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Why is BSM physics interesting®



Why is BSM physics interesting?



In 1821:

British Prime Minister:

<But Mr. Faradgy, what’s the use of this”>

Faraday:

<I don’t know yet, but I am sure you will tax it!>
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In 1821:

British Prime Minister:

<But Mr. Faradgy, what’s the use of this”>

Faraday:

<I don’t know yet, but I am sure you will tax it!>

Talking about the first electric motor...
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In 1821:

British Prime Minister:

<But Mr. Faradgy, what’s the use of this”>

Faraday:

<I don’t know yet, but I am sure you will tax it!>

Talking about the first electric motor...

Now:

Electric motors consumes the 50% of the
world electricity

1'hey are used in all modern machineries
(Industry, transportation, household,
agriculture, medical devices, construction...) &
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A modern example: the Positronium

If an electron (¢ ) meets a positron (¢ ') they can
form Positronium
Two kinds of Positronium:

e Para-positronium: anti-parallel spin
E = 511 keV
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A modern example: the Positronium

If an electron (¢ ) meets a positron (¢ ') they can

. . 1 eV := energy acquired by electron in 1 V potential
form Positronium

J
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A modern example: the Positronium

If an electron (¢ ) meets a positron (¢ ') they can 1 eV :

. . = energy acquired by electron in 1 V potential
form Positronium

J
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A futuristic example:
Positron Emission Tomography

A radioactive source of ¢ is

L injected in the patient

Radioactive
tracer

Gamma ray
detectors

(511 keV)

Electron
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A futuristic example:
thePositronium-Positron Emission Tomography

Different radioactive
source bonds with i /\
different parts of the \ d, . P A radioactive source of ¢ ' s
body (e.g. tumours, N 0{% L injected in the patient
bones, blood) N2V

VN “ Radioactive

R ; ' tracer

\\41/, & ?E |
l \l | ammar
*§ fisetectorsay

(511 keV)

(511 keV)
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A futuristic example:
Niferent radioactive Positron Emission Tomography

source bonds with \\““ /—\
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A futuristic example:
thePositronium-Positron Emission Tomography

Different radioactive
source bonds with \“’ > /\
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A futuristic example:
thePositronium-Positron Emission Tomography
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A futuristic example:
’ahe—PeSJ:BPeH—Pd—PH—POSEI‘OIl Emlssmn Tomography

Different radioactive
source bonds with
different parts of the
body (e.g. tumours,
bones, blood)

o‘

A radioactive source of IS
injected in the patient

Radioactive
tracer

annihilates with ¢
] T — naturally present in the body,

Z, RO oroducing a y pair

The 3D position of the
target is reconstructed

%
coming from Q“‘ 7
Para-positronium A\

PET image of tumour

New PET scans could
use Positronium, more
iINformation as
Positronium production
rate depends on
environment!

(511 keV)
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Do we need to o Beyond
the Standard Model®



Plato’s allegory of the cave
clciciciciciciciciciciciciciciciciciciciciciciciciciciciciciclc]

Elena Pompa Pacchi | BSM Physics | 08/21/2024



Plato’s allegory of the cave
clciciciciciciciciciciciciciciciciciciciciciciciciciciciciciclc]

Our experience of reality is tied to what we can access
and how we perceive It

— our description of reality is limited by definition
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Plato’s prisoner in modern physics:

A revised Bronstein Cube

h
Classical physics —_— Quantum mechanics
A model Is l C l C
accurate (# true) 7
at a given scale Special relativity —— > Quantum field theory
h
General relativity e Quantum gravity?
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Missing piece #1:

Gravity
Weak force: Electromagnetic force: Strong force: Gravitational force:
,Bi decays Sinding atoms together Sinding nucleil together 3iNding solar system together
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Missing piece #1:
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,Bi decays Sinding atoms together Sinding nucleil together 3iNding solar system together

y

Included in the SM Lagrangian!
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Missing piece #1:

Gravity
Weak force: Electromagnetic force: Strong force: \ | Quantum gravity”?
p* decays Binding atoms together Binding nuclei together

String theory?

