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eans after the Higgs discovery

. 138f7(13TeV)
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> Higgs mass: 125.38 V with 0.1% precision
> Couplings to the SM particles: consistent with the SM predictions



> This review talk will be focused on colliders
physics (LHC, Belle Il, and future colliders)

»> Apologies to DUNE, Hyper-K, JSNS2, SND and
DAMSA collaborators

-



& CMS Performance

CMS = 2010, 7 TeV, 45.0 pb™
m— 2011, 7 TeV, 6.1 b
— 2012,8TeV, 233 17"
m— 2015, 13 TeV. 4.3 17"

2016, 13 TeV, 416 1™

w2017, 13 TeV, 49.8 fo™'
m— 2018, 13 TeV,67.9 fb™"
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— 2024, 136 TeV, 1222 ™"
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> Search Machine at Energy Erontier
> EWK precision factonyatintensity;Eront
> Flavor factory/(t,b;c;o)latiintensity Front



arXiv:2405.18661 138 fb” (13 TeV)

o Observed

1 s.d. (stat @ syst)

SM prediction

<

Hatio__to sSM )
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ggH+bbH  VBF

»> Good agreement with the Standard Model predictions



" > Most precise measurement at the LHC and comparable
the CDF precision using only 10% of the Run2 data

»> Agree with the SM prediction
»> In clear tension with the CDF measurement

CMS Postfit } Data
0.8 xndf = 35.4/30 WS v
(p=23%)
B Nonprompt
mm Z/y* - pu/tt

El ki my in MeV
ectroweak fit .
PRD 110 (2024) 030001 I" 803536
LEP combination 80376 + 33
Phys. Rep. 532 (2013) 119

0 80375 + 23
PRL 108 (2012) 151804 *

CDF 4 4
Stience 376 (2022) 6589 | 204335+ 9

LHCb 80354 + 32
JHEP 01 (2022) 036

ATLAS 80366.5 + 15.9
arXiv:2403.15085

CMS 80360.2+99

This work
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—
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SMP-23-002
Sub. to Nature
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Factory:
EWIK mixing angle

»> Most precise measurement from hadron colliders,
using Z-> Il (forward-backward asymmetry)

- > Comparable to the LEP/SLD precision

»> Good agreement with the SM prediction

LEP + SLD: AY

SLD:A,
CDF 2 TeV

DO 2 TeV
ATLAS 7 TeV
LHCb 7+8 TeV

CMS 8 TeV

ATLAS 8 TeV

CMS 13 TeV
" 0225 023 0231 0232 0233
o0
sSin E)eﬂ

CMS-PAS-SMP-22-010

0.23221+ 0.00029

0.23098 + 0.00026

0.23080 £ 0.00120

0.23142 £ 0.00106

023101+ 0.00053

0.23140 £ 0.00036

0.23157 £ 0.00031
0.234

The CMS experiment at CERN
measures a key parameter of the
Standard Model

ith thi: surement the LHC is again demonstrating its abili

CERN Press Release 2024)
( SNU + Rochester + DESY )
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% W Eavor Physics at LHC
—
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" > Search for lepton flavor violation in top quark sector with
tau final state using single top or top pair events

Hanyang U.

CMS-PAS-Top-22-011

138 b (13 TeV)
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Exp: 7-33 - All runs

2019 2021 2023

——
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o
7 Jime Dependent Measurements
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> Belle |l started since 2018,
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> LFU test using R(D*): sensitive to BSM physics
> First measurement using the hadronic B tagging

Moriond 2024 - HFLAV
\ 68% CL vontours

)\ _ B(B~D™1v)
R(D®) = =00

R(D*) = 0.262 *] 0ag(stat)

» Comparable statistical precision with 72 Belle data
due to much better B tagging
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f r' .
' a M.eisengers at Belle Il

‘. > Search for ALP in B>K*a’ (a’>yy)

> Search for dark photon in B>K*A’A’ (A’>ee,upn)
> Upper limits on the BR: 108~ 106

Yonsei U.
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5Ko ean Belle Il and Future

4
R

> SO many ongoing attractive analyses
" > Exciting to see coming results soon by Korean group

¥ B meson decay
=) LFV B® — £*77 with B2BIl and FEI (B8 2, KISTI)
ES0s5* - KO a4 - etem,utp) (BET, AMITHEL D)
EEAP B - KO0 (@ ) (EEE, AMTHS)
FRAPB* — K*a'(a’ - yy) (B0}, AL D)
F3B° - 7 (HEE BT
ot de-::ay
FELFV o - £tn® (ROHY, THFTHSE
ESLFv " - £y (Ol2, MEti=td ]

