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Luminosity:
IRZFZFDEEEEZRT =, F557Luminosity (X EETEIED
W (ZE>TULVT., Cross sectionZz#HT5LEAF T HAERBERKRDODLND,

M2 I0ESS: FIEBEZESE TluminosityZ R (T4 A%, 20OV ST T
KOIRILF—ZEBIERT H2ULENHY ., ENTHRRHMIZHIESINS,
B MmEzS: —BEILMNMERETELEVDT, BEDEREENEITRNEONTRED

Lepton colliders ( < 1 TeV). ITF Snowmass 2022

L « 91-160GeV

ARa54 5 —hF

10 ab~fyr (ﬁ':,iﬁZERL"C*(j:P:JﬂZ(:iﬁL\Ium|n03|ty(:§|]5§ED

B + 250 GeV

S a Afiza54 45 —HO0OF L Muminosity

BHaSA T —DRBIZEY Y EreachlI RS
100 fb~"/yr [ 350 GeV

FAR354 5 —THRIBEF AR E F

10f~/yr [ > 500 GeV

RIS AF —TDHEHRTHEE

000-hRfyr

Ecm(GeV)
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mﬂ » ILC-Technology Network
« Inter. Expert Panel
nlenalionl linea coller | EE S
IDT phase Pre-lab phase Construction phase Physics experiment
/\

Y / Aug. 2020 — ——
% comdiil Joint Pre-lab ILC construction \ !
R&D 4 by ILC Lab.

\é > s [T
Electron Accelerator
urce
ILC lab. based on

the Governmental

International Pre-lab organized
Development by MoU’S among

prlse S
team under ICFA the relevant labs. agreement

Y S e R
EEFMMEE Detectors (ILD & SiD)
Positron Acceler ator

F—2FSIVE
RTML

ILC: R

& ation of ILC

[EEtR A TERICERTAEREIOD IR
BIZEMMERZER., INEEF12 km, £2&K20 km
IR GECF 432 MV/m

R E AR A AN Y L TA )

HLRF
7.5%

— ’
= s

—

o _ e ,0} ) / -

HEIRENEZERZ8000AIEST " o E

%E:? - B%%}%éﬂﬂﬁbﬁﬁgéﬁé AR ER 3% iE @QKEK
ILCHNEZFDIXLRFIEDY: 5152-5830{5 F (£25%)
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ILC (upgrade path)

IRILF—TF VT L—bD=BHICIEMNERED R LA BE

m O
Nb
= ==
EEEE 80MV/m
FE0]5EEREHE @ 4K

45 50MV/m
@FNAL AN REREEICLD
(SRR 2 / ey mTRL2-3 ~ QEE

MRIBROERS IS (3
ZEBRA—1) ZFEA)  mTRL3-4 ZEZIC, REICHIS
NUNLOLT S ias) s

42-45MV/m ShiEaE
QfEmE (RB0) BHISTERTD 20MV/m .

(BIR4HD)
Nbi#E{riE -
o) HHoZE Nb3SniB{5&
(2022 £ @ 4K) mTRL4
RAREAE Z2ELL Ep ey Nl °
ZE AT

Possible upgrade <7 1) A

45-50 MV/m

TREEIULEOLRE
GENFIFILCIZZFDFEFEZ D)
60-70 MV/m

ZRAZIRDNE - EITEIMEE
GRARMGTHAUZER, upgrade )
100 MV/m

fEREEE (REEFDEMRE)
TNl

FEMRKRIZEZHZ or afterburner

e —2050%F: 250 GeV Higgs factory (REILIBDHENKIT11L350 GeVE?)
e 20504 -: 550 GeV - 1 TeV with 60-70 MV/m GBIIERS)

e 2070%-: 2-3 TeV with 100+ MV/m GElE) BEEZRNBE=HMZ AKE

(BAICH L THRAMNG RN AL E?)
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BE91.1km, 2P, TRR)L¥—
91-365 GeV

