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Highlights mainly on the following subjects:

ILC, CLIC, FCCee,hh, EIC, PIPI,II, Muon collider, 
ERL and key technologies...



ILC and CLIC in a nutshell 

International Linear Collider ILC
• Superconducting Cavities, 1.3GHz, 31.5 (35) MV/m
• Klystrons
• 250GeV CME, upgradeable to 500, 1000GeV
• L = 1.35x1034 cm-2s-1 (at initial 250GeV)
• 20km length, in Tohoku / Japan
• Polarisation 80%(e-), 30%(e+)

Compact Linear Collider CLIC
• NC Copper Cavities, 12.0GHz, 72 – 100 MV/m 
• Two-beam acceleration (Klystrons)
• 380GeV CME, upgradeable to 1500, 3000GeV
• L = 1.50x1034 cm-2s-1  (at initial 380GeV)
• 11.4km long, at CERN / France & Switzerland
• Polarisation 80% (e-)

Two e+e- linear collider designs, starting as a Higgs factory

6-13 July 2022ICHEP 2022

9

A. Faus’s talk



ILC Technology level
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Status 　                 　

SRF cavity, CM

 

SRF Linac

e- source

e+ source
Undulator scheme

e+ source
e-driven scheme

DR

Final focus

Dump

：～2017
：2018～2021
：Pre-lab

 ～2017
Technology development ->Model work-> Prototype

2018～2021
High performance and cost 

reduction of cavities

～2017
Tech. Design->Tech. Development->Tech. Demonstration

～2017
Tech. Design->Tech. Developmen

～2017
Tech. Design->Tech. Development

2018～2021
Facility design 

～2017
Tech. Design->Tech. Development

2018～2021
Tech. Demonstration

International mass production, 
and transfer demonstration

Tech. confirmation

Target and magnetic focusing

Target and capture cavity

Kicker

Stable op.

Remote handling

2018～2021
Tech. Demonstration

～2017                             
Design->Tech. Development-> Tech. demonstration achieved at KEK ATF

   ～2017　　　　　　　　　　  　      
Design->Tech. Development->Tech. demonstration achieved at KEK ATF

European XFEL user operation

Since the publication of the conceptual design report (RDR) in 2007 and the Technical Design Report (TDR) in 
2013, the technical development has been progressing steadily toward the start of construction.

*EDR:Detailed Engineering 
Design Report required to 
start construction.

(RDR) (TDR) (EDR)*

Model work: small-scale models, partial/component 
models.

2021
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ILC Site Selection and Civil Engineering
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Kitakami mountains

Damping Ring

Detector Hall granite zone

A. Faus’s talk



“Green ILC” and Carbon neutrality
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Ø  “Green ILC”: Past efforts include increasing the efficiency of accelerators (SC, 
klystron)           https://green-ilc.in2p3.fr/documents/

Ø Carbon neutrality: Common challenge for all future HEP accelerators. The use of 
SC will contribute to carbon neutrality in the future.

Although SRF has been adopted, the AC power consumption  for ML part is 
<50%, what is a total of 110 MW  

Work is ongoing to study these issues in 
collaboration the "ILC Environmental 
Assessment Advisory Board"

Summary of the Discussion 
https://www2.kek.jp/ilc/ja/contents/docs/Strateg
ic_Environmental_Assessment_of_the_ILC_Pr
oject_Summary_of_the_Discussion_r.pdf



ILC Timeline 
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IDT ILC Pre-Lab ILC Lab.
PP P1 P2 P3 P4 1 2 3 4 5 6 7 8 9 10 Phys. 

Exp.
Preparation 
  CE/Utility, Survey, Design
  Acc. Industrialization prep. 

Construction
  Civil Eng. 
  Building, Utilities
  Acc. Systems
  Installation
  Commissioning
Physics Exp. 

