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» Why a linear Higgs factory?

» |LC-IDT: Technology update
» CLIC: Technology update

» Summary and Perspectives
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ilr Linear Higgs factories

Note: H. Abramowizc ESG January 2020.
tmopean!mg» 2020 Strategy Statements
Guide through the statements

2 statements on Major developmem‘s from the 2013 Strategy | 4 statements on Other essential scientific activities

AT

@) M@ir*~in Frmem mm mrimmne bl conlotin ~E UL UE e a) Sunnort for hioh-imbpact financiallv viable
b) Mai . . . sics Detectors
= e+e- Higgs factory is highest ... ot
3 state - - - ucture e+ Source
Do priority in HEP ]
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) Acknowle,dge the global nature of PP research
3 statements on Organisational issues

2 statements on High-priority future initiatives a) Framework for projects in and out of Europe Damping Ring
a) Higgs factory as the highest-priority next collider and b) S'rr'eng‘rhen relqﬂons wnThvELropenn Commission ;
investigation of the technical and financial feasibility of a | | ¢) Play active role in supporting Open Science
future hadron collider at CERN 4 statements on Environmental and societal i \
- . . . impact
b) m Rabjon|innovativelacceleratuoriechmlogies b a) Mitigate environmental impact of particle physws ,’b
roadmap b) Invest in next generation of researchers 4

Letters for itemizing the statements are introduced 8 g%?cﬁﬁ&ﬁdﬁfr?%;awhmg&%

for identification, do not imply prioritization e g e s

COMBINER WINGS

emms CERN existing LHC
Potential underground siting :

ssee CLIC 380 Gev

» Technology View on Relative > Higgs Factories @  ees oG 15Tay

DRIVE BEAM INJECTOR

Timelines °

Timeline ~5 ~10 ~15 ~20 ~25 ~30 ~35
Lepton Colliders — Linear and Circular:

SRF-LC/CC P':;?,ge' Construction Operation

Higgs Factories Readiness Power-Eff.  Cost ( B Mwnt;ms
ee Linear 250 GeV .
ee Rings 240GeV/tt

20,500 NCRF
12 GH=z

NRF-LC Proto/jpre-series  Construction Operation

— . .
Hadron Collier - Circular :

l:;x';:g: Short-model R&D Prototype/Pre-series Construction W Collider 125 GeV

’s::;’lT shor-motel RAD  Proto/Pre-eries  Construction Operation ALIC 125 Gev

%’;‘?I Mo’tlgl;rlgl:lP Construction Operation = F1 “Toehnoloqy F2“Energy Effiiency” F3 “Cost" *
?IT Prz-rgges Construction Operation m R&@i@n@a“:’bn : 100:200 MW W: <LHC

Note: LHC experience: NbTi, 10 T R&D started in 1980%s and 8.3 T Production started in late 1990's, after ~ 15 years
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ilr Linear Higgs factories

Note: H. Abramowizc ESG January 2020.
zpes’g» 2020 Strategy Statements

Guide through the statements

2 statements on Major developments from the 2013 Strategy | 4 statements on Other essential scientific activities
a) Maintain focus on successful completion of HL-LHC upgrade a) Support for high-impact, financially viable,

b) Maintain support for long-baseline v experiments in Japan and experimental initiatives world-wide
US and the Neutrino Platform b) Acknowledge the essential role of theory
c) Support for instrumentation R&D - through roadmap
3 statements on Gene_ml considerations for the 2020 update d) Support for computing and software infrastructure 8,000 SRF cavities
a) Preserve the leading role of CERN for success of European PP [5°2-& Ts on Synergies with neighbouring fields

community a) Nuclear physics - cooperation with NuPECC
b) Strengthen the European PP ecosystem of research cenires b) Ast le - cooperati ith APPEC
c) Acknowledge the global nature of PP research ) roparticle _ coo —

