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ILCTIHSYE (ESAREZIRIF—LEBE)

Jorge de Blas, “Physics case for e+e- Higgs/Electroweak factories” LCWS2024.
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Why LC (Linear Collider) e

Wiiapplied

U: 883 (C K BEnergy loss

LHC (BE£27km) E:000D0D00O00 FREMRKA
p=4.3km p:0 00O p = o :U = 0
P m:DHUUE ST (C K BEnergy loss/a L
HE JI]IBES
E* E> fRAZNNER 23 (linear collider)

NP V) smTERICE > THEBLERE, (18)ETDBAMIIEST
(TED EARSTRIRIBFEESIRVED., ITRILF—% TN,
(FFZNNESS DS ETEG]) FCC-ee (previous talk) UZF7I545— (ILC) DizE.
BRI OkmDilRzZZIRE., PeLDKE<L LT, Uz Repetition frequency of pulses: f.,

X TaIxRILTF—=ES,
BEEOR (BFDHS)
(E [GeV])*?
AE[keV] = 885 x — ——

P
For FCCee ZH operation (125 GeV, 26.7 mA)

AE[keV]~1.89GeV—— Total RF : 2GV/turn
Power loss
P=2XAE X1, =100 MW

~100MWEDREIXORX 2 S HEDD.

- Ref: FCC week 2024, F.Zimmermann : FCC Accelerators statys

Pulse length: Ly,
For ILC250 (125 GeV, 5.8 mA, 5 Hz, 0.73 ms)

Duty cycle 5 x 0.73 = 0.36%

Power loss (beam dump)
P=2XEXIy X frep X Lpyise =|5.3 MW

TotalD1 > T S OEHD THMULEEER (S ETZH,
THRILF—H4ETHRITEOXERINT LS BDT.
BIRILF—FEERE U TIESEILCHERNIICEF,
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Compare ILC and FCCee (and others:--) N,+N,-
4mo,ay Xf T o ()

PR

A. Miyazaki, LCWS2024 pre-school

100 ==
e FCCee ZH -
o z =
L [cm™2s71] 1.35 x 103* 6.9 x 103* E Snowmass o
'n 9,
N, 2.0 x 101° 2.0 x 10%7 s / 5
5 £ 2
3 L
f [Hz] 5 3000 5 — 4 3
) * 2
ny 1312 260 8 10° 8
aa2 =
o, [nm] 516 6300 g° ~Fcce —coC | §
X S —~—CEPC —+MC =
: TEeTEr
O'y [nm] 7.7 28 3 —+—ReliC PWFA {:”
—ILC SWFA =
Report of the Snowmass’21 Collider Implementation Task Force 1030 el —LWRA A 107!
Thomas Roser for the Snowmass Implementation Task Force 107 10° 10' 102
P5 committee meetingApril 13, 2023 CM Energy [TeV]

«  Both are almost comparable for Higgs measurement @250GeV CM (B4 > 7 F3A)

*  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?)

— REDORMTT250GeV LOE I RILF—&IHS RIHHIERE UTIE. ILCHIEEICHEDRINEIZ TH D,
\\ HHAS ILCE T F — (2025.Jan.28)
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( ) WEBELHE—L/IND—[Z B} AT —
I:)in = I:)beam + Pc + Pref + I:)t + (Pother ) ﬁiﬁﬁ’reﬁo ;Pir:j;t));am'j)b‘\a) Pbeam = VC * I
ZoRIZNETE 3T
Pin B AT/ ST — ol E R oss (POME LS, v,
Pref:ZRMNSD R ET/8T— P, = R
Pc:ZERE Thloss - sh
Pt: Eilﬁl%;@—m/\jv— (Pin >> Pot) S4A)EENED-6HIZ Shunt impedance
| Pbeam : E—LZINEY Hf=HD/\7 ) [ZPcEFS LY, R, =R/Q*Q,
— 388 3ok 7
BEEZER: E—LZMNE nv/—gaE 1= (300 - T) ﬁﬁﬁﬂféﬁqﬂ
I 5%E, Hei&kfit#4
ADHTS5—:ZEiR~D/N — ;’%‘;i*ﬁé «—a MEEE: Ve RliRE
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HOM damper: / HOM
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Circulator
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Pc << Pbeam = Pin
2B RNEREH LU
ANTz/NT7 —13100%
E— LMRICEHN S,

