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Context: EPPSU 2020 process update

20 strategy statements have been unanimously adopted by the European
Strategy Group (ESG) in January 2020:

European 59 2020 Strategy Statements

Guide throuah the statements

2 statements on
a) Maintain focus
b) Maintain suppc

US and the Ne

High-priority future initiative:
Prepare a Higgs factory, followed by a future

hadron collider with sensitivity to energy scales fmsff"":m
ing fields

3 statements on &
a) Preserve the |

by emenaronte &N order of magnitude higher than those of the Jpecc
€) Acknowledge LHC, while addressing the associated

2 statements on

environmental and technical challenges

invesﬁgation
future hc — impac
b) Vigorous R&D °"‘, innovative accelerator technologies - a) Mmgcrl'e environmental mpoc? of par'hcle physics

b) Invest in next generation of researchers
c) Support knowledge and technology transfer

d) Spread cultural heritage: public engagement,
education and communication

Letters for itemizing the statements are introduced
for identification, do not imply prioritization

H. Abramowizc ESG January 2020.
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Context: The LDG process

CERN and the national laboratories in Europe (LDG) are charged by

Council to define a Roadmap for Accelerator R&D » LDG Report (2022)
il
. . CERN Couno CERN-2022-001
Topics: . v
+  High-field magnets I |
g . E . I LDG -+—T
+ High-gradient accelerations | |
(plasma, SCRF) | [ o | “Extended
e — . DG
+  Muon beams
+  Energy recovery linacs | | I | 1
+  Education and training Ve | |‘seowaten | (st | | meowry | | e
TS HIS (plavma, SCHF) ey traring
Pane s —
. High Gradient High Gradient
'L'I'gh_;_ = mggﬁ Acceleration Muon Collider  ERL Accelerating : i
sl (plasma) Structures (sc & nc) TEGY FOR PARTICLE PHYSICS
Accelerator R&D Roadmap
RalphAssmann, Daniel Schulte, Max Klein,  Sebastien Bousson,
chair  Plerre Vedrine, IRFU pey & INFN. CERN Liverpool  CLab
Edda
. Luis Garcia-Tabares Nadia Pastrone, Andrew .
co-chair Rodriguez, CIEMAT Gschwendtner, INEN Hutton, JLAB Hans Weise, DESY A o
CERN Europﬁigastérateg‘y b

B e
IAS-HEP 2023 February 2023
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: Moving Forward to P5
Context: Snowmass’21 process

Energy Frontier (Message) Neutrino Frontier

e Compared to Snowmass 2013 the physics landscape has significantly changed

Wiz mass Flavor physics paf
i i i 2 couplings
2 .The EESEAN Ot the. Higes b?son St imis e ik * We are excited about long-term, broader possibilities that make use of our investment
is well underway at the LHC with growing precision . i 0% 7
0 Abroad range of searches have explored multiple BSM scenarios S a?:u in the facility and could expand the DUNE scope beyond that originally envisioned.
without convincing evidence of new physics — Bosons N
o The HL-LHC is an approved project Mat
Higgs mass Nature | . .
of Higgs [
e Without a robust support for the HL-LHC and a clearly defined path L EW‘ H I g g S fa Cto rl e S .
towards a Higgs factory we leave critically important physics Rare decays o
unchecked and crucial questions unanswered Physics - =
) [he fastest path towards an e*e-Higgs factory
® The EF community should be prepared to explore a broad range of BSM Top spin

phenomena at the 10 TeV mass scale

(linear or circular) in a global partnership

The Energy Frontier community voices a strong support for

1. HL-LHC operations and 3 ab* physics program, including auxiliary experiments
2. The fastest path towards an e*e” Higgs factory (linear or circular) in a global partnership
3. Avigorous R&D program for a multi-TeV collider (hadron or muon collider)

Accelerator Frontier

The Energy Frontier is >50% of the US HEP community, therefore the potential impact on CEF Message
(governmental advocacy, workforce training, diversity and inclusion) are critical to the progress of HEP * The accelerator community has technology and expertise to address the next generation accelerator.
The most surprising thing that emerged from Snowmass was an overwhelming sentiment to engage in hosting a * By the time of next Snowmass/P5 a National Future Colliders R&D program (new initiative!) should consider

future collider in the US
...and the public praising of EF by Michael Peskin for enabling a vigorous discussion on future multi-TeV colliders

international and US based options and carry out technical and design studies sufficient to make informed
decision on future directions toward

* Higgs/EW factories
Highlights and Messages from the Snowmass Summer Study. * 10 TeV/parton colliders.

Prisca Cushman

Intersections: Progress in accelerators will critically impact all future particle physics endeavors
(neutrinos, colliders, DM) and therefore R&D should be prioritized by P5 inclusively

Community Summer Study accelerators need to be part of the P5 charge.

N Full utilization of the unique proton power capability of the upcoming PIP-Il accelerator should be
SN (Zl'\\//jg \V MASS developed by the HEP community (use remaining 98% of full beam power).
July 17-26 2022, Seattle Surprising Thing this week at Snowmass:

We seem to be clever enough to be seriously taken bi the Theori Frontier ithei even did ariue with usi...
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Icicaien soesarkcs of feii : Pﬂfc? caﬁ:: === oo Rassiommation Possible scenarios of future B proton collider W Construction/Transformation
colliders [considered by ESG]  m o colider " Preparation / R&D original fom E5G by s lid B Electron colider e preparation  R&D -
o o Updated July 25, 2022 by MN cotiiders = Muon collider repareen S:(i::aed’;:;[zssczgzﬁymn

Proposals emerging from this Snowmass for a US based collider

2038 start physics

c
ﬂ R R | el - s
8 ccc :
31k tumel 0k tume oA CCc 250G e )
2035 start physics e
g CepC: 90/160/240 Gev ) g Muon Collider
5 100km tunnel |STSYRRRE SppC: 75-125 TeV, 10-20 ab’ 13 years
Note: Possibilty of
- : 125 GeV or 1 TeV at Stage 1
2020“!“_-_--““!“!-_-!_
LHC HL-LHC (14TeV, 3 ab") 2030 2040 2050 2060 2070 2080 2090
36TeV, 450 ') . . . )
+ Timelines technologically limited
* Uncertainties to be sorted out

* Find a contact lab(s)
* Successful R&D and feasibility demonstration for CCC and Muon Collider

* Evaluate CCC progress in the international context, and consider proposing an ILC/CCC
[ie CCC used as an upgrade of ILC] or a CCC only option in the US.

* International Cost Sharing

100km tunnel, installation

FCC hh: 100 TeV = 30 ab™*

CERN

holding
A RRARARRERL

* Consider proposing hosting ILC in the US.

2020 2030 2040 2050 2060 2070 2080 2090 e

IAS-HEP 2023 February 2023
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EW nggs colliders projects

AF03 : EW/Higgs Factories

A small number of the proposals are ready or

£ Circular close to a construction phase, most of the
ILC FCC-ee proposals are very high-level in the
CLIC CEPC conceptional design stage. These proposals
C3 CERC should focus on main R&D tasks to move
HELEN EPCCF forward to a TDE
ReLiC LEP3 *
ERLC *

MCS*

7Y
XCC
HE&HL vy

* not white paper but considered for completeness
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More details in A. Yamamoto’s talk

Turn around Bunch compressor ILC 250 GeV ATF2

Electron Linac

€- blue 10 I:io;lzon(al
oo = + SH 100 - 104 3'5‘&“ Al
ositron generation e+ red E g Van Py
= SO0- 1x1 optics { N S A
- 10x1 optics -, | =N ) - \
§ e ' = =
0. T
o ~ .
0.2
-0.4
06 Horizontal
5GeV positron g Vertical f S 4 SF1 SDI
damping ring(3.2km) -40 -30 20 10 0
s [m]
1ms bunch train mean: Bunch compressor "—C
300 - .
— —— Horlzontal
1312 bunch (220km length) Bassin siare ke T T 200l — versr® |
I l I | l I I beam generation (554 ns bunch spacing.) N_E. f - j
ENEEENNE LLLIY L L 3
- ——————_________ Bunch train co . . . e ——
el In Damping Ring (6ns bunch spacing)
injection with compressed bunch spacing : 2.3km length T ° - T i
P = 1 amte |
R I . — ' i
Bunch train expansion b o o onzontal . . . 4
i SF6 SFS sD4 SF1 SDO

L1 LT, = ™ s e s w7

beam acceleration in Linac

(554 ns bunch spacing)
1312 bunch (220km length) -
» SC helical undulators (baseline): > Electron driven source: dedicated 3 GeV NC S-
rotating target, polarized (e- at 125 GeV) band TW e (pair production).
1o Damping Ring
L-band SW NC
Photon capture cavity DampingRing
collimator Pr SCRF 5;:’:\'“,. chicane
(pol. uo:r--dn? (125-400 MeV)  (0.4-5 GeV) ; , i 3GeVS-band NC ey 5GeV L+S band
[ ) B o drive linac — v NC e+ linac —F
125GeV | ; i —— g Al B o energy e+ dump
e :s R :m —_— %' o cor
ks e G o yand e dump
(125 MeV) 2 AMD (FC) solenoid
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~2017 2018 ~2021 Pre-lab

