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LCF@CERN
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Indicative scenarios of future ;
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ILC: 250 GeV
2 ab?

LHC HL-LHC (14TeV, 3 ab'")
(13.6TeV, 450 fb-1 )

FCChh: 100 TeV = 30 ab?

2048 start physics
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LHC ..w"s=1!4Te_V_ - _L!=!‘1034cm'2_5'1 . ::Igeir E%O) &ﬁﬁ*ﬁ
Gz [ELHCAY—#T

~ qq background ot 0 nb

-é10 15

for 500fb™

14

mb :=_ ...... e s e bB ........ ....... — = ?E-ID

13

Number of events
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. 2 BE=ERIE
y 4 : LHCANE BRI
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“;10 i -— ~ 3 %L\

<10

; O . - I = A - =R==1
9g9—Hgy, | sUSY qq+qg+gg i : 3 - 3 (-ct ) =] R%%

C\tanp=2, p=m_=m./2 1 E Zh

“om- 120GeV | égﬁj}‘:;ﬂ%t#
‘JZ EIE " WWENHS
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) -”Hz 200 400 600 800 missing=F)HY
500 1000 2000 5000 Vs (GeV) PHEE Ei A

jet E; or particle mass (GeV)
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Hadron collider (LHC) Higgs factory (ILC, FCCee, ***)
%+ - [&F&3E 14000 GeV =7 - [BEFEZE 240- GeV
... ) {E— '.‘ i 7‘]‘% Z ’;Il

\ e A e RN N A,:i"‘_‘a
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¢ IRILF—IX
 Hadron collider CIXIZRILF—D KER5 [EspectatorE7il)
» Lepton collider(&full energyz{§z 5
* Lepton collider|X47TiEE) = £ 7F. hadron collider(X
(Ef[CcutlIZERAHAEHM—DO %Y
o Linear colliderCIXEF:[5E FRIBEEZSD (SHIZ/INTGA=EHZLY)

Taikan Suehara, ILC-Japan XZihfE1)—X, 9 Apr. 2025, page 6



B F-EEF Target Energies
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Higgs $& & EHGRAITE (C1%), Higgs#hARIE (EXL\Fri1E)
(TeVETIRR HEIE )
TopEEDKRZATE > EZDLTEE

ices B OEES (10%) > WE LR

HERE3 A
Natural SUSY (250 GeV — 1 TeV) 1 TeV Higgsino 3 TeV Wino

Taikan Suehara, ILC-Japan XZihfE1)—X, 9 Apr. 2025, page 7



RS /9—LARASIE—
Lepton colliders (< 1 TeV). ITF SnowmassZ[}2/2 W . 91- 160GeV
S — Qa4 3 —hF #
1036yt ($RFZERLTIXHAZIZEL Muminosity | ZEl3ZE A])
e 250 GeV
T EWERE— L 2254 5% —H P E L Mluminosity
BS54 —DIRIBIZEY Y Ereach(X B
e 350 GeV
Q254X —TCHR[BE=DNR TSN E F
e > 500 GeV

( .ﬁ/ERL’C55O Gevm%U%U £I|3Z ] E)

Note: FCCee M iE: %liILCSOOc‘_‘mOOO)FEEKbL\ pplZL7ZELNET R/ NB Zunreasonable
MR > 250 GeVIXEBHHEMNFEREICKEZL GREMIZIXERLALED)
ERLEMTIEIRIBMEIFSNTULALNEREIZIZZLDEENHD

Taikan Suehara, ILC-Japan XZihfE1)—X, 9 Apr. 2025, page 8
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« Composite Higgs?
« Multiple Higgs?

et {02 IO Higgs boson
AEMER

Ews 2 7 BSM ryon
by REZE fiiE Dark  (SUSY?) As?rir%gtry?
O R FEL Matter?
Neutrino
mass? Inflation?

Taikan Suehara, ILC-Japan K5
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FEEEVI R

Two Higgs doublet model (2HDM) BEEEYI R

e SM Higgs/EW sector: W, Z0 h (Ew/4 RH%EFkE)
e 2" Higgs sector: H*, A (CP-odd Higgs),
H (Heavy CP—even Higgs) °

EvJ RIEEERHFT

QCD pion® KOG A BNIGIKREE
TeViEIE [ Z(pionlZxt 9 Hkaon
DEHE)ENEIBIRENIETENS

EvIRETTILIA U DEESDFFELEIZKY o RE|IXRITEELIFRFIIZEH

Type-1, 2, X, YD 2HDMM $H %

SUSYI(& Type—-2 2HDM®) —F& Technicolor, Little HiggsZi & DR HE!