HEE
Pc > Pbeam (Pinh'7z <

SARBE, )
PUESCIRN

L —H — &% &3
Pbeam = n Pin

n<1% (L)L F—1gH
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ILC~DEERRPIEAXOLLERF & (B é@m R

= EK D Z & ZRF(Radio Frequency) & LYY E g7 s

A= #{=E (normal conducting) #B{5E (super conducting)
ERMRFEET. BEIL TWH D) SLC/PEP-1I, J-PARC, SACLA, TRISTAN, LHC, LEP, HERA, TRISTAN, E-XFEL, CEBAF,
SuperKEKB, BETF D ST K HE R 2% SuperKEKB
MEa I\ 32 37 (Oxygen-free Copper; OFC) — % 7 (Niobium; Nb)
D HEHERE ik, Btk WA D L, RIEEER
BELRE 300 K 42K, 2K
SV EEES AREL (E3HE) Q0=10M NEWL (BEFHIE) Q0= 10710 (1/1000000)
EF Rl BE 72 = B K D AR X X-band (12 GHz®) ¥ T L-band (1.3 GHz) £ T(BCSIEF D 7= )
ZZh o T DOETIEBEEDT % X-band(12 GHz)., BIEEDF % L-band(1.3 GHz®) THLE L £ 9
E—Aﬁm—%v(E—AwLL%é) INE LY RE W
754Xy b (IR RE) #(~* 10 um) 2(£300 pm)
/\V—ﬁ (RF‘/—X) KE W IINE L
EER IR AL 100 MV/m (X-band) @CLIC (CERN) 23 MV/m (L-band) @E-XFEL (DESY)
35 MV/m (C-band) @SACLA (GEHT) 31.5 MV/m (L-band) @ILC
INEHTABRE — LEIETE 3 DHFBEEEADA Y v b /

CZTIEMEAREERY EIFF LA, AL EEEHAICHYTIZEY 7, D IRTE ;t2004fE EREMEES

Luminosityl8 K~NEfE, /b — Ao)?&h‘ﬁ"‘EQILC’\%Fﬁo ILC%ETE%MEHTJ}’CL B2
ERCYEECN mL\Ezzi@—%HtﬁtuHT;t BE. BEESMANMEONE T, (ITRP)(C U,J&mé’imf:o
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Rs vs 1/T (ERL 9cell 2nd cav 5th&6th&7th measurement)

BEREAOSE ORI R, B
o 5th m

BIREZRMRFEX (E100nmEUF DR o 1 3GHz ERL ,ncmﬁ st
HURET B T o ot -
. QO - : . '?th: [
R = Recs + Rees » AT ‘ 20K '
\ \ I":geometrical factor % le-07 42K ------------------ l ------
BCSHEEMIZL % :Rpes REREER R RS=400nQ AR LERres=20nQ
Racs = Aa)— exp| — A(O) —C RBCS S
T kBTC T RBCS te 080.2 0.25 03 035 0I4 045 0.5 0.55 0.6 0.65 0.7
VT [UK]
Nb(Tc=9.2K)IZHE L\ TITF EER XN FE,
RS = Rges + R | ﬁ?resbf}kiégl \
L0fF ) 17 67 D% BR5( otéﬁziahvw (<10mG)
Rges = 2x107* —(—j exp (— ' )
T\1.5 T —ADHEROEREICIE :
f [GHz], TIK nE2DEARBRR YA C e
[GHz], T[K] | TED ElFaE—LUR k 7 7 K
f: frequency in GHz R. ZDEHRIFIR, EZh ZE R O
T: temperature in K (T<Tc/2) ~ 1278 %,
Z MRBCSK URres% T % Z & A’High-Q~DE QBEBKR. BRGEISLORAHILSE
—EEDK = ABIRIER, \ Q-disease’i & (&) / 20

. e,
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TVF) SOUMEPREREBRER Eom ET, #MORIE THIBTRIEE,

NE DR N H 5 & U 7= BRI (field emission)IZ & 2 QEL L £ /=%
NICLXBRELER, >BRHM2MEE GEIZFOME)

— B OB (&)

1.

