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ILC parameters @ 250GeV and upgrades

The ILC A Global project, EPPSU December 2018

Quantity Symbol  Unit Initial L Upgrade TDR Upgrades
Centre of mass energy Vs GeV 250 250 250 500 1000
Luminosity £ 10*cm ?*s! 1.35 2.7 0.82 1.8/3.6 4.9
Polarisation for e (e™) P_(Py) 80 %(30%) | 80%(30%) 80%(30%) 80%(30%) 80%(20 %)
Repetition frequency Jrep Hz 5 5 5 5 4
Bunches per pulse Nbunch 1 1312 2625 1312 1312/2625 2450
Bunch population Ne 10" 2 2 2 2 1.74
Linac bunch interval Aty ns 554 366 554 554/366 366
Beam current in pulse Ipuise mA 5.8 5.8 8.8 5.8 7.6
Beam pulse duration tpulse s 727 961 727 727/961 897
Average beam power Pive MW 5.3 10.5 10.5 10.5/21 27.2
Norm. hor. emitt. at IP Yeéx pm ) ) 10 10 10
Norm. vert. emitt. at IP Yey nm 35 35 35 35 30
RMS hor. beam size at IP Ox nm 516 516 729 474 335
RMS vert. beam size at 1P oy nm 7.7 7.7 7.7 5.9 2.7
Luminosity in top 1% Lo.o1/L 73 % 73 % 87.1% 58.3 % 44.5 %
Energy loss from beamstrahlung  dgps 2.6% 2.6% 0.97 % 4.5% 10.5%
Site AC power Pite MW 129 122 163 300
Site length Lgite km 20.5 20.5 31 31 40

CepC 2019

Luminosity upgrade to 10Hz also considered

18-20 November 2019



ILC accelerator progress:
the Z pole @ 250GeV

A study about the Z-pole (ECM=91.2GeV) operation
of ILC@250, assuming the undulator scheme for
positron production has been made:

« |ILC250 (shorter linac) is worse in total available power up
to 3.7+3.7Hz operation, but better in beam dynamics
(emittance growth at low gradient)

« The previous luminosity improvement for ILC250 by
smaller horizontal emittance brings about significant
effects for Z-pole operation

« Expected luminosity is now L ~ 2.1 x 1033/cm?/s

« No particular problem is expected in doubling the
luminosity by doubling the number of bunches

« If you want even higher luminosity, the bottle neck is the
momentum bandwidth of BDS under the large energy
spread of the low energy beam

http://arxiv.org/abs/1908.08212

Parameters of Operation at Z-pole
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ILC accelerator configuration e

Main Linac Accelerator

Beam Energy : 125GeV + 125GeV
Total accelerator: 20.5km

SRF Accelerator: 5km + 5km
Number of Klystrons: 218

Number of Cryomodules: 906
Number of SC cavities: 7800

e- Linac

e+ Linac

SRey Hor'KEK

CepC 2019

e+, e- Main Linac




ILC beam accelerator sequence &

Turn around -
<

Bunch compressor

Electron Linac

ositron generation

Qtl focus

Interaction Point (IP)

final focus

5GeV positron

damping ring(3.2km) Positorn Linac

Polarised
electron source

1ms bunch train mean:
1312 bunch (220km length)

Bunch compressor

=

Beam  start here ..
HEENEEENE. SEENEEEY

m around

— ——————Bunch train compression In Damping Ring (6ns bunch spacing)

injection with compressed bunch spacing : 2.3km length

—————

— extraction with bunch spacing
Bunch train expansion ‘K\bﬂ‘;__
LLLLLLLT

beamaoceleraﬂonmunaelllllllll ,,,,,,,,,
(554 ns bunch

CepC 2019 1312 bunch (220km length) -




ILC accelerator Technology (oo

* Creating particles Sources
— polarized elections/positrons
* High quality beams Damping ring

— Low emittance beams

* Small beam size (small beam spread)
* Parallel beam (small momentum spread)

* Beam transport RTML (bunch compressor)
* Acceleration Main linac

— superconducting radio frequency (SRF) 1,,'“.‘.0.,‘,‘.,‘,‘,“ "
Getting them collided Final focus ’ SRR b

— nano-meter beams

CepC 2019 Go to Beam dump
18-20 November 2019
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Positron production - i
e+ Target Positron
Two concepts considered: e e oot B P E—
7"; e+ Main Linac
(Experiments) . ms"img -
> SC helical undulators (baseline): AL
rotating target, polarized, but e~ at ] ey jf i
125 GeV are complicated for —_— \ f il
commissioning/operation. G

Capture RF T
125
(125 MaV) e- dump

Flux concentrator replaced
by QWT (long pulse).
No showstopper seen.
Detailed engineering
specifications for target
wheel and experimental
tests still to be done

Target—QWT: 11.5mm
QWT - ACC: 50mm

Standing wave tube

SC undulator prototype developed at RAL QWT (Quarter Wave Transformer)
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L-band SW NC

Positron production  cpuwrecaviy Damping Ring

chicane
3GeV 5-band NC : S5GeV L+S band
drive linac , NC e+ linac

B, energy e+ dump
" compressor

> Electron driven e ki i
source: dedicated 3 VIR
GeV NC S-band TWe . -

solenoid

(pair production). - R . Damping Ring
High-energy e- are not | ssmeom  10tal 20x5 beam pulses per spc
necessary. I I I...I 137 ms (rest) et
e- independent 3 W
issioning | i e o

([;(())rSnSrlnblfeSI%r:)l\rI]V%\I/Ser ‘ Each beam pulse includes 33x2 bunche

. y A pulse in drive- and booster-linacs

. . . 480 ns R

polarization is not oo 57

available. 816 s

33 bunches 33 bunches_

Tl,n_b =6.15 nsec T;_.._; =615 nsec

_Intgnsive design/simulation studies on-going at KEK

CepC 2019 —— - -
18-20 November 2019




Cee Positron production: demonstrated parameters

e L sewurenens | vgn [achiesd Loty __

Bunch Charge SLAC SLC (E-Driven)
Undulator pitch 11.5 1l A5 7.4 mm SLAC E166

Positron Polarization (optional) 30 30 80 % SLAC E166

W-Re Target Heat Load (PEDD* for E- 34 70 J/e SLAC SLC (E-Driven)
Driven)

Ti alloy Target Heat Load (PEDD for 61 160 /e Estimated from
Undulator) physics constant table
Flux Concentrator Peak field (E-Driven) 5.0 5.0 10 T BINP

QWT peak field (Undulator) 1.0 1.0 23 T KEK

PEDD: peak energy deposition density

S. Michuzono, LCWS2019

CepC 2019 | ' ' PRS0 November 2019
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Damping Rings

Worldwide light sources’ emittance

10000.0 —
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> C CLIC DR S'R'QLC L
i Australian LS
0-1 ' T T T 1
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Horizontal emittance [nm] e

Horizontal emittance is smaller at MAX IV. , o
Vertical emittance is smaller at Australian LS, SLS, DIAMOND.