~2017

technical design

2018 ~ 2021 technical verification Pre-lab 2017 2018 ~ 2021
Yield evaluation High perfc e and 4 Cavity \ & &
Cavity of cavities % cost reduction manufacturing,
based on TDR - . performance Basic design
w US*JGP:: high Pe"fOTt"’"at"Oe with demonstration -5 { (by researchers abroad) Desionievalidationiand specificiaclitydesin
ng_‘ysu ce treatment, etc. _ (Yie‘d
The mass production of European K R FH demonstration in Specificdesign of miston shield  Beam Dump Water Cicculation
XFEL has reached = 83% of the i A B LR £t three areas) =] System Design (2020)
ILC specification yield (90%). 'S - ey 1
il = ¥ Euro-XFEL Operation . ¥ 8
(Europe) - Tte international s ration .
~800 cavities/ b —1 % = i 7 SO0PE! > Confirmation of safety by simulation
~100 Modules wiliim  lincs"y T — 3 + Heat and stress in beam window, heat
o L L A LS S and shock waves in water
Masicat o ‘;::“:F‘gmen MI Helical Undulator ' @ [} + Evaluation of activation and shielding
5 in CW"Y)'M?‘:Uf?;Q“'T"Q- 3¢ o posi LIEEITIA g\n!r:gu\ar:; Eeoct: Target maintenance E 'E
European XFEL: 29 5.1 MVim LCLSIL 18'221““‘;"? Final design is underway to comply with |  Demonstration of Technology Design Erayimnial 8
@2 "High Pressure Gas Safety". cryomodule - '\E
assembly, i
Cryomodule S Module assembly p e pomenen I
performance Prototyping Consultations with beam target/dump Civil Design of Beam
Vacuum experts from around the world beyond ILC Dump Cavity (2019)
o . lﬁ Optics design Ss‘aTm“ ﬁnduﬁing muon i
Asa Americas | Target ) T ETe exng shielding) il
Realized through e 3 thermal z - '_\' |
- A og,pem b % simulation RF stabilty test —S— — =
and procurement S \Q‘g = '
o o
' J .
Cm Pre-lab
Remote
Maintenance
~2017 2018 ~ 2021 Pre-lab ®Testing of main
~2017 2018 ~ 2021 Pre-lab e (e aE eomposnem of circulating
Spec. almost achieved Wakefield effects VS
®Beam window
on ST —— oo
Design based on experience with Maturing technology for beams in ” :m w:k:m ®Leakage
circular accelerators (4 generation SR) the latest ring accelerators such as E Pt o_ﬂ i 4 countermeasures for
aroundtheworld ete. shared a SUpCIKEKD . i BEE ear W radiating dump water
1 - _ common tunnel R i - ®Earthquake resistant
E: B o L . e vorecre. des'g‘
ircunife \ |Beam pipesi(NEG) : i Detailed system design
Hj"lz L ;o “0“0‘“ - R H R ATF: achieved 41nm (2016) TR S (pursut ofy:fety design)
4nl inl i o =
11/20 nm in 100 ms o u— - ik ( 37nm=ILC ( 7.7nm) ) 'E'-' _ ATF2 wakefield knobs
Pt R} : »o system be-tween BPM
. . T = PSE—— ‘ o QD10BFF and QD10AFF
Eng. Design Final design Py = N 4skewSextpotes nstated N
Inj./Ext. ng. ig| bunch positions I 44 sextupotes 3 Wakefield effect was evaluated at ATF.
Equipment verification measured at IPB, ': S om ~confirm no serious problem at ILC
i 4arm a1om -demonstrate a technique to reduce the
. . with o BPMFB L L D Pl e
eam extraction off (green) and on ronTrS N wal
s - ' f J— 3 Bl - (purple) i High-speed beam  ATF International Review (Committee)*
e | A - : L wss EE ition control -The committee highly evaluated the
CERN-CLIC . - st icar oo =
> C ") ‘ ‘ technology was achievements of A‘_I'F so far.
oo 4. -The pointed out the Modify the beam
— 4 | | [ importance of continuing research to monitor system, etc. at
- I ] i T 3 I — ] . contribute to the detailed design of the ATF to demonstrate
Fast kicker technology [l : G s -
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. . — »Luminosity upgrades:
Quanti Symbol Unit L Upgrade Z pole Upgrades -2 x bunches, 2 x RF (1.35 -> 2.7x10%)

e pe— = Gev oo Uashatetidi)

Luminosity £ 10%em s~ 1.35 2.7 0.21/0.41 1.8/3.6 5.4 5.1 10Hz: factor 2 (2.7x10% -> 5.4x1034)

Polarization for e~ fe™ P_(Py) % 80(30) 80(30) 80(30) 80(30) 80(30) §0(20) - Improve power efficiency

Repetition frequency Srep Hz 5 5 3.7 5 16 4

Bunches per pulse Nunch 1 1312 2625 1312/2625 1312/2625 2625 150 g A000

Bunch population N, 1010 2 2 2 2 2 1% PR uilvisiuiicv _

Linac bunch interval Aty ns 554 366 554/366 554 /366 366 30§ .g O o / ]

Beam current in pulse Ioulse mA 5.8 8.8 5.8/8.8 5.8/8.8 8.8 7.6 E 2000: | ]

Beam pulse duration toulse s 727 961 727/961 727 /961 961 897 § *% o ]

Average beam power Pave MW 5.3 10.5 1.42/2.84Y  10.5/21 21 27.2 S 1000f = g

RMS bunch length o rm 0.3 0.3 0.41 0.3 03 0225 g A / § /

Norm. hor. emitt. at IP Y€z jm 5 5 5 5 5 5 00_ é 0 '15'/ 20

Norm. vert. emitt. at IP Yey nm 35 35 35 35 35 30 years

RMS hor. beam size at IP oy nm 516 516 1120 474 516 335 _

RMS vert. beam size at IP o, nm 7.7 7.7 14.6 5.9 77 2T Z E;"j("gg:g)"g;?_ggs@g"&ﬁfx g’tg )':"}’é:'g

Luminosity in top 1 % Lo.o1/L 73% 73% 99 % 58.3 % 3% 44.5% 300 MW) more SCRF, tunnel oxtension
‘—Lﬁy—BmmStrahlun gnergyloss  Jgg 26% 2.6% 0.16 % 45% 26% 105% - Kitakami site: 50km long, sufficient for 1TeV

Site AC power Psite MW 111 128 94/115 173/215 198 300

Site length L site km 20.5 20.5 20.5 / 31 31 40

Turnaround & ——
Bunch compressors Damping Rings

Green-ILC  AAA-2014 Report

TDR update:

Green ILC Studies in Tohoku Area

* Studies conducted on
+ Exhaust heat recovery from the ILC and the

320ktonCO2/year

125Gev . 125GeN e+

Options A, A’: 250 GeV tunnel N M
* Utilization of solar heat

" The-GreemilCr conceptandcommurity L e xJ W ' Kitakami mountains

development and planning - building an energy
recycling society based on the Global Village
Vision

creation of business derived from it
+ Connecting the ILC with the local forestry
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ILC proposal state and R&D ( 4 years)

IDT-WG2 summarized the technical preparation as work packages (WPs) in
the Technical Preparation Document http://doi.org/10.5281/zenodo0.4742018

U

SRF technology is

energy-efficient, and its

applications are

increasing around the

world.

These WPs will
contribute to the
promotion of SRF
accelerators in each
region.

WP-6
—”- Rotating target "
| |
| WP-7 |
_| Magnetic focusing |

e-Driven scheme

WP-8
=== Rotating target

WP-9
=== agnetic focusing

WP-10
=== Capture cavity
i
Target "
I _ replacement

o ILC Pre-lab

£

S 1 )

'g SRF e- source DR BDS Dump

5 ~ 41MILCU ~2.5MILCU, 6 FTE-yr | ~2.5MILCU, 30FTE-yr] ~2MILCU, 16FTE-yr ~3MILCU, 12FTE-yr
S 285 FTE-yr WP-4 WP-12 m WP-15 —  WP-17

S WP-1 Electron source System design Final focus Main dump

(% " Cavity production e+ source WBL3 WP-16 == = =
@) ~6MILCU, 15F TE-yr P- o WP WP-18

> n WP-2 Undulator scheme Collective effect Final doublet |LPh ton dum I
=S Cryomodule assembly = Swpe = 7 = = = —=
3 T Undulator P14

o = WP-3 I | L. Injection/extraction

S Crab cavity

0

<

® The technical preparation document was
reviewed by the international review
committee (chair:Tor Raubenheimer
(SLAQ)).

