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Measurement Fit  |O™*-0"|/c™** .‘. A(xl(f)d :
0O 1 2 3 5 - . - —
s v —0.02761+0.00036 :
m,[GeV] 91.1875+0.0021 91.1874 _ [ -
I,[GeV]  2.4952+0.0023 2.4966 0.02749+0.00012
o), [nb]  41.540+0.037  41.481 4 - * incl. low Q data s -
R, 20.767 £0.025  20.739 .
A 0.01714 £ 0.00095 0.01650 . ¢
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AP 0.0998 + 0.0017  0.1040 i
A2° 0.0706 + 0.0035  0.0744 B
A, 0.923 + 0.020 0.935
A, 0.670 £ 0.026 0.668 i
A(SLD) 0.1513+0.0021  0.1483
sin’07'(Q,,) 0.2324 +0.0012  0.2314 —
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I, [GeV]  2.133+0.069 2.093 § > -
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2013, 2016: China Xiangshan Science Conference
concluded that CEPC is the best approach and a
major historical opportunity for the national
development of accelerator-based high-energy
physics program.

2017: Japan Association of High Energy Physicists

(JAHEP) proposes to construct A 250 GeV center

of mass ILC promptly as a Higgs factory.

2020: European Strategy for Particle Physics,
An electron-positron Higgs factory is the highest
priority next collider. For the longer term, the

European particle physics community has the
ambition to operate a proton-proton collider at the

highest achievable energy.

2022, ICFA “reconfirmed the international
consensus on the importance of a Higgs factory as
the highest priority for realizing the scientific
goals of particle physics”, and expressed support
for the above-mentioned Higgs factory proposals

bE CEPC (+@) &2 Fcc (CERN)
(2013) e ,
e

8
2012/17

- Higgs Factory & F » C.
- REBAEE LT

I—a .y
(2020)
= EW Scaled Y Lto¥pRBoRE 4153
DIBRE OB RE £ 18
ICEA ( EEREEMRE, Dark Matter, 52 0 R E M,
(2022)

WBRB DTS, etc. ... LA s kX kv




o
Higgs Factory o #p3%

J's =250 GeVToi)ig

£ RBER (fb)

NI .
200 250 300 350 400 450 500
A ELRIRILE—(GeV)



Precision of Higgs boson couplings [%]

(@)

w b O

T —
B HL-LHC ®ILC250 i
B HL-LHC ©ILC250 @ ILC500
............. darkllight: S1/s2
LHC LHC LC

K=8y/8x°" = 1+Ak
Ax ~ O(v?/A?)

R 2 Riy W%

Y w2 t/i2 AN10

Az 1L, 1TeVIZEFYIL
- ~6%DXV ¢t LTED

SDERTRRACT, FHLVWPYEOD

FAR2RS 351213, HEAADLE




1[MHL-LHC 2 + LEP/SLD

Il CEPC Z,,,/WW/240GeV,, |l |LC/c3 ZSOGeV W CLIC 380GeV,

Il MuC 3TeV, 1

(combined in all lepton collider scenarios) ([llCEPC +360GeV, = :tg; +:13%',_0\(/;,evo »+500GeV, .8H8 +;1§TVeV2 5 =R/I/|u8 12;%\/{? T
Free H Width C® +1TeV, +ol€Vs u €Vo.o2+1UleV 19
» no H exotic decay M FCC +365GeV; 5 ipts denote luminosity in ab™', Z & WW denote Z-pole & WW threshold
D 10— | u | i ' =10 &
2 107 | 1107 &
= = : = «Q
o Ease _ 5 7]
= - ) -
(@)
n = ’ : 'U
3 2
= - i Q
T 10— _103 @
-4 1 -4
10 5922 144 Zy 10
H H H
gauge bosons ..................... H ..................... ferm'ons
=+ + == . _ N ~ .
BHROFZIRIB : D775 ECRITCVERVTF2)

e CEPC (#vvv) [/l FCC (&) //ILC
« ( HL-LHC (Jx

) ITHXT, #E. D514

(fFxB) E¢hTHHE
aRE )

E ~1% or better




16

Happy>¥ 7> ) % : %:l:

s 15%
()]
5
E 10%
5
'g 5%
()]
)
S 0%
]
o
@ -5%
D
I

T DA E 5 & Next Step~

Higgs&E 2214 mmeancrzLcwzmo)

BENXJERTW5DH?

