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Jorge de Blas, “Physics case for e+e- Higgs/Electroweak factories” LCWS2024.

P(e, €*)=(-0.8, 0.3), M =125 GeV
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For FCCee ZH operation (125 GeV, 26.7 mA) | Power loss (beam dump)
AE[keV]~1.89GeV—— Total RF : 2GV/turn i P=2xXEXI, X frep X Lpyise =|5.3 MW
Power loss :
P=2xAE x1, =[{100 MW TotalD- > T SDEN THIN B (FETTH.
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Ref: FCC week 2024, F.Zimmermann : FCC Accelerators status
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Compare ILC and FCCee (and others:-:-)
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Thomas Roser for the Snowmass Implementation Task Force 107! 10° 10 102
P5 committee meetingApril 13, 2023 CM Energy [TeV]

e Both are almost comparable for Higgs measurement @250GeV CM (B34 >~ 7 F3A)

e Circular colliders are better for lower energy (Z-pole) = FCC-ee, CEPC

* Linear colliders are more advantageous for higher energy (ttbar, HHH) = ILC (as Future collider)

For even higher energy: FCChh, MuCol, Plasma (energy scale of new physics?)
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Beam profile monitor
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33.1 MV/m (averaging for 7 cavities)

Achievements in STF-2 beam commissioning

Beam energy 280 MeV
o Beam power 75W
e Beam current 275 nA
' = i Charge 55 nC/pulse
[ Consistent within 296! !: # of bunches 1000 / pulse
’ ~ - Average gradient estimated from beam energy | 33.1 MV/m
STP-2MlR2E0 L — AR5 C. ILCOA % Sil (KEK news) Average gradient measured by power meter 33.8 MV/m

https://www.kek.ip/ja/newsroom/2019/05/22/1700/
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Goal 1:
Establish the ILC final focus method with same optics and comparable beamline

ATF2 LAYOUT tolerances (opticsMD FEHMIERET & A%
= ® ATF2 Goal:37nm = ILC6 nm
® Achieved 41 nm (2016)
e
=] Goal 2:
Develop a few nm position stabilization for the ILC collision by feedback
® FB latency 133 nsec achieved (target: < 300 nsec)
® positon jitter at IP: 410 = 67 nm (2015) (limited by the BPM resolution)
222 | | | | | | | Tiqu,m’c DEE M
400 T. Okugi, 1 25! | I Off: 0.41 um
=350 - ECFA-LCW, June, 2016 | ] I On: 0.067 um
o 300 - % 1 L
§ 250 - l Skew Sextupole Installed ?ﬁ’;iﬁfﬁ;‘;?o” 2917\u5§_(iwa k_e study 15 FB .
@ =i \. 4 Skew Sextupofes Installed  Skew Sextupole Modr’ﬂmn’oh D\EFI’L'\° (IntenSIty 10 o
E 122 I ‘ ' 4356’““.00?65 Focus on dependence)

o
o
T

|

Intensity Dependence Study- @ 5
etails in Sec.4.2.2) l

0
\ 2010 201 2012 2013 2014

Sextupole Swapped
\ https://agenda.linearcollider.org/event/7371/contributions/38027/attachments/30831/46133/LCWS_FONT _presentation.pdf

0
5 2016 2017 2018 -5 0 5

ONT FB O, 27

Position (um)
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(=5I(ZYFK) ILC Baseline and the Upgrades
based on SRF technologies (more than 20 years)

Quantity Symbol Unit Initial £ Upgrade Z pole E / L Upgrades Energy upgrades:

Centre of mass energy NE GeV 250 250 91.2 L 50l 250 [iooo] - 500GeV (31.5 MV/m Q=1 x 10'°)

Luminosity L 10%em =25~ 1| | 1.35 27 | | 0.21/0.41 1.8/3.6 5.4 5.1 - 1TeV (45 MV/m Q,=2 x 10'°, 300 MW)
Polarization for e~ /e* P_(Py) i 80(30)  80(30) 80(30) 80(30)  80(30) 80(20) - more SCRF, tunnel extension

Repetition frequency - Hz | 5 5 | 3.7 5 10 4

Bunches per pulse Mbunch 1 1312 2625 1312/2625 1812/2625 2625 2450 start i consructo d\ s006e oprans

Bunch population N. 1010 9 9 9 9 9 1.74 [ B— ;;f’iii?iiiiii:j:iiiii,jrw—q F%ﬁ
Linac bunch interval Aty ns 554 366 554/ 366 554 /366 366 366 - s ?