(L DTGB FRME TAL)Heavy HigesF 4 i D) Md S, Little HiggslItop partnerhH’

BEGRAITFELD

SHICEHMFIHDMFLH S, RH D FEF

* Heavy HiggsZ H&#F 9 (HIZHER) WhEREw T R ERIFRIZ,

 SM Higes (NESMAIFDIEEDTNWERSD  ERIRREHigesii SRS
(FEIEIER) BERENBHD, (WW scatteringt, v d)

Taikan Suehara,

ILC-Japan K=FEhRI1)—X, 9 Apr. 2025, page 11
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HiggsD & AR LS ImR-HEAE

P(Z'(,) 3+)=(-o.a, 0.3), M =125 GeV . 7H é |5_|='ﬁ ﬁ *ﬁ . E E ;‘EJI J:'-E

7% vertex H

()

— WW fusion Zhsp*pX
. s =250 Gev
ZZ fusion ~ Ly = 250 ﬂj"‘, Ple’ e")= (08, +03)

«  Signal+Background (MC)
—— Fitted signal+Background

[GeV]

N
o
o
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o
o

S
S o
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w
3 =
* 2
o 1
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QE= -
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Taikan Suehara, ILC-Japan K A1) —X, 9 Apr. 2025, page 13



Higgs.’ﬁﬁéd)ﬁ ORI E SUSY BHEEVI X

MSSM (tan =5, M, =700 GeV) o Minimal Composite Higgs Model 5 (f = 1.5 TeV)

HiggsBRIEE—RN D458

DA—OMDIL—7 {; il bﬁgig
(&)

g(HT) EPPSUZE&ESH KLY

g(Hbb)

i FRD I E— bk QTR0 4 B ASET B

g(Hgg)
g(HWW) nggsd)g?*ﬁﬂfAmHtnggS"f‘ﬁéE’;ﬂ(—OL\f
my /Amy ~ 8g,/g, ELVOBERMNEIfFSNS,
0 1 2 3 4

SMEFT Neutral Diagonality A TE 7 A meJ‘{%ﬁ'%IE]Zb- }l/Tc._ t u_,\Z_ ‘i\

0 parameters arXiv:1905.03764

L AR O(1%)DIESTELCHE (1 TeVDFTIIIED
éa() HORBER LAHFINDS PR e f2 2

Taikan Suehara, ILC-Japan XZhE1)—X, 9 Apr. 2025, page 14

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

g(HZZ)




Precision in [%0]

ILC

no pol.

2 ab-1

ILC
80/30
2 ab

no pol.

5 ab-

g(hbb)

hce)

fljj
hW U )

hZZ)
h~yv)
hyepe)

1.33
2.09
1.90
0.98
1.45
0.97
1.38
5.67

1.04
1.79
1.60
0.65
1.16
0.66
1.20

5.53

0.98
1.42
1.31
0.80
1.06
0.80
1.26
5.10

(
(
(
(h7
(
(
(
(

g(hbb)/g(hWWVTV)

g(hWW)/g(hZZ)

0.91
0.07

0.82

0.07

0.58
0.07

Fh
o(eTe”™ — Zh)

2.93
0.78

2.38
0.70

2.11
0.50

BR(h — inv)
BR(h — other)

Adapted from 1708.08912v5, Table 384

0.36
1.68

0.30
1.50

0.30
1.09

Precision [%]

1

0

HiggsfR & RIE: (RIBEDM R

Adapted from 1708.08912v5, Table 3&4

ILC 250, 2 ab™ (Pol. 80% / 30%)
ILC 250, 2 ab™" (No pol.)

ILC 250, 5 ab™" (No pol.)

g(hbb)  g(hce)  g(hgg) ghWW) g(her)  g(hZZ)  glhvy)  glhuw)

BEEINIC, ILCTIHRIIRDE A T20-30%ZEBEN A _L().
RIBEZEIE, TI7ICBILS /T4 5B5BSCEERADESIZTEDEND B.