SM does not include gravity!

y

Included in the SM Lagrangian!

9

-
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Rotation Speed (km/sec)

Observed vs. Predicted Keplerian
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ﬂl
009 000000000090

Keplerian
Prediction

10 20 30 40 50
Radius from the Center (kpc)

Galaxy speed outside galactic
disk:

M
V?’>RD X rl/z

— should decrease with r but It

flattens out —additional mass In
the galaxy!

Missing piece #2:
Dark matter

—vidence of additional non-luminous mass in the Universe from gravitational effects at different scales
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Rotation Speed (km/sec)

Missing piece #2:
Dark matter

—vidence of additional non-luminous mass in the Universe from gravitational effects at different scales
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Missing piece #2:
Dark matter

—vidence of additional non-luminous mass in the Universe from gravitational effects at different scales

Observed vs. Predicted Keplerian

200
56'

37"

Keplerian
Prediction

100

Rotation Speed (km/sec)

—55°58"

I I I I I I I
10 20 30 40

Radius from the Center (kpc)

6's8m42 360 30 24 18 12:

Galaxy speed outside galactic Massive objects deform space- | ensing measurement —

disk: time — star “behind” massive additional mass in the cluster of
M objects can appear multiple galaxy

VisR, X ~75 times/distorted
r

<
— should decrease with r but it ‘

flattens out —additional mass In
the galaxy!

Elena Pompa Pacchi | BSM Physics | 08/21/2024



Rotation Speed (km/sec)

Observed vs. Predicted Keplerian
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“vidence of additional non-luminous mass in the Universe from gravitational effects at Modified gravity?

Weakly Interactive
Massive Particles?

56’

New Dark Sectors?

37"

—55°58"

6's8m42 360 30 24 18 12:

Lensing measurement —
additional mass in the cluster of
galaxy



Missing piece #3:
Matter-antimatter asymmetry

Anti-matter is twin of matter:

Same spin, mass but opposite charge

11

-
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Missing piece #3:
Matter-antimatter asymmetry

Anti-matter is twin of matter:

Same spin, mass but opposite charge

In Interaction between particle and its
antiparticle the annihilate, releasing energy!

photeon
————O—-———Pg"—"".'——'
-
anki pockicle % fo—
11
Photon B
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Missing piece #3:
Matter-antimatter asymmetry

Anti-matter is twin of matter:

Same spin, mass but opposite charge Our existence poses a question: where is antimatter?

History of the Universe

In interaction between particle and its
antiparticle the annihilate, releasing energy!

phobon

380,000 years 200 million years 400 million years 10 billion years 13.8 billion years

Inflation First Particles First Nuclei First Light First Stars Galaxies & Dark Energy

Neutrons, protons, Helium and The first Gas and dust Dark Matter
and electrons form  hydrogen form atoms form condense into stars Galaxies form in
dark matter cradles

bicle
ank: pockicle % e

Photon

-
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Missing piece #3:
Matter-antimatter asymmetry

Anti-matter produced

Anti-matter Is twin of matter: L .
In different quantity”?

Our existence poses a question: whel

Same spin, mass but opposite charge

Anti-matter behaves
differently??

History of the Universe

In interaction between particle and its
antiparticle the annihilate, releasing energy!

microsecon minutes 380,000 years 200 million years 400 million years 10 billion years 13.8 billion years
Inflation First Particles First Nuclei First Light First Stars Galaxies & Dark Energy
Neutrons, protons, Helium and The first Gas and dust Dark Matter i
and electrons form  hydrogen form atoms form condense into stars Galaxies form in
dark matter cradles
: Parkicle
. .
ank: pockicle
Photon —
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Missing piece #4:
Neutrino mass puzzle

All particles (y) acquire their mass
through interaction with Higgs field (¢h)

The mass term is composed of Left-
nanded and Right-handed chiral
Darticles

For very energetic particles this means:

Right-handed. Left-handed:

»> >

% %

«—

S

Right-handed neutrinos don’t exist, but they are

massive — how do they acquire their mass? Why are ~
they so light? |

Elena Pompa Pacchi | BSM Physics | 08/21/2024



Missing piece #4:
Neutrino mass puzzle

Heavy Neutral

All particles () acquire their mass Leptons?

through interaction with Higgs field (¢))

Dirac Neutrinos?