2.

3.
i
e/}

S .

WFNDIFEELIERIZERATHIZE(100um—0. 1umD KES)IGH M4 LD,

I 5E o i (fERIE) EL TDQ-E curve

Field emission
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SRR IR

RreshREHERMND
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Eacc(MEREH)

K Q-diseaseM#f 5,
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Super KEKB

corz &
BZRE Thigh-QFE
Nb3SnZE R &

CFF ZZRMF

&5 [CREEEAOME, BEDEDD g ST 2005) Compact ERL (cERL)
R&DT#T L < Nb SnZZEDRFREZIT D TL) BILBZRRS. BRAE. 13-
50 ’ : B : %ﬁE;IE\UI_E\ :E§j_ _) |/7_‘X l\ :E:/“j_ _) 1/7__1 I\

| ILCA Long-pulset — &z ERISARATOWE — AR
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ESPO TBEEZERDMEZ LTS (12) DNt ? (KEKTORBIGEZE R ZEEE) o -
=T ) (& TRISTAN 500MHzZ2
R SIXES \'J.U:E =S E‘ / D —>IR1iE N\ Accelerators
RDKX DILBSHRZERAE EFERTIZIHDI U —IRIE, e RAKOR

(WLERE, WWKRENEE, WOWWETT)  (KEKTHIZEDIEHE1) s == 1989%F
NESS B> RILICAN BBICEHIIC “ =
SPACE | gFTuo L | j=—====
HE SN S Eacc = 6 MV/m
2orEn ST B AL dy e Qo = 2 X108
a7 INERTZEAD PERER B D ﬁifﬂiﬁ.”. —
iﬁ/\Jd:5 (: I N 0 2 8 10 12

Eacc (MV/m)

REDIANDES ‘

| 2 KEHEIE@ Y. Yamamoto, NIM-A (2013)]

STF

Test Results of 9 cell Cauty Performance at STF

(CFYOStat% H o = == 2',::',: ::
58> 7222 Rl RE = : :
g iil) o
o Eacc = 31.5 MV/m o
y VSR T md ety Qo =1x1010 . s
, R 72> T U@class 4|+ g : , IR % ,ﬁ;w,;f TR
%_ 7DJI| 7 : : | ) | a ) ia
RIEREKI%F (HPR) REARE It T F— (2025.Jan.28) 1.3GHz 9L

{Nb RAEWE(EBW) — EEFAE (100um)— 7=—JL (750,3h) - FUF1—=>—> t+ LIFEMBAE(20um) 35MV/mMT1*1019DQ1E,
— BEEES(50E,1h)—> HPR(8MPa, 7h)—> 77> JU - R—F> /2 (150&,48h) — HitAIFE HEED 1 —)LREH
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800=2HED
BInEZEE
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Pure Nb sheets

Z27:8004
QfBE

EURO-XFEL@DESY #1%

> 1x1010
HOERER: 1.5km

‘‘‘‘‘‘‘‘

4 HERAER:23.6 MV/m @
B
MEx[.

(RRR > 300) KEK_C‘O_)
800&THI3E ZRRE(TL R, . HFEEE
(several tons) fF BFE — LJBHE) - CE
B 800AT3E kE  oAREIE(E o
ERER () PIBET FREEE, LR, ORI (VT) e >a1-)b
Ninxia, RICH), BIUKSER(HPR))  (REHTo  Cryomodulel-i __
ZANON (%) oU—> i) 2L 20 B et . W Z{EH,
assembly PESY(’E) /t T SFPEEESEAT (CM) : i —
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KEK T DS 3eDEFIAM STF-2 high-G module study (2019 - 2021)
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X ~280 MeV

33.1 MV/m (averaging for 7 cavities)

Achievements in STF-2 beam commissioning
Beam energy 280 MeV
Beam power 75 W
Beam current 275 nA
s il Charge 55 nC/pulse
; [ Consistent within 2%! E # of bunches 1000/ pulse
Average gradient estimated from beam energy | 33.1 MV/m
STF-2pliEEDE _Aﬁﬁﬁ_c + ILCOit#ra XA (KEK news) Average gradient measured by power meter 33.8 MV/m
https://www.kek.jp/ja/newsroom/2019/05/22/1700/
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Goal 1:

