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FCC-eh accelerator session

 FCC-eh and LHeC: Project overview and developments on ERL
and sustainable technology, Jorgen D'Hondt

 PERLE: Status and prospects for high power ERL, Walid Kaabi

* Design and optimisation of the ep (and possibility joint ep/pp)
Interaction Region, Tiziana Von Witzleben

* Physics and design of the eh detector, Yuji Yamazaki

* EIC-FCC synergies, Maria Chamizo Llatas



The ep/eA landscape .~
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For ep/eA physics, the 2030’ies will be E
the decade of the EIC — %
The next ambition for the community will 10
be to enable ep/eA physics both at higher 1
luminosities and at higher energies
10%
The LHeC and FCC-eh high-energy 10%2
electron-proton programs represent great
strides into uncharted territories 10%
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At high energies e-p colliders provide a General-Purpose

experiment




The LHeC program

Kinematic range Parton Distribution Functions
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The FCC-eh program

Kinematic range Parton Distribution Functions

FCC-eh (60 GeV electron beams) B P ! ! I
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Complementarity for Higgs physics of ee/ep/pp in the FCC program

(Higgs coupling strength modifier parameters K;— assuming no BSM particles in Higgs boson decay)
(expected relative precision)

& N N Vs Y - o Y - —\

% kappa-0-HL | HL+FCC-ceyq || HL+FCC-ce | HL+FCC-ce (4 IP)  HL+FCC-ce/hh | HL+FCC-elvhh|| HL+FCC-hh || HL+FCC-ec/eh/hh
S Ky [%)] 0.86 0.38 0.23

8 r 0.15 0.14 0.004 0.13 027 0.12

= K [%] 1.1 0.88 0.59 0.55 0.56 0.46

= Ky [%)] 13 12 1.1 0.29 0.32 0.28

™ Kzy[%] 10. 10. 10. 07 071 0.68

B Ke [ %] 1.5 1.3 0.88 1.2 1.2 0.94

: K [%] 3.1 3.1 3.1 0.95 0.95 0.95

2 Kp[%] 0.94 0.59 0.4 0.5 0.52 0.41

& Ky (9] 4. 39 33 0.41 0.45 0.41

3 Kr %] 0.9 0.61 0.39 0.42

- T [%] 1.6 087 0.55

adding 365 GeV runs adding FCC-ep ALL COMBINED
only FCC-ee@240GeV only FCC-hh

Ultimate Higgs Factory = {ee + eh + hh}




The challenge

high-intensity electron beam
From HERA to LHeC/FCC-eh

3 orders in magnitude in luminosity
1 order in magnitude in energy

beam current X beam energy
= beam power

LHeC/FCC-eh ~ 1 GW beam power

equivalent to the power delivered by a nuclear power plant

10%

10%

10%

10%2

10%

[ JLAB/CEBAF

_ g12 - Past Colliders

= |:| Collider Concepts

- s

L - Past Fixed Target

E Ongoing Fixed Target

ep Facilities & Experiments:

LHeC/HE-LHC
; EIC FCC-he >
E LHeC/HL-LHC
= COMPASS LHeC/CDR
= HIAF-EIC
; BCDMS
- o IH
L HERMES NMC

\\\HH‘ \\\HH‘ \\\HH‘ | I |

10 102 10°
Vs (GeV)



ep Facilities & Experiments:

6 12 .
° - Past Colliders
—

The challenge g

high-intensity electron beam

HERMES NMC




The principle of Energy Recovery

other beam for collisions

) @ beam brightness is
Werlment ;g?jes maintained from
Technology is proven in P - P the injector

operational facilities
with lower energies

and lower beam power multiple turns towards higher energies
@ beam dump
phase-shift at low energy
180°
ACCELERATOR CAVITIES .
ACCELERATE DECELERATE
energy in cavities is given energy of particle beam
to the particle beam goes back to cavities