-
————
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Loe Damping Rings: Fast extraction kicker

Bunch extraction test at ATF
5.6ns Circulated beams in the DR

—- - — 103.6NS=—

L] TR T Alpewy: | He

DR 5.60 ns 6.15ns
extraction 302-308ns 554 ns

Bunch-space at ATF exp. and ILC

Extracted beams in the Extraction line
308ns 308ns 3024ns 308ns 308ns 302.4ns 308ns 308ns
- - - - - - -~ o el

- - -

1 2 3 4 5 " 7 8 9 --iii 3mp
14 v T —
Fast Kicker waveform =l Extracted beam signal
12 \ | g ol
i i i f& ' § 8|
oy . __ oS | 5
3 I} l > 6
$ oo \ | 3.l
A Bl S .l
De - - - ; >
=1 14
02 -~ f | \ ’ 0 -~ "
; _("". - ’ 20 5 10 15 20
;. i ¥ m:om S Time(us)
CepC 2019 T.Naito et al., NIM A 571 (2007) 59p. T.Naito et al., PR ST-AB 14 (2011) 051002
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Coe Damping Rings: demonstrated parameters

S arameter | Requrement | Desgn | Adveved | facity | Commemt

. § Pedro F. Tavares, 2017
Horizontal Emittance(s,) 0.4nm 0.4nm 0.34nm MAX-IV Phangs Workshop
. . SLS, Australian LS,
Vertical Emittance (ey) 2pm 2pm < 2pm Diamond LS TDR
n Y. Honda et al., PRL 92
Normalized Emittance (ye,/ye,) 4.0pm/20nm  4.0pm/20nm  4.0um/15nm  ATF (2004) 054802,
Fast lon instability SuperKEKB On going
Electron Cloud Instability SuperKEKB/CesrTA  On going
. T. Naito et al., NIM A 571
Kicker Rise Time <6.15ns <3.07ns 2.2ns ATF (2007) 599.
Kicker Voltage +10kv +10kv +10kv ATF
Kicker Voltage stability 0.07% 0.07% 0.035% ATF T. Naito et al., PR ST-AB 14
(2011) 051002.
Kicker Frequency 1.8MHz 2.7MHz 3.25MHz ATF
Fast Kicker extraction test ATF

S. Michuzono, LCWS2019

CepC 2019
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@' RTML: bunch compressor

S. Michuzono, LCWS2019

RFcavity k" .- |
I I |
Chicane, etc.
=
\/ \0/ Energy difference u~ The optical path difference can
in the bunch & be made by the difference in

energy.

“Bunch compressor” compresses the bunch from 6 mm to 0.3 mm before entering the main
linac (15GeV).

This finalGunch length is one or more orders of magnitude longer than FEL®tc., so it is not

difficult (eg SACLA; 3

If the phase of the RF cavity is jittered, jitter occurs in the arrival time of the beam at the

collision point. Therefore, the phase jitter of the RF cavity of the ILC bunch compressor must
be kept within 0.24 ° (0.15 mm). (but not difficult compared with the XFEL requirements of
~0.01° )

CepC 2019

18-20 November 2019



@. RTML: demonstrated parameters

et | peqaremert | Deier | chowd | Focity | comment

BC phase error 0.24° 0.042° KEK-STF M.Omet, Ph.D

BC amplitude error 0.5% 0.041%  KEK-STF thesis (2014)
RTML (0.47um),

Horizontal emittance BC (0.43um), . )

increase {ys.) lum ML (0.00um), In simulation TDR
total (0.90um)

S RTML (6.4nm) ,
D aiertin: e 15 nm ML (4.5nm), In simulation  TDR

increase (yey) total (10.9nm)

S. Michuzono, LCWS2019

CepC 2019

18-20 November 2019
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Main linac

S. Michuzono, LCWS2019

Electron Linac

O Rey Hoe i /KEX

Klystron: RF power is generated

. E!h o

Superconducting Accelerator
RF unit (below) is placed repeatedy in a line

Cryomodule

~

Beam pulse length (1ms, SHz)
<—>
e 312 Beam bunchs

leration gradient

Beam bunch:

- = Accelerating field in cavity
It is repeated in SHz

" . MY — ", y L e " (2] -
. : — . £

P-n-m-m-mrra@ D gen-n=-n-uy- @D

Cryomodule: 8 cawvities are included.

CepC 2019 18-20 November 2019



M a | N | | nac S. Michuzono, LCWS2019
# of SRF cavities ~ 8,000 ~900 cyomodules

QM____

CepC 2019
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& Main Linac: ILC cost reduction R&D US-Japan cost reduction

: Cost reduction by technological innovation
v...l .‘-Q-&-‘..\o“l

co-uu

ue'wiw'e

Innovation of Nb (superconducting)material process) decrease in material cost

Innovativ@ce processing)for high efficiency cavity by FNAL: decrease in number of cavities

Staging S. Michuzono, LCWS 2018
ILC 500GeV

~31km

Cost reduction by compact ILC

2017 (Oct. 23,2017)




C**  Main linac: ILC cost reduction R&D US-Japan cost reduction

Cavity —16.000

Coupler ~16,000

p—
2808 14
o] | = Comssstional Facites 3 045 MLCL)
Camponemy. 5,725 NLCU
L
Klystron ~400 =
5 e
gm”
®
W +
2008 -
MARX meodulator ~400 -
ol -ﬁ A
-+ o — m . L i = :
J ] e SO W o m
A Lo e Cowngag Suoge Lomewer, [-< Pt s Bl B Sousoe

Fynre 154 Datrtation of the LC waise crtms by sywmm and coevmen bfractnactsrs. i ILC Ueks The rure-
Dars @i Tho TR gsninatn S ek sesiom e MELTU

- The main fraction of the constructiogp cgst is coming fro(N.'[L).
- Thus we focused our cost reductio @ into ML (superconducting RF technology)

CepC 2019
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@ ¢ A. Yamamoto, Granada 2019
L Main Linac: ILC cost reduction R&D US-Japan cost reduction

= Niobium material preparation: = SRF cavity fabrication for high-gradient (N
T - - ' I stablished) and high-Q (N infusion,
Large grain directly sliced from ingot doping we
(cost reduction), Nb thin-film coating on low-T baking to be understood)
Cu based structure (HiIPIMS), or Nb;Sn
in Nb or Cu Preparation of s -t N-doping :%%,,
Nb ingot clean-vacuum-furhac " ! :".’(':""&:'.::::.n::g-.-, i ':c: 75/120C
,~.,‘ N2dop ? R . T ""'""'q:\-..:% /

A N-infusion
\ Baking 120C

EP

10 Py 50

20 30
L Eacc(MV/m)
Niobium ingot

High Power Impulse Magnetron Sputtering (HiPIMS)

~ LCLS-Il CM production in progress ——

- LCLS-Q Spec.