@ D meson decay
ED — invisible with Charm tagger (& 2t=, 1A CHS)

ES ot - pnt (HME, HAHTHSt)

¥ Baryon-involved decay
E3A: - pkdn® (ST, D{chstu)

I X (3872) — w [/, X(3915) — w J/y (2HE T, {0k
3 x(3872) - J/p min ]/ p(— nin) (B24l, ST

. . . Image K. Nakamura ,’
Evolution of peak luminosity Target before LS2: »7 Targetafter LS2:
2.8x10%5 cm?s:! v 6x10% cm?s1
We rId re(.ur.]_

Run 2 Ls2

2028 or later
(under discussion)

Peak luminosity [10%* cm?s
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7,, - Dark ma_t_}er at LHC

> Events with dark photon, two closely-massed state y1 and » 2

»> Search for dark matter using displaced two muons with large
MET

> Set the limit on m(y1) and interaction strength

PRL 132, 041802 (2024)

Kyungpook U.
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S Searnch for heavy boson

» Search for a resonance in top pair in 1 or 2 leptons
channels using My and spin correlation observables

»> A large excess (>5c) observed near the tt threshold
»> Compatible with tt bound state
(=7.1 pb with 11% uncertainty)

CMS pPreliminary 138 fb~1, Run 2 (13 TeV)

—— Ny, puln) =1.11+£0.12
Uncertainty

Ratio to background

3 < Cha <1

700 1000 1300
m (GeV)
CMS-PAS-HIG-22-013




sunning Coupling at TeV scale
(4 “ o

‘> Probe o, up to TeV scale using inclusive jet cross section

»> Extract o, TeV scale in different p; region
»> Good agreement up to 1.6 TeV

—————

>\w < E:::T: N ;:i; CMS-PAS-SMP-24-007

CMS Preliminary (276 +7 + 8+ 13 TeV)

ach line )
Each line sensitive to PDFs — PDG 2024, cis(my) = 0.118

PDG 2024 Unc: +0.0009
t CMSincljets 276 +7 + 8+ 13 TeV

S-loop, S~flavour RGE

16



»> GEM Foil Production
« 350 MEO GEM foils produced at IBS by Oct 2024,
» Will be completed by 2025 (~660 foils)

> MEO GEM detector will be installed in 2026

17



> MTD (MIP Timing Detector): 30~50ps timing resolution t
remove extra pp interactions
» BTL: crystal scintillator + SiPM readout
» ETL: silicon based sensor (LGAD)+ASIC ‘f“—*,l_J,LJ" 25% by

BARREL

Surface ~40 m?

Number of channels ~ 332k
Radiation level ~2x10™ nJcm*
Sensors: LYSO crystals + SiPMs

(e »,
. Jalrel |gye ENDCAPS
Surface ~14 m?
= — : Number of channels ~8500K
et 0T | Radiaton level ~2x10% n_/cm?
e e nsors: Low gain avalanche diodes
d B
Ouble F >

adcap laye

e Thin layer between tracker and calorimeters
e MIP sensitivity with time resolution of 30-50 ps
e Hermetic coverage for [nl< 3.0
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D Detector

> Beam test at CERN 35ps timing resolution achieved

> Built up the timing test setup in Korea
> R&D for wafer postprocessing in Korea
»> Bump-bonding test with dummy chips

llk on
lGAD Al ped

2 ,-"' i =R
2 /..
120 GeV _ ; bt
pion beam
| l-u'&

SRR e
T E T

3 Aum a,n

4) LGAD wafer dicing 3) Al metallization on LGAD backside 2) Wafer back-grinding
for wafer thinning

Module vOb Readout Board v2.2



ersx, e and Future of LHC

a
_— Jo =13 TeV Js=13.6TeV SR
2026 2029 --- 2040

2015 2019

{u)=30 {u)=60 (p)=140-200

Phase 1 upgrades



i

on Higgs potential

Higgs field value
in our Universe

g oo\

t.b

An alternative
potential

Standard Model
potential

Current
experimental
knowledge

Nature 607 (2022) 60

=== Dbserved

Combined
Expected: 2.5
Observed: 3.4
10
85% GL limit on o{pp — HH)op

eithe BSM Higgs world?

> Unstable Higgs mass, stability of our vacuum depending

138 ib! 13 TeW)

21
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. JFuture Collider

»> More Sensitivity, more Precision, more Energy
* Highest luminosity
* Highest parton energy
« Synergy between lepton and hadron colliders

transfer lines proposed to be
installed inside FCC-hh ring tunnel
> Azimuth » -10.2°

Injection

Injection into collider \

. Beam dum Technical site -
Technical site 2 Technical site ! RE PL gf SS=2160
8 !

