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Al confini dell’indivisibile

C. Aime, D. Rebuzzi, A. Negri



si fa a
confrontare le
predizioni della teoria
con | risultati di un
esperimento?
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ATLAS

EXPERIMENT

http://atlas.ch

Run: 204153
Event: 35369265
2012-05-30 20:31:28 CEST
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Oltre alla ricerca, che

puo svolgere un
fisico sperimentale
delle particelle?



Utilizzo particelle
Informatica
Elettronica
Telecomunicazioni
Finanza

Industria.”

Agricoltura




Analisi dati

Gestione dati

R&D Rivelatori

Gestione e coordinamento

Problem Solving
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{ Ambiente: giovane, internazionale, challenging







Big Data
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Grid INEN

_ Istituto Nazionale
di Fisica Nucleara

Infografica 2008

W CHE COS'E

E una rete planetaria che unisce e utilizza contemporaneamente
la potenza di calcolo e la memoria di decine di migliaia
di differenti computer sparsi nel mondo
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® SARA - Amsterdam, OLA @@=

e Ral - Oxford, GBR

o GridKa, Krisruhe - Stoccarda, GER
e Fermilab - Chicago, USA

o Triumf - Vancouver, CAN

e Brookhaven - Long Island, USA

e Nordic - SVE-FIN-NOR

e Pic - Barcellona, SPA

e Assc - Taiwan, CIN

L4 proprio pc e
usare le risorse
di calcolo che

gli servono

A
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La potenza

i dicalcolo prodotta
é pari a quella di 100.000 computer

||’r' i caono 'i'i giluanil che

in 33 Paesi utilizzano Grid
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Cours/lecture Seriei‘
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In this series of 4 lectures, the emphasis will be on solving real problems using multi-

layer feed-forward networks. Using the general theory of inverse problems and recent

theoretical results on computational complexity in neural networks, we try to develop

ways of understanding in what sense a problem is solvable and what network

architecture is necessary to solve it.

1. Introduction and overview of Artificial Neural Networks.

2,3. The Feed-forward Network as an Inverse Problem, and results on the computational
complexity of network training.

4. Physics applications of neural networks.

Higosk the HiggsML challenge

May to September 2014
When High Energy Physics meets Machine Learning
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S SANDBOXAQ"™ AboutUs  Solutions~ Who We Serve ~  Partners~ News~ Company ¥

SandboxAQ: Solving

challenging problems
with Al + Quantum for
positive Impact

Find out more °

SandboxAQ is an enferprise SaaS company combining Al +
Quantum tech to solve hard problems impacting society. Our
solutions include post-RSA cybersecurity modules that migrate
enterprises to higher levels of security. These SandboxAQ
modules enable post-quantum cryptography (PQC) in line with
the new standards that are now emerging in this field.



¢ (nb)

proton - (anti)proton cross sections

10° g e .

ML

tot

PRI N

Fondo

10" ¢ Tevatron

10' |

10" |

10% |

10° |

10* - r ’
b QQH/
10° - M=125GeVq O, :

: VBF

10°
FWJSZOQ

'LHC'

AW

107 .
0.1 1

Scrittura

Segnale




Qual & la tipo
di un fisico sperimentale
delle particelle?
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Come funziona il
campo di ?



Particle
energy

Temperature
of universe

Time after
Big Bang
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Unbroken symmetry Spontaneously broken symmetry







10" seconds

Time
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che c’eravate come
'avete vissuta?
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DIPARTIMENTO DI FISICA

Aula A102

Presentazione dei recenti
risultati sulla ricerca del
Bosone di Higgs a LHC

Collegamento con il CERN
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Quali sono i principali
di fisica
delle particelle che si
stanno svolgendo in
Italia € nel mondo?



INFN

GSNI Istituto Nazionale di Fisica Nucleare

Fisica delle \
Astmpartlcelle ?3N3
ISICa c SN4

Nucleare v CSNG

Teorica Ricerca
Tecnologica




Frontiera dell’energia

ALICE®™), ATLAS, CMS, LHC-b
LHC-f, SNDLHC

CSNI Frontiera dell’intensita
| BELLE2, BESIII, KLOE, NA62
b GMINUS2, MUONE
Fisica delle VEG. Mg

Pal'tice“e AMBER, PADME
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May 2021 CMS Preliminary

i ¢ 7 TeV CMS measurement (L< 5.0 fo")
03 s o= & 8TeV CMS measurement (L<19.6 fb")
- i 13 TeV CMS measurement (L < 137 fb™")
L & —— Theory prediction
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All results at: http://cern.ch/go/pNj7