Yield (%)

° 5 ¥ 58 88 3 88

Ewe (MV/m)

European XFEL: 29 £5.1 MV/m

CepC 2019 ~ 18-20 November 2019



Main Linac: ILC cost reduction R&D US-Japan cost reduction
Fermilab and KEK has achieved ILC gradient goal > 31.5 MV/m with beam

# Beam Dump
»

R B

% —
’ LY =
: -
o . ——
. : ™,
+ - » e »
o (l >!l,,. ) 3
— 1 3
. 18 —
M \, v - .
¢ ® '+
J »
3
g
v

B Beam Acc. : 230 MeV by 7 Cavities,
<G> =32 MV/m

Beam Acc. : 260 MeV by 8 Cavities, |
<G> =323 MV/m

KEK-STF2 Progress, 2019
- Fermilab-FAST Progress, 2017

A. Ya_mam 0
CepC 2019 )

“*18-20 November 2019



=®* Main linac: SRF mature technology

L-band SRF Linear Accelerator Technology R. Geng (JLAB)
Impact to Nuclear, Elementary Particle, and Photon Sciences and Medical Applications

60 i i 2 A A L A 2 A A L i A A A L A A A A ]

CW SRF Linacs:
SCA: Stanford Superconducting Acceerator
MUSL: linois Microtron Using a Supersoducting Linac

CEBAF: Continuous Elsctron Beam Accelerator Facility ILC 1 TeV upgrade

JLAB FEL. Jefferson Lab Fres Electron Laser
ELBE: HZDR Electron Linear accelerator with high Brillance and Low Emittance - g
ALICE STFC Accalerators and Lasers In Combined Experiments

ARIEL: TRIUMF Advanced Rare isotopE Laboratory
LCLS-IL Linac Cobarsnos Light Source extenson

| SHINE: Shangha High Brightness Phioton Facility N

PUlsed SRF Linacs:

Accept:35 MV/m +/-20%

. A8 g;%FsT &?uubmm&mp : ‘ Operate: 31.5MV/m +/-20%
S ILC Goal - AS o o\ s
E 30 ' 0 mi Wa ‘ -
o TE—— T E#&Msc-em § EuroPez:"} XFEL
S : . - N— Ei————““;* 800 cavities
1t R — Rt T L 1G¢VB\>¢_>_ CEBAF 12 GeVTndeu ll")B'Bm (100,6 Of ILC ML)
E v.-'“v‘v“-‘v.‘v.t.'o.'gt 12 GeV Upgrade Goal LeLS- Goal  mc :
L M DA M M M O M Al 1 I
i coretrucIon NE

,,,,,,

CepC 2019 18-20 November 2019



(**  Main Linac: World wide Labs for RF systems

Largest deployment of

=y ?EXF | =] B} this technology to date

Y e e Laser I 100 cryomodules
- 800 cavities
- 17.5 GeV (pulsed)
NAUANL Kitakami
SLAC @ proposed ILC site
‘o) Cornell . ~ x
JLab LAL/_@P IHEP ® KEK®

Saclay © INFN Milan

: g LA S E e
,“‘~ » -
O SHINE g ' Sl
i
¥
-7 3
L
N Y
N f
A !
;

-75 cryomodules

-~600 cavities
US infrastructure for -8 GeV (CW)

§ - 35 cryomodules
- 280 cavities
- 4 GeV (CW)

1.3GHz 9 cell cavity
S. Stapnes, Granada 2019




@. Main linac: SRF Integrated global model

~8,000 x 1.1(Yield = 90%)
pesy,inven | ~ 9,000 cavities of mass-production

CERN = T ;
O _ i , | CC) ' TR|UM|:OO OOO Cornell
CEA-saclay, uu.-orsay 00 \ SO siac, LEERP JLAB
= '““c-'“‘“‘ | ILC - Hub-lab:
—y LIRS, @/ regionally
| - “ " { Host/Hub-Lab £ | hosting
Industry: : ' : & Test
manufacturin ! \ I
: B ( Industry '
components worldwide

CepC 2019
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CepC 2019

Main linac: SRF demonstrated parameters
i . W 557 W

Acc. Gradient in the
cryomodule

31.5MV/m

Average QO in cryomodule 1010

Acc. Gradient at vertical

=35(+20%)
MV/m
=90%yield

5.78mA

1312
3.2nC

554ns
727us
1.65ms
5Hz

32.5MV/m (PXFEL-1, DESY) DESY-Proto-XFEL (ILC-TDR V3, Part-1,
31 5MVIm(CM-2, ASTA) p43)
32 MV/Im(CM-182a,STF) FNAL-ASTA (E. Harms, AWLC14 May
2014)
STF(KEK news May 22,2019)
— (PXFEL-1, DESY) FNAL-ASTA (E. Harms, AWLC14 May
0.9x10"9(CM-2, ASTA) 2014)
0.7x10"(CM-182a,STF) KEK-STF report (Y. Yamamoto, STF,2016)
<37 MVIim> TDR vol-3 part |, Chapter 2.3
~04%
6mA (800us beam pulse length)
2400 (800ps beam pulse length)

3nC (600ps beam pulse length) DESY-FLASH 9mA-study,
2nC (800ps beam pulse length) TDR vol-3 part |, p.80

333ns
800ps
>1.65ms
10Hz

8-20 November



@' Final Focus: Nanobeam Technology
@b ATF/ATF2: Accelerator Test Facility courtesy:N. Terunuma