® The total global cost of the project is about
60 MILCU and about 360 FTE-year. (This
does not include the cost of the
infrastructure for the WPs.)

®The cost will be shared internationally as
in-kind contribution.

e
1o


http://doi.org/10.5281/zenodo.4742018

. @G, :
e, @222 CLIC Accelerator Desian and Challenges
More details in A. Latlna S talk

Drive beam time structure - initial Drive beam time structure - final

g

240 ns
Klystrons - 240 ns
—

72 units, 20 MW, 48 us -
s train length - 24 x 24 sub-pulses

4
140 | . ——
-101 A - 2.
DRIVE BEAM 4.2 A- 246 V - 60 cm between bunches 24 pulses - 101 A - 2.5 cm between bunches
COMPLEX Delay Loop
73 m %>
' d
%

58 us

2.0km
Drive Beam Accelerator
1.91 GeV, 1.0 GHz

uuuuuuuuuuu

@295 m

Decelerators, 4 sectors Decelerator, each 878 m

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

Time Delay Line

oy S o e 'W) g

g\"- ) ) ) ) ) »)»»»)»»»)»»»»»»»»»»»»)»»»»»»»'_ZFK_- \\ S L <(((((((((((((«
TA '
300m

e ain e, 190 Getl, 12 Gz T2 AIm. 35 n - N e W e ™) 2. Intensity increased using a series of delay loops
Spin Rotator B°°;fg;5ina\°_) and combiner rings
) CAPTION 3. Drive beam decelerated and produces high-RF
S2) o omom  Preinjector ;’Jﬁ’:{:;:c‘:}:ﬁ GR: Combiner ing 4. Feed high-RF to the less intense main beam using
MAIN BEAM 359m PDR 0.2 GeV DR‘: Damping ring wave Uides
COMPLEX ‘ «(“_._«(((“—.a FB’ICJ:R B Prec;ampir;g ring g
Target Gun ;. Bunch compressor
e-red 7 BDS : Beam delivery system
.&(((“_ K((((“ : :»‘ :: IBtuer;a;non point
Spin Rotator Injgf:;gre l;icac Pr::Lr\ii::‘t:or DC Gun

0.2 GeV

Four main challenges

1. High-current drive beam bunched at 12 GHz (CTF3 addressed all
drive-beam production issues)

2. Power transfer and main-beam acceleration, efficient RF power ', ¢ ’ L

maxi - PEPI
¥
1000.0

PETRAIIl (3GeV)
su_ ® , ANKA

3. Towards 100 MV/m gradient in main-beam X-band cavities

100.0

Target and achieved
emittance in existing
and planned
machines

* BAPSU AI.BA ,ELETTRA Lep

.
o PEPX s _sisi pETAAL S5
Pring-

4
NLC ®SOLEILIl
o esen LG, 69 ATF SC“.‘EII.
o sk DIAMOND 1§ @ MANV,TSESRE * als
FCC {ZJ ILC FCC-ex “,”DIAMDND
SIRIUS

3
°

+ SPEARIIl

Vetrtical emittance [pm]

ment and stability (“hano-beams”)

%
cucun
Aus « alian LS

|AS_H EP 2023 : 4 . : - To. 0.01 0.1 1 10

Horizontal emittance [nm]
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CLIC Key technologies

IAS-HEP 2023

o

The CLIC accelerator
studies are mature:

- Optimised design for
cost and power

- Many tests in CTF3,
FELs, light sources and
test-stands

- Technical developments
of “all” key elements
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CLIC Baseline, extension and upgrade

Parameter Unit Stage 1 |Stage 2  Stage 3 2z 038 Tev 15Tev 3Tev

£ 4 ]
Centre-of-mass energy GeV 380 1500 3000 E 1
Repetition frequency Hz ol ol ol 8 »L 3
Nb. of bunches per train 352 312 312 % [
Bunch separation ns 0.5 0.5 0.5 2 L= s L
Pulse length ns 244 244 244 °o 5 10 2
Accelerating gradient MV/m 72 72/100  72/100 Further work on luminosity
Total luminosity 1x10* em ?s ' 2.3 |3.7 5.9 performance, possible
Lum. above 99% of /s 1x10>*em “s* 1.3 14 2 improvements and margins,
Total int. lum. per year fb—! 276 444 708 operation at the Z-pole and
Main linac tunnel length km 11.4 29.0 50.1 gamma-gamma are ongoing
Nb. of particles per bunch 1x10? 5.2 3.7 3.7
Bunch length pa 70 44 44 Collision energy [GeV] |Running [MW] | Standby [MW]| Off [MW]|
IP beam size nm 149/2.0 |~60/1.5 ~40/1 380 110 o5 9
Final RMS energy spread % 0.35 0.35 0.35 1500 364 38 13
Crossing angle (at IP) mrad 16.5 20 20 3000 589 46 17

» Energy studies:
* Running when energy is

Parameter scans
to find

300

«  Very large reductions since CDR (2018), .
better estimates of nominal settings, 260

200

injectors more optimisation, etc -

Cheap D . optimal
. Renewable ener much more optimised drive-beam £ 20 parameter set,
9y complex and more efficient klystrons, g % change acc.

(carbon footprint) structure

. i . . . designs and
Recovering energy «  Further savings possible, main target 160 gradients to find
damping ring RF and improved L-band M031 52 33 34 35 36 37 38 39 4 41 anoptimum*

Cost [a.u.]

More details in F. Zimmermann’s talk

klystrons for drive-beam
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CLIC proposal state and R&D

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.

Goals for R&D studies by ~2025, key improvements:

: 44 * Luminosity numbers, covering beam-dynamics, nanobeam, and positrons - at all energies.
foo il Performance risk reduction, system level studies

e ; related
applications in

; hardware
smaller linacs

optimization for | . Energy/power: 380 GeV well underway, 3 TeV to be done, L-band klystron efficiency

nano beams

» Sustainability issues, more work on running/energy models and carbon footprint

RF efficiency and
sustainability studies

» X-band progress — for CLIC, smaller machines, industry availability, including RF network

« R&D for higher energies, gradient, power, prospects beyond 3 TeV
» Cost update, only discuss changes wrt Project Implementation Plan in 2018

* Low cost klystron version — reoptimize for power, cost and fewer klystrons

IAS-HEP 2023 February 2023
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Cryogenic (80 K) high-gradient distributed coupling accelerator concept -

km

10 GeV '
/— BC2 I BC2
L — ! e

Main Linac 23%° R=0.1km
\ S / * 8 km footprint for 250/550 GeV = 70/120 MV/m

RTML (7 km footprint at 155 MeV/m for 550 GeV present
Fermilab site)

* Large portions of accelerator complex are
compatible between LC technologies:

............ —

Polarized (”'Damping Ringy - BDS and IP modified from ILC (1.5 km for 550 GeV)
s <~ Pre-Damping Ring - DR and injectors to be optimized with CLIC as baseline
St -
) I T i
C3 - 8 km Footprint for 250/550 GeV Positron Source s: 3

—-——300m ——=

Cryomodule Concept

Accelerator Design Vibration
« Engineering and design of prototype cryomodule underway Studies
Focused on challenges: SR o W

Gradient — Scaling up to meter scale cryogenic tests

Vibrations — Measurements with full thermal load

Alignment — Working towards raft prototype

Cryogenics — Two-phase flow simulations to full flow tests

Damping — Materials, design and simulation

Beam Loading and Stability - Thermionic beam test
calability — Cryomodules and integration

[AS-HEP 2023
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Present Focus is the Main Linac, in Future Expand to Rest of Complex

Modern Manufacturing

Maximize Structure Efficiency and Performance
ximiz Lt eiency Prototype One Meter Structure

RF Power Distributed Coupling

High Accelerating Gradients
Cryogenic Operation

Integrated Damping
Slot Damping with NiChrome Coating

b
o
o
)

LI B A S L

107
107%F Hard CuAg#3
10”%— Soft Cu

10-4F
F Hard Cu

Breakdown Probability [1/tm pulse)
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C3 Baseline, extension and upgrades C3

Energy

e Scalability studied to 3 TeV
* Requires RF pulse compression for reasonable site power

e Higher gradient option (155 MeV/m) in consideration

Collider

CM Energy [GeV]

l Luminosity [x10%*]
Gradient [MeV /m]
Effective Gradient [MeV /m)]
Length [km)]

Num. Bunches per Train
Train Rep. Rate [Hz]
Bunch Spacing [ns]
Bunch Charge [nC]

Luminosity

 Beam power can be increased for additional luminosity
(3 hasarelatively low current for 250 GeV CoM (0.19 A) -
Could we push to match CLIC at 1.66 A? (8.5X increase?)