Numbers are for 100 km ring

-90 GeV Z 230 x1 0"‘4 75

2-4 experiments
160 P

240 Total ~ 15 years of
~365 top operation

pp 100 TeV 5 x 1034 2+2 experiments
FCC-hh 30 20-30 Total ~ 25 years of
operation
Experiment E_xperiment \ i, o ; \ FCC-hh operatlon
e R . Je = ‘ \ 3.5 TeV 1.5 10% 2 ab 60 GeV e- from ERL
< I N \ : Yy 3 Concurrent operation
: . - - technical Sit= with pp for ~ 20 years
Tochmical Ny 15 2160m ! 155~ 2160 m g Technical e BEatron N 3 f - Vsen=2.2TeV | 0.510% 1 bt 60 GeV e- from ERL
PH ! PE omentu ; N A 7 e ¢ Concurrent operation
800 MHz RF ss5 2 100m] collimation £ / DL Pl 8 with PbPb
PG (Experiment site) \\ : - - experimen —

“FCC feasibility study” A3 4T H
CERNAMOOEARIED FEZDIT
Ej:l:j'bﬁ:ﬁ%s #‘ﬁﬂ:.xil‘é?ﬁ

2025FICLIR—FHAEREIND T E
ZDE. BN T YT T—k
%$%2T. Pre-TDR phaselZ#17.
2028FEHMEFZREZHIELTLYS

Jperation of FCC-hh
ars of physics explotation)

%ﬁﬁ*ﬁ\‘?w S A% BAYA £2045-2048/ B 42
BEXJOY 7|:~ ?'ﬁg)%ﬁ(ﬂiitfd‘“ 100 TeV pp colliderl=7vyF 45 L—K
pp colliderlIZEHIZ#ENDE F (20704F LLI&)
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T DITHh DHiggs factorles

Cool copper collider
Al US D EIT. BEELARAER
2022-2023 Accelerator TDR completion /J]]lr_ Tﬁiﬁ L/—C)‘j] $j€_ IJ_J J: éﬁ %)
2023-2025 Site selection, engineering design, 8 km-t- H |ggS faCtO r.y?ﬁ\—]- ﬁl:.

prototyping and industrialization

2026-2034 Construction and Installation 7f)\7"d~ L) 777 '/‘J /7 7‘&7— -Ij-,r/)

thE THFCCEEABILF- St BN R 5 US‘iE 104 (3 252 A Al AE

CHLIF2035FENEREBIST(HEERE) 2 2040FRNERE

2026-DHESHEHEADIEIRE m—

HiEL T3 (IR LR R T E A7) CLIC: CERNDF R
) =754 % —&TiH

" oponon [ [ 2 [ [ v 380 3000 Go
BRI eI Tochnology 3 KSR
o [ommm| > [n|w | FCCMbackup opliont
o'onst [ |50 ] e [ 35N TIE()
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Higgs factory=&H < 5185

e ete-[FLHCOXRDOASAF—ELTHRE N
R, T AUDNTREZD LS BB S
— PR ERER I ZRIFFCCAVEB ZEHTLVS
« CERNAYI#E A IZpushL TL\EAY, FHESIIHE
» |ILCl&global project® #: 4 AEYZEESHTLVS

— )=7a54F —DE L% (energy upgrade, cost)lE&H S
« BARIZESTIRIKME—TTEEZEenergy frontierdcolliderstiE

— BREMTELDITIHREE. EFERICELERZTBIET
. YPIH- /E'l*”“F#J%(iILC%FCCee% HBEE A ZLN
— 1=ZL. ESE R H A\ FEE. BEIRILF—LLE)

- EB B[S %ﬁzé]‘i‘ﬂhtb’(%ﬁ%’&ﬁ&)é
> BEMNRENIEZTOTOD M ELTLNK
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Silicon Detector (SiD)
FIZTT AL