Develop nano-beam
technology for ILC/CLIC

* (Goal: Realize small beam-size and
theStabilize beam position

[ - b - (.
»n " Rt T

Q) N" |
e o e Aarsbanatery st SN =
/(—‘-—}{-H‘ - ‘*"—’-’-A‘

W S 1T G4 TN M

_.n_ o - e

decyon \‘
B ot ey e Man besm comple
W= e,
. ‘f| :. ‘;:::;-"' E"@ == :.‘ 3 Tev
FF: Nano beam-size A

Damping Ring (140m)

ILC-250 7.7 nm Low emittance e- beam
CLIC-380 190 29 nm =

ATF2 13 41 nm
(achieved)

(=8 nm eq. at ILC)

1.3 GeV S-band e- LINAC (~70m)
M

- Intensity dependence-wakefiels
) G rur? o= LAL . Sal-] & oo a2l FIC SLAG zi-  $Fermilab
A_ Yamamoto, 190513bb '

2

o

CepC 2019
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—E~140‘ 9-
£ o0l w=8.7nm/10

Intensity dependence p : i =
N SR

~w[nm/10°]=

2 2
VO,~Oy.n=0
N

Final Focus: beam size and stability

Goal 2: Develop a few nm position

Goal 1: Establish the ILC final focus
method with same optics and comparable stabilization for the ILC collision
beamline tolerances ® FB latency 133 nsec achieved
® ATF2 Goal: 37 nm = ILC 7.7 nm (ILC250) (target: < 366 nsec)

® Achieved 41 nm (2016) ® positon jitter at IP: 106 = 41 nm

(2018) (limited by the BPM resolution)
IP Final Focus Matching Extraction Line
l [ I et Tt
s Fined Doiibiet Pulsal Laserme OTHx "_;\_'}
/ ' t ¢ t WH“I
, \\furxum.?n ,
lamlnl::'i.v;::\:‘-; Meuitur o NanO‘meter
_1 B Qwdrgpote [l Sextupae [ Dipole B Show Quadrepole [l Cormetee " = : stabilization at lP
D Er | (ems)

! FB on

" 04 05 06 07 08 09 10
Beam intensity (x101%)

Intensity scan nov 2016 t

. Simulation |
£
i i mr =g £ . FB off
! O i 250 § >
1T 2 !
! 200 E g .
8 = '
150 =2 g
< [
.E
=
~
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@' Final Focus: FONT IP feedback

@

*Feedback On Nanosecond Timescales

https://journals.aps.org/prab/abstract/10.1103/ PhysRevAccelBeams.21.122802 , ,

ILC bunch structure

Bunch Train 2

e

02s

554 ns

| S
Id

Beam Kick [mrad)

S. Michuzono, LCWS2019

CAIN simulation

+0f2
0

-0.2

N=2e10
N N=1el0

Depending on the
relative position of
the beam, beams
are greatly scattered
by the beam-beam
effect.

0 +100 +200 +300

1 . o s
l‘AAllj =300 -200 -100
» Vertical Offset [nm)

& - : I l;l Il
unc acin x1312
o “uuuuud”ﬂm_m

; 0.726 ms
The position of the beam between pulse trains

shifts due to ground vibrations and equipment
noise.

On the other hand, the position of the beam
does not change significantly in the pulse train.

Efficient beam collision can be achieved with high- : ﬁ
speed feedback that measures the initial beam :
position of the pulse train and corrects the position
of subsequent bunches in the train.
Feedback latency should be less than bunch space.

The first bunch does not collide, but the
second and subsequent bunches will collide.

18-20 November 2019

CepC 2019



Final Focus: Demonstrated ILC parameters e
ﬂb mm

ATF2 beam size (a,) 37 nm (ATF2 41 nm T.Okugi, LINAC2016
design)
ILC beam size 7.7 nm (ILC design) ATF2

Feedback position 12% of 10% of 10% (FB OFF) ATF2 P. Burrows,

stability beam size (1Inm) beam size = 4% (FB ON) AWLC2018

Feedback latency <554 ns <366 ns 133 ns ATF2 Physics Procedia 37
(2012) 2063.
Phys.Rev.Accel.Beams
.21.122802

« Same beam-based correction procedure used in ATF2 gives very good —

results in the ILC BDS 1—;1.6' L% e s
* Short-range wakefields on the IP beam size are negligible in the ILC 13 ™
BDS. S1o P
* Long-range wakefields due to resistive walls, in a perfect machine, ";32 g ey
showed that they induce a significant vertical offset at the IP and thusa 37 S T
uminosity degradation, could be compensated with appropriate IP ' L P

CepC 2019 18-20 November 2019



Sy Beam Dump system

B |LC beam dump is designed for 1TeV collision energy, and ILC250 has enough margin.

P. Satyamurthy, et.al,, NIM A 679 (2012) p67-81.

Water dump (10 atm; boiling temp. 180%C)
Peak temp. by beam: 155°C

Waterflow: 2.17m/s

Intet temp.: 50°C
Diam.1.8m. length 11m (30X}
SUS 216LN, thickness 2 inch
End plate: SUSt7.5em

Temp. profile at Z=290cm

e N

Tritium is generated in the water beam dump. Saturated value is expected ~¥100 TBq (~0.3g
tritium) in the two beam dumps (100 t water).

- Detailed design of the cooling system
- Remote handling of beam dump window

Heat-exchange =
Water-pump —t

Concreate wall Shin MICHZONG

S. Michuzono, LCWS2019

ILC 250GeV Designed for 500GeV beam
SLAC 2mile LINAC - 22 0.75 MW ILC beam dump prototype
. CEBAF 09 1.0 0.73 MW In operation at Jefferson Lab from the 90s to the present. 2 units

water.

