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: : [Brout,Englert,Higgs 1964
The Higgs Mechanism outEnglert fiogs 1964

e One complex (doublet) scalar field @ [4 d.o.f]
potential:  V(®) = p?|®|* + \|®|*

» spontaneously broken symmetry

pr<0: (®)£0




: : [Brout,Englert,Higgs 1964
The Higgs Mechanism st Englertiass 1954

e One complex (doublet) scalar field @ [4 d.o.f]
potential:  V(®) = p?|®|* + \|®|*

» spontaneously broken symmetry

p? <0: () #0

» 3 “angular’ modes
= longitudinal W and Z




: : [Brout,Englert,Higgs 1964
The Higgs Mechanism outEngler Higgs 1964

e One complex (doublet) scalar field @ [4 d.o.f]
potential:  V(®) = p?|®|* + \|®|*

» spontaneously broken symmetry
p?<0: (D) #£0

» 3 “angular” modes
= longitudinal W and Z

» radial mode: massive
= the “Higgs boson”
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The Higgs boson discovery

oson discovery was an e
-talk between theorists a
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CMS Experiment at the LHC, CERN \ . "
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SM recap

Field Content Interactions
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Beyond the Standard Model (BSM)

r

\_

SM: effective theory valid at low energy:
higher energy — new d.o.f. (particles), yet unseen

.

for BSM theories addressing the above issues: there were (theoretical)
reasons to expect BSM signatures at the LHC

|

LHC main goals:

o Understand EWSB, by looking for the Higgs boson
— SM particle content finally established [[Y4]
— not yet all its interactions (Higgs sector)

o Search for new Physics beyond the SM
— LHC is the current energy frontier (in a lab)

14



SM Phenomenology at the LHC and QCD

TH computations enter in ~ all experimental analysis

Feynman diagrams,
advanced mathematics,
analytical+numerical
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SLSY At TUE LHC
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* CORRENT STATLS

CMS Moriond 2021

Overview of SUSY results: gluino pair production
137 fb~! (13 TeV)
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Selection of observed limits at 95% C.L. (theory uncertainties are not included). Probe up to the quoted mass limit for light LSPs unless stated otherwise.
The quantities AM and x represent the absolute mass difference between the primary sparticle and the LSP, and the difference between the intermediate
sparticle and the LSP relative to AM, respectively, unless indicated otherwise,
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DM@LHC

e Assume there is a mediator DM — SM
e Signature: “mono-jet” (DM is not detected!)

ATLAS : JHEP 01 (2018) 126 |

- > T T T T T T T T
q ,y/ V/g X 8 ATLAS ¢ Daw2015:2016
= 4 %~ Standard Model
/ @ Vs=13TeV, 36.1 fo B 2> ) + jets
) < s [ Signal Region R V(= ) +jets
ReCO' | :>j p,(i1)>250 GeV, E'T"‘ss>250 GeV B 2= 1) +ets

R i + single top
. oi

Ix Missing
energy W
\ B ) B % 1‘2\':js,.ta{.+5ysn,'l inti k ' g ' 4 ' ; ' J} ]
4 X CATLAS RS e etesasaies ettt
oy A EXPERIMENT 300 400 500 600 700 800 900 10G0 1100 120
ET™ [GeV]
- In order to establish whether there’s a excess, one must be sure to

know the SM signal very well
- QCD (and EW) corrections crucial!
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Indirect searches (LHC as a precision machine)
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The path ahead

[ st | EYETS LS2 __136Tev  IRES 13.6-14 TeV
13 TeV ra— energy
Diodes Con: Id itiol
li lidatis
e 8 Te ss‘:;z:ons?l ation ry |m1 LIU Instal II tiol HL-LHC
—_— R2E project Civil Eng. P1-P5 pI ot beam d atio Imt installation
2011 2013 2014 2015 2016 2017 2018 2019 2020 2022 2023 2024 2025 - 2027 2028 2029 ||IIIII
5 to 7.5 x nominal Lumi
ATLAS - CMS
experiment upgrade phas ATLAS - CMS
bean pipes 2 x nominal Lumi 2 x nominal Lumi HUSpgrace

nominal Lumi o ALICE LHCb joeXmomnaliiml W 5

o integrated LRI
W 190 b m A0 4000 fb-!

Higgs discovery today

¥
e High-Luminosity LHC: 15 years of data to come, ~10 times more statistics

e Increasingly clear that hints of new Physics at the LHC, if there, are difficult to be found
o More and more ingenuity and advanced techniques in EXP analysis
o Role of precise computations in the SM become more and more important




Bevond the

_HC (>2040)

La fisica di FCC-ee in una slide

Azimuth =-102"

Injection into collider
Beam dumg

momentum

transfer lines proposed to be
installed inside FCC-hh ring tunnel

Tochnical site
e\ e
Momentum Betatron collimation

collimation

2065 - 2090

*mz, 'z, N, « o s(mz) with per-mil accuracy
*Ri, Ars *Quark and gluon fragmentation
mw, MNw *Clean non-perturbative QCD studies
MHiggs, Higgs
EW & QCD Higgs couplings
self-coupling
detector hermeticity particle flow
tracking, calorimetry energy resol.
particle ID
direct searches ‘
of light new physics
*Axion-like particles, dark photons, E
Heavy Neutral Leptons ‘ Rare/forbidden decays
¢ long lifetimes - LLPs
flavour factory
(102bb/cc; 1.7x10" z7)

7 physics B physics
*Flavour EWPOs (Rp, AFgP€)
er-based EWPOs «CKM matrix,
elept. univ. violation tests *CP violation in neutral B mesons e B
m:;‘:krgrml' eFlavour anomalies in, e.g., b — srr energy rgésolel%ior?
hadron identification -
detector req.

Extraordinary stat — precision ® 100 TeV — higher mass reach
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(<—-QFT) is extremely successful in describing fundamental int
not the ultimate theory — — explicit models / bottom up ppro
Path to New Physics: Direct vs Indirect searches

Both ways: impressive progress in understanding and exploiting QF T (e g. C

Ultimate goal: find hints of new Physics

The LHC W|II contlnue (
explored before + other smaller expe ents

e Large and lively TH communities, ne_ eas, mteractiohs-with EXP colleagues
e Many intense years ahead of us .,._.«. e (ahead of )