P
400 MHz RF

Technical site

’Fcc-hh LES N 21000 “4P8 Beam dump

Arc length = 5616 sésm
booster \
v \
Schematic of an T Coarkibos o = pt 1 #0

80 - 100 km (Optional 77 N (Qptional
long tunnel Experiment y N Experiment
site) / e she|

§SS = 1400 m
SSS = 1400 m

Tachnical sitd. Betatron & Technical site
PH PH

momentum M .
collimation omentum 8§58 = 14001 Betatron collimation

collimation

G4 LSS = 2160 m LSS = 2160 m :::hnml she

LSS = 2160 m [ 7’-;'»"""*‘ site
800 MHz RF

PG TE0enment ste) PG (Experiment site)

22
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> High-quality energy measurement of both e/y & hadrons:
- EM fraction in hadronic shower can be measured

»> Korean group (8 institutes) does all aspects of the DRC R&D
* Module building, electronic & DAQ system, GEANT studies
* Test-beam experiments and performance studies

R11265-100

= 5\t [ A
] LB
N 1

MCP-PMT ( talk [2.07)

S-ch: 200

+ The DRC module is divided to ‘tower’ unit, each tower is bundled to C-ch: 200

single readout channel. (Square type PMT, Hamamatsu R11265-100) on the center of M10
+ On M5-T3, MCP-PMT is attached, which provides high granularity,

dividing single tower into 64 channels. (XP85012, XP85112)

Module Building (‘24) Electronics
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O (;-:{egt‘Begln at CERN SPS

» Good results are obtained
« EM energy resolution: o/E ~1.020/E +0.184/sqgrt(E)+0.022
* Pion energy: o/E ~22.68%

 Research activities for FCC were expanded for EIC

. ..- I. ’ —f— C: QRVE + .S TE + 0023 {@nDOF = L3AW - H Energy

———— 5 1S - 02 E + DLOGT [EnDOF = BAEE)

————  Burmc LD + 0BT + 5022 (2nDOF = TLEAM)

EM resolution vs. E




p " mure‘Colliders at Enerqgy Frontier
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» More Sensitivity, more Precision, more Energy

* Highest luminosity

» Highest parton energy

» Synergy between lepton and hadron colliders

» FCC (or CEPC) is the only option? 50 yrs from now?

Technical site

400 MHz RF
-
>

~/ =
Schematic of an 2
80 - 100 km (Optional

Experiment
long tunnel sita)

""‘"""'::- B L85 =2160m

800 MHz RF ™

transfer lines proposed to be
installed inside FCC-hh ring tunnel o
v AZimuth %-102" PA (Expyiment she) > Azimuth = -10.2°
Injection

\Z
Beam dumj Technical site of LSS = 2160

Injection into collider

Technical site

N
'Fcc_hh 15s=2160m AP Boam dump

Teacmwa site

N
Arc length = 9616,586'n
booster \

SSS = 1400 m \
,,,,,,,,,, g s s s
4 SSS = 1400 m

LsS = 2160m Jof Techvica ste Betatron & o (LSS =2160m

momentum
collimation

LSS = 2160 m J Techaical site
PE

Momentum
collimation

§SS = 1400 m Betatron collimatio

PG (Experiment site)



VivoniGolliders at Energy Frontier

> 10 TeV mu collider: equivalent to 100 TeV pp collider
» Can be realized before 2050 with less money?

»> More thrilling project?

1600+
1400+
1200t
5 10000 "
= 800[ _
[ o -
400- lllllllllllllllllllll
200F

2-to-2
productlon

V/5u [TeV] O 10 20 30 40 50 60 70 80 90 100



',P

EVueniColliderss at Energy Frontier

>

»> Muon beam cooling

> Detector: huge beam induced bkgd (BIB)
radiations from n,y,e and even v

<k 4

FLUKA 10 TeV BIB simulation
Simulated hits

— MuColl v1

— MuColl 10 TeV vOA

Energy density [MeV/cm?]

Large reduction of BIB in
ECal from Solenoid Shielding

10 15 20 25 30 35 40 45 50
Calorimeter layer [0.6 Xo]



Iy & Discussions

Both LHC and Belle Il experiments have done much
better than expected in understanding detectors and
analysis techniques

We have verified the Standard Model and have
searched for new physics at the Energy Frontier and
Intensity frontier, but no new physics evidence

LHC and Belle Il started new runs, we will continue our
exploration to look for physics beyond the SM

How can we do better at present and future?
And how shall we prepare our future?
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