® energy recovered to accelerate

the next particle beam

1(




® ERL-Theglobal landscape
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Key building block for beam acceleration: the SRF cryomodule

i— cooling

Transferring grid power to the particle beam



Three main innovation directions

energy savings

from the RF
RF power generation

efficiency ~30-60%

energy savings
from the beam

RF power load
by detuned cavities
~ Dw?

beam power
dumped
or

radiated

‘ . ’ beam
Cryogenlcs dissipated heat

efficiency ~ 1/Q,
~T/(300K-T)

energy savings
from the cryogenics




energy savin Th
. ree maini i
ain innovation directions

fromth
P DOVALS —

g Systems (iSAS)

le Acceleratm
in2p3.1r event 952

rgy footprmt of SRF accelerators)

srgmflcantly reduce the ene
ules:

(ambition
ple in SRF cryomod

enR
and lmplementation in F

dissipated
efficiency ~1 heat
(300K~ T)

?”ergy savings
rom the cryogenics




®  PERLE Configuration

mA B0 Mev) ower re[gime

PERLE: first multi-turn ERL, based on SRF technology, designed to operate at 10Vjj¥s g
In
of accelerator phenomena and to validate tecl%% iges i pTOVIAg ac’cele?‘atorms @

tiongbpewverviegime-od theipathway of the teehmblogydevel or future e
Total gradient 82 MeV (Slines)

acc & 3 decc beams at different ‘
energies travelling in the CM

Switchyard: vertical separation/recombination of
beams at different energies

3 staked isochronous recirculation arcs for

Target Parameter Unit Value
Beam dump
Injection energy MeV 7
Interaction Electron beam energy MeV 500
Points | Normalised Emittance VEy, mm mrad 6
Average beam current mA 20
& Bunch charge pC 500
WS Bunch length mm 3
350k-\;) 0 i1/ Bunch spacing ns 25
DCgun Lightt RF frequency MHz 801.58
3 staked (& inversed) isochronous recirculation Injection line delivering C | Greenlaser Duty factor cW
bunches at 7 MeV.

FCC Week 2023



W  PERLE SRF cavity

241855 A 5-Cell copper cavity is under fabrication @Jlab to allow end group design optimisation and to test -

CW opers several HOM couplers combinations to assess the best HOM damping scheme.

ncy cavity choice (< 1GHz),

High current operation
2 lIs for the a given gradient,

# imisation of the bunch
liign + BBU study after HOM
Ke effects).

Muti-bunches operation

Qp(2K)
le11 @ Five-Cell Cavity
Q,(2k) =3 el0 @ ~27 MV/m
seed ”‘”’**W
e
b 2
1e10 g Quench @ E, ..~ 30 MV/m
£ acc
=
o
o
w
)
o
w
o
195 5 1o 15 20 25 30 35
Eace (MV/m)

F. Marhauser et al. “802 MHz ERL cavity design and development”- IPAC2018 (Vancouver, BC, Canada)- doi:10.18429/JACoW-IPAC2018-
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‘b Cryomodule design:

Connection
Jjumper

ESS Cryomodule design was selected:

He exchanger

Jamming jack

fostrsmemcarion Vecuum  pietium  (x9) Fix * Intermediate supporting structure (spaceframe)

ports safety valve nk
Diphasic "

saceame PR [/ g NI = e * Cavity string hung by rods
e ' ) * Insertion of the cavity string by the extremity (rollers)
* Trap doors for tuner access
_ : * Connexion to the valve box on the top of the vacuum vessel
g o ... 7  Important space available inside
‘ * Design validated: series fab. & tests ongoing (Qty 30)

He valve (x2)

Rupture disk

Thermal system
shield

Door knob
Trap door Magnetic
(x8) Supporting jack shield

el o 1%t Cryomodule: Foreseen for 2027

Adapted from ESS design, it will be optimised for efficient high current ERL
operation within the European Infra-Tech program iSAS*. It will host cavities
equipped with HOM couplers and FPC optimised and developed within the same
program.

o 2" Cryomodule: Foreseen for 2030

May include some/all the technologies studied within iSAS program to improve the
efficiency of Cryomodules: Fast Reactive Tuner (FRT) for microphonics mitigation,
LLRF managed by Al and 4.2 K Cavities operating.

