-09 2.825E-05 4.2E-06 1.19E-03
Dump 04 2.825E-05

TotalEnergydossdGeV] 1.7

NormailzedEmittancefDilutionbeforeAPAmmMEnrad] 7.4

Net@tNormailzed@EmittancefDilutiondmmiEnrad] 28.2

NetiNaturallMomentum®Bpread 0.001
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Arc 3 Optics (25.4 GeV)
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2-nd Harmonics RF Compensation of SR Losses
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60 vs 50 GeV ERL Options — Layout

0.5 GeV

10.5 GeV 10 GeV linac 20.5 GeV
30.5 GeV 40.5 GeV
50.5 GeV 50.5 GoV

10 GeV linac IP
60.5 GeV

0.4 GeV

17.1 GeV
8.7 GeV 8.3 GeV linac °
25.4 GeV 33.7 GeV
421 GV 50.4 GeV

8.3 GeV linac IP
50.4 GeV

RAm] 1000.0
Arcdm] 3141.6
Straightdm] 1298.4
Circumferencedm]

REm] 578.0
Arcdm] 1815.8
Straightdm] 1120.8

Circumferencedm] 5873.3

27000/3 = 9000
27000/4 = 6750
27000/5 = 5400
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50 GeV ERL 1 Small Emittance Option

EdGeV] | DEGMeV] | De “[m rad] |De , [m rad] |D“‘s ... |Ds N

Arcl 8.7 0 1.8E-09 1.8E-09 3.5E-06 3.5E-06

Arc2 17.1 7 1.0E-07 1.0E-07 1.8E-05 2.2E-05

Arc®B 25.4 35 2.7E-07 3.8E-07 5.0E-05 7.2E-05

Arc# 33.7 109 1.5E-06 1.9E-06 1.0E-04 1.7E-04

Arch 42.1 264 3.1E-06 4.9E-06 1.8E-04 3.5E-04

ArclH 50.4 544 9.1E-06 1.4E-05 2.8E-04 6.3E-04

Arcb 42.1 264 3.1E-06 1.7E-05 1.8E-04 8.0E-04

Arci# 33.7 109 1.5E-06 1.9E-05 1.0E-04 9.1E-04

ArcB 25.4 35 2.7E-07 1.89E-05 5.0E-05 9.55E-04

Arc2 17.1 7 1.0E-07 1.90E-05 1.8E-05 9.74E-04

Arcl 8.7 0 1.8E-09 1.899E-05 3.5E-06 9.77E-04

Dump 0.4 1.899E-05 9.77E-04
REm] 705.0
Arcdm] 2214.8
Straightdm] 1120.8

Circumferencedm] 27000/4 = 6750
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50 GeV ERL 1 Small Emittance Option

EdGeV] | DEAMeV] [De (“[m rad] De ,[m rad] |[D“"s .. |Ds N
Arcl 8.7 0 1.8E-09 1.8E-09 3.5E-06 3.5E-06
Arc2 17.1 7 1.0E-07 1.0E-07 1.8E-05 2.2E-05
Arc3B 25.4 35 2.7E-07 3.8E-07 5.0E-05 7.2E-05
Arc 33.7 109 1.5E-06 1.9E-06 1.0E-04 1.7E-04
Arcb 42.1 264 3.1E-06 4.9E-06 1.8E-04 3.5E-04
Arc® 50.4 544 9.1E-06 1.4E-05 2.8E-04 6.3E-04
Arcb 42.1 264 3.1E-06 1.7E-05 1.8E-04 8.0E-04
Arc 33.7 109 1.5E-06 1.9E-05 1.0E-04 9.1E-04
Arc3 25.4 35 2.7E-07 1.89E-05 5.0E-05 9.55E-04
Arc2 17.1 7 1.0E-07 1.90E-05 1.8E-05 9.74E-04
Arcl 8.7 0 1.8E-09 1.899E-05 3.5E-06 9.77E-04
Dump 0.4 1.899E-05 9.77E-04
Total®EnergyAossGeV] 1.4
Normailzed@EmittancefDilutionBefore@PImmiEnrad] “
Net@Normailzed@EmittanceDilutiondmmiEnrad] 19.0
NetiNaturalMMomentumBpread 0.001
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25 to 50 GeV ERL - Staging