Beam current in pulse Tpulse mA 5.8 BB 5.8/8.8 5.8/8.8 8.8 7.6 (\ civil -:onstmcﬁ?mnsta..aﬁon soofe‘f operations
. , , , , — N — s S —
Beam pulse duration tou lse s T27 061 727/961 727 /961 961 BOT e 7 1/ Wiain tinac s

/
final installation/connection (base) IP

e+src

Accelerating gradient G MV /m 31.5 31.5 31.5 31.5 31.5 45 - removal frst 10 GeV of baseline linac

Average beam power Prve MW 5.3 105 | 142/2.840  105/21 21 272 0\ oot rparoum e N e ede [h“‘d*’w" %
RMS bunch length at mm 0.3 0.3 0.41 0.3 03  02% - 7/ e/ ey
Norm. hor. emitt. at IP Ve i 5 5 5 it it it nealetoncrsdditon
Norm. vert. emitt. at IP vy i 35 30 30 35 35 30 o
EMS hor. beam size at IP ar nm 516 516 1120 474 Hl6 335 O !;"F ‘f’ —

RMS vert. beam size at 1P a, nin 7.7 77 14.6 5.9 7.7 2.7 B R

Luminosity in top 1 % Loo /L 3% 3% 99 % 58.3% 3% 44.5%

Beamstrahlung energy loss dus 2.6 % 2.6% 0.16 % 4.5% 26% 105% Further ener—gy upg r-ades can be
Site AC power * Piie MW 111 138 94/115 173,215 198 300 i

Site length Lgite km 20.5 20.5 20.5 31 31 40 rea I |Zed by

- NbsSn cavity (>80MV/m)

S. Michizono: LCWS2024 (LC upgrade session) - Nb Traveling Wave (TW)
structures

\ C AU CupgradeTEdES5NLLVR? (>70MV/m) (see next)



The latest superconducting RF (SRF) technology (Nb;Sn cavity) @

Nb cavity

NbsSn cavity (coatina bv Vaper deposition)

Reduce heat load lower than 1/5.- Can
conduction cooling by small refrigerator.

Higher critical temperature
-» Operation at 4.2 K
Higher superheating field

= Double the limit of niobium 0

o di
Q

Blue: t|n
Red: niobium

18k +—— Lower losses

Parameter Niobium Nb,Sn
Transition temperature 9.2K
Superheating field 219 mT 425 mT <=
Energy gap A/k,T. 1.8 2.2 -I
AatT=0K 50 nm 111 nm
EatT=0K 22 nm 4.2 nm

2.3 26

Higher gradients

40MV/m = 80MV/m ?

Nb;Sn cavity

Sn vapor

' Nb cavity

’:: Thermal
" shield

‘ - Heater

»

Tin
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SRBEEMNnESES / N—3a vz —

T 4.2 K small refrigerator

Conduction cooling

.= Y

‘\\ T a
High current
beam

7 Thermal shield

~ magnetic shield

Vacuum chamber

Nb,;Sn cavity will be without He tank.
Many R&D were conducted all over the world.