(") Also a general stress is present that the beam polarization is useful for systematics control. 11

Taikan Suehara, ILC-Japan K1) —X, 9 Apr. 2025, page 15
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H > ssiE®

« H >ss: BRiE 57 ££0.02%
— 250 GeV, 2ab ' THI204/ RN RLAVELY
—ZH > vwssFr R ILEVDEFT BT (fhDE—FIXIRTERENRT )
- Strange tag: dE/dx%°TOF(100ps x 102)D{&E#HZ F

'''''' cut: dijetmass>=0 cut: BDT>0.215
signal: 6.4092, bg: 280854 signal: 2.19684, bg: 196.929
| mixlep 1427.13 mixlep @.334923
| 4fwwsemilep 238880 4fwwsemilep 18.7894
| 4fzzsemilep 11593.9 4fzzsemilep 93.2334
| 4fznusl 6225.61 4fznusl 46.0663
| htautau 36.1652 htautau @.0143811
I hww 2590.46 hww 2.20851
| hzz 304 .46 hzz 1.26987
| nnbb 16648.1 nnbb @
| nncc 908 . 705 nncc 4. 60904
| nngg 2239.34 nngg 30.4023
efficiency : 1 efficiency : @.342763

Significance : ©.0120937 Significance : @.15568

10

(vertical)truth jet PDG; (horizontal)predicted jet PDG E%%\ E%%ﬁﬁjﬁébﬁf*ﬁfgliﬁﬂsoo%

MATaYyooybE Rl (ParT) Taikan Suehara, ILC-Japan K2 fi1)—X, 9 Apr. 2025, page 16



Higgs& 8L g _

[JH—inv.(BR=10%)
(] (anqH(SM)

EMNR Z AL A R g

I

« LHCTTeV#H ¥
fF=6bm LA D #FripiE
(GeV, MeV DM)~ D BH Il 5

[Jother bkg

Higgs exotic/invisible ff 1% °

. [GeV]

“Higgsik—#2JL”
— HiggsD # GBI FTIDE o o
— Higgs = XX (2 xxxx) e = = iy

(SM#LF or DM) - | o
—0.01 —0.1% BRIZERE

" | w1 . B 1
— Invisible FiE [Xjet TR JLFE L N l
VAN 7 B == 30T [58 r24 3131 , |
7] ﬁq: ﬁb?b \—Eig (léE ‘l% i E O) FIS %) g, (Bt} Do, (")*LME;, S beg, o, )15 ey Uy Oy [y Gy Nl

1Ll

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

BR(h— Exotics)
S
o

Taikan Suehara, ILC-Japan XZhfE1)—X, 9 Apr. 2025, page 17
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& v . B—UHEER (97 2K
« HIHEER OzIIFHEa

i |t . HEAEARE
— ‘ MM FIETHY ., MG RIANANE
SI=REERGEDOEE - Hi
(HL-LHCTHtSE 2R X EELLY)

EvJ AOECHEERITEZED

Higgs potential L IEHERI{R L TL VA

BefEah RSN EX
BIE/NJAD IRV AN
RELHEHD—D

S Hicoszasnicikas. NIITa——
H *#Ojontx - ;J:EEd)cl:%ﬁﬂEm'h:E)
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Higgs E E'*Eg O)ﬁ*ﬁ V(nm) = %m?{n?{ +®Mﬁq + %Anj‘q

THT2IL17T5

{§5: 0(100)

—e'+e -5 7ZHH

L — e+ 6 > wWHH (WW-us : !
2 05¢ o L& SWWHH (Combined) E EH&=: 0(1008)
5 0.4 ;_ M(H) = 125 GeV P(e .e’) = {:~0_8,+0.3)‘.r".___,.«_; (tt% bbWW)
© C ]
& O3 3 E S-channel (ZHH)
g 0.2} E F—IfE x 2 J—IAREE =5 DAER
E - : ZHH channel s (HH — bbbh) b - eff.
R ..1.. . o
0 400 . 600 800 000 1200 1400 ceHH 3 9+ 0.03 (2.6) 7+0.6 1.290 5906
Center of Mass Energy / GeV ppd H 5.140.03 (2.8) 905 1.480 55%
vwHH 5.6 £ 0.04 (5.5) 7+1.0 1.78c 19%
O(100) events / ab-' bbH H 8.5+ 0.10 (8.0) 224+ 1.3 1.750 29%
qqH H 12.6 0.1 (10.9) 55 4+ 2.0 1.650 15%

s-channel M t-channel

c \/ v 2: Results of the event selection of ZH H with HH — bbbb corresponding to an

. H ted luminosity of £ =2 ab~" and a beam polarisation of P(e*e™) = (0.3, —0.8).