FZRF0EFEoOME %
BRLECiEEeRI *Z 1t
STV WLH?

SUSY (MSSM)

MSSM (tan =5, M, =700 GeV)

Z W b T C

_Downﬂ/f 7 (b, T)2LEIEN |

. ILC Projection 250 GeV, 2 ab”, EFT fit [arXiv:1710.07621]
—— Model prediction

* up v.s.downf 4 7
- Jx—2 vs. VT bV
B 2 1€ vs.

£ 3

15%

10%

-5%

Higgs Coupling Deviation from SM

-10%

-15%

Composite Higgs

Minimal Composite Higgs Model 5 (f = 1.5 TeV)

Z W b T c
i 2468912 iR }
S — i

. ILC Projection 250 GeV, 2 ab™", EFT fit [arXiv:1710.07621]

—— Model prediction

5K 5
THE UNIVERSITY OF TOKYO



17 Exotic Higgs Decays = i FRH

95% C.L. upper limit on selected Higgs Exotic Decay BR

5K 5
THE UNIVERSITY OF TOKYO

m HL-LHC
“|mILC (2ab™)
mILC* (2ab™)

—
<

BR(h-Exotics)
2

—
<
w

(

B0)(ryy (g Wy vy,

VE, | Ob)sge s, TDsmg Pbrmg, Trme, e, (Bbyop)| Cojeey UG

@ @ N 8ETILD Preliminary, L =900 fo™ me = 30 GeV uuH_4b_me30
@ F Vs=250GeV, P(e, e') = (-80%, +30%) E "
Fully Invisible Higgs Decay H — ¢¢ — (bb)(bb) § o i s
95% CL Br=0.16% i3 ] llaqqg
=
+ 3 |
H :
e v 13 ‘
1= i -
0 10 20 30 40 50 60 70

80 90 100
(m<p1+m(p2)/2 [GeV]



18

—— 1Y% -VDITR)LF—ORX

E, m

Y=7 74 X—DEH
Energy Extendability #°

CIN-1A N X 7
N

vyvuabuavisg
E, m

E4
m*R
ITRILX—DA4FEIZLH

AE




19

S

5K &
THE UNIVERSITY OF TOKYO

LC - Energy Extendability
125 + 125 GeV

—— —

R RR: 25-30%, ZoR..
BIES 5 hEDER 31.5 MeV/m = ?

SRAERL B 0 ? § —

SM»6 DX v
- J/s=1TeV

+E GeV UJ@E’?@BXN

- 4{E4¥RIVT 3HM
30412 availableZ & €N {#E S

ARLO R + TR & &

'+E"GeV ETEP)
—»;4—



20 3RIZHFBILCOMET I o

x. N,
U Bl N
THE UNIVERSITY OF TOKYO

( ITFNX—CRFFEHRILTCERIE

LHC : 14TeV (- g $9k5t@ FCC-hh : 100TeV)

[A] 5T

(B] - %

(B 8EFE—L"F" T

Witk Z 2R EBTAE
J-PARC, B-Factory, t8[&
AE - At~q/2»h

« NEEEMERIE FFA
- B35 FI X —IRREIRLS
e.g. BFHE (@) (HHLS )




21

BR(h—EXotics)

a
=
QO
o
C
O
2]
(@)

Q0
(7))
(o))

2

I

(Vo
(@)
C

Q

R
O
(]
| -

o

Higgs Coupling

N
N ) o

250 GeV

Higgs Exotic Decay

m HL-LHC
1 miLC (2ab™)
miLC* (2ab™)

95% C.L. upper limit on selected Hig

il

Me, (bb)*ME, +me, (")»«MET bosmg, Dme, Tremg, [(00)(py,

380 GeV

)

o 05

C

2 04

(&)

&

® 03

3

5 0.2
0.1
0

Higgso B C#6

P(e+,e-)=(0.3,-0.8): — Higgs-strahlung (ZHH)
— WW-fusion (v v HH)

,-0.8): ... Higgs-strahlung (ZHH)
--- WW-fusion (v v HH)

P(e+,e-)=(0.6

my =125 GeV

SMoV(g)L
K% 3% €02

BRADFHOEZE
(B v J RIBDIE)

EVTRARTYI¥IL V(D)

REOAEBET
EfgcE34H

400

600 800 1000 1200 1400

centre of mass energy [GeV]

550 GeV >>> 1000GeV? >>> multi-TeV?

HF % @ $t#:1%5 i< & 3 Energyikiak

top mass >> Vac. R EMH

124

AM(%,%2) [GeV]

126

my | GeV

128

(Electro-Weak) SUSY

July 2024  ATLAS Preliminary +/s=13TeV, 136140 fb~!