RIS 3 statements on Orgarusn‘noml issues Damping Ring
2 statements on High-priority future initiatives a) Framework for projects in and out of Europe '
a) Higgs facfor-y as ﬂ\e htghesf priority next oou.dgp and b) Strengthen relations with European Commission
|nve =N\ Nl e e e A e e N e O T
f mT_
= LC Higgs factory

e=ms CERN existing LHC COMBINER INGS

DRIVE BEAM INJECTOR

Potential underground siting : A . | e 050 1

eses CLIC 380 Gev = : y - ’
i » seee CLIC 1.5 TeV g : Gy BYPASS TUNNEL
I sees CLIC 3 TeV ¥ o - o
T - . i FIVE BEAM LOORS 2 I N

MAN BEAM INJECTON

Timeline

Lepton Collider re a d Jura Mountains
SAF-lcoe | Al

DANPING ANGS

20,500 NCRF
NRF—LC S S : (ILZ'“(Z;?;’)
. =¥ ce Rings 240GeV/tt
'mgx short-model R&D Protolype/Pre-series Construction W Collider 125 GeV
’5:3':,’1"7 shor-motel RAD  Proto/Pre-eries  Construction Operation ALIC 125 Gev
B2 ModPOP  gonginonon Operation s L ———
?J“T Prgf;?{es Construction Operation m R&@g‘;umn Y 100-200 MW W <LHC

Note: LHC experience: NbTi, 10 T R&D started in 1980%s and 8.3 T Production started in late 1990's, after ~ 15 years
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- ,',’,‘: Why a linear Higgs factory?

Why a Linear Collider, Luminosity per facility
¢ and not just build a bigger storage ring ? » Energy dependence: 1000 e
Synchrotron radiation from an e- in a magnetic field: CE.F?S ..... (TR
. S At low energies circular . ILC -
B P =°"C,E*(B — ILC-up. &
A ¢ & | colliders surpass "o 100 CLIC --m--
average power P ’ . 3 : 8| o ¢
e : [l Bo=—  Reduction at high energy £ Gl v
e o
K Energy loss per turn of a machine due tO SR mg .
b ¥, @ \.\ with an average radius p: 4 :’ 10 ¢ 3
s 4 U . . . "B =
o -f( AE/ rev = o At hlgh energies linear [ _,_.EI....._:,.:.'-_-_‘_'_'.'.';:::;ur
° colliders excel e R
et . . 1 1
1t Energy loss per turn has to be be replaced by the RF ¢ LumanSIty per beam / 100 100
system, which is the major cost factor for a collider. pOWGr roughly Constant 38 E. [GeV]
-3. cm
Why a Linear Collider ? RF™=cm
= some cost reasons...
tunnel, vacuum systems,magnets.. RF system > Others LCs advantages:
$,xp E’
li $.p c— : :
N I T p « LCs have polarized beams (80% e-, ILC also 30% e*), the spin of the e*e"

beam can be maintained during the acceleration and collision. This can help
significantly improve measurement precision.

Optimum when

$Iin = $RF
‘ Upgradeability: LCs can extend its collision energy by longer

EPS-HEP 2021 S i




'.’l'l: LCs Accelerator Challenges and Key Technologies

Energy Luminosity

Ecm :@@ \N\

High fficiencyr] \

High Gradient g

Main Linac
b Technology | | Small Beamspot 0*,0%, ,* — /5* e
L in cavity wall
osses in cavity walls Pou &R
< & L~ w Nanobeam Technology

« Damping ring (€)

Small duty cycle: High frequency & - Final focus (§°)
Low resistivity Pulsed operation Ultra-short pulses
ILC SCRF cLIC f(:
2 beam accCele Oampngm
pre dccelerator [_‘,_.,.___A______________.______.__. J

fow Ge =[] source Key Technologies
f damplng

ol \ Linac Technology

few GeV ’ final focus

[ LU ERRGURRCIRIT I y £
11 _|>F<‘ Nanobeam Technology

extraction
& dump
n

bunch
comnressnr ~rallimatinn

main linac



:':’5 ILC and CLIC in a nutshell

Two e+e- linear collider deS|gns starting as a Higgs factory
T 7 77T

‘, Compact Linear Collider (cLic)
© | BN 380 Gev- 11.4km (CLIC380)
;/ W 1.5 TeV - 29.0 km (CLIC1500)
;‘ . [ 3.0TeV-50.1 km (CLIC3000)