X
—
—

F[ZEHAR+TI—0Ow/N

2D MDAIEZRT IL—THH 5
ERIE1OLAGELD T, REIZEL (push-pull)h.,
HENEL1DIZHETBH,
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HBIEEWA (3.5 Tesla)
BN CTRENFZHITS

———
— alaliF e
gl R FOME. TRLF—ERE

1 R #Hi 28(TPC)
MEAFDEINEZFIEHEIZEE
E—LN(T

D)V BRIk R AR ER - R EG AR HH 55
RN FDOMEZREZICHET S

BRR

RN B F DR ER.
SMEIZHRYA=ENH D
"oNT=RFDIFE®MN D
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%EHO!) A—43 (20-30/8)
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- N N
fRiTEih. REFE0EH
Transformer, graph neutral network%i & @ ffi &4 RE R L .
AER/HEIL-THAUFITTER, AIBRRAD T4 —R N\ UL BET
Particle flow (for jet reconstruction) Flavor tagging (b/c/s/g tagging)

Reconstruct particles in jets
and subtract contribution from
charged particles

o
&

LCFIPlus:

b/c tagging software
developed in 2012
BDT used with

~40 input params

PandoraPFA: human-tuned
algorithm developed in ~2008
Still used in most of analyses

" | ; i
100 02 04 06 08

b tagging efficiency

FCCee ParticleNet:
>10 times better!
Maybe due to

fast simulation

(no scattering)

but still worth to try
with full simulation

SHE:

2 <

® S ©
& z 4 b4
@ > > >

_ _ . Using PID (kaon-tag) can help - both hardware
GNN algorithm developed for CMS HGCal being tried  (dE/dx, timing, Cherenkov) and algorithm studies

LY SRR ERDOMREERARICSIEHTICIEDNNAFEHD LT
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e HL-LHC#Z D5k a514 X —EL T,

e+e- Higgs factoryld&zA& 5

- EvI REELCTHYEER . BEDIEEAERA

- FIYEEEERL(SEITEER)

— YZF7aASARZ 5TV ITIL—KT

S50E L EIZh-UEHMEBIERDRZRE 1Y—ILIC
« Circular colliderl&100 TeV ppaS5 A& —~DATvFIZHY15ES

e |LCECERN®MFCCee, HELE

BRREJODIORDHEA TS

— WITNM—DIEEIRITHLEF (EHAAILCIZTE<EARF)
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AER/RTRANDSLD

*ﬁ?@fiﬂi‘fﬁﬁ 60-300 pum

- EESNLDT O &
(impact parameter) T

RLF D A kB fE]

RFDEFH=E-TRILFT—

— R ERFIXRIGTRIFTHENS

— hERIF (I vy —ZECLTAHAY A—4

RFDIESE

— BRRIEBAN NS A—2ZF AN THR S B 25T

N7V ZFBE XL FMEWZCGREN S HVEI E2E D HERE
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o L—I1%E. BIF70 B
— R/ REREIZZ DA FHRE
ﬁ&%ﬂ?ﬁﬁﬂ’:

| il il
Bunch Train 554 ns

SENEEEE—T E———]

NERRERRNY
Bunch Spacing 1300-2600
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ANFEMEOHEEER

. BEHT(OH)DEEERE

— E B (ionization)

— HIEhER ST (bremsstrahlung) &F D #
— FxL 2Tt ete.