Establish the ILC final focus method with same optics and comparable beamline
tolerances (opticsU] U1 L0 00 0O 0O 0O 0O)
® ATF2Goal:37nm > ILC6 nm

® Achieved 41 nm (2016)

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 2 67 nm (2015) (limited by the BPM resolution)

] ' ' ' | ' BRI TORE M
I T. Okugi, 25| | NN Off: 0.41 um |
I _ ECFA-LCW, June, 2016 . I On: 0.067 um
L . 20
i ' \ “\‘ 1 Skew Sextupole Installed | ~Orbit Stabilization 20 1 71;{ BIQI: (a"Wa ke StUdy 15
| i . | 5FF Sextupoles i b“iFl N . . F B on

\\’ 45k Skew Sextupole Modification 1LY (IntenSIty
| . e ew Sextupoles Installed _ _ d nd n ) 10
™~ N 4 FF Sextupoles Focus on epe ence
B i " ' i Intensity Dependence Study-{ @ 5
S S

L 00y : l

i I i 44 nm i 41nm i i D L "

2010 2011 2012 2013 2014 5 2016 2017 2018 B _ - 0 5
Sextupole Swapped ONTFBO FREKRF ICt IS — (202§.Jan.28&'°sition farsis 33

\ https://agenda.linearcollider.org/event/7371/contributions/38027/attachments/30831/46133/LCWS_FONT_presentation.pdf
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(=5I(CYF3K) ILC Baseline and the Upgrades
based on SRF technologies (more than 20 years)

Quaniity Symboli Unit Initial L Upgrade Z pole i / L Upgrades
Centre of mass energy NT) GeV 250 250 91.2 | 500 250 m
Luminosity L i0*%em—%s~% [ 1.35 2.7 0.21/0.41 1.8/3.6 5.4 5.1
Polarization for e~ /e P_(Py) % 80(30) 80(30) 80(30) 80(30) 80(30) 80(20)
Repetition frequency Teon Hz | 5 5 | 3.7 5 10 4
Bunches per pulse Nbunch 1 1312 2625 1312/2625 1312/2625 2625 2450
Bunch population N, 10" 2 2 2 2 2 1.74
Linac bunch interval Aty ns 554 366 554/ 366 554/366 366 366
Beam current in puise Ipulse mA 5.8 8.8 5.8/8.8 5.8/8.8 8.8 7.6
Beam pulse duration toulse us 727 961 727/961 727/961 %1 897
Accelerating gradient G MV/m 31.5 31.5 31.5 315 315 45
Average beam power P,.e MW 5.3 10.5 1.42/2.84%  10.5/21 21 27.2
RMS bunch length ol mm 0.3 0.3 0.41 0.3 0.3 0.225
Norm. hor. emitt. at IP Ay Jm 5 5 5 5 5 5
Norm. vert. emitt. at IP Yey nm 35 35 35 35 35 30
KMS hor. beam size ai iP o’ nm Hib 516 1120 474 b1b 335
RMS vert. beam size at IP a, nm 7.7 7.7 14.6 5.9 7.7 2.7
Luminosity in top 1% Loo /L 73 % 73% 99 % 58.3% 3% 44.5%
Beamstrahlung energy loss dBs 2.6 % 2.6% 0.16% 4.5% 26% 105%
Site AC power * Psite MW 111 138 94/115 173/215 198 300
Site length Lite km 20.5 20.5 20.5 31 3 40

S. Michizono: LCWS2024 (LC upgrade session)

\ C AT TTupgradeTEd ESNLLVR?