10

10 15

TIKI

0 5

S. Posen and D. L. Hall. Superconductor
Science and Technology, 30(3):033004, 2017

20MV/m m QO"‘lelO i TIERK

11 F

1W

O Fermilab CBMM-D, 2019, 4.4 K
* Fermilab CBMM-D, 2019, 2.0 K

¢ CBMM-D after multipacting processing, 4.4 K

High Tc> can operate 4.2K X

5 1 0 15 20 25
E, oo MV/m] | |
20 40 60 80 100
By [MT]

en et al 2021 Supercond. Sci. Technol. 34 025007



Traveling wave C OYIIPER f [ UWI]L

WﬂfLﬂJUUUUUUl UUUUUU UUU'“I_

Standing Wave
in 9-cell structure

4 )DQN ( ) 4
| FY23 US-Japan
\ [T “Developing high-gradient
/ traveling wave SRF

: \ j accelerating cavity” in

g collaboration between
. Travelmg Wave R . L . KEK-Jlab-FNAL is
in 16-cell structure EFEKE(SW)IZXT L TTWIE T - & & Uifield TR T ZE %, awarded

=
>
N

Animations of accelerating field gradient profile in SW mode (Top, 9-cell structure) and TW mode (bottom, 16-
cell structure). The points identify the amplitude of the field acting on the particle in sequential time-steps.
3¢ Fermilab

Hiroshi Sakai,
2024/3/5



Summary

DT T 250GeVI DB TR £ —&IBS it
KhERER & U TR ILCHIEE (CHEAIRIIERZE TH Do
ILCEIRICDIF T, IREFEITNHMER NI,
%@#"%ﬂcﬁd)m‘c HAFER (FICBEEFIR) Bl
RZER, FJE—LDOHFEZTDO TL\D,
3DDMFEZEAAMIC. ITNO T CEHIEBREZEEUT
EHEL . NIERSEFFEMDOTREZSERSDH TL\D,

ARFEZ2023FEH S5 D5FTE Tt

HTHD. FIESFDH 2 DILCHIE
—_ EHROSNEBENTT




S Innovatlon

AT = ©
RIAZZ (FILCRABRBE B KUKEKTDICASAD A )\—Z=2 0 E LT
HENITIOSNELUESSITESREHWNZUET, B

AAFR(E. XERIFESR [FEINR2EsOEgER E(CEITTCEEER

S NE %3%JPMXP1423812204@3)]55275:2077' BAD T,

iICASAX > )\—%Zrh
& UTEIRTEDKEK
DILCHFEA > ) (—
(+a)

(2024.May)

34




Innovation

Superconducting
Accelerators
SRBGEENERT /N~ a3 g —

backup

35



SCDILCOIRNI(E R I (C K DILCHHIT ks

ITRP:International Technology Recommendation Panel

EfREfEEE8 s

SC Technology . 3 IDT
selected -

International
Development
Team

TDR:Technical Design Report
RIERETERE S
S NE:49. SNHEREE: 392, SI0%F :>2,400

ILC-250
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Promotion scheme of ILC / relation of Stakeholder | E_,
v ) Agcialeirat_orstmg_
Foreign
Governments
1. KEK& Japanese Government Sien medEreiinn
& IDT 1
- M. Finance
M. Forei =
2. Five o9 T m. Ecorind. ;
Party Meeting Intergovern.
DOE, et fef—iSCHSSON . Five Party meeting
t » Diet members
3. liaison \ Expert panel « MEXT (Government)
. : « Physici
office between 2) International . Indsijssltcrlijlssector (AAA)
Expertipanel + Candidate site (Thohoku ILC Prom.)
MEXT | | q
and Cabinet International KEK
office community ILC-Japan .
tarts @ | (-shino) (S-Asai) Industrial
Sta IDT(T. community =) sector
Nakata)
National Japanese
Lab.s Community ] _
CERN ﬂ_|_> Candidate site
1) ILC-Tech. Network :
1)’orWork-package Strong supports are obtained

Domestic

International




ILC is planed as the Global Project: 0 | i

Global vs International approaches o Future of CERN = FCC?
/] . 14 “The cost estimates in the feasibility study are subject to a large number of
Ca u Ses C h I C ke n a n d e g g p ro bl e m ' uncertainties, the effects of which are still largely unknown. The financing plan is

extremely vague and requires a high level of commitment from external partners,
which is neither assured nor even in prospect at the present time.

