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138 fb' (13 TeV)

¢ Data
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B 9927, Zy* 5457 (7 TeV) + 19.7 o (8 TeV) 1
B Ew 15,97 (13 TeV) e ~E§lt.’-.-.-(,1ﬂ’.v%
B Z+X Total (Stat. Only) m,=125.38 GeV wz. o
un 1 Hosyy 12470 £ 0.34 (£ 0.31) GeV 3 Pay = 37:5% =

== Total ‘Stat, Only

Events / 4 GeV

un1H-ZZ- 4l : 125.59 £ 0.46 ( + 0.42) GeV

un 1 Combined 125,07+ 028 ( + 0.26) GeV ';

Leptons and newlrinas

125,78+ 0.26 (+0.18) GeV DII
125,26+ 021 (£0.19) GeV
&

Force carmers H.pgs boson

125.46 £0.16 (+0.13) GeV

125.38 £ 0.14 (£ 0.11) GeV

Ratio to SM

10 10?
Particle mass (GeV)

> Higgs mass: 125.38 V. with 0.1% precision
> Couplings to the SM particles: consistent with the SM predictions



:'R\Qfﬂj‘ for new physics

Leptons Quarks
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——— SM prediction
Parameter value not allowed

Nature 607, 52 (2022)



*"Se KGCh for New Boson at LHC
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CMS Exotica Physics Group Summary — ICHEP, 2016




Two fundamental pieces were missing:
« the top quark:
m, <200 GeV (indirect LEP 1) : m; > 77 GeV (CDF)
« the Higgs boson:
my, > 44 GeV (LEP 1); my <1 TeV (Theory : WW scattering unitarity)

W

up to ~1TeV
« Higgs boson
 New force beyond the SM
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Why clo we keep Joo&g guseyondistandard Model?

e dark matter

, ation—> mass, right-handed neutrino
Higgs mass nggalness



NEewphysics searches

> LOOK Tor a new resonance
> Exc:—:ss; Ol events In the tall at the energy frontier
» Search ior new. process
» Search for rare decay (quantum loop)
> Prec ]:“3L)fj measurements (guantum ioop)
> Searchn for asymmetry (left vs right etc)
> S

earches ior regions we have not checkea
llved particies, very weak coupling,
IOW. Mass particie etc)

<
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Large mass with/large coupling:
= highimass resonance inthe tail

ISR jet with large MET
Long lived particle (displaced track, jets)
Boosted particle/jet (jet substructure)

10



= o) er‘a‘\pce & rare decay

Seoyenyocharm quark

New resonance (J/Psi) Rare decay (GIM Mechanism)

p+Be—a* +e” +X

NN

NS
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BR(K{ - ptp~)=6.84x 1077
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ecisions and resonance
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Precision Measurement on W mass New resonance (top)

( quantum Loop correction )
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Prec ions and resonance
d -

Precusnon Measurements
(W and top mass) New resonance (top)
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Selected diphoton sample
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ubstructure of quark?

Excess in the tail (‘1997)
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<0.09 ATLAS Prel|m|nary
Vs=7TeV, 4.7 fb"
Vs=8TeV, 20.3fb"
Vs=13TeV, 139 o

BH — inv
All limits at 90% CL
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EXPERIMENT

Run: 279984
Event: 837776402
2015-09-21 20:21:60 CEST

Event selected in
search for qg+H(inv.).
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Other Higgs

CMS Preliminary

35.9fb" (13 TeV)

Standard Model
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\:I Observed exclusion 95% CL
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Published as PRL 123 (2019), 131802



But'the real world ...
|

Higgs
potential

» Unstable Higgs mass, stability of our vacuum depending on Higgs
potential

18



Higgs pairs are predicted to be
1000X rarer than single Higgs.

Theory
)

—
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ﬁ%sap tandFuture of LHC
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___Run2 . Run3 " Runds |
— Js=13TeV Js =13.6 TeV Js=14TeV

2015 2019 2022 2026 2029 --- 2040

(u)= 140-200

Phase 1 upgrades
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Vs = 14 TeV, 3000 fb™ per experiment

[ Total ATLAS and CMS

—— Statistical
# Higgs bosons produced per experiment, per run —— Experimental HL-LHC Projection
Uncertainty [%]
Tot Stat Exp Th

1.8 08 10 13

BH BHH

1.7 08 07 13

1.5 07 06 12

25 09 08 21

3.4 09 1.1 31

10M
3.7 13 13 32

Cross sections from the LHC Hioas Working Group 19 09 08 15

43 38 10 17

|98 72 17 64
T 002 004 006 008 01 012 014
Expected uncertainty




NewResonances at Low-mass

4 -

> Se ark 'p%oton decaying to two muons
> UsediCMSTregulardimuon and

Standard Model
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SiNewiResonance with narrow width
> Ferngd asymmetry of Drell-Yan events
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High-pt events:

 SeancniusingmignEptandinigh=c E/dxXNS6SIgmarsignincance)
INorcompetuveGiSiesults

ATLAS {S=13TeV, 139"
SR-Inclusive_High Py >120 GeV, il <18
m{g) =22 TeV. )=10069V,1@)=10n8

mﬁ:) 13 TeV. (% ) =10ns +°°°°'V°"

m{@) = 400 GeV. ) = 10 ne
— Expeacted

ot
>
O
O
o
o
-
~
»n
2
-
c
L

1000 2000 3000 4000 5000
m [GeV] ATLAS: arXiv:2205.06013

Data / Pred.