The mass term is composed of Left- Majorana Neutrinos”?
nanded and Right-handed chiral

narticles

For very energetic particles this means:

Right-handed: Left-handed:

p

Right-handed neutrinos don’t exist, but they are

massive — how do they acquire their mass? Why are <
they so light”?
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Missing piece #0o:
The naturalness/hierarchy/potential stability problem

Iggs boson mass much smaller than gravity energy

scale (10!, one hundred billiard, times smaller) —
hierarchy problem

—Higgs mass extremely small — some specific

mMmathematics (cancellations) happening —fine-tuning
or naturalness problem
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Missing piece #0o:
The naturalness/hierarchy/potential stability problem

Iggs boson mass much smaller than gravity energy

scale (10!, one hundred billiard, times smaller) —
hierarchy problem

—Higgs mass extremely small — some specific

mMmathematics (cancellations) happening —fine-tuning
or naturalness problem

Higgs potential has a minimum determining mass of
known particles:

A
V()

13

-
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Missing piece #0o:
The naturalness/hierarchy/potential stability problem

Iggs boson mass much smaller than gravity energy

scale (10!, one hundred billiard, times smaller) —
hierarchy problem

What if at higher energies the Higgs has a
new and smaller minimum??

Higgs mass extremely small = some specific ;'é%g; o

mMmathematics (cancellations) happening —fine-tuning

or naturalness problem Our < able
vacuuim

Higgs potential has a minimum determining mass of !

known particles: _/ Metastable

T Higgs
field
V()

> |
)

(A==

7 —
S Im (¢)
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Missing piece #0o:

The naturalness/hierarchy/potential stability problem

Iggs boson mass much smaller

scale (10!, one hundred billiard,
hierarchy problem

than gravity energy

e | What if at higher energies the Higgs has a
mes smaller) — new and smaller minimum??

Higgs mass extremely small = some specific Eci)gtgrs] o
mMmathematics (cancellations) happening —fine-tuning
or naturalness problem Our < able
vacuuim
Higgs potential has a minimum determining mass of !
known particles: _/ Metastable
P Higgs
field
V(¢)

The Higgs potential would be meta-stable, a
new minimum will be reached and Universe

as we know it would change! — Higgs -~
potential stability problem >
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Missing piece #0o:
The naturalness/hierarchy/potential stability pr

Iggs boson mass much smaller than gravity energy

scale (10!, one hundred billiard, times smaller) —
hierarchy problem

—Higgs mass extremely small — some specific

mMmathematics (cancellations) happening —fine-tuning
or naturalness problem

Higgs potential has a minimum determining mass of
known particles:

A
V(¢)

SUperSYmmetry?

What it at higher energ!
new and smaller minimd

—xtra dimensions?

Higgs Twin Higgs”

potential

Our

vacuum

Metastable

Higgs
field

The Higgs potential would be meta-stable, a
new minimum will be reached and Universe

as we know it would change! — Higgs e
potential stability problem >

\ |
XX
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Missing piece #6:
The strong CP problem

Charge transformation:

positive charge negative charge

14

-
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Missing piece #6:
The strong CP problem

Charge transformation:

O

positive charge negative charge

Parity transformation:

O

left handed right handed

14
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Missing piece #6:
The strong CP problem

Charge transformation:

O

positive charge negative charge

Parity transformation:

O

left handed right handed

Charge-+Parity transformation:

O 0L

electron positron

14

-
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Missing piece #6:
The strong CP problem

Charge transformation:

Example of CP symmetry into action:
@ @ Meson decays (integer spin hadrons)

positive charge negative charge

Parity transformation:

counterclockwise meson clockwise meson
decays, emits electron north ||| decays, emits electron north

left handed right handed

Charge+Parity transformation: counterclockwise anti-meson clockwise anti-meson

decays, emits positron north | | decays, emits positron north

If CP symmetry is preserved the ~
porocess Is identical under CP 14
transformation N

electron positron Elena Pompa Pacchi | BSM Physics | 08/21/2024




Missing piece #6:
The strong CP problem

Charge transformation: SM predicts weak force to be CP
violating, in strong force this is