* Pulse length and rep. rate are also options

Crossing Angle [rad] Energy CoM
Site Power [MW] Gradient MeV/m 70 70
Design Matur lty Beam Current A 0.2 1.6

Beam Power MW 2 16
Luminosity x1034 1.3 104
Beam Loading 45% 87%
RF Power MW/m 30 125

Site Power MW ~150 ~180
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Tasks

*+ Structure Development Damping 1

Next Steps:
C3 Demonstration R&D Plan

* Single Structure Beam Dynamics Modeling

C3 proposal state and R&D (5 years)

—

- Demonstrate fully engineered o —
cryomodule. ~50 m scale facility e

- 3 GeV energy reach Moot

- Answer technical questions j R,
needed for CDR e

* Install Cryomodule with RF
* Injector RF Components
Assemble Injector
* Install Injector
Beam Test Injector
*RFC (Second Cry

dule Test)

Second Cryomodul
+ Install Second Cryomodule with RF

Injector

dule Test)

Liquid Nitrogen Tank *RFC (Third Cry
Assemble Third Cryomodule

* Install Third Cryomodule with RF
* Beam Tests

Liquid Nitrogen Insertion
and Nitrogen Gas
Extraction

Three C3 Cryomodules

Liquid
Nitrogen
Boiler

Spectrometer / Dump

IAS-HEP 2023

D C3 Demonstrator R&D

12022 2023 2024 2025 2026 2027 2028 2029

Medical, Industrial,
Compact Linacs

High Brightness
Photo-Injector

Linacs for Injection

Follow-On
Studies: Staging,
Positrons, Beam

Dynamics

Applications

~ February 2023
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Key Technologies (1) o e

Coating Cu/bronze inner surface with thin layer of Nb;Sn Parallel-feed RF accelerator structures
White paper at https://arxiv.org/ftp/arxiv/papers/2203/2203.09718.pdf

Key Technologies (2)

Snowmass 2021

* C? is NCRF accelerator technology to operate at high

* Electroplating — FNAL, KEK, Akita Kagaku Co. Ltd., gradient with high RF-to-beam efficiency.
Tohoku University, Akita Industrial Technology Center. Heater * Use highly-optimized reentrant cells with distributed
. ?Iagntetron. :lf“tgﬂn% indco-sp:ilttel'ing mod; ?‘mtn tW(; I swja(e coupﬁng tod powert thte7;illnélc without cell-to-cell RF
argets  wi irec eposition on substrate o coupling and operate a
stoichiometric Nby;Sm - Technische Universitiit | ¢ Structure is machined in two halves by low-cost
Darmstadt. N Butery/ numerically-controlled  milling machines.  This
+ Magnetron sputtering from a single stoichiometric wve /""" machining process produces ultra-high vacuum quality
target—CERN, 0ld Dominion L'nivel‘sity \/— surfaces that need no further machining before a
* Multilayer sequential magnetron sputtering - Old , Mo, w@“ standard Cu surface etch.
Dominion University, LANL ' \ This_manufacturing technique provides an ideal Cu
« The Bronze Route, which builds upon Nb,Sn surface to be coated with superconducting films, as it
superconducting wire technology and also exploits the Schematic of magnetron sputtering setup allows complete access to_the inner cavity surface for
heat treatment temperature reduction effect of the Cu as with two targets at Technische Universitit the coating process.
Darmstadt. . . i R et %
ternary element of the Nb-Sn-Cu phase diagram — * The system is then assembled simply by joining the two
NIMS. blocks.

* A devoted global effort in developing Cu cavity structures coated with Nb,Sn would make the ILC or
Higgs/EW factories more affordable and more likely to be built.

* Using the next decade for R&D on producing Nb;Sn on inexpensive and thermally efficient metals such as
Cu or bronze, while pursuing in parallel the novel U.S. concept of parallel-feed RF accelerator structures,
would compound the best of both worlds. Not only do parallel-feed RF structures enable both higher
accelerating gradients and higher efficiencies, but they would be applicable to both Cu and Nb;Sn coated
Cu cells.

* Increased effort on these two techniques would synergize expenditures towards 10-year progress, which
will naturally converge to a clear decision by the community on which path to take for the RF of an ILC
or other leptonic future accelerator. If for any reason, the C? structures were not ready in ten years, the
current methods of Nb,;Sn coatings on Cu or bronze are geared towards standard cavity cells. Were one of
these methods to succeed, it could still be implemented on conventional Cu RFs.

* In conclusion, the use of distributed coupling structure topology within improved performance
parameters together with Nb;Sn coating technology can lead to a paradigm shift for superconducting
linacs, with higher gradient, higher temperature of operation, and reduced overall costs for any future
collider.



s, @) WG Higgs-Energy LEptoN collider (HELEN)

ssssssssss

An ILC with advanced SRF and reduced length, suitable for the Fermilab campus.

Higgs-Energy LEptoN (HELEN) Collider

[l )
Central Region

|
|
|
|
|

| e*e” Damping Rings
|
RTML |
Ty |

Y rof
e* L&) nd\)\a

Main i o i Y ‘ . RE Linac
\ , SRF Llnac | eam D ~ PO\ar‘Ze e \medo e* Injector g | e Main E L /
€liv, an
\ﬂl ery System * 7 m rad Cross\\'\% I/
|
|
|

RTML

Detector

Fermilab campus is about 7.5km wide in N-S and E-W direqlztion.

E ~3 km ] not to scale

= Accelerating gradients of 50 MV/m have been shown, much beyond the ILC design with 31.5 MV/m.
= Traveling wave SRF structures with innovations in cavity surface treatments and processing should allow 70 MV/m.
= Nb;Sn may enable 90 MV/m standing wave cavities, and even more with traveling waves.
= A conceptual LC design with advanced cavities leads to reduced length for a 250 GeV e*ecollider.
= 55MV/m, 71% fill factor = 9.4km
= 70MV/m, 84% fill factor = 7.5km
D0MYV/m, 71% fill factor = 6.9km

IAS-HEP 2023 —— February 2023 -
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Parameter HELEN (& ILC CLIC
}L&M energy 2x By (GeV) 250 250, 550 250, 500 380, 3000
= The HELEN baseline uses traveling ngth (km) 75 58 205,31 11.4,50
Interaction points 1 1 1 1
waves (TW) SRF operating at 70 MV/m || Integrated luminosity (ab~' /yr) | 0.2 02.04 | 0203 | 0106 |
A el e e e e Peak lumi. £ (10*'em~2s71) 1.35 1.3, 2.4 1.35, 1.8 1.5, 6
p : CM energy spread ~ 0.40ps (rms, %) 1 1.6, 7.6 1,17 1.7, 5
Polarization (%) 80/30 (e~ /e™) thd 80/30 (e~ /e™) 80/0 (e~ /et)
Rep.rate frep (Hz) 5 120 5 50
Bunch spacing (ns) 554 5.26, 3.5 554 0.5
Particles per bunch N (101°) 2 0.63 2 0.52, 0.37
Bunches per pulse ny, 1312 133, 75 1312 352, 312
_ =r— Pulse duration (us) 727 0.7, 0.26 727 0.176, 0.156
— flange Pulsed beam current I}, (mA) 5.8 190, 286 5.8 1670, 1190

7mge X Bunch length o, (rms, mm) 0.3 0.1 0.3 0.07, 0.044
—:‘M Y 5 IP beam size o* (rms, jum) H: 0.52 H: 0.23, 0.16 H: 0.52, 0.47 H: 0.15, 0.04
1 ’ V:0.0077 | V:0.004, 0.0026 | V: 0.0077, 0.0059 | V: 0.003, 0.001

/A\ /El H: 5 H: 0.9 H: 5, 10 H: 0.95, 0.66

Emittance, €, (rms, pm)

HO':: CZUPIEF = e muple{ V: 0.035 V:0.02 V: 0.035, 0.035 V:0.03, 0.02
(mu;'ﬂ bey 65) - flange . - . . H: 13 H: 12 H: 13, 11 H: 8, 6.9
1061 mm A" at interaction point (mm) V: 0.41 V: 0.12 V: 041,048 | V:0.1,0.068
T Full crossing angle 6, (mrad) 14 14 14 20

Crossing scheme crab crossing crab crossing crab crossing crab crossing
Y L. , Disruption parameter D, 35 12 35, 25 13,8
= Circularly TW cavities don’t waste energy RF frequency fup (MHZz) 1300 5712 1300 11994
- 0 ' Accelerating gradient E,.. (MV/m) 70 70, 120 31.5 72, 100
on non-accelerating backward waves! Effective gradient E. ;s (MV/m) 55.6 63, 108 21 57, 79
Total beam power (MW) 5.3 4,49 5.3, 10.5 5.6, 28

~* Most of the HELEN parameters (except Site power (MW) 110 ~150. ~175 111,173 168. 500 1

R are 1dentical to those of the ILC. Key technology TW SRF cold NC RF SW SRF two-beam accel.