CepC 2019

(2 beam lines). Composite type with aluminum plates arranged in
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Surface IP canpus

75m Vertical Shaft

P | an Of I P Underground Detector Hall

Access tunnel

5GeV damping ring
Tunnel (3.2km)

N. Terunuma, LCWS2019

Surface Access Station

5GeV damping ring S u rface =

Access Tunnel (10% down-slope tunnel, about 1km length)
Tunnel (3.2km)

Underground
aCCeSS tu n n e | Underground AcceSf i_;lfvll

Access tunnel

AcceleratorTunnel




@' Acceleration preparation phase R&D
Loz P1P4 1 | 2] 3| a

S. Michuzono, LCWS2019

Preparation .
Construction
Commissioning

Physics Exp. -

Main tasks to be done during 4-year preparation phase

KEK ILC action plan

Accelerator Design  Design parameter optimization
Mass-production and quality control
Superconducting material. cawvity properties (electnc field. resonance
characteristics)
SCRF Hub-lab functioning
System performance stabilization
(Stabilization of the performance and maintenance. including intermnational
transport of CM )
Minimizing the beam size and demonstrating stability
Beam handling (DR, RTML, BDS, BD)*

e+: Undulator-driven (polanization) or an electron-dniven system (backup). heat

Nanobeam

Accelerator elements
- Positron source (e+)

- Beam dump balance of the dump. cooling. safety

CES Basic Plan by assuming a model site. engineering design. drawings. survey.
assessment

common technical Safety (radiation. high-pressure gas. etc.)

support Communication and network

General affairs. ﬁna_gq T Hi.pgj _jte_lqﬁplz‘lus, public relations

e e Administrative support for ILC pre-lab :



Ceo

European ILC preparation plan

cavityfabrication Including forming and EBW technol oy, 201718
Cavity surface process: High-Q 8-G with N-infusion to be demonsrated with
statics, using High-G cavities available (# = 10) and fundamental surface 1718
research
SCRF : . . .
Power inpat-coupler: plug compatible coupler with new ceramic window "17.19
requinng ne-coating i
Tuner. Cost-efecivetunar w/ lever-arm tuner design 2017-13
Cavity- strinz assembly: clean robotic-work for CA/QC, 201719
, — o —
Cryogenles Qgﬁlgn stuc_h,f. optlml.m Igygl.lt, emergen (v fgl lure mode analysis, He 01718
inyentory, ad cryogenics safety management,
HLRF Klystron: high- eficiency in both RF power and solenoid using HTS 2017 (longer)
Clyvil en@ neering andlayecut aptimization, indudng Tunnel Optimization Tool e
CFS 2017-15
(TOT) clevelopment, and general sef ety manazement.
18 NMW main beam dump: design study and R&D to seek for an optimum anc -
Leamaime relidale system including robotic work D17 (longer)
Positron source | Targetry simulation through undulator driven approach 1719
Rad. safety Radliati cn safety and control reflected to thetunnelfwall design 2017 - (loneer]|
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CLIC Review Key recommendations

CLIC Accelerator Study — Review of objectives for the MTP 2016-2019

March 1%, 2016 » Optimized, staged design: 380 GeV (optimised
for Higgs + top physics) > 1.5 TeV - 3 TeV

Report from the Review Panel e :
* Optimize cost and power consumption

Members: 0. Briining; P. Collier, J.M. Jimenez, R. Losito; R. Saban, R. Schmidt; ° SUppOft efforts to deve|op high-efficiency
F. Sonnemann; M. Vretenar (Chair).
klystrons
Introduction and general remarks * Develop 380 GeV Kklystron-only version as
The Panel was very impressed by the enormous amount of work that was presented, by the alternative to PETS
enthusiasm of the CLIC team and by the wealth of knowledge accumulated by the CLIC study.
The CLIC accelerator study has reached a high level of maturity and has been able to establish a « Consolidate hlgh-g radient structure test results

large community consisting in about 50 collaborating laboratories and universities, working
together on a number of technical challenges

» Develop plans for 2020-25 (‘preparation phase’)

After the publication of the Conceptual Design report in 2012, the CLIC Study is presently in the ) . . . )
Development Phase, to prepare a more detailed design and an implementation plan for the « Continue and enhance partICIpatlon N B

next European Strategy Upgrade in 2018-19. This phase is expected to be followed by a .
KEK/ATF2 for ultra-low beam sizes

Preparation Phase covering the period 2019-25; in case of a positive decision, a construction

CepC 2019 : | ~ - y 18-20 November 2019



2026 - 2034 Construction Phase
Construction of the first CLIC
accelerator stage compatible with
implementation of further stages;
construction of the experiment;
hardware commissioning

HIII

2013 - 2019 Development Phase

2020 - 2025 Preparation Phase

Development of a Project Plan for a
staged CLIC implementation in line with
LHC results; technical developments with
industry, performance studies for
accelerator parts and systems, detector
technology demonstrators

Finalisation of implementation
parameters, preparation for industrial
procurement, Drive Beam Facility and
other system verifications, Technical
Proposal of the experiment, site
authorisation

2019 - 2020 Decisions 2025 Construction Start 2035 First Beams

Update of the European Strategy for Ready for construction; Getting ready for data taking by
Particle Physics; decision towards a next start of excavations the time the LHC programme
CERN project at the energy frontier reaches completion

(e.g. CLIC, FCQ)

mes, CLIC 2019

‘ Compact Linear Collider




‘2 Legend ) CLIC at 380Ge¥an‘d~ upgra

S

e . _

~

Potential underground siting :

Wwa

- ~ - e -~ g P
- p g .

‘ ¢ - » -

CERN existing LHC # T ‘

CLIC 380 Gev =
CLIC 1.5 TeV i gl
CLIC 3 TeV '3

Parameter Symbol  Unit
- T Lt s %! Centre-of-mass energy Vs GeV
: ' = Repetition frequency Jeoo Hz
Number of bunches per train ny
Bunch separation ns
Pulse length : ns
Accelerating gradient MV/m
z : Pl L AN D, _ .' TR Total luminosity 10% em™s™
3 \ Luminosity above 99% of /s 10% cm™s™!
Total integrated luminosity per year fb~!
Main linac tunnel length km 29.0
- 4 ‘ _ , { Number of particles per bunch 10° 2 39
) Ty e L N e S T et Bunch length A um 44
LR . K : '.!' A g L B 0 g P beamsize _ nm 9] ~60/1.5
",',:‘ 38 % § z N g ! -~ 2, et S RaEe  Normalised emittance (end of linac) nm 660/20
oy #\. o Pt BT - PP e el A ey Final RMS energy spread % 3 0.35

£ atel \ ¥ ,
i N A e 2 Y W Pty -
CepC 2@_1,‘9” o ¢ '-"?_\'.’.f- X N RS IS e AN 3 X5 g e Crossing angle (at IP) mrad

‘.l

- oy

Luminosity increases could also be considered for 380 GeV with 100 Hz operation



CLIC rebaseline: 380 GeV and power generation

Drive beam time structure - initial Drive beam time structure - final
Klystrons
472 units, 20 MW, 48 us o 240 ns 5.8 us
LECEERE et »
DRIVE BEAM 140 ys train length - 24 x 24 sub-pulses il T
COMPLEX Delay Loop 4.2 A - 2.4 GeV - 60 cm between bunches 24 pulses - 101 A - 2.5 cm between bunches
A 73 m