Following a four-year ILC Pre-Lab phase, ILC 
construction will continue for about 9 years + 1 
commisioning

6-13 July 2022

2022 2026

Ø International Development Team (IDT) prepares Pre-Lab
Ø 4 year Pre-Lab (hosted by KEK, Japan) phase for R&D, Engineering Design Report, 

Construction preparation
Ø ILC Laboratory (international): 10 year construction phase

A. Faus’s talk



ILC upgrade options
Energy

Philip Burrows’s talk
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140 ms train length - 24 ´ 24 sub-pulses 
4. 2 A - 2.4 GeV – 60 cm between bunches 

240 ns 

 24 pulses – 101 A – 2.5 cm between bunches 

240 ns 
5.8 ms 

Drive beam me structure - ini al Drive beam me structure - final 

CLIC parameters and beam accelerator sequence 

e- red
e+ yellow 

1. Drive beam accelerated to ~2 GeV using 
conventional klystrons

2.  Intensity increased using a series of delay 
loops and combiner rings

3.  Drive beam decelerated and produces high-RF
4.  Feed high-RF to the less intense main beam 

using waveguides
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CLIC Technical developments of key elements 

Examples of technical developments
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CLIC Site Selection and Civil Engineering
Important effort within: 
• Civil engineering 
• Electrical systems
• Cooling and ventilation 

• Transport, logistics and installation 
• Safety, access and radiation protection systems

Crucial for cost/power/schedule 



“Green CLIC” and Carbon neutrality

Ø Very large reductions since CDR, 
better estimates of nominal settings, 
much more optimised drive-beam 
complex and more efficient klystrons, 
injectors more optimisation, etc

Ø Further savings possible, main target 
damping ring RF and improved L-
band klystrons for drive-beam 

ICHEP 2022 18

Power estimate at 380 GeV

Ø Energy studies:
• Running when energy is cheap

• Renewable energy (carbon footprint)
• Recovering energy

Relative energy cost by no scheduling, avoiding the winter 
months  (restricted), daily, weekly and dynamic scheduling. 
Central values of the ranges shown should be considered best 
estimates. The absolute cost scale will depend on price, 
contracts and detailed assumption about running times, but the 
relative cost differences indicate that significant cost-
reductions could be achieved by optimizing the running 
schedule of CLIC to avoid high-energy cost periods (Fraunhofer)

6-13 July 2022
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CLIC Timeline 

Ø Technology Driven 
Schedule with a 
preparation phase of 
~5 years is needed 
before (estimated 
resource need for this 
phase is  ~4% of 
overall project costs)

Ø Focusing on:
• The X-band technology readiness for the 380 

GeV CLIC initial phase 
• Optimizing the luminosity at 380 GeV
• Improving the power efficiency for both the 

initial phase and at high energies 

Project Readiness Report as a step toward a TDR – for next ESPP
Assuming ESPP in 2026, Project Approval ~ 2028, Project (tunnel)construction can start in ~ 2030.

Ø More details:
• X-band studies: Structure manufacturability and optimized conditioning, 

interfaces to all connecting systems for large scale production, designs 
for and support of use in applications from the 1 GeV linac at LNF to 
medical linacs

• Luminosity: beam dynamics studies and related hardware optimisation 
for nanobeams from damping rings to final focus  (mechanical and 
thermal stability, alignment, instrumentation, vacuum systems, stray field 
control, magnet stability, etc)  

• Improving damping ring and drive beam RF efficiency, study parameter 
changes to reduce power at multi-TeV energies maintaining high 
luminosities



FCC-hh

The FCC integrated program

FCC-ee

2020 - 2040 2045 - 2060 2070 - 2090++

Comprehensive long-term program maximizing physics opportunities
• stage 1: FCC-ee (Z, W, H, tt) as Higgs factory, electroweak & top factory at 

highest luminosities
• stage 2: FCC-hh (~100 TeV) as natural continuation at energy frontier, with ion 

and eh options
• complementary physics
• common civil engineering and technical infrastructures, reusing CERN’s existing 

infrastructure
• FCC integrated program allows continuation of HEP after completion of the HL-LHC 

program
M. Giovannozzi’s talk



• FCC-Conceptual Design Reports 
(completed in 2018):
• Vol 1 Physics, Vol 2 FCC-ee, Vol 3 FCC-hh, Vol 