“Qualcosa” non torna

e Materia e energia oscura
e Antimateria
e Neutrini

e Momento magnetico
anomalo del muone

e Unificazione forze
e Quark indivisibili
e Altre dimensioni



ATLAS SUSY Searches* - 95% CL Lower Limits

ATLAS Preliminary

July 2019 Vs =13 TeV
Model Signature  [Ldr (™) Mass limit Reference
. §—at) Oep 2:6 jets Eif“ 36.1 1.55 m(¥})<100 GeV 1712.02332
2 mono-jet  1-3jets EP'S 361 0.71 m(g)-mit})=5GeV 1711.03301
5 @ gt Oen  26jets EPS 361 |@ 2.0 m(F?)<200 GeV 1712.02332
5 I3 Forbidden 0.95-1.6 m(¥})=900 GeV 1712.02332
B az i—aaOF 3eu 4jets 3.1 |z 1.85 m(F})<800 GeV 1706.03731
® ee, 2jets  EP'S 361 i3 1.2 m(z)-m(¥})=50 GeV 1805.11381
§ 22, i—gqWZE] Oep  7-11jets EP'S 361 | & 18 m(¥}) <400 GeV 1708.02794
3 SSe.u 6 jets 139 | & 1.15 m(g)-m(¥|)=200 GeV ATLAS-CONF-2019-015
=
= g gty 0-1ep 3b Ers 798 | & 225 m(¥])<200 GeV ATLAS-CONF-2018-041
SSe.p 6 jets 139 | & 1.25 m(g)-m(¥)=300 GeV ATLAS-CONF-2019-015
BBy, by —b¥] 0} Multiple 36.1 | b Forbidden 0.9 m(¥})=300GeV, BR(6¥})=1 1708.09266, 1711.03301
Multiple 36.1 by Forbidden 0.58-0.82 m{¥})=300 GeV, BR(bY|)=BR(ti)=0.5 1708.09266
Multiple 139 b, Forbidden 0.74 m(¥})=200 GeV, m(¥})=300 GeV, BR(t¥})=1 ATLAS-CONF-2019-015
B1by, by —btS — bht) Oep 6b EfS 139 | b Forbidden 0.23-1.35 Am(¥3,£1)=130 GeV, m(¥})=100 GeV SUSY-2018-31
.g § b 0.23-0.48 Am(E2,7))=130 GeV, m(¥})=0 GeV SUSY-2018-31
§,§ iy, [ —WbY| or ¥} 02e.u 02jets/1-2b EXS  36.1 % 1.0 m(¥})=1GeV 1506.08616, 1709.04183, 1711.11520
.8 And — Wbt} leu Bjetsitb EPS 139 | & 0.44-0.59 m(i})=400 GeV ATLAS-CONF-2019-017
§ g iy, = by, 11 216G Tr+leut 2jetsith EFS 3614 | 1.16 m(?1)=800 GeV 1803.10178
2§ Ahh —ck] 188, Eck) Oep 2c  EPS 364 |& 0.85 m(¥)=0GeV 1805.01649
i 0.46 m(7 &)-m(¥})=50 GeV 1805.01649
Oe,u  mono-jet EfS 361 | 0.43 mii, &)-mi¥})=5 GeV 1711.03301
i, =i +h 1-2ep 4b EMS 361 A 0.32-0.88 m(¥})=0GeV, m(i, )-m(¥})= 180 GeV 1706.03986
b, h—ih +Z e 1h Eps 139 | & Forbidden 0.86 m(¥1)=360GeV, m(i,)-m(¥})= 40 GeV ATLAS-CONF-2019-016
Vi) via wz 23ep Ems  3g1 | 0.6 miEd)=0 1403.5294, 1806.02293
ee, 21 Ep'= 139 x%/i'f 0.205 mi;)-m(t])=5 GeV ATLAS-CONF-2019-014
T
XX via ww 2epu EFs 139 | 0.42 m¥))=0 ATLAS-CONF-2019-008
YiED via Wh O-leu 2b2y EpS 139 |G, Forbidden 074 m(¥})=70 Gev | ATLAS-CONF-2019-019, ATLAS-CONF-2019-XYZ
= g XX vialp /v 2ep EP'S 139 | & 1.0 m(l#)=0.5(m(¥] }+m(¥})) ATLAS-CONF-2019-008
WS w7, rorl] 27 EMs 439 |# FLoFR) IINOHE0E 0.12-0.39 m(E)=0 ATLAS-CONF-2019.018
bpbig, i-08) 2ep Ojets  EMS 139 |7 0.7 miE))=0 ATLAS-CONF-2019-008
2ep 21 EPS 139 | i 0.256 m(?)-m{¥})=10 GeV ATLAS-CONF-2019-014
HH, H-hG[ZG Oe.p >3b  EPS 361 i 0.13-0.23 0.29-0.88 BR(¥] — h()=1 1806.04030
depu Ojets  Ef™S 361 i 03 BR(Y; — ZG)=1 1804.03602
g o Direct ;%] prod., long-lived ¥} Disapp. trk  1jet  EMS 361 | 0.46 Pure Wino 1712.02118
g g T Pure Higgsino ATL-PHYS-PUB-2017-019
T
2T  Stable 7 R-hadron Mutiple 3.1 |& 20 1902.01636,1808.04095
3 S Vetastable 2 R-hadron, g—qq¥] Multiple 3.1 |& [@=tons020s) . 20524 m(F{)=100 GeV 1710.04901,1808.04095

*Only a selection of the available mass limits on new states or
phenomena is shown. Many of the limits are based on
simplified models, c.f. refs. for the assumptions made.
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Mass scale [TeV]



Pavia: 60 persone

Frontiera dell’energia

ALICE®™), ATLAS, CMS, LHC-b
LHC-f, SNDLHC

CSNI Frontiera dell’intensita
| BELLE2, BESIII, KLOE, NA62
b GMINUS2, MUONE
Fisica delle VEG. Mge

Pal'tice“e AMBER, PADME









LR |
i

A i Jikiii

b






S T T .
MEG@PSI

\ pa
> .I\‘ N ’




Deep Undergroud Neutrino Experiment

Sanford Underground
Research Facility

Lead, South Dakota

Sanford Underground
Fermilab Research Facility

. - Batavia, lllinois
~ ‘\K | o (Proposed)

Fermilab

Sanford Underground
Research Facility

Fermilab
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Quali sono i
programmi
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Physics Opportunities




- May 30, 2022

Internationa
/r \UoN Colie https://muoncollider.web.cern.ch

ollaboration

Muon Collider Physics Summary

Submitted to the Proceedings of the US Community Study
on the Future of Particle Physics (Snowmass 2021)
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