Under the current economic conditions, Germany is not in a position to provide the

.l apa nese Gove rnment co nSi d ers | LC/the next COl ||d er iS planned funding. In view of all these points, the FCC has to be considered as not
constructed with “Global” approach effordable.
) p p ’ Hence, CERN has to diversify its efforts and prepare for different scenarios including
1) Cost is not affordable one without the FCC-ee.”
BMBF Statement in CERN Council Meeting 02/2024
2) Human resource

Bonn, 23.05.2024 4

A) sustainable developments
on industrial invest and HR
B) Diversity of Science

Let’s discuss “Global Approach” for not only “ILC”
but also LC(with Various ECM & technologies)

Let’s have fruitful discussion !!!
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Nb;Sn cavity for the future upgrade
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A new concept for SRF proposed for ILC-3TeV and H
Traveling Wave (TW) SRF cavity, compared with Standi

Waveguide | =
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Prototype TW structure
under test

]nv tion

(_ K Center for
|“ | A
\\ Y e
S ] o

-

REEENNESE T /N~ 3 /t'/':"—
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SW: TESLA cavity (ILC baseline)

TW: proposed for ILC-3TeV, Helen

>70 MV/m operation

< Red standing wave — High Peak Fields,

< Green (acc.) and Blue (Return) Waves are Travelling Waves Lower peak fields,
< Guide blue wave in a return wave-guide to avoid SW peak fields

— attached to both ends

Higgs-Energy LEptoN (HELEN) Collider

HELEN: A LINEAR COLLIDER BASED ON
ADVANCED SRF TECHNOLOGY*

Fermi National Accelerator Laboratory, Batavia, IL, USA
lalso at Stony Brook University, Stony Brook, NY, USA
2also at University of Chicago, Chicago, IL, USA

S. Belomestnykh'!, P. C. Bhat, M. Checchin?, A. Grassellino, M. Martinello*, S. Nagaitsev?,
H. Padamsee?, S. Posen, A. Romanenko, V. Shiltsev, A. Valishev, V. Yakovlev
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Jalso at Cornell University, Ithaca, NY, USA
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Summary of future upgrade using SRF

Fﬁﬁfﬁ@ﬂﬂﬁ%ﬁﬁ'/’\ avkeryie—

ECIVI[GeV ]| Gradient [MV/m] | Length [km] Addltlonal material cost [MILCU] Technology ready

TDR 31.5 20.5 ~8,000 (~5,000 MILCU)

TDR 500 31.5 33.5 ~16,000 +3,000 MILCU

TDR 1,000 45 44.5 ~23,000 +3,000+7,100 MILCU In 10 years
Nb3Sn or TW 500 63 20.5 ~8,000* ? In 15 years
NB3Sn & TW 1,000 126%** 20.5 ~8,000** ? In ~20 years?

"

* Requires RF source upgrade (x2) + Cryogenic upgrade (~x2)
** Requires RF source upgrade (x4) + Cryogenic upgrade (~x4)
***Surface discharge etc. can happen at such a high gradient operation

15.12.2.2  Summary of Value and Labour changes

500 GeV TeV Upgrade
Baseline  Scenario A Scenario B Scenario C The total Value changes associated with scenario A, B and C are 6,706, 5,489 and 7,082 MILCU,
upgrade base respectively. These increases correspond to 81%, 66%, and 86%, respectively, of the 500 GeV Value

S = GeV 15-250 15-500 15-275  275-500 15-500 estimate for the baseline with luminosity upgrade. The total Labour changes associated with scenario
Gradient MV/m 315 31.5 45 31.5 45 A, B and C are 11,988, 9,416 and 14,256 thousand person-hrs, respectively. These increases correspond
Num. of cavities 7400 15280 8190 7000 10700 to 50%, 42%, and 59%, respectively, of the 500 GeV baseline Labour estimate with luminosity upgrade.