4 HE-LHC

• CDRs published in European Physical 
Journal C (Vol 1) and ST (Vol 2 – 4) 

EPJ C 79, 6 (2019) 474  , EPJ ST 228, 2 (2019) 261-623 , 
EPJ ST 228, 4 (2019) 755-1107  , EPJ ST 228, 5 (2019) 
1109-1382 

• Summary documents provided to 
EPPSU SG
• FCC-integral, FCC-ee, FCC-hh, HE-LHC

• Accessible on http://fcc-cdr.web.cern.ch/

           FCC CDR and Study Documentation

>1350 contributors from 

> 350 institutes,

a truly global effort

M. Giovannozzi’s talk

https://link.springer.com/article/10.1140/epjc/s10052-019-6904-3
https://link.springer.com/article/10.1140/epjst/e2019-900045-4
https://link.springer.com/article/10.1140/epjst/e2019-900087-0
https://link.springer.com/article/10.1140/epjst/e2019-900088-6
http://fcc-cdr.web.cern.ch/


         Feasibility study goals and roadmap 

2011 circular Higgs factory proposal

2013 
ESPPU

2014 FCC 
study kickoff

2012 Higgs discovery announced

2018 FCC CDR

         2025/26
Feasibility proof2020 

ESPPU

>2045 first
ee collisions

2020 FCCIS 
kickoff

2026/7 
ESPPU

>2030
start tunnel
construction

>2038
machine
installation

today

~2028 approval
>2030 - 37 
element production
>2026 - 30 full 
technical design

         2025/26
Financing model
Operation concept

2020-25
FCC Feasibility Study

FCCIS H2020 DS

Highest priority goals:
 

Financial feasibility
Technical and administrative feasibility of 
tunnel: no show-stopper for ~100 km tunnel
  
\

Technologies of machine and experiments: 
magnets; minimised environmental impact; 
energy efficiency & recovery
   

Gathering scientific, political, societal and 
other support

M. Giovannozzi’s talk
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FCC-ee main parameters
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Injection energy into the booster 20 GeV (or lower ? )

Ramping: 80-100 GeV / s (< 1 s )

Alternatives: SPS as Pre Booster Ring (PRB) and a Linac

SPS
CDR study

FCCIS study
LINAC

B. Dalena’s talk
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Magnet Parameter Unit Value

Dipole Field at injection (20 GeV) G 71

Field at ttbar energy (182.5 GeV) G 650

Length m 11.1

Quadrupole Gradient at injection (20 GeV) T/m 2.5

Gradient at ttbar energy (182.5 GeV) T/m 22.5

Length m 1.5

Sextupole Gradient at injection (20 GeV) T/m2 174

Gradient at ttbar energy (182.5 GeV) T/m2 1582

Length m 0.5

• FODO cells of ~52 m
• Made of 4 dipole, 2 quadrupoles and 2 sextupoles

Distance between dipoles: 0.4 m
Distance between quadrupole and sextupole: 0.165 m
Distance between dipole and sextupole: 0. 504 m
Distance between quadrupole and dipole: 0.869 m
              (it includes  space for BPM and dipole correctors)

# dipoles = 2´2944

# quadrupoles = 2944

# sextupoles = 2632/4

 Very challenging low dipole field at injection   ( preliminary magnet design by J. Bauche @ FCC week 2022 
https://indico.cern.ch/event/1064327/contributions/4888487/ )

B. Dalena’s talk

https://indico.cern.ch/event/1064327/contributions/4888487/
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Magnet Parameter Unit Value

Dipole Field at injection (20 GeV) G 71

Field at W energy (80 GeV) G 284

Length m 11.1

Quadrupol
e

Gradient at injection (20 GeV) T/m 1.74

Gradient at W energy (80 GeV) T/m 6.9

Length m 1.5

Sextupole Gradient at injection (20 GeV) T/m2 75

Gradient at W energy (80 GeV) T/m2 300

Length m 0.5

• FODO cells of ~52 m
• Made of 4 dipole, 2 quadrupoles and 2 sextupoles

# dipoles = 2´2944

# quadrupoles = 2944

# sextupoles = 2632/6

Distance between dipoles: 0.4 m
Distance between quadrupole and sextupole: 0.165 m
Distance between dipole and sextupole: 0. 504 m
Distance between quadrupole and dipole: 0.869 m
               (it includes space for BPM and dipole correctors)