[AS-HEP 2023
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ReLiC — Recycling Linear Collider

ReLiC collider recycles polarized electrons and positrons, and their energy

Positron source Detectors

Compress /

sso1dwooa(
/ ssaxdwo)

Damping rings

s3uu Surdweq

Electron source

 Flat beams are emittance-cooled and polarized in damping rings with “top off’ to replace
burned-off particles (only nAs)
« Beams are accelerated on-axis in SRF linacs to avoid emittance growth and collide in one of
the detectors
* After collision at the top energy, they are decelerated in the opposite linacs
» Decelerating bunch trains are separated from the axis to avoid collision with the accelerating
one.

-+ After few damping times the trip repeats in the opposite direction and beams collide in a

Jetector

February 2023
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e @ 22w R@LIC would be capable of very high luminosity

Gain of 40 to 200 at HIGS energy

L | T T T T T T I T ]
C.M. energy GeV -I b : -
ll Length of accelerator km 21 qtln ReLiC @  rccce @aseine, 2Py |
Section length m 250 E FCC-ee (with 10% safety margin) :
Bunches per train 5 21 §0 |
Particles per bunch 10" 4 1 o 10?4 ke il | i Ao e - —
Collision frequency MHz 3 18 . . S0 Comeien) =
Beam currents in linacs mA 18 29 > REFG WOkt ri0g)
£X, NOrm mm mrad 4 8 ‘» |
€y, norm um mrad 1 2 8 10* cm?s! N
Bx m 5 100 E L [ ] ——— SR——— . Y ————————— N ————————————— —
By, matched mm 0 7 S =
- CLIC &
S, mm 1 S 1 (350 GeV) : 3.6 x 10* com s -
Disruption parameter, Dx 0 0 ft (365 GeV) : 3.0 x 10”_cow —
Disruption parameter, Dy 109 3 B I
I nminacity ner detector [10%* cm 2sec ! ! 218 1 20 | ¥ e ﬁ;“:._q.g;“),;;1‘5,1.9??,9")‘%5."! ......................................................................................................................................................... -
Total luminosity 1034 Cm-2sec-l I 429 40 - il | 1 1 1 1 1 1 1 | 1 |:
10 10°
s [GeV]
* Except for the energy recovery, most design aspects correspond to the ILC. More details in F. Zimmermann’s talk
e The luminosity can be vastly larger, by two orders of magnitude.
* The power needs can be similar to the ILC numbers when progress in high-Q SRF and in cryogenic technology are made.
[ )

A related ERL linear collider proposal (ERLC) uses two-axes SRF cavities and comes to similar vast luminosity increases.

TAS-HEP 2023
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i, @Y FCC-ee Accelerator Design Mo e in Y foters el
High luminosity precision study of Z, W, H, and tt ; unprecedented energy resolution at
Z (<100 keV) and W ; Low-risk technical solution based on 60 years of e*e circular
colliders and particle detectors; R&D on components for improved performance but no
need for “demonstration”; Infrastructure could support a century of physics : FCC-ee
- FCC-hh = FCC-eh and several other options ; Strong support from CERN, partners,

and ESPP ; Ongoing study focused on siting & “feasibility” for 2026 ESPP ‘P"f+ _________ ‘D)W
beam energy [GeV] 45 80 120 182.5

beam current [mA] 1400 135 26.7 5.0 e o

number bunches/beam 8800 1120 336 42

bunch intensity [10™] 2.76 2.29 1.51 2.26 R

SR energy loss / turn [GeV] 0.0391 0.37 1.869 10.0 Double ring e*e"; common footprint w/
total RF voltage 400/800 MHz [GV] 0.120/0 1.0/0 2.48/0 4.0/7.67 future 100 TeV hadron collider (FCC-hh)
long. damping time [turns] 1170 216 64.5 18.5 Asymmetric IR Iayout & optics; @C=30
vertical beta* [mm] 0.8 1 1 1.6 mrad, “virtual” crab-waist collision, 2 or 4
vertical geom. emittance [pm] 1.42 4.34 1.29 2.98 IPs — dynamic aperture;

horizontal rms IP spot size [um] 10 21 14 39 SR power 50 MW/beam ; Top_up injection
vertical rms IP spot size [nm] 34 66 36 69 key concepts (top-up, crab waist, ...) K. oide
beam-beam parameter &, / &, 0.004/ .159 | 0.011/0.111 | 0.0187/0.129 | 0.096/0.138 demonstrated in routine operation at

rms bunch length with SR/ BS [mm)] 4.32/15.2 | 3.55/7.02 2.5/4.45 1.67/ 2.54 previous machines ; technology available
luminosity per IP [1034 cm2s-"] | 181 | 17.3 | 7.2 | 1.25 "

tot. integr. luminosity / yr [ab™/yr] 86 8 3.4 0.6 strong Synergies with SuperKEKB & US EIT




e, @Y FCC-ee Key Accelerator Technologies

efficient RF power sources efficient SC cavities .geffg'gon Lab
(400 & 800 MHZ) |. Syratchev AT 020 o ect e gfb',‘gf‘fﬁ:;ic [ &) Focaileaiiy ]
1-,2- & e —— F. Marhauser
4-cell
Nb/Cu, i »
quench limit
45K protétype / JLAB, 2 K
Regime of £,
requirements
in FCC-ee,
FPC & HOM coupler, cryomodule, e
thin-film coatings... fwtnm
| | prototype high-yield et source under study: CCT HTS
twin aperture arc dipoles w HTS solenoid at SwissFEL quad’s & sext’s for arcs

PAUL SCHERRER INSTITUT Beam Diagnostics

300
\‘\ \ ‘\ -— — p /
| g | Spectrometer A
N S E ISR IE/ \
450 mm
)

10T ' -
Adiabatic Matching Device &

A. Milanese / 2 RF Structures
6 GeV e- beam 4 solenoids around

from SwissFEL linac

0 60

Massachusetts
Institute of

Target M. Koratzinos Technology
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Optimized placement and layout
(2021)

8 surface sites — less land, <40 ha

Possibility of 4 FCC-ee experiments

/ Nangy
/Zuy.‘, sy /‘Blvle-. Hang
,’( sézianid s saintiulien; = S it & v PD: expernnent
g 1, a en-Genevois SIS ‘\w. s
vy ) .

All sites close to road infrastructures <
5 km of new road constructions in
total for all sites combined

Site investigations planned for 2024 — 2025:
~40-50 drillings, 100 km of seismic lines

MJ. CAPCIINTICIIL

Présilly

Several sites close to 400 kV grid lines

PF: technical - _ ™

Good road connections of PD, PF, PG,
PH suggest operation pole around
Annecy / LAPP

\ PH: technical

. PG: experiment

-~
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highly sustainable Higgs factory FCC-ee annual energy consumption ~ LHC/HL-LHC

Power Power Power Power Power

. . "N = 120 GeV Days Hours
. ion OP Com MD TS  Shutdown
Iumlnosrty LA eleCtnClty consumpt 0 Beam operation 143 3432 293 1005644 MWh
1,000 Downtime operation 42 1008 109 110266 MWh
-@- FCC-ee (2 collision points) Hardware, Beam commissioning 30 720 139 100079 MWh
< 100+ o CLIC MD 20 480 177 85196 MWh
§ A~ ILC technical stop 10 240 87 20985 MWh
- 104 -3 MAP-MC Shutdown 120 2880 69 199872 MWh
£ @ Energy consumption / year 365 8760 1.52  TWh
;g 4 diee 360 nb~' MWh-' —t o %"f _____ |Average power . 174 MW |
E o J-P. Burnet, FCC Week 2022 Y ity 765 7EC EI T IS
2 014 ,//i Beam energy (GeV) 45.6 80 120 182.5
S P
Q j// inCI CERN Site & SPS Energy consumption (TWhly) 1.82 1.92 2.09 2.54
= 0.01- > ’
i More details in F. Zimmermann’s talk
0.001 T T
0.01 0.1 1 10 °
Vs (TeV) powered by mix of renewable & other C-free sources
Thanks to twin-aperture magnets, thin-film SRF, efficient |France & Switzerland: already

RF power sources, top-up injection 1 ~ lowest electricity C content

7 “Tin the world (90% C-free) 2 _
optimum usage of excavation material 8  # “"ﬂ= H '
) Tr i @k T ' = HH

Ompet|t|°n mlnlng the fUture e [ ] [ | 0- %QQDQOQ 2O © i

https://www.carbonbrief.org/

IAS-HEP 2023


https://indico.cern.ch/event/1064327/contributions/4883198/attachments/2453900/4208505/FCC_power-demand-updated_V2.pdf
https://www.carbonbrief.org/
https://indico.cern.ch/event/1001465/
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e @ ot FGC-0@ upgrades, extensions, possible staging

Calls for at least 4 detector concepts; 3 under development
. o . (CLD, IDEA, NL ECAL, with room for more) P. Janot, M. Dam, et al.
>4 differently optimized experiments Ui recie W progamme & GCD

*  Momentum resolution of 6,7/ps? = 2 x 10° GeV-* LC-inspired. . Abso!ute norma‘lisa.tion (luminosity) to 1(?:
commensurate with O(10%) beam energy spread Update from * Relative normalisation (e.g. Iz/I) to 10

H H ”. e
* FCC-ee: not only Higgs, but Zand W sty resoonct AN | | physicstucies | (1 Memarim sl s s canet
° ) environment for Z/W separation * Multiple scattering limited

— *  Superior impact parameter resolution for c, b oigeing * Trackangular |.'esolutior16<' 0.1 mrad (BES from p)
fa Cto ry (Te ra Z) R tt u pg ra d e ( ~ 1 B C H F ) . tagging * Stability of B-field to 10°®: stability of Vs meast.