2.0km
Drive Beam Accelerator
1.91 GeV, 1.0 GHz

sssssssss
nnnnn

@95 m

Decelerators, 4 sectors

Time Delay Line
e Yy SO
(J\-t- BRI e )(( 08 <<<<<<<««««(«<«<«««(«««««««««(« QL J‘%
TA
300 m 300m

Deoelerator each878m ¥ 92

e~ Main Linac, 190 GeV, 12 GHz, 72 MV/m, 3.5 km e*Main Linac, 190 GeV, 12 GHz, 72 MV/m, 3.5 km

\114km o

- ;;»)\)/ chTION

389 m Pre-Injector Primary e” Linac CR : Combiner ring

e*Linac for e* production TA : Turnaround
MAIN BEAM 0.2 GeV 5GeV DR : Damping ring
COMPLEX ((«((“—-—((«(“‘—oa PDR : Predamping ring
Target Gun BC : Bunch compressor

BDS : Beam delivery system

((«((“ a I: :: IBtuerr:l:tion point
Injector Linac Pre-Injector DC Gun

2.86 GeV e’ Linac
0.2 GeV S. Stapnes, Gr

Baseline electron
polarisation +80%

Spin Rotator

CepC 2019 — 18-20 November 2019



CLIC: Klystron option

R. Corsini LCWS2019

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)

A0 SN0

.,
o
’
.l|
1
i

. .
BUEEE i rmrmn D et livee S

N |

Klystron version funnel ;

cross-section i it
: W, THOT .
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CepC 2019

CLIC: 3 TeV and power generation

= i

25km 25km
Drive Beam Acoelerator Drive Boam Acoslerator
246GV 1.0GH: e 24 0¥ 110G
Decolorator, cach 50 m

W) i L LU L { ({6
D R G ,A««(« e -~
3.1km

o*Main Linae, 1 5 TaVv, 12 Gz, 720100 MM 22 ken

J/ cxrn

a'un.e CR : Combner ring
0 ZGW TA - Tumaround
DR : Damping ring
Hearls «««m—-—m—a POR Frodarsing g
- BC : Bunch compressor
Baselne eleciron BDS ' Baam dalivary system
polarisation +80% WP - Intaraction pont
®  Dump

2856 Gt o Unno
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Technical developments Qb

S. Stapnes, CLIC 2019

Modules (drive-beam, s Ly A A 78 e Final modules, from revised
klystron type) 2 g A YPua designs to industrial modules

Use existing test-stands for
testing, increase
manufacturability, brazed,
halves, conditioning

Optimized structures

o T . Efficiency and costs,
Klystrons and ol significant gains possible for
Modulators " efficiency, industrial cost-

‘ models and optimisation

Permanent magnets, industrial

Magnets capabilities

Detailed site layout and CE/

Civil engineering, infrastructure designs

infrastructure

CepC 2019 18-20 November 2019



le Technical developments:

Components:

Laboratory with 0

commercial

* Accelerating structures
* pulse compressors
 alignment
 Stabilization, etc.

~ 100 (+/-20) MV/m

Full commercial supply
= X-band klystrons

» solid state modulator,

-—

Systems Facilities:
(100 MeV-range)

« (NEXTEF KEK)
* Frascati
 NLCTA SLAC

Shanghai and Daresbury
« Test stand at Tsinghua

PSI| and Trieste

* NLCTA
* SmartLight
* FLASH

A. Yamameoto, 190513bb

CepC 2019

= Linearizers at Electra, PSI,

= Deflectors at SLAC, Shanghai,

- XBoxes at CERNER A Wl a5

-

C-band (6 GHz),
low-emittance
GeV-range facilities
Operational:

« SACLA

BB + SwissXFEL (8 GeV)

X-band (12 GHz)
GeV-range facilities
Planning:

* Eu-Praxia

« e-SPS

* CompactlLight

-~

Courtesy: W. Wuensch

Normal Conducting Linac Technology Landscape

CLIC

31.5GaVY Linac
Trarmber 10 SPS

I Actuleration lo
nsSPS

Extrocson




CLIC DR: extremely low-emittances

CLIC damping ring layout . e
Key challenges: - R. Corsin1 LCWS2019
High-curent drive beam, e~ 1c Worldwide light sources’ emittance
bunched at 12 GHz 10000.0 ¢ _
Power transfer & S cacdoia : @Existing
0 _— - ®rlan MAXIII PEPII
100 MV/m accelerating —— §_ 1000.0 + =
gm.ent - o E
Low emirance genergtion, r PETRAIIl (3GeV) e
son. Collsi S T ALy @ APS -
preservation, collision g 1000 - — ASTRID ‘& LEP
b= 3 ® BAPS-U ALBA 4 ELETTRA
i CESRTA *
E [ PEPX sLsll Nstsi PETRAIN® BESSYH
otk 28 Desgr por % b U bnpeoved dodgn of e CLIC DRs, for Use oo of fyp = 2GHs S 10.0 = ’——spm:g—n—.f—ﬂm
wwed Ny = 65 % 10%. The eoaguetsc ekl s varyieg; wioe the dipcle, g g ® CSRE 11 MAKOrSS At ’s&{u + o SPEARII
Frrooonters, Symbad [Uniy] Veeknks dipwie -E : ® TUSR DIAMOND 1l : . e £2 ES& ALS
[e— ™ % 3 DIAMOND
Branch popelatioa, ¥, (101 AT S 1.0 ¢ APS ._E_C.C_ee.ilﬂ__. SLS
Crapndorooce, C [u) - :1.4’ 2 sriy$ C ®
Noobay of e fi NN i N ¢
R;‘ \\:am“l\’ﬁll'\?]w 2 £ i Awustralian LS
BF Staticerey plose ] 80
Harmeede sanber, :“ - ?: 0.1 T T T T 1
Mossatom coes - )
Daniging titses, 7::,.,,«;.‘ [ (115 114, 084 0.001 0.01 0.1 1 10 100
Enorgy b/ Vurn U MaV] (13 - .
Horerea md vl v G ) . 1 Horizontal emittance [nm]
rhaenal vertical chiensekelty, -5 . v . . .
:}% m bz' ;'i m 1: Horizontal emittance is smaller at MAX IV. B
Wigzhe perivd, Ay fcn] Vertical emittance is smaller at Australian LS, SLS, DIAMOND.
Narrsalond beess. eevitiarrce with (B8, 0, fum-rad @ -
Nomzalied tors. emhtance with (B8, v, jas-rud .