Energy upgrades:

* 500GeV (31.5 MV/m Q,=1 x 10"0)
- 1TeV (45 MV/m Q,=2 x 109, 300 MW)
- more SCREF, tunnel extension

500GeV operations

BC /| Main Linac
(base)

start civil construction

§ /]

f

BDS
B
£
civil construction + installation

P
| 500GeV operations C;

BC / BDS
P

: 8
i

Main Linac
final installation/connection (base)
- removal first 10 GeV of baseline linac
- removal/relocation of BC

| RS ial
- removal of turnaround etc. ke (
—_

€

BC |- /" Main Linac M BOS
(base) @ P
Installation of addition
magnets etc.
. Commissioning / operation at 1TeV (
A e A
BC Main Linac Main Linac © BDS
(upgrade) (base) ; P

Further energy upgrades can be

realized by

- NbsSn cavity (>80MV/m)

- Nb Traveling Wave (TW)
structures

TS T0MVI) (see next)




The latest superconducting RF (SRF) technology (Nb;Sn cavity) (/'zzzz;sa::

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

Blue: tin
Red: niobium

Parameter Niobium Nb,Sn

Transition temperature 9.2K 18K I_owe r |Osses
Superheating field 219 mT 425 mT <

Energy gap A/k, T, 1.8 2.2 | . .

AatT=0K 50 nm 111 nm ngher gradlents
£atT=0K 22 nm 4.2 nm 4OMV/m 9 SOMV/m ?
GL parameter k 23 26

—

Applied
7, Superconducting
Accelerators
SRABEEMKE S / N~V avtri—

©

Nb chamber Nb;Sn cavity —— 4.2 K small refrigerator
Sn vapor :. \ Conduction cooling
R —
Nb cavity \
4 Thenmal High current | ~
shield -

beam

i1 Heater

»

~ Thermal shield

Tin ~ Mmagnetic shield

Vacuum chamber

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

10127 Q,,gwenfarl JGHz!LCshapecuwtres ZOMV/m m QO~1e10 i TL}JX
—'Nb 10" F ooroocon 05W _— 1w]
—Nb3Sn * N
1010‘ et ‘
10°
O Fermilab CBMM-D, 2019, 4.4 Pgl
6 * Fermilab CBMM-D, 2019, 20 K
10 0 10 1‘5 240 . ¢ CBMM-D after multipacting processing, 4.4 K
T [K] %% 5 10 15 20 25
H MV/
High Tc> can operate 4.2K Faco MV J ,
. R 20 40 60 80 100
S. Posen and D. L. Hall. Saper?v%ﬁjﬁgﬁfor ILCt < 7 — (2025.Jan.28) By [mT] 37

Science and Technology, 530(3):033004, 2017 en et al 2021 Supercond. Sci. Technol. 34 025007
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Standing Wave i
g Increase Transit Time Factor (TTF) for HG Conceptual design by Pavel Avrakhov

in 9-cell s Li} VYVYVW y

b
= W
&

g by e 3

FY23 US-Japan
“Developing high-gradient
j traveling wave SRF

‘ 1 X e
| Y | |
>ﬂ< jk accelerating cavity” in
collaboration between

Traveling Wave KEK-Jlab-FNAL is
in 16-cell structure EFER(SW)ICX L TTWIL T - & & \WMfield CIIR T E 5, awarded

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.

2% Fermilab
38 REAZE ILCHEIF— (2025.Jan.28)
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ITRP:International Technology Recommendation Panel
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1. KEK&
Community
& IDT

2. Five
Party Meeting

3. liaison
office between
MEXT

Promotion scheme of ILC / relation of Stakeholder
=" Accelerators

="
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Japanese Government

Cabinet office

M.

Finance

M. Foreign
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Eco/Ind.

Foreign
Governments
Intergovern.
discussion
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2) International
Expert panel

Diet Federation

For ILC

¥

Expert panel 1

and Cabinet
office
starts

>

Five Party meeting

» Diet members

* MEXT (Government)
* Physicists

* Industrial sector (AAA)

» Candidate site (Thohoku ILC Prom.)

International TLC-3apam
communit -
’ “ (M.Ishino)
IDT(T. community
Nakata)
National Japanese
Lab.s Community
CERN M

KEK
(S.Asai)

1) ILC-Tech. Network
for Work-package

)

Industrial
sector

Candidate site

Strong supports are obtained
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ILC is planed as the Global Project: @ [ e
Global vs International approaches o Future of CERN = FCC?
causes Hchlcken and egg prOblem". “The cost estimates in the feasibility study are subject to a large number of

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

Ja panese G overnment cons | d ers | LC/th e next COI I |d er iS planned funding. in view of all these points, the FCC has to be considered as not
constructed with “Global” approach i,
i 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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