40

20

10

0.5

T L R

U LR

|I‘I)I|III

P —

S o 05TeV

1.0 TeV —

_ 4
_ - 2.0 TeV

_ —

- 5.0 TeV

——————— . 10.0TeV
P 20.0TeV ]|

- M; =Mz =100.0TeV

e e b by by by

100 120 140 160 180 200 220
m(xy) [GeV]

SMoV(g)L
27306 ¢l

Rrrovib

EvIRig o

¥

5t K ¥

THE UNIVERSITY OF TOKYO




22 /s=500/1000 GeV : Higgs Self-Coupling : 13

Sl
 Higgs Potential D2 IdE—RIEBICL o TRIT > T W multi-TeVIZE 3 (2 &
* (EW Symmetry Breaking® Dynamics¥E 2% kv FizZ % 5?) HIIAULE 5HIR
Higgs Potential ( V(H) ) 3 4 © F& 3% % Potential minimumifi {3 CE R

1 1
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In SM , o i T
4 _ My
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g -
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* a sign of BSM? « EW Baryogenesis Model A: 1.5~2.5)
» a hint of EW Baryogenesis?... ABDBKE XV B ITheMH
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2HDM Type-I : all fermions couple only to one Higgs doublet
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Damping Ring

e+ Source

Vs =250 GeV
FXro 1o

e- Source w e- Main Linac
A

Interaction point [ d‘(

. e
e+ Main Liinac Detectors

e+ a——————————————— SEEEEEEEEE——— O -

pre-accelerator

Y

x. N,
U Bl N
THE UNIVERSITY OF TOKYO

Parameters Value

. Beam Energy 125 + 125 GeV
extraction . .
v 1 9012 70"
—IIIIIIIIIIIIIllIIIIIIIIIIIlIIlIIlIIIII}, ' Beam rep. rate 5 HZ
—— 11 _>"<_ Pulse duration 0.73/0.961 ms
compressor collimation
# bunch / pulse 1312 / 2625
Beam Current 5.8/ 8.8 mA
e Beam size at FF _
Hi5 0 & AL ) {0/ il
SRF Field dient <315>
« Showstopperkd & ield gradien 31.5 > MV/m
#SRF 9-cell cavities ~ 8,000 (~ 900)

e —5. BHBAIOCRKELEEEIEH 2 DIIER

AC-plug Power 111/ 138 MW
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BkitaZEE 4 2017
= : - PHAEE
ILC250 - BAEA - PHRR IDTiz & 3 "Pre-LabigZz |
ILC250IB 5 HZDRIEESE R — Pre-Labf%17 1365881 8
— Beyond SMo b @tk & H1E 3 (£ 2HPFHERE

2010 2013 015 2017 2020 21-22 o

® > ® -@—@ >

TDR
LC 250-500GeV ILC-250 ILC Int. Develop. Team (IDT)
(1% 1 TeVILE ) (LCC)

1/
DESY 17-180 11 infemational development team
THE INTERNATIONAL LINEAR COLLIDER CERN-ACC-2017-0097 =] L]

‘TECHNICAL DESIGN REPORT | VOLUME 1: EXECUTIVE SUMMARY

The International Linear Collider

Addendum to the International Linear Collider Technical Design Report published in 2013

ILC International Development Team (IDT)

BARIZEBZRITZILCOI-0.
ILC Pre-Lab 0 #1{5 (BRREVFRE)
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MRE,LEZ/:2—F<=y 7 (IDT)

BREE TO IR FFH iR RPN 2R/ ELR
Technology Network onstruction Phase
Phase ~10 years for the construction and commissioning
2021 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035

ILC-Tech. Net. ‘. ILC Labo.