V4 V4
O pt | O n a I d i re Ct S-C h a n n EI H iggs Just pick up a case study in the TeraZ programme, and you’ll make a unique contribution

|
p ro d u ct i o n a t 1 2 5 G eV O Superio:::)‘;ZtFp:;o:ert::(:egsroalgzgri secondary

vertices, tagging, identification, life-time measts.

Feebly Coupled Particles - LLPs

. ECAL luti he few %/ VE level for i Benchmark signature: Z — vN, with N decaying late
oekallHE i e i 2 (vl * Sensitivity to far detached vertices (mm — m)

HYH H H f final states with
* civil construction & technical
: Excellent‘ n/y separation and measurement for * Calorimetry: granularity, tracking capability
E; pl?ysu:s X o ¢ Large decay lengths = extended detector volume
/gsEparationlovepwidelmonentulianee * Precise timing for velocity (mass) estimate

infrastructures shared with [and ! Temety
prepare] 100 TeV hadron collider ECC-hh Common FCC detector software framework in a joint effort

transfer lines proposed to be

Suson installed inside FCC-hh ring tunnel
Azimuth = -10.2* PA (Expgziment site)

— stage 2 of FCC integrated program e o

Injection into collider SSS = 1400 m Injection

Azimuth = -10.2*

N ‘/T 2 Beam dumg Technical site
LSS =2160m g EEBC nical site

FCC-ee

LSS =2160 m Technical site

Lss=2160m QP8 eam dump
. FCC-hh -
\ ’
\ ’
N 8
,

Technical site
PL

* numerous other possible extensions

’
\ / Arc )
a < length = 9616.586'n
A/AA, Gamma Factory, ERL NN |
ep/e , Gamma Factory, " ol
=14 N1/ SSS = 1400 m \
v T @ s P e = -
(Optional % 72N $8S=1400m T (optional experiment o Lo " SSSE1400m experimen t
)

upgrade, LEMMA-type u collider FCC-up =™
?...)

N
LSS =2160 m

7/
Betatron & Technical spn: LSS = 2160 m

momentum
collimation

N
LSS =2160 m

. Technical site Technical site
PF PF

800 MHz RF Momentum

collimation

Betatron collimation

SSS = 1400 m SSS = 1400 m

PG (Experiment site) PG (Experiment site)

2070 - 2090++
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CEPC Accelerator Design and Challenges
CEPC as a Higgs Factory: H, W, Z, upgradable to tt-bar, followed by a SppC ~125TeV

30MW SR power per beam (upgradale to 50MW)

More details in CEPC’s talks

CEPC booster ring (100km) -dynamic apertures with errors

CEPC collider ring (100km)

Higgs: ex=0.64nm, =0.30m/1mm Component Ax (mm) | Ay (mm) | A6, (mrad) | Field error
CEPC TDR S+C-band 20GeV linac injector R Y N — Dipole 0.10 0.10 0.10 0.01%
Esns: el source & " PSPAS: Positron source & pre-accelerating section Arc QuadruPOIe 010 010 010 002%
FAS: First accelerating section SAS!  Second accelerating section ]1 IR derupole 0.10 0.10 0.10
EBTL: Electron bypass transport line TAS:  Third sccelerating section
EBTL DR Damping ring 1 ! Sexmpole 0.10 0.10 0.10
gs y A FAS Bs-m-ns SAS. NN TAS AR S T
—
Tt 1 t e ] 1t By b
SOMeV  1.1GeV aGev 200MeV 1.1GeV 1.1GeV 20Gev Effects included in —DA of each seed
I 235.5m 1 tracking
102.am | 250.2m 1 67.6m 317.781] 727.1m =
350.0m 1 1216m ichrotron motion g The DA with erros of

—requirement

diation loss in all TDR lattice satisfiy
s the design goal
rering

b waist sextupole DA design goal

xwellian fringes RMScop < 0.05 mm | 70, % 150'y x1.6%

ematic terms

ite length of sextupole

July 18,2022 J. Gao

IAS-HEP 2023

February 2023

Horizoatal orbit (mm)
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s T e CEPGC Baseline, extension and upgrades

More details in F. Zimmermann’s talk

CEPC TDR Parameters (upgrade) CEPC TDR Power and Green CEPC

Higes | w | z ttbar CEPC CDR Power for Higgs (SR 30MW/beam)
Number of IPs 2
. Location and electrical demand(M

Circumference [km] 100.0 System for Higgs ( “gurface Total
SR power per beam [MW] 50 (30MmwW) Ring |Booster| LINAC| BTL IR building (Mw)
Half crossing angle at IP [mrad] 16.5 1 |RFPower Source 103.8 015 5.8 103,75
Bending radius [km] 10.7 2 [Cryogenic System 11.62 0.58 172 14.02

180 3 |[Vacuum System 9.784 | 3.792 | 0.646 14222
M [GeV] 120 80 e © |Magnet Power Supplies 4721 | 1162 | 175 | 108 | 026 619
Energy loss per turn [GeV] 18 0.357 0.037 9.1 5 [finstrumentation 0.9 0.6 0.2 1.7
Piwinski angle 5.94 6.08 24.68 121 & ;::m" Protection 025 0.1 035

v trol System 1 0.6 0.2 | 0.005 | 0.005 181
Bunch number 415 2162 19918 58 8 Iexperimanta dev A A
Bunch spacing [ns] 385 154 15(10% gap) 2640 5 |utiities 3179 | 353 | 138 | 063 12 38.53
Bunch population [10“’] 14 135 14 20 10 IG.NN‘ services 7.2 0.2 Q15 0.2 12 19.75
—— =
Beam current [mA] 278 140.2 13392 55 | otal 213.554 | 20972 | 10276 | 1.845 | 7.385 ° 7 [weos
Momentum compaction [10-5] 0.71 143 143 0.71
Phase advance of arc FODOs [degree] 90 60 60 90 Total TDR power at Higgs (SR 30MW/beam): 272MW
Beta functions at IP (bx/by) [m/mm] 0.33/1 0.21/1 0.13/0.9 1.04/2.7 ‘i‘fhe’els SMW
Emittance (ex/ey) [nm/pm] 0.64/13 0.87/1.7 027/1.4 1.4/4.7 I?:;g;er .ring' 19.8MW
Beam size at IP (sx/sy) [um/nm] 15/36 13/42 6/35 39/113 Coolider ring: 214.664MW
Bunch length (SR/total) [mm] 2.3/39 2.5/49 2.5/87 2.2/29
Energy spread (SR/total) [%] 0.10/0.17 0.07/0.14 0.04/0.13 0.15/0.20 Total TDR power at upgrade Higgs (SR 50MW/beam): 344MW
Energy acceptance (DA/RF) [%] 1.7/2.2 1.2/25 1.3/1.7 23/26
Beam-beam parameters (xx/xy) 0.015/0.11 0.012/0.113 0.004/0.127 0.071/0.1 Energy Saving Consideration (Green CEPC) -
. A@ao
RF voltage [GV] 2.2 (2cell) 0.7 (2cell) 0.12 (1cell) 10 (Scell) wReduce power consumption
— RF frequency [MHZ] 650 z m:ﬁl:gefzﬁlel(:;r’:;:igbep;:ﬁ:\:ar to th.e‘heat load center. . : -

scam lfetime [min] 2 | s |  w | e eston e 10 o e M R o

Luminosity per IP[1034/cm?2/s] 8.3 0.8

increase of water outlet temperature.