 Very challenging low dipole field at injection

B. Dalena’s talk
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CT dipole Iron-core dipole

GFR=R26 28Gs 56Gs 28Gs 56Gs

B1/B0 -5.20E-04 -1.04E-04 -1.56E-03 -2.60E-04
B2/B0 4.73E-04 5.41E-04 -2.03E-03 -2.03E-04
B3/B0 -7.03E-06 1.05E-04 3.52E-04 1.76E-04
B4/B0 -9.14E-04 -3.66E-04 4.57E-04 -1.83E-04
B5/B0 3.56E-05 -2.38E-05 -2.38E-05 -3.56E-05
B6/B0 6.18E-04 2.16E-04 -3.09E-04 9.27E-05

Courtesy of F. Zimmermann and Jie Gao

relative values @ R = 26 mm

Static dipole field errors  of the CT dipole design 
at 56Gs considered + 10% random part 

Dynamic field effect not taken into account in 
this simulations: dipole and multipole 
reproducibility expected to be  5´10-4  

DA: Stable initial amplitude @ 4500 turns (~15% tx 20 GeV)

MadX Thin-Lens Tracking (60 seeds)

91km 60°/60° optics �� = 83.2 m �� = 32.2 m �� = 0 m
Geometric emittance injected 1.27 nm 

DA of 91km 90°/90° optics is ~ 5mm (due to longitudinal motion)

pr
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B. Dalena’s talk
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Beam Energy 
[GeV]

Eq. Emittance 
[nm rad] 
60°/60° 

Eq. Emittance 
[nm rad]
90°/90°

Eq. Emittance 
Collider
[nm rad]

45.6 (Z) 0.235 0.078 0.24

80   (W) 0.729 0.242 0.84

120 (H) 4.229 0.545 0.63

175 (tt) 3.540 1.172 1.48

 90°/90° required for H and ttbar final emittances
 60°/60° retained for Z and W operation (mitigation of MI and IBS)
 90°/90° 100 m cell could gain a bit in momentum compaction at Z & W

Eq. emittance 
Collider new 
[nm rad]

0.71

2.16

0.64

1.49

Cell length (m)

[m]

new
• Booster rms emittance at extraction ≤ collider 

B. Dalena’s talk
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• Currently, the cavities are inserted in the insertions H and L.
• The cell FODO length in the RF insertion is 104 m.
• 400 MHz cryomodule length: 11.4 m
• 800 MHz cryomodule length: 7.5 m

Z mode

W mode

H mode

tt mode

Insertion L Insertion H

 Z mode: 2 CM left, 1 CM right of IPL
 W mode: 7 CM left, 6 CM right of IPL
 H mode: 17 CM left, 17 CM right of IPL
 tt mode: 17 CM left, 17 CM right of IPL

 tt mode: 60 CM left, 60 CM right

Ø  Proposal of the RF group to use 800 MHz only for all mode of the Booster:
       https://indico.cern.ch/event/1064327/contributions/4888581/ (F. Peauger) B. Dalena’s talk

https://indico.cern.ch/event/1064327/contributions/4888581/


 FCC-hh (pp) collider parameters 
parameter FCC-hh HL-LHC LHC
collision energy cms [TeV] 100 14 14
dipole field [T] 16 8.33 8.33
circumference [km] 97.75 26.7 26.7
beam current [A] 0.5 1.1 0.58
bunch intensity  [1011] 1 1 2.2 1.15
bunch spacing  [ns] 25 25 25 25
synchr. rad. power / ring [kW] 2400 7.3 3.6
SR power / length [W/m/ap.] 28.4 0.33 0.17
long. emit. damping time [h] 0.54  12.9 12.9
beta* [m] 1.1 0.3 0.15 (min.) 0.55
normalized emittance [mm] 2.2 2.5 3.75
peak luminosity [1034 cm-2s-1] 5 30 5 (lev.) 1
events/bunch crossing 170 1000 132 27
stored energy/beam [GJ] 8.4 0.7 0.36