total cavities: 15280 19This is not quite correct, since some of the baseline RTML Value and Labour is associated with the beamlines from
Linac length km 12 25 9.5 11.5 17.5 the damping rings to the long 5 GeV transfer line. The RTML contribution to the 1 TeV upgrade is thus slightly
overestimated.

total length: 21.0
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—_— 2




MEEWAT HALF

®®
® 0
1200

DA—D

@

LT~

VEZERTSHFONEE
NEEBEADHFOUEE

RHMFREEZ L OHEHAHA

Ew T XiiE

KiEHD > =HFEHEL

NEEZ BHT
g Y L

W

' CNEBRICARB LT
FHOKXETLHIZAS
-

N

T, FHICBANBZENLEE,

et+e- 1515 —THREZ LT

gl: 1"_ ATLAS Preliminary —
= TE {s=13Tev,36.1-139f"" z.43
] C m,=12509GeV,ly | <25,p_ =19% o g
éLIf: H SM W ]
R, 1D | e SM Higgs boson " ]
*Uncertainties on x Kw ~ 59{5 f
) K; ~B6%" -
10° -1 =
= b :
% Kp ~ 11% -
10° K, ~ 7% =
- -
.4 ; Ky < 30%" _:
=T o =
bﬁ'} 1.4+ .
Z COWEELIST. -
(=] _
L Eﬁmﬁb@?ﬂ%ﬁéo
I ]
L] nabiy ettt (A SR S & =
. {} "
107 10 10
Particle mass [GeV]
By AEF S A




ILC parameters (snowmass 2021)

https://doi.org/10.48550/arXiv.2203.07622

Cuantity sSvmbol Unit Initial £ Upgrade Z pole Upgrades

Centre of mass energy vl GreV 250 250 91.2 S 250 1000
Luminesity £ 1Hem %! _1.35 2.7 0.21/0.41  18/3.6 5.4 5.1
Polarization for e~ fe™ P_(Py) pi 80{30) 80(30) 80(30) 80(30) BO(30)  80(20)
Repetition frequency Jrep Hz gy 0 3.7 0 10 4
Bunches per pulse Mhunch 1 1312 2625 1312,/2626 131272625 2625 2450
Bunch population N, 10t 2 2 2 2 2 1.74
Linac bunch interval Ady, ns hhd J66 nhd /366 54 /366 J60 J66
Beam current in pulse Touke mA 5.8 8.8 5.8 /8.8 h.8/8.8 R.R 7.6
Beam pulse duration sl Jis 727 961 T27 /961 727 /961 61 |97
Average beam power Pive MW 0.3 10.5 1.42/ 2 84 10.5,/21 21 27.2
RMS bunch length ay I 0.3 0.3 0.41 0.3 0.3 0.225
Norm. hor. emitt. at [P TEx Jm D D D D D D
Norm. vert. emitt. at [P Yey i 35 35 35 35 35 30
RMS hor. beam size at [P ar 1 516 516 1120 474 H16G 335
RMS vert. beam size at [P a, i 7.7 7.7 14.6 5.9 7.7 2.7
Luminesity in top 1% E{Hﬁfﬂ T3% 3% 99% AR.3 % T3%  44.5%
Beamstrahhing energy loss s 2.6 % 2.6 % 0.16% 4.5% 26% 10.5%
Site AC power Fhita MW 111 138 094/115 173,215 195 S00
site length Lisite km 20.5 20.5 200.5 41 31 4

)

Table 4.1: Summary table of the ILC accelerator parameters in the initial 250GeV staged configuration and possible upgrades.
A 500 GeV machine could also be operated at 250GeV with 10 Hz repetition rate, bringing the maximum hminosity to
5.4 - 10 em™%~! [30]. *): For operation at the Z-pole additional beam power of 1.94/3.88 MW is necessary for positron
production.
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WPP (work package prime) under ITN@&
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