0.4 GeV
4.15 GeV linac
4.6 GeV 8.7 GeV
1:3:5 12.9 GeV 17.1 GeV 1:-2:3
21.3 GeV 25.4 GeV
4.15 GeV linac
IP
25.4 GeV
0.4 GeV
8.3 GeV linac
8.7 GeV 17.1 GeV
1:3:5 25.4 GeV 33.7 GeV 1:2:3
42.1 GeV 50.4 GeV
8.3 GeV linac
IP
50.4 GeV
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Vertical Switchyard Architecture

’

Energies
1:3:5

Energies
1:2:3

4
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25 GeV ERL Synchrotron Radiation Effects

EdGeV] | DEAMeV] [ De (“[m rad] |De , [m rad] |D““s ., . |Ds A
Arcfl 4.4 0 2.8E-11 2.8E-11 6.2E-07 6.2E-07
Arc2 8.5 0 1.6E-09 1.6E-09 3.3E-06 3.9E-06
Arc3 12.7 2 4.3E-09 5.9E-09 8.9E-06 1.3E-05
Arc 16.9 7 2.4E-08 3.0E-08 1.8E-05 3.1E-05
Arc 21.0 17 4.8E-08 3.1E-05 6.2E-05
Arcl® 25.2 34 1.4E-07 2.2E-07 4.9E-05 1.1E-04
Arcb 21.0 17 4.8E-08 2.7E-07 3.1E-05 1.4E-04
Arc# 16.9 7 2.4E-08 2.9E-07 1.8E-05 1.6E-04
Arc3 12.7 2 4.3E-09 2.98E-07 8.9E-06 1.70E-04
Arc2 8.5 0 1.6E-09 2.99E-07 3.3E-06 1.73E-04
Arcll 4.4 0 2.8E-11 2.992E-07 6.2E-07 1.73E-04
Dump 0.2 2.992E-07
TotalEnergyossdGeV] 0.09
NormailzedEmittance@DilutionfbeforeAPmmiEnrad] 0.08 REm] 702
Net@NormailzedEmittancefDilutiondmminrad] 0.30 rim] 522.0
NetiNatural@MomentumBpread 0.0002
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Summary

+ 60 GeV Baseline ERL Option
® Well studied design...
® All lattice building blocks are available
® High modularity and scalability of lattices

® ERL performance validated by End-to-end simulation

+ 50 GeV ERL Options — Optimizations

® Same performance in terms of synchrotron radiation effects
® Viable 6.7 km circumference ERL with enhanced performance
® Staged approach: ‘adding RF to both linacs’

® Linear scaling of all magnets
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Oliver Bruning
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Thank you for your
Attention!

Questions?

E— .geﬁ;zon Lab = Thomas Jefferson National Accelerator Facility _f,! ,H ( ;G—
WY 24

Operated by JSA for the U.S. Department of Energy Alex Bogacz Electrons for the LHC Workshop, LAL - Orsay, June 27-29, 2018



Backup Slides

LH.0—

Operated by JSA for the U.S. Department of Energy Alex Bogacz Electrons for the LHC Workshop, LAL - Orsay, June 27-29‘,;' 2()71_8 25

S— .geffe;?on Lab == Thomas Jefferson National Accelerator Facility



Linac 1 and 2 — Multi-pass ER Optics

Acceleration/Deceleration
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25 to 50 GeV ERL - Staging

0.4 GeV
8.3 GeV linac
8.7 GeV 8.7 GeV
1:2:3 171 GeV 17.1 GeV 1:2:3
25.4 GeV 25.4 GeV
IP
25.4 GeV
0.4 GeV
8.3 GeV linac
8.7 GeV 17.1 GeV
1:3:5 25.4 GeV 33.7 GeV 1:2-3
42.1 GeV Te

50.4 GeV
8.3 GeV linac

P
50.4 GeV
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