major bkg.: tt, Z2Z, ZH, 2727, ZZH

B itk DR 27%@500 GeV, 10%@1 TeV (4ab~")
M Taikan Suehara, ILC-Japan K%5AR9S1)—X, 9 Apr. 2025, page 19




ILC (500 & 1000 GeV)

Effect of interference

=

[42]
)
~
@)

— ZHH @ 500 GeV
— vwHH @ 1 TeV

FDME LN ——

Gradient - resolution | olpp = HH + X) /o™
V5= 14 TeV, My — 125 GeV
gz — HH

qq’ — HHqq' -—-—-
q — WHH

\ [35M
AHHH/ AHHH

FHENZTNIIADEEIZcDIFEDFE 5 GM/A=1/2.0 x 8c/0)

e ILC: x0.85 (ZHH@500 GeV), x1.8 (vwHH@1 TeV) @)\=1

e HL-LHC: x0.8 (for gg>HH) @A=1

A KREWEZHHIZFREL R E(cHIEZ 51=6), vwHHITIET, 7=F=LA>1.7TIZEF

HL-LHC TILX1<)<3lEh Y

WA TIEEF

Taikan Suehara, ILC-Japan KA —X, 9 Apr. 2025, page 20
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» Transformer: BA S BN ETHFES 2T\
N1-KE *“JI*'? 2 (e.g. ChatGPT) =l
—22MAT VMR DEREFEE T S )

» Particle Transformer (ParT): $i¥[&]
DBz EY AN f=transformer HEEEEREEEE
- ParticleNet& £ B 51 AE% 1AL, I o

RHACMS flavor tagging ~N—RX 54> i

« ParTICkdgEMR L HERERD%Y AN

— qqHH#RAREE T>30% D IR E [ L D F 48

— DR ELEHHETTCECHEERET
27% =2 18%~

01 02 03 04 05 06 07 08 09 1
Signal efficiency

Taikan Suehara, ILC-Japan XZhfE1)—X, 9 Apr. 2025, page 21



CM energy@¥h R (500 - 550 GeV)

e 550 GeVTlZvvHH®Mcross sectionM KIgIZEH
(ZHHIZ KRELZEH ALY expected: 18% = 15% (preliminary)

» LCF@CERNTIZ8 ab-1##EEL. 11% DB EF1E
/ZHH vwvHH

—
o
(V)

S/ A [%]

—
o

1 "500 1000 1500 2000 2500 3000
I's [GeV]

Taikan Suehara, ILC-Japan XZhfE1)—X, 9 Apr. 2025, page 22
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A by single Higgs

first look at the global fit with NLO eett for AAnnH
[ongoing work by: Yong Du, Jiayin Gu, JT]

2 * based on a fitting program for last ESU: 23
>,VJ/ (Higgs + WW + EWPO) + 5 (eett) operators
To
iy * take directly covariance matrix as eett

B bounds (preliminary, from Victor Miralles)

A new question: Annn from Single-Higgs?

Vs 2 240-250 GeV

[McCullough,
B * reproduced (almost) the NLO calculation
about eett in ZH
2
&4 extra uncertainty induced by eetton o
6240 = 100 (26 + 0.0146;,) % Bos 4 y y o
@ 6071 ~ 0.3% (1.5%) for 240 (365) GeV
if only Aunn allowed to vary —> Oy ~ 20% @ CEPC a test fit for 5000 fb-1 (240) + 1500 b (365)

[warning: this is very preliminary, many things to be done, e.g. include NLO eett in

EEii&FCC/CEPCﬁBE-—Gzii E é*’-’—CL\é other observables as well ]
¥R TRBIE#E R % B Telobal fitIZkYsingle HiggsD & TAER DD (BXIHEIHEFT))

25

ICFE T DdiagramD A EREZZE T DELGEMNEMNELLVEWLSHIR,

Taikan Suehara, ILC-Japan K2 &hE)—X, 9 Apr. 2025, page 23



Th-driven

M 1t F1 B BETFEN :