25



VISSMEEiggsiboson decaying
-
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3 CMS :%;;M 3 [CMS [Jeva [t
T 400f ] dot, = % e [Jowes
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SO rGRINIVVWWA(6S0MGEY)
> Notshowninthe AjlLAS data

95% CL limit on o(H—WW—212v) [pb]

138 ' (13 TeV)

-»- Observed

— Expected

[ 68% expected

[]95% expected

— Exp. for SM-like Higgs

Scenario: fg.=1

CMS-PAS-HIG-20-016
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HIggs bosor{ ININVISSM: 2HDM+S

> prsigniﬁcant excessiover SMipredictions
> LAPNONRC <5 5 o ati(my,. m.) = (650, 90) GeV

o

CMS-PAS-EX0O-21-011

CMS Preliminary 138 fo (13 TeV)

30 (spin-0) X—HH-yybb ggF CATO
m, = 125.0 GeV

ggF CATO
¢ Data
— S+H+Bfit

— H+B component
B component

CMS Preliminary 138 o' (13 TeV)

K> m, =300 GoV (x10%) pp—X—HY—syybb (Spin-0)
o My =360 GoV (x10) - Expected limit + 2 std. deviatiol
400 GoV (109 [ Expected limit + 1 std.deviation
————— ™ Expected 95% upper limit
N> ™, = 490GeV (<10") o Observed 95% upper limit

my = 500 GeV (x10")
m, =550 GV (x10°)

n
32

¢ Data
— S+H+B fit
— H+B component
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Events /(5 GeV)
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my = 800 GV (x10Y)

m, = 650 GeV (x10")
my = 700 GeV (x10%

my = 750 GV (x10%)

- > m, = 800 GeV (x10")
o — b

'm, = 500 GeV (x10%)

« 650 GeV (x10Y)
—3m, = 1000 GeV (x10°)




transfer lines proposed to be
Injection

installed inside FCC-hh ring tunnel
into booster PALExperiment ste) > Azimuth = -10.2° PA (Expiment ske) e Azimuth = -10.2°
~ njection -
S5S = 1400 m Injection into collider / SSS = 1400 m S Injection

- Beam dum Technical site
Tochniosl A Lss=2160m "/redwcx site ]

LSS=2160m £8 RF PL O
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LSS = 2160 n

LSS =2160m Q ;“B""&al site
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Arc length = 0516 586'm / booster Arc length = 9616.586'm :

.

' /

ol i S$SS = 1400 \ 4 SSS = 1400 m

s Schematic of an Ry S . D Socond ~- -

4 80-100km (Optional (Qptional axperimant S §85 % WO
Experiment Experiment site) \

g long tunnel e b ey

Technical :: . LSS =3 Jochnicel site BEtatron & Technical site
- PF

momentum M
800 MHz RF $55 = 1400 m collimation omentum

collimation

O LSS = 2160 m LSS = 2160 m [ Lt:hn»ml sito
SSS = 1400 m Betatron collimation

PG TExpenment ste) PG (Experment site)
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» much better than expected
1d analysis technique

‘at the Energy Frontier,
dence except Higgs particle

> LHC stated ?’.pn, Run 3 from Feb 2022
with expected data of 300fb-"

> This will continue at the current run and future HL-LHC
to explore the physics beyond the SM

30



JLC/FCC-ee

Early 2000’s grad school

LC is a precision machine
only useful after LHC
discovered something

2012 Higgs Discovery
LC probably won't

see anything based
on LHC data

2018
LC can be a

discovery machine!
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emz, 'z, N,

* o s(mz) with per-mil accuracy

Higgs

*R,, Ars *Quark and gluon fragmentation
‘mw, l'w *Clean non-perturbative QCD studies
MHiggs, rHiggs
EW & QCD Higgs couplings
self-coupling
detector hermeticity particle flow
tracking, calorimetry energy resol.
particle ID
direct searches "intensity
of light new physics frontier”
*Axion-like particles, dark photons,
Heavy Neutral Leptons
* long lifetimes - LLPs
flavour factory
(1012bb/cc; 1.7x101 77)
Top
7 physics B physics eron, Moo
*Flavour EWPOs (Rp, AFgP:€) EW top couplings

ez-based EWPOs

elept. univ. violation tests

momentum resol.
tracker

*CKM matrix,
*CP violation in neutral B mesons

eFlavour anomalies in, e.g., b = szr sl L)

energy resolution
hadron identification

detector req.




I gg and Searches

FCC-ee Simulation (Delphes)
Ll T T I Ll Ll T ' Ll T Ll ' T Ll Ll
— ZH
E =240 GeV el zz
L=5ab’ . W
e'e =ZH - u'y + X [ Other Backgrounds

W HLLHC = +FCCee ® +FCCeh ® +FCChh
68% prob. uncertainties

events / 0.50 GeV
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Mreooil [GeV]

Precision on kj

FCC'ee 33 % ,; \ . {(mmj ‘

FCC-ee(4IP) 24 %

FCC(ee+hh) 5%