« EFDHEBIER
—- BF-IGEFXER

— AV TRRREL(. B LY BREL)
- LEIR etc.

o TOM(PMENRAVIZE)

— JEREEELEL G E
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lonization
charged particle

gas detector

R ARHEI & 2 5 T

e*e pair sensor layer

BFDIRILX—EYMEET
T BpairD#IEiRES
pairD il - ZREIFERE BB T 2D N EIE S
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1" on Cu

/ Bethe
Anderson-
Ziegler
Radiative
effects
reach 1%

7
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==
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o =
Q
10 =22
—

Minimum
lonization

Nuclear
l losses

1

0.001 0.0l 0.1 10 100 1000 10°

By
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Muon momentum

electron L4} (3. F3ELEYE B TIX E[ZionizationT

I*)Lﬁ_g?g&g—o

10
[TeV/c]

100

fEH=FT
RZAHEX

faT BB AL

n (140 MeV)
K (494 MeV)
p (938 MeV)
e (0.511 MeV)
u (106 MeV)

et 5%
(FEAETK
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electron — multiple scattering

electron(EZE 9 H5HEFENEBEILVELUMNEZ LD T
1B EIDRRELDEEAKELD
LHOTCTEBLEIZMNSYOEEIEL
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W T

e+e pair
=% ff

Nnd

il B 5

Taikan Suehara,

1T AL F (I Zelectron) B E ([
,5\’375\%>tbremsstrahlung
(I B ET) ¥ multiple scatteringl=
FUELEDEFDEFHEMNE SN D
_ELHD
MBEEZEOT _ETHERERLED
ILCDtracker(ZIEME =

y JEL Q )
\  Positron: Lead (Z =82)

~ Bremsstrahlung

" Jonization
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« MIBAIFORIDHOMNITEIEZNOESIE D
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7

1{]_6 1 IIIIIII| 1 IIIIIII| 1 IIIIIII| 1 IIIIIII| 1 IIIIIII| 1 IIIIIII| 1 IIIIIII| 1 IIIIIII| 1 IIIIIII| 1 1 11111

I_
T T

T 1_U4HFWI1I+—|— EEERIE

E

| IIII||_l| | IIIIIII| | III||ll| | IIIIIII| | IIIIIII| | IIIIIII| | IIIIIII| L1

10 eV 100 eV

1 keV 10 keV 100keV 1MeV 10MeV 100MeV 1GeV 10 GeV 100 GeV
Photon energy

Taikan Suehara, ICEPPZEB[A] (14F Al 2=F—2024, 17 Jun. 202 page 69



electromagnetic shower

E)I—)LEE
(% T—DIRILTF—D

3ot A | B S 0855 90%HAHHE)
SRR THIF AR EAUIRIC BFESK. BEEOMET
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(XIF XL BB R,
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neutral hadron&hadron shower

| ABSORBER

E.M.
COMPONENT

HADRONIC

Heavy fragment COMPONENT

AR R G (2 &Y E [ ZpionE A R

mol& 9 <IZphotonlZERIR. B v —Z=#2C 9
—a—hrJ/ERETH-HEIRILEF—%F
FTERFIZEHTEAU O resolutionMELN
NFOVHEBERRAMIE#H S YT —&LYT 2K
> KEGATER/mDBHELTS
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NFEMEOHEERELED
» BRI F(DAH)DIHEEER

— & B (ionization) T+ [Emultiple scattering
— HIEhER ST (bremsstrahlung) &F D #
— W15 THIA S (pr [GeV] = 0.3 B [Tesla] r [m])
s XFDHEBIER
- BF-FBFEEFIER (> 10 MeV)
— 2 FRUEREL (0.1 — 10 MeV)
- FLEME (<1 MeV)

« hENFOCDEEER
— FERETE RN EL (AR BRI )S &
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ILD & Si

L[]
Yoke/
4673
| 4340

Yoke! Muon
FCAL

Vertex CMOS/CCD/... Chronopixel/3D/...
Tracker Silicon + TPC Silicon

ECAL Silicon/Scintillator  Silicon/MAPS
HCAL Scintillator/GRPC  Scintillator/GRPC
Magnet 3.5 Tesla 5 Tesla

MecAL 1800 mm 1250 mm
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* Cheaper (~20%)
* More advanced
 Slightly worse
iIn PFA performance
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FEERHI[ (PNF 1T —F)