International Linear Collider ILC Compact Linear Collider CLIC

« Superconducting Cavities, 1.3GHz, 31.5MV/m « NC Copper Cavities, 12.0GHz, 72 - 100MV/m

» Klystrons « Two-beam acceleration

* 250GeV CME, upgradeable to 500, 1000GeV - 380GeV CME, upgradeable to 1500, 3000GeV

* L =1.35x10% cm=s™ (at initial 250GeV) « L=1.50x10%4 cm2s-! (atinitial 380GeV) S

km length, in Tohoku / Japan 11.4km long, at CERN / France & Switzerl
(e-) Polarisation 80% (e- :

EPS-HEP 2021 26-30 July 2021



http://www linearcollider.org/

EPS-HEP 2021 26-30 July 2021



il ILC parameters and beam accelerator sequence

Turn around

Bunch compressor e- blue .
S e+ red > SC helical undulators (baseline):
ILC 250 GeV rotating target, polarized (e~ at 125 GeV) N A
ositron generation _Proten s
final focus o e T T o
\ Interaction Point (IP) | b of | — spin rotation
125GeV | —

dump

5GeV electron

S5eV posiron damping ring(3.2.

damping ring(3.2km)

e- dump

final focus elecron Tmm—m—u__ ~ &8
\ SC helical undulator

Capture RF

- . (125 MeV)

Positorn Linac

> \Electron driven source: dedicated 3 GeV NC S-

1ms bunch train mean:

Bunch compressor
L-band SW NC

m around capture cavity

1312 bunch (220km length) P sl i

SRERRRAS LLLLLLLL] e oo

baxd TW e- (pair production).

Damping Ring

~————————Bunch train compression \, ,, Damping Ring (6ns bunch spacing)
injection with compressed bunch spacing : 2.3km length

% ~————_______ exraction with long bunch spacing
N\ Bunch train expansion —

EERTINTITE

chicane
3GeV S-band S5GeV L+S band ;
drive linac 9 _ /'—\ NC e+ linzc
N o~ energy e+ aump
— Ny v compressor
NS yand e dump
pRisy Y
- AMD (FC solenoid

ILC-IDT detailed in Benno List Talk

(554 ns bunch spacing) - —Pole [4 | 500GeV [1*]  [TeV[1*ll

1312 bunch (220km length) - Raaalina LUSH0Hz [ Risaline: | Lumilie: | ‘aasa B

—_ ey ey ey Jenter-of-Mass Fnerov E-.. GeV 912 250 500 500 1000

o 4000 7] Beam Energy Eion GeV 456 125 250 250 500

. = [ ILC. Scenarlo H20-staged Collision rate £, H 37 10 5 5 4

>Possible energy upgrades: 500GeV, 1TeV ~ x [ — ECM =250 GeV H:s':l:ter:vdhelech'on O mzs 135 100 200 200 200

need tunnel extension g W g e Number of bunches m 1312 2625 1312 2625 2450

> Kitakami site: 50k | ficient for 1TeV £ - o Bunch population N 100 2 2 2 2 1787

ltakami site: N 192, SRl IO LERT =, Bunch separation At ns 554 366 554 366 366

> Luminosity upgrades: %’ - Beam current mA 5.79 8.75 5.79 8.75 7.60

C A be IP (2 be Ps MW 1.42 21.0 105 210 213

- More RF: factor 2 (1.35 -> 2.7x10%) 8 1600 L : RMS bnch fongt st ML &(p g mm 041 030 030 030 0225

- Run = 500GeV machine at 250GeV, 10Hz: - R ; m:at:g? ; i s st e L
34 34 c - 2 i atIP (y Yy nm . . . .

factor 2 (2.7x10°* -> 5.4x10°%) I 5 | I B ot .. BeamsizeatIP (x) ox  pm 1.118 0515 0474 0474 0335
- Improves power efficiency 0 ize atIP (v) Q%) 1456 166 586 586 2