Vacuum valve
(x2) Vacuum vessel

* More information on iSAS program: https://indico.ijclab.in2p3.fr/event/9521/

FCC Week 2023


https://indico.ijclab.in2p3.fr/event/9521/

Concurrent Operation of |
e-h and h-h

New FCC-hh lattice: talk Gustavo

—5000 -

Optimized electron interaction region to
minimize SR power Kevin’s Thesis

—10000

» The impact of the electron magnets can
be corrected locally for the proton beams 15000 4

» Concurrent operation implies 3 beams at
the IR

—20000

» The two protons need to be separated at
the e-p interaction point

—25000 -

—30000 1

® FCC-hh DS
® FCC-hhIP
—— FCC-hh

PA
(Experiment)

h-h

PL PB
(Injection + rf) (Injection + dump)

Experimental insertion

straight: 991.2312m
FCC-eh

Technical insertion
straight: 2032m

PJ
(Experiment)

(Experignent)

h-h

PH PF
(Momentum (Betatron
collimation) collimation)

h-h

PG
(Experiment)

—15000 —10000 —5000 0 5000 10000 15000

F_‘,LljgglleAR Possible layout of the FCC [1]
COLLIDER 08/06/2023 17



https://indico.cern.ch/event/1202105/contributions/5383625/
http://livrepository.liverpool.ac.uk/3161486/

2 possible separation schemes for the h-h beams:
e-h and h-h collisions

Orbits of the Proton Beams in the x-Plane

only e-h collisions
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2040 All Numbers [cm]

FCC-eh physics and detector T

« 720

= <+ 500
FHC-Endcap H BHC-Endcap

» Detector for DIS designed for LHeC
extended to FCC-eh

— similar E, 50 = 60 GeV: similar e-side v o v Tctr

T

Solenoid

Tracker 6 =

— proton 7 = 20 or 50 TeV: need to cope with
stronger energy and denser particle flow on p/A side

EMC-Barrel

e Tracker and Calo extended to more forward

The Low-E FCC-eh

» Study item 1: machine-detector interface
detector

— weak dipole around IP for head-on collision similar size to CMS
as proposed for LHeC: detector needs to avoid SR fan FCCeh Tracker

11 Fwd-Tracker Wheels

— Need to optimise for FCC-eh design
» Study item 2: optimisation for higher energy h beam

— cutting technologies for 2050 and beyond?
in collaboration with ee/hh studies

» Possibility to run pp/AA for precision physics at eh IP

— better calibrated by kinematic constraints of DIS events

_ e Green: dipole magnet
A T R — 1600 cm seseenens Surrounding solenoid/IP




EIC design
EIC Design based on existing RHIC facility

« Hadron storage Ring (RHIC Rings) 40-275 GeV (eX|st|ng)
o 1160 bunches, 1A beam current (3x RHIC)
o bright vertical beam emittance 1.5 nm

1t Colhd Acce\entow Complex

o Strong hadron cooling , - T =~
* Electron storage ring 2.5-18 GeV (new) il B
o many bunches, Qi Datady

o large beam current, 2.5 A = 9 MW S.R. power
o S.C RF cavities
o Polarized bunches (up to 70%)

» Electron rapid cycling synchrotron 0.4- 18GeV (new)
o 1-2Hz
o Spin transparent due to high periodicity

* High luminosity interaction region(s) (new)
L = 10%cm=2s?