P+ cell

£t —H
(n substrate

INA T A ENR

P+@|IZ7k—)L . NAIICEFIFHE
() N4 T RAENMOIZ kY

R—IL-BFHNEMBICIRNNFE LN
MICF V)T DENEZEBNFELE

T‘T mATFH BB SHEREFHD B -
s TR— L AMBE(RIZFIEE . KB 7E
é’h»EE./JIL /)Il.’h»é : - =%
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V)t g—
» FEREY—
— Bandgap energy 1.12 eV

— lonization energy 3.6 eV
1 MeV T 3x10° e/h pair (cf. Nal: 2x10* pe/MeV)

— Energy loss at MIP 80 e/h pairs / um
« EIRT{HERT (cf. Ge: HEMNE)

e [FEEZEMOA]...
BIL<fEHN AFHEI LKL
—SildAMILcENnD
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HERB )Y —
 [R#1%4: High resistivity silicon wafer
— Resistivity X 2> 2 &R/

> EIVEETZEZE

10 kQ-cmb*E Z > 300 umD Lt H—T<100V
— ;L\?‘y‘h\E?jm EEELMEBEER

— LOMREAHY ., TOFEFESIERLS
(64> F: 320/500 pm, 84 F: 720pm7i &)

—(EF5= afew fC (MIP) 7O WZB(EEENEE)
e DI/\NY AR
—A4AFI6AFI8BAF /124 F
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« Y —DIESE P pm.l
— ARy T2 H— (SIT/SET) Jm_gﬁ
P+&fZstripikIZ 7 E. — (n substrate
IXJ'ELL%@ i -

« fitEtEEHATHET
2RI B (2 x SSSD)

c EE@E/NFI—=2JLT
12 TR AT EE(DSSD™
« HtZENSNET—RAMELS
—/\wkt>H— (ECAL)
« 2RITIZHEILI-E B —
e IEBERFEIMELAT—RMEALY
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« JARNIRUDBEME
—z/NRIZEY—ELAT Dk
— B —DOKEFS, 1, cell/strip sizeZg&
_H—RyLStEs e R
njlf. LJL/\JI‘O)*%E e
— B EF R T OHPKO T 1>
« LY —DEE
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-~ —DEHA. BRE, G E
— #MEAZL A
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* |onization Dose

— MBFEECA A NEBRFL., fBEMNELD

— BRI FICEBRF A=

— U —READF A= o —EEICTLD
* Displacement Effect

—INLOEBD V) AV NRFREEELICKY =T HS

N5>BFEEMNEIL
—BFERIEMNT S
— FA—VIIBEIZEDT . KKEFEINTLSD
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« APD (avalanche photo diode)
— BEIXG ~ 10012 |
- BEEEVVUFLAERLEDEK
UFL—ALHAEHETES
— & (FEL
« SIPM/MPPC
— HAH—F—F. G~ 108,
RA7VTRE
— ZHEHOEIEIL(HHI: 1600)%F wE AU A
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Concepts and Prototypes
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-------------------------------------------------------- ; : .~ MO
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2kQcm substrate § readout AT
CCPD_LF: initial prototype | SNaEeT

LF-CPIX: Large demonstrator
adapted to FE-14 readout

| Towerjazz Investigator

= 180nm 1kQcm epl layer

= 3] source follower
readout

Also investigated: Global Foundry, ESPROS, Toshiba,
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@ LElIlCElStEI'- CMOS pixel development for the ATLAS experiment at HL-LHC
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BRIE AR HH S (vertex detector)
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Fine Pixel CCD SOl detector
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e 7 3D %4
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Back plane (p+)
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particle flow
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Readout pads
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Readout ASIC /
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PCB interconnect
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Front-End ASICs
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absorber structure
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DAQ interface boards
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on Central Interface Board

HCAL ECAL Sector Connecting Plates (10cm)

N Cathode gléss (1.1mm)\
Ceramic ball spacer (1.2mm) * resistive coating
Anode glass (0.7mm)
+ resistive coating
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