M. Giovannozzi’s talk



           16 T dipole design activities and options

Cos-theta

Blocks 

Common coils

Short model magnets (1.5 m lengths) will be built until ~2025

Swiss 
contribution 

Canted
Cos-theta

INFN  

CEA  

CIEMAT  

PSI  

LBNL  

FNAL  

M. Giovannozzi’s talk



WIR SCHAFFEN WISSEN – HEUTE FÜR MORGEN

High-Field Magnet Development for HEP in Europe – 
A Roadmap by the LDG HFM Expert Panel
LDG Expert Panel: B. Auchmann (PSI/CERN), A. Ballarino (CERN), B. Baudouy (CEA Saclay), L. Bottura (CERN, Technical Secretary), 
P. Fazilleau (CEA Saclay), L. Garcia-Tabarés (CIEMAT, Co-Chair), M. Noe (KIT), S. Prestemon (LBNL), E. Rochepault (CEA Saclay), 
L. Rossi (INFN Milano), B. Shepherd (STFC), C. Senatore (Uni Geneva), P. Védrine (CEA Saclay, Chair) 
HFM Project at CERN: A. Siemko (CERN)
PSI MagDev Team: D. M. Araujo, A. Brem, M. Daly, M. Duda, C. Hug, J. Kosse, T. Michlmayr, H. G. Rodrigues, S. Sanfilippo

07.07.22 – ICHEP Conference, Bologna, Italy

Work at PSI supported by the Swiss State Secretariat for Education, Research and Innovation SERI.

 WIR SCHAFFEN WISSEN – HEUTE FÜR MORGEN



HFM R&D Goals

Page 36

1. Demonstrate Nb3Sn magnet technology for large scale deployment, 
pushing it to its limits in terms of maximum field and production scale. 

a. The effort to quantify and demonstrate Nb3Sn ultimate field 
comprises the development of conductor and magnet 
technology towards the ultimate Nb3Sn performance. 

b. Develop Nb3Sn magnet technology for collider-scale production, 
through robust design, industrial manufacturing and cost reduction. 

2. Demonstrate the suitability of HTS for accelerator magnets, providing a proof-of-
principle of HTS magnet technology beyond the reach of Nb3Sn. 

Performance

RobustnessCost



R&D Focus Areas and Cross-Cutting Activities

Page 37

• “The R&D programme must be holistic in nature: a compatible selection of electromagnetic, 
mechanical and thermal design approaches, conductors, materials, and manufacturing 
processes and methods needs to be integrated seamlessly with instrumentation and 
protection into a specific magnet solution responding to the required specification.“

• Conversely, work across R&D areas must be closely coordinated. 



HFM R&D Timeline – 
HTS Conductor and Magnet R&D

Page 38





 FCC consistent machine layouts
FCC-hh FCC-ee 1, FCC-ee 2, 

FCC-ee booster (FCC-hh footprint)

Optics solutions for full ring for both machines available

9 m off-centred IPs 
wrt. hh IPs

M. Giovannozzi’s talk



            FCC implementation - footprint baseline

Current baseline position based on:
• lowest risk for construction, fastest and cheapest 

construction 
• feasible positions for large span caverns (most 

challenging structures)
• 90 – 100 km circumference
• 12 surface sites with few ha area each

M. Giovannozzi’s talk



The Electron-Ion Collider: 
an overview

Silvia Verdú-Andrés
Brookhaven National Laboratory

Acknowledgements to the EIC team, and specially to    
Elke Aschenauer, Maria Chamizo-Llatas, Ferdinand Willeke, 

Binping Xiao



The unanimous conclusion of 
the U.S. National Academy of Science 
Committee Report (2018) is that an EIC would be... 

“... a unique facility in the world that would answer science questions 
that are compelling, fundamental, and timely, and help maintain U.S. 
scientific leadership in nuclear physics.” 