SaAvg-27

GUT
| EuioRE? BIZL ) —%
- CompositeDiRE ?
g REMALF ?
———— RERIAS1Y— | KA WHEE?
— T . i BER T
'8_ 0.8 {tt threshold - 1s mass 174.0 GeV - / S ceomnonm Pl SRR
'E' r— TOPPIK NNLO + ILC350 BS + ISR 1 7 R B — 17Mev'?
© [ — Simulated data: 10 fb/point . wrmn TL—rt— BRER m7Es | 275 th=abu
© 0.6 — Top mass=+ 200 MeV _— © J
o) — = i 1 .
= | 2 | VA 7
| _ ] 0.120 o 097 /97
8 04r ,,/F*’,f . 1 Light top partners Alternative 2 |
= I .-"Il.f;"; | 0.118+ ¥:0.1180] ] I L C 50 O ®
@] i f’f_;'f | ) I )
02kF / . ‘ ' T
___&{;p/ 1 0.116 ] ILC Precision
ot 10% +
=
NOH?I‘:-TE:':H CMgson r 3FG5 V] 173.95 174.00 174.05
energy |ae top mass [GeV] RS with Z-Z’ Mixing [34] SM .
o : : =t =0 OgR/gR

Threshold scanic & $topDFEZBE MSbarlc o

Light top partners

BEEERTES BROCEVPTL, BEEEERDSND T e s

Little Higgs [30]
5D Emergent [32]

180 DT ,//’// » pre ° -20% 4 RS with Custodial SU(2) [31]
S 1w ILC(350) M A, (11S) < 50 MeV REZAVTESSE,
R B Amy, ~ 14 MeV BES DREEHNZ KD,
Lo axivi1205.6497, Degrassi TopBiBifR I SHIED
‘ - aXiv . , Degrassi et al. — y — S=TLE
163 s = i o PRRIEMEIZ LR EHY BE - 7 I)LiERID Al EE

Higgs mass M, in GeV

Taikan Suehara, ILC-Japan XZhE1)—X, 9 Apr. 2025, page 24



TTEERRR

 Compressed spectrum
— LBV FRAFERICEOFHAFD
BEMNERTLHVF)A
« SUSY TldHiggsino, Winoh\#&iB 3 571-
fihidecoupleL TLVS & B ENRYIZHEI1R

— LHC Tl disappearing track’: & %455
f-t % 1= FIR(HEZ 1< L IR)AO< S
« ete"Tldsub-GeVMsoft trackZztag TE A =8 Mass splittingAS1#7GeV (soft pion)

HBEEDXyYIZZLIZBHoNnD [ZHadron colliderl&& F

— [X(FENs/2 ETHh/IN—F 5
* Naturalness b &E:FES145100 GeVEEE DHiggsinold250-500 GeVTH/\—

« 2-3 TeV LCT1 TeV Higgsino DMZ BRI I Z¥E &
Taikan Suehara, ILC-Japan K=& 1J—X, 9 Apr. 2025, page 25



Summary

HL-LHC#Z D X ERaS A4 X —&L T. Higgs factoryld &% 1

CEPCOO# B (5 & - K& ) &R BB (FCC, LC@CERN)IZER

— ILCOMZEZRFARITN)S LU IR AIESRHARLEEIER
EvI RIIFHMPEANDR. BEERICEYTIIMEDEZRHC

Top/ B EERFRL1=— S

&

FREITVET . EVTSM<IELY,

I

EvJ ZADFEE TEEHAITE . BSMERIEIER

EvI ABEHES: 20% 2R EEEZEIR.
B A RDRRIZEDEND

HRAXFURRABEZF—/\D A by 7 7ILRT
LLI ':I:’ﬁ by abreuvoir
P
i, TER
7::‘2 R

I

#8/29-31T. EYT RT7IMN)—ED

(&

X FELGLCEMoELET)

Taikan Suehara, ILC-Japan K[ )—X, 9 Apr. 2025, page 26
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Higgs BR measurements

precision reach on effective Higgs couplings from SMEFT global fit

1 IHL LH C S2 + l ED"%! 1'3 B CEPC Z,,,/WWg/240GeV, ‘
mbined in all lepton collid narios) |JllCEPC +SGOGeV1 " IMILC/C? +350GeV, ,+500GeV, lCLIC +1.5TeV 5 B MuC 10TeV 4 i
Fler_ H Widm M ILC/C® +1TeV; BCLIC +3TeV5 B MuC 125GeVy g2+10TeV g

no H exotic deca subscripts denote luminosity in ab™', 7 & WW denote Z-pole & WW threshold
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Any HFs: ~1% (or less depending decay channels) BR of dominant decays
« Factor 5-10 improvements from HL-LHC (except uu and vyy)
—> fingerprinting BSM models
Much more model independent: total cross section, total width,