E le of CP try int tion:
xample of G symmetry into action expected too —no CP violation
Meson decays (integer spin hadrons) observed in strong force!

positive charge negative charge

Parity transformation:

counterclockwise meson clockwise meson
decays, emits electron north ||| decays, emits electron north

left handed right handed

Charge+Parity transformation: counterclockwise anti-meson clockwise anti-meson

decays, emits positron north | | decays, emits positron north

If CP symmetry is preserved the ~
porocess Is identical under CP 14
transformation N

electron positron Elena Pompa Pacchi | BSM Physics | 08/21/2024




Missing piece #6:
The strong CP problem

Charge transformation: SM predicts weak force to be CP
violating, in strong force this is

E le of CP try int tion:
xample of G symmetry into action expected too —no CP violation
Meson decays (integer spin hadrons) observed in strong force!
Everything that

positive charge negative charge 18 not forbidden
is compulsory!

Parity transformation:

counterclockwise meson clockwise meson
decays, emits electron north ||| decays, emits electron north

left handed right handed

Charge+Parity transformation: counterclockwise anti-meson clockwise anti-meson
decays, emits positron north | | decays, emits positron north Murray Gell-Mann

If CP symmetry is preserved the
porocess Is identical under CP
transformation

electron positron
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Missing piece #6:
The strong CP problem

Charge transformation:

Example of CP symmetry into action:
@ @ Meson decays (integer spin hadrons)

positive charge negative charge
Parity transformation:
counterclockwise meson clockwise meson
decays, emits electron north ||| decays, emits electron north
left handed right handed m
Charge-+Parity transformation: counterclockwise anti-meson clockwise anti-meson

decays, emits positron north | | decays, emits positron north Murray Gell-Mann

If CP symmetry is preserved the
porocess Is identical under CP
transformation

electron positron
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How to search for physics
Beyond the Standard
Model®



Precision
measurements are
one of the way to
tackle BSM
physics.

ldea: measure
guantity predicted
by the SM — if not-
compatible with SM
new Physics!

Ingredients:

1 cup of precision
INn the measurement

1 cup of precision
In the prediction

Notes :

Best results obtained via
collaboration of theorists
and experimentalists

Precision measurements (and not only!)

Procedure:

1.Perform
theoretical
calculation with
smallest possible
uncertainty

2.Perform
measurement with
smallest possible
uncertainty

-

Elena Pompa Pacchi | BSM Physics | 08/21/2024
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\ Precision measurements (and not only!)
Precision

An example:

The measurement of the Higgs boson production

Precision Cross section

measurements are
one of the way to

pp—H+X 13 TeV, PDFALHC15, pug=pug=my/2
60

tackle BSM @ 5
physics. 7 ATLAS® ;
! NNLL+NNLO QCD+NLO EW N3LO QCD+NLO EW )

B _d 50 |- .

Idea: measure , (\ | ) - :
quantity prediqted b ‘ 4 - NLO QCI N 5
by the SM — if not- \ ol N | 2016- ;

. . = - M. Grazzini, D. de Florian )
compatible with SM | = 2004-2016 :
new Physics! e 2 | QCD (BsM) i

T ®F :

. i D , Spi I

Ingredients: Procedure: L : Rt
Q. L

1 cup of precision 1't|:r)12g?ertirrc];al ° o} :
n the measurement calculation with P global signal strength _

smallest possible ; Georgietal  Harras = 1.05 £ 0.03(stat.) + 0.03(exp.)@ 0.04(sig . th.) + 0.02(bkg . th) :
1 cup of precision uncertainty o 1978 -
INn the prediction ; Hens = 1.002 £ 0.029(stat.) £ 0.03(exp.) é0.36(th.D