Building Up the EIC’s Case

Major Nuclear 
Physics Facilities 
for the Next 
Decade

NSAC 

March 14, 2013

Gluons and the Quark Sea at 
High Energies

S. Verdú-Andrés (BNL)  |   ICHEP 2022   |   Slide   43  |
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The EIC’s Design Goals

▻ Goals meet or exceed NSAC Long 
Range Plan (2015) and EIC White 
Paper requirements endorsed by NAS 
(2018)

S. Verdú-Andrés (BNL)  |   ICHEP 2022   |   Slide   44  |

• High luminosity: � =  0.1  − 1.0 ∙ 1034 cm−2s−1; 10 − 100 fb−1/year

• Collisions of highly polarized (~70%) e and p / light ion beams with 
flexible bunch by bunch spin patterns

• Large range of ion species: Protons to Uranium 

• Large range of Center-of-Mass energies: ��� = 20  − 140 GeV

• Large detector acceptance

• Accommodate a second Interaction Region (IR)

• Good background conditions (hadron particle loss and synchrotron 
radiation in the IR)

World’s 
first

x100 to 1000 
higher                  

than HERA

Silvia Verdú-Andrés’ talk



EIC

RHIC will transform into the EIC

Proton Au ion

RHIC 
demonstrated

EIC 
design

RHIC 
demonstrated

EIC 
design

Energy [GeV/nucleon] 255 275 100 110

Particle per bunch [1010] 22.5 20 0.22 0.1

RMS norm. emit., h/v [μm] 3.1/3.1 5.9/2.5 2.0/2.0 2.0/2.0

BB parameter, h/v [10−3] -18/-18 +15/+10 -4/-4 +11/+4

RMS long. emit. [10−3 eV∙ s] 55 110 0.27 0.2

RMS bunch length [cm] 55 6 7.7 10

RMS ∆� � [10−4] 1.7 6.8 7.7 10

Polarization [%] 55 70 − −
Source: EIC CDR

S. Verdú-Andrés (BNL)  |   ICHEP 2022   |   Slide   45  |

>  Well maintained and operating at its 
peak <

Silvia Verdú-Andrés’ talk



Key Updates of RHIC towards the EIC

EIC

Injection
System
Upgrade

Path Length 
Variation, Energy 

Upgrade

Interaction 
Regions

Additional 
Snakes

Beam 
Instrumentation 

Upgrade

Vacuum 
Chamber 
Update

Strong Hadron 
Cooling

Hadron Ring 
RF Systems

S. Verdú-Andrés (BNL)  |   ICHEP 2022   |   Slide   46  |

Many of these areas are part of Accelerator R&D. Other Accelerator R&D areas not 
related to the HSR are: polarized electron gun source, IR design and magnet 
prototyping, hadron polarimetry, vacuum systems, ESR injection kicker. 

Silvia Verdú-Andrés’ talk



Crab Crossing

• Electron crabs will operate at 394 MHz;                     
two sets of hadron crabs to linearize kick:      
fundamental at 197 MHz; harmonic at 394 MHz.

• High-gradient, compact crab cavity needed:        
baseline uses Radio-Frequency (RF) Dipole.

 

• Very tight (~1 μrad) tolerance to RF noise and need 
to suppress fundamental mode driven transverse 
instability require feedback. 

• Short bunch spacing (10 ns) for high lumi requires large crossing angle (25μrad) to 
reduce parasitic interactions and detector background. The ineffective overlap 
with crossing angle reduces lumi to less than 20% of luminosity with head-on collisions: 

S. Verdú-Andrés (BNL)  |   ICHEP 2022   |   Slide   47  |  Electron-Ion 
Collider

⇒ Crab Cavities (CC) will reestablish head-on collisions to maximize lumi 

“Snake”-shaped proton 
bunch (blue) from 
197 MHz CC kick

Silvia Verdú-Andrés’ talk



High Luminosity EIC Parameters

Source: EIC CDR

S. Verdú-Andrés (BNL)  |   ICHEP 2022   |   Slide   48  |

Silvia Verdú-
Andrés’ talk



The EIC’s Project

S. Verdú-Andrés (BNL)  |   ICHEP 2022   |   Slide   49  |

PERFORMANCE AND SCOPE

• Full-energy, full-luminosity accelerator
• One interaction region with allowance for a second
• One detector