30-param SMEFT with various electroweak precision measurements
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MSSM (tan =5, M, =700 GeV) o Minimal Composite Higgs Model 5 (f = 1.5 TeV)
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Higgs self coupling

Direct probe of Higgs potential s-channel &
Essential for electroweak baryogenesis '
(15t order phase transition

reqUIreS >1 O% more I) Signal diagram

(b)
t_ C h anne | t'+,_____77 ;

—e'+e - ZHH
—e*+e —» vwHH (WW-fusion)
e*+e — vwHH (Combined)
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Background diagrams

M(H) = 125 GeV  P(e’,e*) = (-0.8,+0.3)

, Effect of insensitive diagram - next page
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Exien - Sralleross Section. Ultimate precision at linear collider: ~5% at 2-3 TeV
O(100) events / ab Taikan Suehara, ILC-Japan KZ&hES 1) —X, 9 Apr. 2025, page 32



Higgs self coupling (cont.)

Effect of interference

— ZHH @ 500 GeV

— vwHH @ 1 TeV
SM

2 1TeV !

BSM @ 500GeV '

500 GeV: better at higher A (20% @ A ~ 1.5)
1 TeV: bestat 0.8 <A < 1.2, insensitiveatr ~ 1.5
Possibility for improvements Self coupling from
NLO ZH cross section

i NLO = Zu0oiLo (1 + kxCi )

Considered in FCC context

(since > 500 GeV impossible)

* Loop contribution

* Assuming no BSM loop
(qualitatively different

500 1000 1500 2000 2500 3000 .

's [GeV] from double-Higgs search)
- ~30% resolution feasible
at 250 GeV (FCCee study)

(to be investigated for LC)

Reconstruction of multi-jet environments
(Jet energy resolution, flavor tagging)
- Deep learning based reconstruction

Improvements possible but not easy
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DMIR®R7E

- FERME XA R
— ISR photonTtag

» 2IREEAECLHEHEIRE
~WIMPAYL—FTA%
- EEERIYPPEVEEE TR

e |&

« LHCLIZR TL\SHEE N ELD
- Messenger scale T#TeVET
RFRATEE (M, [X(F(FVs/2FET)

oraye PEEMERIE
&

e RERIZCY—

ZL—1—-HREFR =mrEHh

150 200 250
M, [GeV]

EWIMP ILC 250 GeV | mass reach (30)
P V& Higgsino 150 GeV
MDM 330 GeV

Wino 190 GeV

Mitr

TE AR R R ER

- EUL\DMERGE

Taikan

Suehara, ILC-Japan KZEhRI 1 —X, 9 Apr. 2025, page 34



Mono-photon search
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arXiv:1205.6497, Degrassi et al.
125

130

Higgs mass M, in GeV

897 /9f

Light top partners Alternative 2 |
o
20% =+
ILC Precision
10% —+ &
RS with Z-Z’ Mixing [34] SM
] [l
T T T T ( (
-20% -10% 10% 20% IR / IR

Light top partners
Alternative 1 [20] ®  -10% @ Light top partners [23]

Little Higgs [30]

5D Emergent [32]

° -20% @ RS with Custodial SU(2) [31]

RiEZHAWTESE.
OE5ZTDHETEHRZKRYD.,
TopH BRI 2 HIPIED
¥R - TETILEBIDAIEE

Taikan Suehara, ILC-Japan XZhfE1)—X, 9 Apr. 2025, page 37




PartiCIG ﬂOW Concept Different granularity
PR on ILD - ATLAS

Separating particles inside | S F~60%8
jets to do track-cluster matching JtF~30%,
hiEARAY~10% ==
=~ FIF 5 BEICRY |
'?eﬂ.‘“[]'rg ar calorimeters, EHMTOBHE

ighly-granular calorimeters 1z, & cig
* Intelligent pattern recognition 2%

Developed in ILC, first full application in CMS HGCAL at HL-LHC Possible to

(partial use already in ATLAS/CMS) obtain jet energy
resolution of

~2 times better

, than calo-only
Taikan Suehara, ILC-Japan K=& 1J—X, 9 Apr. 2025, page 38
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Resent focus: applying deep learning