A I = Adopting high temperature chiller, the cooling efficiency will increase by 2~3% for every 1°C

= Thermal energy recovery
Through heat recovery chiller, heat exchanger maximizes the heat absorked by LCW as several heat
sources.
= Air conditioning heat source
= Heating source in winter.(if possible, the heat supply could radiate to surounding residential areas)

IAS-HEP 2023  February202s B
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® CEPCCDRrelasedin Nov. 2018

® CEPC Accelerator TDR completion time: Dec. 2022
-Consistent TDR high luminosity parameter design as Higgs factory
-Key components with prototyping, techincal feasibility demonstrated, no technical show stopper
-Design and R&D technical documentation (Data, drawings, etc.)
-CEPC accelerator TDR document release in 2023

® CEPC Accelerator EDR Phase Plan:Jan. 2023-Dec. 2025

-Engineering design of CEPC accelerator systems and components towards fabrication in
an industrial way

-CEPC site study converging to one or two with detailed feasibility studies (tunnel and
infrastructures, environment)

-Site dependent civil engineering design implementation preparation

-EDR document completed for government’s approval of starting construction around 2026
(the starting of the “15th five year plan” of China)



Institut national de
. @¥e  FNAL “Site Filler” EPCCF and LEP3*
de physique des particules LaboratireePhysique I e I e r a n * not proposed white paper

240 GeV
LEP3 (ATS Note) SiteFiller FCCee (CDR 2018)

Circumference [km] 26.7 16 98

Beam current [mA] 7.2 5. 29

N [1011] 10 8.3 1.8

Ty 4 2 328
#1Ps 2 1 2

B [m] 0.2 0.2 0.3
By [mm] 1 1 1

€x [NM] 25 21 0.63

€y [nm] 0.1 0.05 0.001

o¢ [mm] (SR) 2.3 2.9 3.2

oY = b-b tune shift/IP 0.09/0.08 0.075/0.11 0.012/0.12
e RF frequency [MHz] 1300 650 400
RF voltage [GV] 12 12 2
n [%] +4 (RF) +3 (RF) +1.7 (DA)

Ths[min] >17 (*) 9 (**), 36 (***) 18

TBhabha|[Min] 18 8.7 38

L/IP [1034 cm—2s—1 ] 1.1 (F**%*) 1.0 (F***) 8.5

i
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CERC Baseline design

Flat beams are cooled in damping rings with top off

Bunches are ejected with collision frequency

Beams are accelerated with SRF linacs in two four-path ERLs
After collision at top energy RF phases are changed to
deceleration returning most energy to SRF linacs
Decelerated beams are reinjected into cooling rings

After a few damping times the trip repeats

CERC combines the advantages of existing colliders:

Storage ring colliders: the energy and the particles of used beams
are reused

Linear colliders: efficient collisions can use a larger disruption
parameter than a ring collider, because beams only collide once
at high energy before recapture.

This allows for significantly larger luminosity than in a ring, by an
order of magnitude.

Damping Damping
electron positron
ring ring

100km ring
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CERC Upgrades, extension and stageability

CERC can be built in stages, increasing the energy by adding SRF cavities

« | CERC in luminosity is correlated to Hethn B e
the SR power
« 30 MW total SR power = green

« 100 MW =>» 3 times more (solid red)

FCC-ee (Baseline, 2 IPs)

T T1g7

I 1 1111

FCC-ee (with 10% safety margin)

®
®
B ILC (250 GeV baseline)
vt WG (with Jumifenergy Upgrade) ...
A
v
B

l

—t
o
™

CLIC (Baseline)

CEPC (100km, double ring)

ERL based ¢’¢” collider at 30 MW S

LA

« CERC energy upgrade to cover Vs
~500-600 GeV with increasing
luminosity advantage over FCC-ee.

HH (500 GeV)

e
-
.
-
.
-
L
LY
L

-k
o

W @H(600Ge)

Luminosity [10% cm2s]

I 1 11 llJI

« CERC can be used for hadron-
electron and hadron-positron 1
collider in conjunction with FCC-hh

||||
llll

|—
= g
e

-—h
o
™
b
o
w

More details in F Zimme
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= ¥y colliders with FELs: XCC
[ ]

31GeV e XFEL XFEL 31GeVe

* Cryo Cu RF Gun, 120 nm-rad emittance,
76 1nC bunches, 240 Hz, 90% pol.

* Cryo Cu Linac, 70 MV/m, 76 1nC
bunches, 240 Hz

- 700 mJ/pulse 1 keV y XFEL /

° X-ray focusing to 70 nm FWHM for 700 = 70 MV/m 70 MV/m ‘
mJ/DUIse 1 keV Y Q/ 300 m extraction gap 300 m extraction gap

p =130 km , Ap=6 mrad

FF
-
63-70GeV &V

cryo RF gun cryo RF gun
* ~ 3 km =
R frorrrrrrrrrrre T T e
o XCC - XFEL Compton Collider W . .
Final Focus parameters | Approx. value m XFEL parameters Approx. value I > N OCC - Optical Compton Collider
Electron energy 62.8 GeV m Electron energy 31 GeV | § 101 N 8 =t s _
Electron beam power 0.57 MW Electron beam power 0.28 MW S S
Bz/By 0.03/0.03 mm normalized emittance 120 nm T ] .
Yz /Yy 120/120 nm RMS energy spread (Avy/v) 0.05% T, 1072 — T, 1072
) = & .4 Y g E =
oy/oy at e"e” IP 5.4/5.4 nm bunch charge 1 nC 3 ] 5
o, 20 pm Linac-to-XFEL curvature radius | 133 km "g MM 1 :9
bunch charge 1 nC Undulator B field >1T = v 4Elaser E E = 1078 = 7
Rep. Rate at [P 240 x 38 Hz Undulator period \, 9 cm § Xi= % =1000 1 g
o, /0, at IPC 12.1/12.12 nm Average 3 function 12 m =3 1o me ] 9 ]
| ‘Cgcomctric l 9.7 x 10%* cm? s~! l” x-ray A (energy) ‘ 1.2 nm (1 keV) I 1 | J [ = ‘|
op/E . 0.05% x-ray pulse energy 0.7 o B B % am e a8 — '2'5' — '5'0' " '7'5‘ BT '12'5‘ ST
L* (QDO exit to e~ IP) | 1.5m pulse length 40 pm E_(GeV) E. (GeV)
dep (IPC to IP) 60 pm Uy /Ay (x/y waist) 21.2/21.2 nm " i
QDO aperture 9 cm diameter non-linear QED ¢ 0.10 Machine | E.- (GeV) N,.- (nC) Polarization Nu/yr  Nuadronic/NH  Niminbias/BX
| Site parameters | Approx. value | | o 62.8 1.0 90% e~ 34,000 170 9.5
crossing angle 2 mrad OCC | 865 1.0 90% e~ 30,000 540 50
total site power 85 MW . 3
el ot 3.0 km ILC | 125 342 -80% e~ +30% et 42,000 140 1.3 !
- ILC : 125 3.2 +80% e~ -30% e 28,000 60 1.3
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XCC Sustainability

Table 6: Summary of design parameters for e~y mode at /s = 140 GeV.

Final Focus parameters

Approx. value

XFEL parameters

Approx. value

rTlectron energy 70.0 GeV Electron energy 31 GeV
Electron beam power 0.64 MW Electron beam power 0.28 MW
Bz/By 0.03/0.03 mm normalized emittance 120 nm
Yeéx/VEy 1200/12 nm RMS energy spread (Avy/v) 0.05%
oy/oy at e"e” IP 16.2/1.6 nm bunch charge 1 nC
o 10 pm Linac-to-XFEL curvature radius | 133 km
bunch charge 1 nC Undulator B field = AIE
Rep. Rate at IP 240 x 38 Hz Undulator period A, 9 cm
oy /0y at IPC 17.1/1.71 nm Average f function 12 m

| Lgeometric | 11Xx10% em® s™" ||| x-ray A (energy) [ 1.2 nm (1 keV)

op/E 0.05% x-ray pulse energy Vi)
L* (QDO exit to e~ IP) | 1.5m pulse length 40 pm
de, (IPC to IP) 10 pm Uy /Oy (x/y waist) 15.3/10.0 nm
QDO aperture 9 cm diameter non-linear QED ¢2 0.29

| Site parameters

| Approx. value

crossing angle
total site power
total length

2 mrad
88 MW
~ 3.0 km

* The XCCis presented as a lower cost alternative to e+e- Higgs factories
--- 140 GeV vs 250 GeV Linac
-—-  No damping rings

-— No positron source

* The XCC at E_,=125-140 GeV can measure absolute Higgs couplingsin a

model independent manner with an accuracy of order 1% , which is close to
the ILC precision. To fully match or exceed the ILC Higgs coupling accuracy, a

way must be found to increase the top 1% e-y luminosity at E_,=140 GeV.

IAS-HEP 2023

Parameter m Value

Single Beam Power (70 GeVe ) MW 0.64
Single Beam Power (31 GeVe ) MW 0.28
Total Beam Power MW 1.84
Electrical Power for RF MW 23
Electrical Power for Cryo-Cooler MW 34
Accelerator Complex Power MW 31
Site Power MW 88

More details in F. Zimmermann’s talk

There are strong synergies between XCC and the XFEL programs. Solutions to
high energy/pulse XFEL production and focusing issues at XCC will lead to new
opportunities in XFEL photon science.

February 2023



Institut national de >
physique nucléaire et MJ CLab

. . Iréne Joliot-Curie u
de physique des particules Laboratr s Physiaue H E - H I W ‘ o I I I d e rs

This FEL increases the expected y intensity by a factor of 10 in the luminosity of yy
colliders as second interaction regions of 0.5 TeV to 1 TeV c.m. e+e- colliders, a
factor of 6 for a 3 TeV c.m. e+e- collider, and a factor of 3 for a 10 TeV c.m. e+e-
collider. This FEL concept therefore paves the way for High Energy & High
Luminosity vy colliders.