(Step-1] <— +r—@»% % > < Global ProjectDfiZ + s/ re v 2
c[LCORZICEA L FHFOUROMRE/BF L. —N3Global7u I L LTEDB-DDERET T 2
c BRI -, EEDIB—, HELBOFE. Y4 FOREDE. etc. W—IVERD B

(Step-2) (1) ov—wizitv EEROBZILCORZ s, e LTl
BROVIRE +BUFd. Global Projecté LT, EALRILCEEZ 2. EZKRR T 20, E@wS 2

(a) BABUAFIL. ILC250% KR F 352 L~OBLERBT S
(b) Europeid. Az id. RMH2ORWEF YA e > T BEFHEATC 250 > 380 > 500 GeViRE... &2

SIT.  BLBTEAC, ARDBEP LT B3DIL"RW L

(Step-3) (2] AR % MIESRIZES 5 — RBTFRAT ORI
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- stage 1: FCC-ee (Z, W, H, (tt) ) as Higgs factory, EW & top factory
- stage 2: FCC-hh (~100 TeV) at Energy Frontier, pp collisions

FCC-hh
) Rough estimates 8. Auchmann
Bottom line: HTS technology must ss,\_e\,e\s
e "
: catch over the coming - chnology Re“"f“ .
. » : 10 yearsin i 2f 3 f ;‘{ A{g

:‘. SC;:\;Ucol;n/ .: TRL to LTS j’ r .;i gv } ;
. BN &
\ y j puiig d.é’j fﬁ f ﬁ{f

Bi-2212 ReBCO@14T NbsSn@12T
IBS ReBCO@20T Nb®Hn@14-16T Nb-Ti@9T

Collider Center

“Realistic” schedule takes into account:
O past experience in building colliders at CERN
Q approval timeline: ESPP, Council decision
Q that HL-LHC will run until ~ 2041
- ANY future collider at CERN cannot
start physics operation before ~ 2045
(but construction will proceed in parallel to

h

deteclor and computing tunnel and FCC-ee

(Concepiual Design Repont tart
staris

Conceptual Design Feasibility Study Project approval by - )
O T et~ - - R FCC-hh g HL-LHC operation)

1st stage collider, FCC-ee: electron-positron collisions 90-360 GeV
Construction: 2033-2045 - Physics operation: 2048-2063

2nd stage collider, FCC-hh: proton-proton collisions at =2 100 TeV
Construction: 2058-2070 - Physics operation: ~ 2070-2095
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» Higgs potential

V(h) = =m*h* + —A h* dinpy
2 4

1

1

1672 dA

» 1-loop effective potential at large &

Veff(h)

V.(h) ~ %l(h) h*

1.0 le36

- X 2DFHD EW Vac.

A(h) <0 @h~1010GeV H

meta-stable

EW vacuum

J

T

~~ tunneling to true vacyum

105

108

101t 10 107 102
h/GeV

one-loop

one-loop RG equation of A and y:

2 2 2 2 2N\ 2 9\ 2
:12)\(2)\+yt2_w_9_2)_6y;1+6(gy+92) +12(g_2) |

EW vacuum decay rate

logo (¥ X Gyr Gpe?) = — 785+ 55125

A DR N
Amy, |Am] Aa;

120 122 124 126 128 130
mp [ GeV

c.f. So Chigusa (2023 Tera-Scale WS)
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v s =350 GeV % 7- Y C Energy Scan =* muop

February 2019
T

- tt threshold - QQbar_Threshold NNNLO
| ISR + ILC Luminosity Spectrum

— default - m;° 171.5 GeV, T, 1.37 GeV
-------- m, variations = 0.1 GeV
- ----T, variations = 0.15 GeV
_ theory uncertainty

.....

200 b total

-
-="
-----
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g -
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I simulated data points

Pk efficiencies and signal yields
L from EPJ C73, 2530 (2013)

Threshold Scan

340 345
s [GeV]
% \,J\aw
W
<
P

! I !
350

¥
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— short-distance mass (theoretically well defined)

Am ~ 20 MeV (statistical)

Am ~ 50 MeV (SYS.: higher-order loop, as)
EPJ C73, 2530 (2013)

EW Vac. Stability D ¥l#ff i+ 2 2 #5E

(c.f. LHC o (tt) n-differential NLO 1732 + 1.6 GeV)

Reconstructed Top invariant mass

Need to model soft-gluon radiation/exchanges

( theoretically not well defined )

LHC MC template method: Am ~ 600 MeV

MC mass < Theoretical mass mapping studies on-going

O
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BREE TO IR FFH R e P 2R/ ELR
Technology Network onstruction Phase
Phase ~10 years for the construction and commissioning
2021 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035

ILC-Tech. Net. ‘. ILC Labo.
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