- yeéars  [uminosi L 10%/om?/s __0.205 5.40 1.79 360 5.1

P oo Luminosity enhancement factor Ho 2.16 255 2.38 239 193

TOR update: 2506eve. Luminosity at top 1% Loor/L % 99.0 74 58 58 45

y Number of beamstrahlung photons ng 0.841 1.91 1.82 1.82 2.05

15Geve. aseeer Beamstrahlung energy loss Sas % 0.157 2.62 45 4.5 10.5

EPS-H EP 2021 Options A, A': 250 GeV tunnel M AG power [6] Psite MW 198 173 215 300

Site leng Lsite  km 205 205 31 31 40
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® ~8000 SC 9-cell cavities:
1.3 GHz, 1.038m long, 31.5MV/m

® 9 cavities per 12m long cryomodule
®* 10MW pulsed klystron per 472 modules
¢ 2K operating temperature:
4-6 cryo plants 19kW@4.5K
® Pulsed operation, 5Hz x 0.73ms (1312 bunch)

iln ILC Main Linac: SRF Technology

4

® European XFEL in operation 7 [cavivsom
100 cryomodules, 800 cavities
¢ LCLS-Il, SHINE: Under construction / planned ILC:



,',’,': ILC Main Linac: Technology challenge Qb

R&D to reduce cost fabrication and to push performance limits

> Niobium material/sheet preparation: » SRF cavity fabrication for high-gradient (N doping

Large grain directly sliced from ingot (cost well stablished), high-Q (N infusion, low-T baking) and
reduction), Nb thin-film coating on Cu based ~ high-yield.

structure (HiPIMS), or Nb;Sn in Nb or Cu r - = e
Nb ingot fl:apna-?acuumf-furnac - . N Ao

i
W N2dope 'ﬁ .,
‘E b

» A0

TP (A AT TN Baking 75/120C
-
"‘.‘\'“--:%
o

A N-infusion
\ Baking 120C

EP

10 20 30 40 50

TFabrication process of Nb sheets for 9 Rolling| g% Anreslim Eacc(MV/m)

~ LCLS-Il CM production in progress ——

||||||||||

- LCLS-Q Spec.

Yield (%)

° 5 8 88 588 388

European XFEL: 29 £5.1 MV/m

LCLS-II: 18-21 MV/m

Mass production still a challenge (ILC-IDT talk from B. List

EPS-HEP 2021
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Detector Hall

ILC

Vertical Shaft
| for Detector
| (diam. 18m)

[ wtitity Shafe
(diam. 10m)
gl

temo AR &

v "d‘
Layout of the detector hall and around will
be optimized with detector groups.

Rey.Hori / KEK

L3t 3kt
T 1

”Strafght in

vertical”

Between access points
(PM-8 and PM+8)

Kitakami mountains

(1) ILC Location

ILC accelerator area : inside the granite rock bodies
-> inside black curves (left)
- in the pink color (right)

- possible up to 50 km

- On-going jobs : Optimal accelerator placement, considering surface environment, land-use and
land-acquisition S/ i

N
°. sonngvomu

._7\

C3 s

Mnllunmcm le of the
Sd-mlc Explorluot\’

® Ge°|ogica| surveys u::n:ommm (~;"\ : wmmw’v: \ Nacklow "/}/_ - //
c' - =
*  Electric Prospecting (crack) I)‘
Cross section of the slectromagnetic (electric
o prospecting —_— SN

Seismic Exploration (stiffness)
Boring Survey

Borehole Camera
Measurement of Initial Stress

-

RN

s00
son

Electromagnetic
Prospecting

10

100

Cross section of the seismic exploration

oo Seismic

of the Ground o . Exploration |
i - — o3
Cross mllo“:. of the geology -, _ ams
< > ,..L:E:g;;," """" —— S—
e A e N oo - l‘:“
400 . == uz
——— 0 40 50 km

stiffness

Access Station

Access Hall




il
i “Green ILC” and Carbon neutrality

Green-ILC AAA-2014 Report
‘ b&#‘ )