Loogiundinal avsitisacn with NS, o (te]
e T 121 3/106
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CLIC ML: emittance preservation

Key challenges:

High-curent anve beam,
bunched at 12 GHz

Power transfer &
two-beam acceleration

100 MV/m accelerating
gradient

Low emirtance genergation,
preservation, collision

CepC 2019

R. Corsini LCWS2019

The CLIC strategy:
- AP enAl .

* Align components (10 um over 200 m) Ve i
* Control/damp vibrations (from ground to accelerator) § —’ RJ \ r‘\"fW\»Mm
« Beam based measurements 1 - |} ) —

- dllow to steer beam and optimize posifions e ’ S N0\
* Algorthms for measurements, beam and component _l e b v N

opftimizafion, feedbacks TR

ey oavyg

* Bxpenmental tests in existing accelerators of equipment : ek

and algorithms
(FACET ot Stanford, ATF2 at KEK, CTF3, Light-sources)

--

[c) Wakefieid plot: compared with
rumenca simulafions.
Reention 0 Iteratica 1 feration 3 () Specirum of meazured dofa versuz
Figurw 8.10: Phophorows bean profile monitor messarements 2t the vad of the FACET b, bedcer rumencd simulafion.

the dispersion corvection, after one iteration step, and after thros iteration steps. Iteration sero s bedoce
the correction



CLIC: next phase

October 2019, Sendai

CepC 2019

7 ywann

laweraton
betda e

Activities 2020-2025 Purpose

Design and parameters, final optimization and
system verifications

Construction of pre-series of modules
Accelerator structures optimization and
production of modules

X-band test facilities inside and outside CERN

Final parameters and design of magnets,
instrumentation, alignment, stability, vacuum

systems

Drive beam front end optimization to ~20 MeV
and system tests

Detailed site design, impact studies, finalise
infrastructure specifications

Luminosity performance, risk, cost power
reduction

Final technical design and industrial capabilities
Final design, industrial capabilities, conditioning
Needed for construction, further cost/power
reduction

Luminosity performance, prepare for
construction tenders

Drivebeam most critical parts, production
preparation

Final CE and infrastructure parameters, permits, =
tenders

18-20 November 2019




In Summary

» A e*te- LC is ready for start up ~2035: ILC hosted in Japan and CLIC at
CERN, in both cases promoted and set up as international projects

The main accelerator technologies have been demonstrated (CLIC
need large scale production)

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 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 ..



Summary at a glance

Higgs Factories

ee Linear 250 GeV ---
.

ee Rings 240GeV/tt

up Collider 125 Gev | -

ALIC 125 GeV

Readiness Power-Eff. Cost

F1“Technology F2“Energy Efficiency” F3 “Cost”

Readiness” :
W Tor  [ECZN: 100-200 MW W <LHC
7 i

(GOVA : 200-400 MW ()]

J./ 2 v
m rap [N >400mw I >2xLHC



—— e

....... But when theorists are more
confused, it's the time for more,

not less experiments.
(Nima Arkani-Hamed Cern Courier March 2019)






In operation

Present and Future Large Accelerator projects i constructior

An uncompleted view ... Under study

International Large Scale Projects

EPPSU
FCC/CLIC, ILC?

26 2028 2030 2032 2034 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 ;thlcurrent 16T NbsTn/NbTn 16T NbsTn/NbTn
Z-pole nano- 2ho e ool
Super KEKB FAIR . beam/stabilization FCCeh HE-LHC (HL-LHC) HH
XFEL LHCeC - 16T NbsTn/NbTn
LBNF ERL  CLIC

12 GHz SppC

nano-

beam/stabilization 18-20 November 2019




Schedule Implementation

I Proton collider

Possible scenarios of future colliders B Electron collider
[] Electron-Proton collider

mmss= Construction/Transformation

= Sps ERLIEN ILC: 250 GeV 500 GeV Preparation
g 20km tunnel 2 ab!

i

8 years C: 90/160/240 Ge ST

S ie/’j b/:?/,i:”"““ i SppC aim similar to FCC-hh

= 100km tunnel sderpnirrodd

o

R FCC hh: 150 TeV =20-30 ab-!
8 FCC-ee: 7 abb
At LI ) 1607250 Gev ol
100km tunnel 150/10/5 ab?
FCC hh: 100 TeV 20-30 ab'!

= '
5 HL-LHC: 13 TeV 3-4 ab'! HE-LHC: 27 TeV 10 ab*!
o

2years 6years ||HeC: 1.2TeV
0.25-1 ab1®

FCC-eh: 3.5 TeV 2 ab?

5 years

3 TeV
I
5 ab!

50 km tunnel

11 km tunnel

2020 2030 2040 2050 2060 2070 2080 2090

CepC 2019




Personal (A. Yamamoto) Technology View on Relative Timelines

Timeline | ~5| -0 15| ~20| _-25| -3 _~35

Lepton Colliders

Proto/pre- : :
SRF-Lc/cc i Construction Operation .
NRF—LC Proto/pre-series Construction Operation .
Hadron Collider (CC)
8~(11)T Proto/pre- : _
NbTi /(NB3Sn) series Construction Operation =
12~14T : : :
Nb-Sh Short-model R&D Proto/Pre-series Construction Operation
3
14~16T : :
Nb.Sn Short-model R&D Prototype/Pre-series Construction
3

Note: LHC experience: NbTi (10 T) R&D started in 1980’s --> (8.3 T) Production started in late 1990’s, in ~ 15 years



Future Projects Comparisons

D. Schulte, Granada 2019

Type Energy [TeV] Int. Lumi. [al] Oper. Time[y] Power [MW]
ILC ee 0.25 2 11 129 (upgr. 150-200) | 4.8-5.3 GILCU + upgrade
0.5 4 10 163 (204) 7.98 GILCU
1.0 300 ?
CLIC ee 0.38 1 8 168 5.9 GCHF
1.5 2.5 7 (370) +5.1 GCHF
3 5 8 (590) +7.3 GCHF
CEPC ee 0.091+0.16 16+2.6 149 5GS
0.24 5.6 7 266
FCC-ee ee 0.091+0.16 150+10 4+1 259 10.5 GCHF
0.24 5 3 282
0.365 (+0.35) 1.5 (+0.2) 4 (+1) 340 +1.1 GCHF
LHeC ep 60 / 7000 1 12 (+100) 1.75 GCHF
FCC-hh pp 100 30 25 580 (550) 17 GCHF (+7 GCHF)
HE-LHC pp 27 20 20 7.2 GCHF




Advanced Linear Accelerators

ALEGRO (Advanced LinEar collider study GROup, for a multi-TeV Advanced Linear Collider)
Workshop (March 2018 in Oxford): http://www.physics.ox.ac.uk/confs/alegro2018/index

from R Assman @ ALEGRO workshop , Future goals
1 00 Tev v ' = i T L2 v T \d v —T - - - .