Particle flow with Graph Neural Network Flavor tagging with GNN/Transformer

Adding track-cluster matching to HGCAL Applying algorithm developed at
lustering algorithm CMS flavor tagging: 5-10 better
rejection than old (BDT) method

o ILC Simulation - Unsorted Sample - 20 Epochs
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b tagglng efficiency Jet Tagging Efficiency
b-tag 80% eff. c-tag 50% eff.
Method c-bkg uds-bkg c-bkg uds-bkg
acceptance acceptance acceptance acceptance

LCFIPlus 10% 1% 10% 2%
. , I e — ParT 1.29% 0.25% 1.02% 0.43%
Good synergy with hadron colliders Taikan Suehara, ILC-Japan X% 1)—X, 9 Apr. 2025, page 39




. Fraction of true particles
Strange tagging e
« High-momentum kaon in jet is a clue to strange jets
— Contamination from g->ss give relatively low momentum - E I

« dE/dx is essential for Particle ID in ILD .

— As well as ToF, but only effective in low energy tracks o
(which are less important in strange tagging) o0 Gae mey

0.01 0.02 0.00 0.01

« Using newly-developed comprehensive PID
— Giving much better separation than previous PID

13<p<5GeV

K . 0.07 0.20 0.13 0.16
0.07 0.03 0.40 0.37
More .

Kaons 0.18 0.03 . 0.09 0.06

ele electron in SS
Pion More
(Orange) pI’OtOﬂS 0.01 0.01 0.00 0.01 0.40

in gg

CPID prediction

0.00 0.00 0.00 0.38 0.01

Fractions of tracks having > 5 GeV Taikan Suehara, ILC-Japan K A1) —X, 9 Apr. 2025, page 40



Strange tagging: initial results

* First results obtained with CPID |
« No significant improvements from old PID: investigating ==
« Compared with truth PID: some difference g
« FCC (1M) better than ILD Truth PID
» Reason needs to be investigated
(maybe non-perfect assignment of truth PID)
« Still needs study ety
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Summary
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Previous results

results (example individual channels) o ULMEHT (2013?)
off. T UYFlavorig Bl (LCFIPIus)
59% e BDT-based analysis

?ng’ o FiSdiagramD L[
(o]

ZHH channel (H H — bbbb) :
eeHH 2.6)
ppH H 2.8)
5.5)
3.0)
9)

e o9
o WOl
Q Q

co Co

)

vvHH
bhH H iDl 29% Higgs mass*fia{E>T

qqHH 12.6:|:Dl( 15% {ERLTLVD
Table 2: Results of the event selection of ZHH with HH — bbbb corresponding to an (%9 5']_( 0) %m’@%fg‘)

integrated luminosity of £ = 2 ab™! and a beam polarisation of P(ete™) = (0.3, —0.8). % g
73N

jor bkqg.: tt, Z2Z, ZH, ZZ7Z, ZZH n
e o e qqHH, nnHH®D effHYMELY

~J

)

=

v Ot
Q

. _results (combined) (qgHH[Eflavor tag®
Vs det Ao /o Adgpn/Aun REIT D)
ZHH @ 500 GeV 4 ab™' ® 17% 27% « Jet clustering®fE:&Z N
_ | EgexELLTLYS
HH@ 1 TeV 4 ab & 15% 10%
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P(e+, e-) = *: equally shared by (-0.8,+0.3) and (+0.8,-0.3); **: (-0.8,+0.2)
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Si nal' HH' —->0b, HH—=>4b

oo MEREE EOF R

LCFIPlus = ParTIZ&KY) ., ggHHE—FT>30%M
efficiencytlZEZF Al (15% > >20%?)

/" « f=1=L4b background@cut%ﬂﬁ’[t?’é%%&U
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e Full analysis to be done (m a few months?)
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Signal efficiency

Z HH channel s (HH — bbbb b : eff. Expected improvements

eceHH 3.9+ 0.03 (2.6 7+0.6 29 59% : :
puHH 514003 (28 0L e E50 (to be included in ECFA study)

v H H 5.6+ 0.04 (5.5 7410 178 TTEl 27% > 18% (DX EHL S L)
bbH H 8.5+ 0.10 (8. 22+ 1.3 29% .
qqHH 12 6 +0.1(10.9 55 4 2.0 15% (preliminary)

Table 2: Results of the event selection of ZHH with HH — bbbb corresponding to an
integrated luminosity of £ =2 ab~! and a beam polarisation of P(e*e™) = (0.3, —0.8). C-Japan K=ZFEhfE)—X, 9 Apr. 2025, page 45



BFEITORFEIT: ENIHER
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