COST

• DOE Critical Decision 0 approved with a range of $1.6B - $2.6B  

SCHEDULE 

• Completion in ~10-15 years

COLLABORATIVE STRATEGY 

The EIC Project will be conducted “as a full intellectual partnership 
between the BNL and the JLab teams (and other collaborators) with 
major participation by all ”. (T. Hallman, NSAC 3/2/20) 

Silvia Verdú-Andrés’ talk



2019 DOE Critical Decision 0: Mission Need Approval
EIC Site Selection: Brookhaven National Lab

2020 BNL-TJNAF Partnering Agreement Approval

2021 DOE Critical Decision 1: Preliminary Baseline Approval

Mar. 2022 Decision on Project Detector: ECCE as reference

Jun 2023 Clarify In-kind Deliverables and Agreements

2024 DOE Critical Decision 2: Performance Baseline

2025 DOE Critical Decision 3: Construction Start

2032 DOE Critical Decision 4: Early Completion

EIC Project Timeline

S. Verdú-Andrés (BNL)  |   ICHEP 2022   |   Slide   50  |
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D. Schulte’s talk



R&D from 2021-2026 needs
manpower and financial fund

D. Schulte’s talk
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International Conference on High Energy Physics

PERLE: The development of a multi-turn, high current ERL 

Bologna, July 7th  2022

By Walid KAABI on behalf of PERLE Collaboration

07/07/2022 ICHEP 22 63



The short summary of the PERLE@Orsay Genesis

07/07/2022 64ICHEP 22

• ep collisions at LHC.    It appeared that the ideal machine combines the 
proton of LHC (from 7 TeV up to 13 TeV) with an electron beam of 50-70 
GeV and a target luminosity of 1034 cm-2s-1.   

 the electron machine is an ERL, with in summary current = 20mA, 3+3 
passes (to reach 60 GeV) 

HERA

LHeC

EIC

FCC-eh

FCC-pp
40 TeV

Raison(s) d’etre of ep/eA
at the energy frontier

Cleanest High Resolution 
Microscope: QCD Discovery

Empowering the LHC/FCC 
Search Programme

Transformation of LHC/FCChh 
into
high precision Higgs facility

Discovery (top, H, heavy ν’s..) 
Beyond the Standard Model

A Unique 
Nuclear Physics Facility
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PERLE Configuration

PERLE: first multi-turn ERL, based in SRF technology, designed to 
operate at 10MW (20 mA, 500 MeV) power regime 

350-500 kV 
DC gun

HV tank

Booster: 5 single-cell cavities 
(802MHz) individually powered

Buncher

Merger

Light box
Green laser 40 MHz

Photocathodes loading chamber (Sb-based photocathodes)

• Cryomodule with 4 five-Cell cavities 
• Total gradient 82 MeV
• 3 acc & 3 decc beams at different energies 

travelling in the CM.

Injection line delivering 500pC 
bunches at 7 MeV. 

Beam Dump

3 staked recirculation arcs for beams at 
different energies (Arcs 1, 3, 5).

Interaction Points

Switchyard: vertical separation/recombination 
of beams at different energies 

3 staked (& inversed) recirculation arcs for 
beams at different energies (Arcs 2, 4, 6) 

Target Parameter Unit Value

Injection energy MeV 7
Electron beam energy MeV 500

Normalised Emittance γεx,y mm mrad 6

Average beam current mA 20
Bunch charge pC 500
Bunch length mm 3
Bunch spacing ns 25
RF frequency MHz 801.58
Duty factor  CW



PERLE Timeline for TDR phase and beyond 
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2028
End Phase 1: PERLE @ 250MeV

2030
End Phase 2: PERLE @ 500MeV 

2025
End Phase 0: Injection line 

2023
PERLE TDR 
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Walid KAABI’s talk