Superconducting magnets

25 mrad Crossing angle with crab cavities
Spin Rotators (longitudinal spin)

Forward hadron instrumentation

L? i _
National Laboratory 20

O O O O O




EIC schedule

* The US Department Of
Energy approved the EIC
accelerator and one
detector in Dec 2019 (CD-
0)

» EIC is currently in the design
and prototype phase

» Baseline/start of
construction approval
expected April 2025 Start of
operations ~2033

« Second interaction region

and second detector

delayed by ~5 years

FYI9  FY20 FY2l

Critical

Decisions
Dec 2019

CD-0(A) | CD-I(A)

Jun 2021

FY22 | FY23' | EY24 ©EY25 BEY26 REY278 EEY2s

FCC FCC
approval by @ constructio
Council n tunnel
~2028 ~2030

FCC-ee

construction n

2033-2045 ee
2048

CD-3A
Jan 2024

CD-23
Apr 2025

FY29 = FY30 | FY3l [FEY32 |[SRY33H IES At IS

FY36 |

KCD-4A CD-4

'Approve start Approve pfoj.
of operations  completion
Apr 2032 Apr 2034
A

Early CD-4A Early CD-4

Apr 2031

letion  C

ompletion
Apr 2032

[ 74
I e Fabricat &Test | 777 Full RE Power Buiildout
[ 2 f Q7777727772
¥

777, Full RF Power Buildout
17 A

FY19 | EFY20  BEY2)

ion & Test L

,—’ Procurement, Fabrication,
r

’_l

: VA
T /)

I Rezearch & Devel Dz DL
"

P22 FY23 Fra4 Fras Fvze  Fva7 | Fvas | Fv2s | Fyao | Fval | pvaz |[Fvas | TRl Rvas

L

[ Construction & Y77, 7
& 77
(A) Actual - Completed I:l D Planned | Data Date ﬁ Level 0 Milestones % Schedule Contingency

Operatio
FCC-

21




EIC-FCC parameters

The EIC electron beam features great similarities with the FCC-ee beam ( EIC
has higher beam currents, and shorter bunch spacing).

. |EICebeam |FCC-ee Zpole (W) |
10 (18) 45.6 (80)
1.7 1.7

10 15, 17.5 or 20

2 3.5 from SR
25(0.27) 130

9000 600
0G4 19000

L? Brookhaven

National Laboratory




ESR=Electron Storage Ring

Key updates towards the E|IC  rsreredonsioragering

 EIC challenging design ESR Electron Hadron
) Vacuum R&D Fast Kicker Polarimetry Cooler Electron
parameters require much Mg \ Source
i ESR Cavity —— ‘
accelerator RSF]D Erototyplng, rotonype - //,_..——:_——.-/\‘ /
syn_(?r.glstlc with other ~ HSR Vacuum Upgrade \ =
faC|I|t|eS. ESR RF _ e »”  Polarized
_ 500kW e Source
» Areas of common interest FRC
between the EIC and FCC-ee ESRRF HOM £ /( \ Injel::rt?c;cgnFast
have been identified and are Damper  rab Cavity ix S Kicker
being addressed through joint Prototype  \tagnet Rt et |
workshops N\ NSy, Prototyping —

A few selected topics will be discussed in this presentation

FCC-EIC Joint & MDI Workshop (Oct 2022), FCC-EIC Beam Instrumentation Workshop, EIC Workshop
Promoting Collaboration on the EIC (Oct 2020), First annual US FCC workshop (May 2023)

_ ;

k? Brookhaven

National Laboratory




Synergies EIC-FCC

Areas for mutually beneficial collaboration

» SRF cavities, electron gun (high current, high brightness beams)

« Beam instrumentation: SR monitors, BLM, BPMs, Beam feedback systems,
crab angle measurements

* Vacuum systems

* IR region magnets, prototypes, production

« MDI, IR shielding

» Collimation

« Beam-beam interactions, beam-gas interactions

» Impedance model, instabilities, HOM, ion instability

I k? BrDOkhaven. _
National Laboratory