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

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

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

Work is ongoing to study these issues

* :p Global organization for Green ILC
e

ILC High-Energy ILC Sustainadle Erergy
Research Center |~ Research Canter

| Fundamental kesearth Industry E
MEP Agphcatom Applcation NKD
[ Mot Poraer st for A
Electrons, photors,

neutroms Taciones z
- ner mani
[Hugk Energy community HPCAGRID Computin LE ergy <om mry]

N

A

—_—



l'l’l': Extending the Physics potentiality of ILC and QB

applications of ILC technology
Lﬁiﬁ;’{,’;;'}';ﬂpeﬁmem > ILC technology for different applications Co e

« XFEL accelerators: EuXFEL, LCLSII, SHINE
* Medical linacs

e etc

52
i 1 : Mo-100
3 =7 111§ =J 144 exposure chamber
Electron = 1337 g%g uu!mm 10m
/ ( ,
chker

source

* Industrial linacs g 58T smu L '\.
7&% % $5% e

" Accelerator

‘1 |
Beam splitter

1ssing

LightHouse : SC linac Isotope production. ASML-IRE-RI GMbh nber

HPZ eFLASH RT Year 1 Year 2 Year 3 Year 4 Year 5 Year 6

<7 MeVic ~20MeV/c ~250 MeV/c
/ /
I | Gunv'-H BoosterR#Il sC cryomodulg H Beam diagnostics + manipulation’{ Treatment area |

~20m
- Joint project proposal by DESY + TH Wildau

26-29 October 2021,

* Experiments using the main dump
- Experiments using Extracted beam

e e - =

SHINE under construction

Soft X-ray Experimental
sﬂd‘y’d Undulator

EPS-HEP 2021 - — Superconducing Lisc Seamion

== Copper Linac Beamline




e \Lc Timeline a

International Development Team (IDT) prepares Pre-Lab

4 year Pre-Lab (hosted by KEK, Japan) phase for R&D, Engineering Design Report,
Construction preparation

ILC Laboratory (international): 10 year construction phase

@ @ ILC-IDT detailed in Benno List Talk

ot icereta ILC Lab.

P1|P2| P3| P4 10 | Phys.
Exp.

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

Construction

Civil Eng. Following a four-year -—“ construction will

Building, Utilities continue for about ten years.
Acc. Systems

Installation ----

Commissioning

Physics Exp. -
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,,’,': CLIC parameters and beam accelerator sequence ﬂb

Klystrons Drive beam time structure - initial Drive beam time structure - final
472 units, 20 MW, 48 us 240 ns 220
> 5.8 us
Delay Loop 140 ps train length - 24 x 24 sub-pulses l L LTI
73m 4.2 A -2.4 6GeV - 60 cm between bunches 24 pulses - 101 A - 2.5 cm between bunches

2.0km
Drive Beam Accelerator
1.91 GeV, 1.0 GHz

Ee)

W

DRIVE BEAM
COMPLEX

SRLL A

¥

N

&
i
A
g
T

=Y
¥%

@95 m

Decelerators, 4 sectors Decelerator, each 878 m

1. Drive beam accelerated to ~2 GeV using

I /,\( 52 km (UKL L L L 2
300 TA TA 300 ) . .
" Sk m loops and combiner rings

Gm? (»z)?g M C»z d}’ (»?})MJ’MM:?S ‘(ﬂg(‘(g«) ‘ﬂ(ﬁ«) ‘{#‘(ﬁ«) ‘{ﬁ(ﬁ«) s conventional klystrons
P S Intensity increased using a series of delay
Spin Rotator S . Drive beam decelerated and produces high-RF
,))))>>>\:)/ CAPTION p g

B~ w

Feed high-RF to the less intense main beam
389m Pre-Injector Primary e” Linac CR : Combiner ring . .
e+ e*Linac fore* productmn TA : Turnaround US|ng WaVGQUIdeS
MAIN BEAM | o PDR 0.2 GeV DR : Damping ring
COMPLEX <««“_._<««“—.= PDR : Predamping ring
f/ Target oun gg s ggnch cgnﬂpressor t
e-red («(“ ““r— a P mte;i?one,;:ﬁ,? sysem Parameter Symbol  Unit Stage 1 | Stage2  Stage3
: A\ ®:D
Spin Rotator Injector Linac Pre_-ILn_jector DC Gun e Centre-of-mass energy \/E GeV 380 1500 3000
2o ey 028e Repetition frequency frep Hz 50 50 50
= = Number of bunches per train ny 352 312 312