7

beam-drivene - Discovery

linacs, FEL's) laser-driven e :

plasma acceleration

|
: |
e |
|
e plasma acc. ’
L =
D 1TeV }  pstorage rings : Higgs/Precision
L ﬁr ' :
3 I ]
= » , |
T 3 | 9
D E : Free-Electron Lasers
o0 1 GeV ¢ | E
— : etand/or e : -
- accelerators |
= (storage rings, ,
-
(4%]
=

1 MeV
! Tafima & i Mourou & .,
£ Dawson [ Strickland (CPA)

10 keyY ————————— = po—— p———

1940 1960 1980 2000 2020

2040
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Technical Challenges in Energy-Frontier Colliders proposed

3 Lumino Cost-estimate E: Major Challenges in Technology
(CM) sity Value [MV/m]
[TeV] | [1E34] [Billion] (GHz)
CDR

FCC- ~ 100 <30 580 24 or ~16 High-field SC magnet (SCM)
C hh +17 (aft. ee) - Nb3Sn: Jc and Mechanical stress
[BCHF] Energy management
C SPPC  (tobe 75 - 12 - High-field SCM
hh filled) 120 24 - IBS: Jcc and mech. stress
Energy management
FCC- CDR 0.18 - 460 — 260 — 10.5 +1.1 10 -20 | High-Q SRF cavity at < GHz, Nb Thin-film
ee 0.37 31 350 (0.4 -0.8) | Coating
[BCHF] Synchrotron Radiation constraint
Energy efficiency (RF efficiency)
CEPC CDR 0.046 - 32~ 150 - 5 20 — (40) | High-Q SRF cavity at < GHz, LG Nb-bulk/Thin-
0.24 5 270 (0.65) film
(0.37) [BS] Synchrotron Radiation constraint
High-precision Low-field magnet
ILC TDR 0.25 1.35 129 4.8-5.3 31.5 - (45) | High-G and high-Q SRF cavity at GHz, Nb-bulk
L update (-1) (—4.9) (-300) (for 0.25 TeV) (1.3) Higher-G for future upgrade
[BILCU] Nano-beam stability, e+ source, beam dump
C CLIC CDR 0.38 1.5 160 5.9 72 -100 | Large-scale production of Acc. Structure
ee (-3) (- 6) (-580) (for 0.38 TeV) (12) Two-beam acceleration in a prototype scale
[BCHF] Precise alignment and stabilization. timing

S
*Cost estimates are commonly for “Value” (material) only. I




Components SCRF NCRF | HLRF SC Mag. NC Mag. | Vac. | Optics Others

Techniques HG | HQ | CRYO | CRAB HE-Klys NbsTn CRYO

P | FC | FCC-hh X X X X X

R C

(0) HE-LHC X X X X Coll Integr.

J

E FCC- X

C eh/LHe

T C

S FCC-ee X X X X X IRs Integr.
LC | ILC X | X IRs e+

CLIC X X X IRs




=

CepC 2019

ILC Summary

Most of the ILC accelerator parameters have been demonstrated
at the various facilities.
SRF Technology matured based on the success of European XFEL

(10% scale of ILC Main linac).

ILC preparation:

* ILC cost reduction R&Ds are ongoing under US-Japan cooperation and ILC
inprovement adopting these results are considered at US.

* KEKissued ILC action plan.

*  European ILC preparation plan as “E-JADE” report was summarized.

KEK published “Summary of Recommendations on ILC Project”
based on the discussion at the international WG.

The technical preparation plan in response to reports by ILC
Advisory Panel organized by MEXT and the Science Council of
Japan is presented.

The plan identifies technical tasks to be carried out through
international collaboration.

18-20 November 2019




CLIC Summary

CLIC is now a mature project, ready to move towards the next phase

There is an consistent way forward with an initial stage at 380 GeV,
keeping the options open for future upgrades and/or other options

The cost and implementation time for CLIC 380 are similar to LHC

Key technical challenges have been solved, now further optimizing cost, power
and performance

CepC 2019 = : : S 18-20 November 2019




Luminosity recipe: linear vs circular

N_N_ I I,

471:JﬁeJﬁs 4ﬂJﬁ8Jﬂ8 f e’
P,=V, I +V_ I

SRe+™ e+

L=f,

The way to reduce SR power 1s to reduce beam currents in both electron and positron beam.
To keep luminosity high, one would need to reduce one, two or all 1n

JB.B, -\Jee, 1.

CepC 2019 18-20 November 2019



Luminosity recipe: iinear vs circular

» In storage rings additional limitations N 7.3
appear: beam-beam tune shift and IP £ . = ToPry <01-—05
chromaticity (small B,) which favors WY 2my oy (0y + 0)
high beam currents, large emittance
and high collision frequencies

> In linear the relevant number is the D = f =t O
disruption parameter Ve (0} +0'}..)0'x,y

> At high-energies the most dangerous effect
is begmstrahlung:_SR in strong EM field of 4 [ A
opposing beam during collision. It can cause <AY>=—\/;N2 ey
significant amount of energy loss, induce 9V3 o o,

large energy spread and loss of the particles.
Using very flat beams is the main way of
mitigating this effect

for c_>>o0



Luminosity recipe

Luminosity cannot be fully Beam Beam / ! .
demonstrated before project 7 eamstrahlung
implementation:

» Luminosity is a feature of the facility
not the individual technologies

» Relying in experience, theory and
simulations | Focusing
» Foresee margins ability

CepC 2019



Luminosity recipe: the “dreamt” Luminosity

Luminosity per facility

1000 —

D. Schulte, Granada 2019

Energy dependence: : ~ FCC-ee ——
: CEPC -3¢
ILC - -
At low energies circular colliders — ILC-up. -
surpass o 100 o SHC - '
1 + _up ..... O .....
» Reduction at high energy due to ﬁ
SR g
= 10 | ;
- - - '
At high energies linear colliders e
excel S e \
« Luminosity per beam power / | 1005\
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