With the best of modern standard lasers, high-energy yy colliders from electron
beams of E > 250 GeV are possible at the expense of photon luminosity, or 1% of
the geometric e+e- luminosity, i.e. 10 times lower than for photon colliders at
c.m. energies below 0.5 TeV.

We show how a single Free Electron Laser (FEL) design meets the specs to =

produce yy colliders as second interaction regions of e+e- colliders over the FEL parameters 0.5 TeV 05-10TevV Units
. g 0 H H Electron energy 1.5 23 GeV
energy range of 0.5 TeV to 10 TeV c.m. without sacrificing yy luminosity. ——— T e N
Linac length <150 | <200 \‘ m
Bunch charge 1 / 1 \ nC
Normalized rms [ \
5 o i 23 emittance = 0.7 | =0.7 I'. pm rad
g eve =" KFEL _ gm— GeVe Relative energy N [ ) |
=01 <0.05 | %
spread, rms | \
M Undulator period 10 ] 15 | em
Undulator peak field 16 | 18 T
»=130 km . Ao=6 mrad Undulator parameter K 145 25
va  FF ARt Undulator length =10 | =20 m
E 1 E Average betatron | _
AN by functions -7 | -7 } o
] |
/ \ E,EL o 12 | 24 | ym
- I
4 ; i FEL pulse energy >004 | >0.1 | 1
— Any Linac Any Linac =) = Y
Z FEL pulse duration, 500\ 50 ,||' £
e ms \ J
/ FEL peak power 204\ 21 /[ TW
Q FEL average power 40\ >100 / w
cryo RF gun cryo RF gun FEL intensity 1x10% 0% )| Wi
FEL photons/pulse ~0.6x10'% ~1.4x10'®

To produce yy colliders as second interaction regions of e+e- colliders over the energy range of 0.5

vy collider parameters 0.5 TeV 1.0 TeV 3.0 TeV 10 TeV Units TeV to 10 TeV c.m., at 2.3 GeV every other bunch from each electron/positron beam is diverted to
S ttor 24) 4 1 40 two identical high gain SASE FEL lines, where a helical undulator produces circular polarized 0.5

eV light with 0.1-1 Joules per pulse in a footprint of approximately 5 x 20 m2 each. The central FEL

Max. photon energy 0.17(0.20) 0.40 1.38 4.88 TeV wavelength of 2.4 pm, obtained with either standard warm magnet or superconducting technology
1 <10 <10 <6 <3 % for the undulator, maximizes the luminosity of the yy. At least up to 1 TeV c.m., the yy luminosity

reaches approximately 10% of the electron-positron luminosity by virtue of the optimized FEL
design, which is a factor of 10 higher than the 1% otherwise expected to date.
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N’.‘:;’."’. Enerqgy GeV 126 s 500 300

63 63 750 1500

Beam energy GeV
iy, Average luminosity m 17 8.0 1250 4400 |
dispersion \ Collisionenergy spread ~ MeV 3 4 75 1500
\ SUPPIBSSOT e tuning Circumference, C m 300 300 2500 4450
%Y oo Number of IPs 2 1 1 2 2
ggx“;':e“s‘y S p* com 33 17 10 05
k. k¢ Number of muons / bunch 102 2 4 2 2
— Interaction Point e ; . - .
With DeteCtor Beam energy spread % 0.003 0.004 0.1 01
Normalized emittance,z,,, ~ mmrad 0.4 0.2 0025 0025
Longitudinal emittance, g, ~ mm 1.0 15 70 70
Bunch length, o, cm 56 63 1.0 05
Beamsize at IP, rm.s. mm 0.15 0.075 0.006 0.003
- Beamsizein IR quads,rms. cm 4 4 14 14
D P s 0005 002 009 009
* Repetition rate Hz 30 15 15 12 a
US MAP, D. Neuffer et al., 2013 | ESEAREEN b
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Collider Maturity

Collider

Design Maturity

R&D Maturity

Collider

Design Maturity

R&D Maturity

ILC-250

9-10

ILC-500

9-10

ILC-1000
CLIC-380

CLIC-1500

CLIC-3000

FCC-ee

9

9

CEPC

CERC

LEP3

EPCCF

MC-HF

9
3
3
3
3

9
4
8
8
2

WIlffee | 60 | ©

C3-250 3 |

C3-550

w

2 |

C3-Nb,Sn

HELEN

3 (ML)

2 (SRF)

RelLiC

4

ERLC

4

XCC yy

HE&HL yy

Maturity Criteria #1 (Design Maturity)

Maturity Criteria #2 (R&D Maturity)

CDR level) Design Report under development.

Conc: but ic desi, i d,
No end-to-end design concept prepared ept propose no e=gn req and/or
parameters available.
No end-to-end design concept prepared Concept proposed, proof-of-principle R&D underway
End-to-end prelimi y design under Ongoing R&D to address fu I physics/! ical issues.
End-to-end prelimi y design p Subr-syrstem opgrating parameters es(ahvli‘shed based on
preliminary design concepts for novel/critical sub-systems
i desi ith i T
4 End-to-end integrated design under . y design PLs wi operating pa»rame ers
d for all sub-sy Sub-system design R&D underway.
s End-to-end integrated design P le. Enabl d-t Sub-system prelimi y designs exist. Sub-syst design R&D
end performance evaluation. continues.
6 End-to-end perfo nce (pre- Sub-system performance risk assessment complete.

Design i Sub
potential alternatives documented.

em parameters and high

Conceptupal Design Report in preparation.

Conceptual Design Report and i cost i

Ready for Construction Proposal. Detailed Engineering Design
being developed.

Sub-system detailed design and performance R&D for highest risk
sub-systems underway.

Sub-system speci i with i operating parameters

d. High risk sub-sy R&D underway.

High risk sub-system R&D ing. Risk mitigati

strategy for

B sub-system performance established.

Performance Optimization R&D underway.

arXiv:2209.05827v1 [physics.acc-ph] 13 Sep 2022
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EW Higgs Factory
Energy not

challenging

SCRF: Nb3Sn coated Copper cavitie
and TW structures (70 MV/m)
= NCRF: Cryo-cooled Copper
structures (120 MV/m), HTS coatings
= Cryogenics: massive production,
plugged compatibility, transport
issues, gas-pressure regulations,
e efficient gas coolers

Sustalﬁablllty

Energy consumption, efficienc
sustainability, carbon footprint

=  High power Beam Dumps (multi-MW)
= Machine protection and collimation

= Polarized beams and polarimetry

=  Beam instrumentation

®  Robotics and automatization

= High-Efficiency RF power sources:
Klystrons, Solid State Amplifiers, 10T:

Manufacturing techniques including additive, cost reduction and massive production

== Joint technology R&D topics beyond CDR

Positioning, Monitoring, Alignment and
Stabilisation: global strategies, instrumented
girders, radiation-hard ground motion
Sensors.

e+ production optimization: flux
concentrators, pulsed solenoid, capture
linacs, targetry issues....

Nanobeams colliding techniques: concepts
and feedback

Damping Rings and Booster: low
emittances and 4th generation lattices for
colliders

gnets: Interaction Region, Permanents,
jon/Extraction devices
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know where we are going...

e

CERC

EPCCF

HELEN @ FUTURE
ReLiC COLLIDER.

February 2023

There is no favorable wind if we don’t




Thanks to:
Georg Hoffstaetter, Qing Qin and Frank Zimmermann

CERC
HE&HL vy HELEN @ m

XCCyy EPCCF ReLiC

IAS-HEP 2023 February 2023

FUTURE
CIRCULAR
COLLIDER

Innovation Stud

44



Institut national de
physique nucléaire et @ M) CLab

| J -C
de physique des particules WP Luomaone i

General comments

Transfer of know-how, experience and expertise to the young generation is crucial. These colliders will be the
colliders for the next generation of accelerator physicists. Our projects need to be attractive/motivation to them
(co-ownership responsibilities, better career perspectives).

The next Higgs collider will be certainly unique and is a global enterprise

Coordination and harmonization between the EPPSU 2020-LDG and USA Snowmass’'21 process will be
necessary in some common topics. We have some tools on hand as the recently approved EAJADE (Europe—
America—Japan Accelerator Development and Exchange programme) focused in Higgs Factories, with
participation of major EU (CERN, INFN, CEA, DESY, CNRS, CSIC, UOXF), Japan (KEK, Tokyo Univ., Tohoku
Univ.) USA (BNL, FNAL, SLAC, JLAB, LBNL, Cornell Univ.) and Canada (VISPA) labs.

Societal impact (medical, industrial, security,...) of colliders projects has to be better explained, communicated
and exploited. All colliders are expensive projects, we have to convince about the need of having these kind of
facilities. The transition of accelerator technology, from its use in basic science to applications more directly
benefiting society, has been a very visible trend in recent decades; and that represents only the first step in a
major evolution for particle accelerators.