EE gl 4 ; 257 A T T T T T T TT T T T T T T T T T .
3 c “ Al' d J ||-;|AiL|c)/§'7" - ‘g‘ Integllated Ium:nosity I ] | DENC seporsiion > " o o o
| ompa inear Collider 2 % " 4 — -

S W 320 Gev <11.4km (CLICS50) = 0 © gh|l— Total i Pulse length TRF ns 244 244 244
PR e > | |—_ 1%peak 1 Accelerating gradient G MV/m 72 72/100  72/100
[ 3.0TeV-50.1 km (CLIC3000) _ = |

g ; 8 L ossTev 15TeV 3Tev | J Total luminosity & 10* em™ s"l 1.5 3.7 5.9
£ 4} - Luminosity above 99% of /s Loy 10%em™s7f 09 1.4 2
g - ] Total integrated luminosity per year %, fb! 180 444 708
e ] Main linac wnnel length km 14 200 501
L 9 — Number of particles per bunch N 10° 5.2 3.7 3.7
© E Bunch length o. um 70 44 44
G % . IP beam size 0,/0, nm 149129 ~ 60/1.5 ~ 40/1
. T . | T Normalised emittance (end of linac) &, /g, nm 900/20 § 660/20 660/20
=0 20 25 Final RMS energy spread Yo 0.35 0.35 0.35
Year Crossing angle (at IP) mrad 16.5 20 20




ile CLIC Main Linac: NCRF Technology

e ML NC RF X band copper cavities (20,500 structures)

e Drive-beam based machine (PET structures), two beams acceleration
demonstrated, CTF3 (CLIC Test Facility at CERN) program addressed
all drive-beam production issues.

L= CR.STBPMO1SSS =it o e
o

-54
3 GHz
-104

-154 x2

-20+4

[== current signal
[=e= 201512 04_145725sref X3
- _2015.12_10_19:49:287¢f

-251+ _2015.12.10.13:473 1 ref

e 201512 10085537 sef M 12 GHZ
201512 10_14:5027ref

5000 5200 5400 5600 5800 6000 6200 6400 6600

» Klystron-powered option also studied (high-efficiency)

* High-current drive beam bunched at 12 GHz

160

CLIC Nominal,
unloaded

» Achieved 100 MV/m gradient in main-beam cavities

CLIC Nominal,
loaded

e X-band technology developed and verified with prototyping, test-stands,
and use in smaller systems

e Two C-band XFELS (SACLA and SwissFEL — the latter particularly
relevant) now operational: large-scale demonstrations of normal-
conducting, high-frequency, low-emittance linacs

40 60 80 100 120
Pawer in accelerating structure (MW)

20

Axey
Tray

EPS-HEP 2021


http://dx.doi.org/10.23731/CYRM-2018-004

ilp CLIC Main Linac: Technology challenge

(JLF R&D to reduce cost fabrication and to push performance limits

» Fundamental process for high- > X band RF structures fabrication: > High Efficiency Klystrons:
fields gnd matgrllal dyna.mlcs Processes, Developments (rectangular disks, for LHC, CLIC, FCC-ee and ILC. For CLIC,
Understanding the limits by: Field brazing, halves), Fabrication capacity this includes the L-band and X-band sources

emission, Vacuum arcing (breakdown
. g ( ) and Com pone nts for SySte m. Tailored Technologies. High Efficiency magnetic circuit
and Fatigue due to pulsed surface . . b
. Industrial CLIC MBK protgtypes.ci.eluvers Local oil tank
h eatl n g ~70 % RF power production efficiency st corami
(25 kv)

CURRENT PRODUCTION

FLOW - e 4 qualified suppliers can
- manufacture ultraprecision
discs for AS

1% stage

Main solenoid

® T18-CERN-SLAC
» T18-KEK-KEK
16-05 m T18-KEK-SLAC
|| » TD18-KEK-KEK

2™ HV insulating
ceramic (115 kV)

2" stage

Based on ultra-precision

| ® TD18-KEK-SLAC
:  T24-KEK-KEK
® T24-Tsinghua-KEK

machining with diamond tools
and diffusion bonding of the
cells

PA gap

T || m TD24-KEK-KEK = : : THales THig803 Output waveguide
3 || @ TD24105#4-KEK-KEK 59 Gold brazing for parts with ; L SRL. brazingfbonding | {18 10béams MBK —
3 ® TD26cc-CERN-CERN access to RF volume i e sl operations . 4
2 8 T24Cpen-SLAC-CERN Silver — alloys for brazing of | The new klystron bunching technologies Output coil
« 16-061 ® TD24r05K1-KEK-KEK cooling blocks [ - cannot be directly adopted to the CLIC MBK:
8 ® TD24r05K2-KEK-KEK = COM requires very long (5m) RF circuit. Beam collector
4 Takes 10 - | | months to do a : ! - rd A e
full cycle In CMS, the 3™ harmonic cavity is not
compatible with MB-type cavities layout. Collector coil
36.07 CLIC BDR Criteria . . 20 - 24 weeks for machining

| W meas. E 6 - 12 weeks for assembly
® E° scaled0°100 na =y 1. Syratchev, LCWS, Japan, Sendai, October 28 — November 1, 2019
1e.07. X FoScaled to 180 ns & BDR =107 2
. Unloaded Aooesg ti 9;2 d71t°0MVIi11Ld B 71420‘” . 90 30
nioa rating Gradient (MV/m . Manufacturing cost (EC1) Drivebeam  klystron: The
T 10 _ . x Indus.trlal ) klystron efficiency (circles) and o o
E 10| SLAC f questionnaire: the peak RF power (squares) =, 0%
g Cu@45K ! Based on the . § §
2 102 ; . = Building simulated for the CLIC TS 2
£ Hard CuAg#3 companies feedback, M o g @ 53
S . MBK (solid lines) and measured = b
210°) the preparation phase ® Machinery T e © Y . o .
3 - r non '
£ 10 , to the mass e Z }: Z l.a : L b
a f 1 0 lectricity, machines “ .
& 40%| Hard Cu | production could take = Electricity, facilities (dashe ines) vs tota cal 10 15 0 % 30 35
5 109, /| Hard f about five years. ® Maintenance, machines power. Tol besn poer, MW
< / : . .
g o / [ Cuhgtl | Capacity clearly A https://ieeexplore.ieee.org/docu
700

300 400 500 600 ment/9115885

Peak Electric Field [MV/m]

100 200 available.

EPS-HEP 2021 Industrialization and mass production still a challenge


https://ieeexplore.ieee.org/document/9115885

ile 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

ol

38

* Klystron-powered version studied and costed for 1¢ stage (380 GeV c.m.}

* Upgrade to 1 TeV and beyond based in any case on Two-beam scheme
(dystron-based sectors re-usable with modifications)

Klystron v¢_etsion funnel




[ - “Green CLIC” and Carbon neutrality

Collision Energy [GeV] Running [MW] Standby [MW] Off [MW]

380 168 25 9 » Energy studies:
1500 364 38 13 « Running when energy is cheap
3000 589 46 17
2020 2030

= Very large reductions since CDR,
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% 5 10 15 20 25 band klystrons for drivebeam

Relative energy cost by no scheduling, avoiding the wintermonths
(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)

Drive-beam option: 168 MW Power estimate at 380 GeV  Klystron-based option: 164 MW

m Main-beam injectors
® Main-beam damping rings
Main-beam booster and transport

» Drive-beam injectors
m Drive-beam frequency multiplication and transport
¥ Two-beam acceleration

Main linacs (klystron)

» Renewable energy (carbon footprint)
Recovering energy

W Interaction region
W Infrastructure and services
Controls and operations




,,’,': Extending the Physics potentiality of CLIC and ﬂb

applications of CLIC technology

» CLIC technology for different applications

» Further work on luminosity

 EU co-funded FEL design study Ry,
performance, possible - 1 GeV linac at INFN-LNF
improvements and margins, o
- * Medical linacs CLIC S prtmiee
operation at the Z-pole and S P
. tissue FLASH
gamma-gamma are ongoing. . o ;";:" === |nnovative
etc bl Qg, == Radiation Therapy
a sel g:a %
CERN: eSPS study (3.5 GeV X-band linac) “ 6/
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INFN Frascati advanced acceleration facility
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EPS-HEP 2021 ~ Eindhoven University SMART*LIGHT Compton Source


http://www.compactlight.eu/Main/HomePage

I’P [ ]
S CLIC Timeline
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.

@

> ils:
» Focusing on: More details

_ . X-band studies: Structure manufacturability and optimized conditioning,
* The X'ba"_d .t.echnology readiness for the 380 interfaces to all connecting systems for Iargeyscale pproduction, designs ’
GeV CLIC initial phase for and support of use in applications from the 1 GeV linac at LNF to
« Optimizing the luminosity at 380 GeV medical linacs
* Improving the power efficiency for both the . Luminosity: beamdynamics studies and related hardware optimisation
initial phase and at high energies for nano beams 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

» Technology Driven
Schedule with a :
preparation phase of N A STy
~5 years is needed el E gy o

before (estimated

resource need for this 380 GeV Physics

phase is ~4% of Tab™

project costs)

7 years 27 years

1.5TeV Physics
2.5ab™"

Commissioning
Commissioning
Commissioning

3 TeV Physics
5ab™1

Reconfiguration
Reconfiguration

8 10 12 14 16

EPS-HEP 2021 ~ 26-30 July 2021
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ILC and CLIC FFS: nanobeams Technology

FFS optics
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e ILC and CLIC FFS: nanobeams Technology &

o ATF2 goals and achievements

Goal 1: Establish the ILC final focus Goal 2: 2 nm beam stabilization at ATF2 IP, (much harder
than nm stabilization in collision at ILC).

method with same optics and comparable

beamline tolerances ® FB latency 133 nsec achieved (target < 366 nsec)

® ATF2Goal: 37 nm = ILC7.7 nm (ILC250)  ® pgition jitter at ATF2 IP: 41 nm (2018) (direct stabilization

® Achieved 41 nm (2016) limited by IPBPMs resolution 20 nm). Upstream FB shows
capability for 2nm stabilization. Demonstrated ILC IPFB system.
IP Final Focus Matching Extraction Line
I 1] [ Bt n-rain Foodiock Distribution of bunch positions
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Medium Term Plan

EPPSU ¥ EPPSU

2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037

» A LC Higgs factory is ready for start up ~2035: ILC hosted in Japan and CLIC at CERN, are
mature designs in both cases promoted and set up as international projects

* The main accelerator technologies have been demonstrated ( mass production still a challenge)
The cost and implementation time are similar to LHC (~10B%)

The physics case is broad and profound, and being further developed

The detector concept and detector technologies R&D are well advanced

» Implementing a LC now provides a very attractive, implementable way forward, with a good match
between scientific progress and further technology development — not only for LC technologies
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,""': Present and Future Large Accelerator projects In operation

In construction

An uncompleted view ...

International Large Scale Projects

EPPSU EPPSU

WOM 2036 2038 2040 2042 2044 2046 2048 2050 2052 2054 2056

LHC ESS  HL-LHC CepC. ILC FCCee FCChh FCChh (FCCee)

ATF2 SC linac 11T NbsTn High current 1.3GHz SC High current 16T NbsTn/NbTn 16T NbsTn/NbTn
) Z-pole )

Super KEKB FAIR il b e B Fcceh  HE-LHC (HL-LHC) Hp

XFEL LHeC . 16T NbsTn/NbTn

ATF3 LBNF ERL CLIC

12 GHz SppC

nano-
beam/stabilization