2.Perform L from M. Grazzini, D. de Florian

measurement with ol

N . smallest possible -
otes: uncertainty \

Best results obtained via
collaboration of theorists Elena Pompa Pacchi | BSM Physics | 08/21/2024

and experimentalists



An example of precision measurement: the Higgs decay width

Heisenberg uncertainty principle:
impossible to know with infinite precision at
the same time certain pairs of variables
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An example of precision measurement: the Higgs decay width

Heisenberg uncertainty principle:
impossible to know with infinite precision at
the same time certain pairs of variables

h

Position-momentum relation: ApAx ~ —

2

Energy-time relation:

n h
AIAE ~ — — AE ~
2 2At
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An example of precision measurement: the Higgs decay width

Heisenberg uncertainty principle:
impossible to know with infinite precision at
the same time certain pairs of variables

h

Position-momentum relation: ApAx ~ —

2

Energy-time relation:

n h
AIAE ~ — — AE ~
2 2At

& E = mc? (energy and mass are equivalent)

= The more “prompt” is a particle, the
broader its mass distribution!
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An example of precision measurement: the Higgs decay width

Heisenberg uncertainty principle:
impossible to know with infinite precision at
the same time certain pairs of variables

h

Position-momentum relation: ApAx ~ —

2

Energy-time relation:

n h
AIAE ~ — — AE ~
2 2At

& E = mc? (energy and mass are equivalent)

= The more “prompt” is a particle, the
broader its mass distribution!

)
= | = — decay width (broadness) of a

T
particle is related to its mean proper life time
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An example of precision measurement: the Higgs decay width

Heisenberg uncertainty principle: £ \ .
impossible to know with infinite precision at “F E
the same time certain pairs of variables | o e
7 Particle z[s] I [MeV] : :
Position-momentum relation: ApAx ~ — 0021 E
2 Z 107> 2500 | * E
Energy-time relation: E i :
7 h H [ 10722 4 oot =
AtAE~3—>AE~2A : :
A 0.005(— —
2 - BT e ek s it e TR e
&E = mc* (energy and mass are equivalent) s eny o
= The more “prompt” is a particle, the
broader its mass distribution!
n .
= | = — decay width (broadness) of a

T -~
particle is related to its mean proper lite time ®:
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An example of precision measurement: the Higgs decay width

AI [ rrrrprrrrp T T T T T T I IIIIIIIIIIIIIIII
Heisenberg uncertainty principle: = F / -
impossible to know with infinite precision at . E
the same time certain pairs of variables | o e
7 Particle 7[s] 1 [MeV] : :
Position-momentum relation: ApAx ~ — 0021 .
2 Z 107> 2500 | * E
Energy-time relation: ' o :
7 h H [ 10722 4 oot 2
AtAE ~ — - AE ~ : :
2 2At 0.005— —
2 - BT e e e s TR e
&E = mc~ (energy and mass are equivalent) | AT| AS and CMS, where - N o
Higgs boson can be
=The more “prompt” is a particle, the studied: @4 MeV energy
broader its mass distribution! resolution ~ O(GeV)
7 | |
= [' = — decay width (broadness) of a — direct measurement are
T impossible! Work arounds <
particle is related to its mean proper life time needed!! ;
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An example of precision measurement: the Higgs decay width

Heisenberg uncertainty principle:
impossible to know with infinite precision at
the same time certain pairs of variables

h

Position-momentum relation: ApAx ~ —

2

Energy-time relation:

n h
AIAE ~ — — AE ~
2 2At

& E = mc? (energy and mass are equivalent)

= The more “prompt” is a particle, the
broader its mass distribution!

)
= | = — decay width (broadness) of a

T
particle is related to its mean proper life time

Particle 7[s] I [MeV]

Z | 107*] 2500
H | 107> 4

In ATLAS and CMS, where
Higgs boson can be

studied: @4 MeV energy
resolution ~ O(GeV)

— direct measurement are
impossible! Work arounds
needed!!

AI B
é -
o B /\

0.03/— —

0.025— ]

0.02— ]
0.015— |
0.01— _

0.005— |

124.98 124.985 12499 124995 125 125.005 125.01 125.015 125.02
v
m:M=125 GeV m, [GeV]

-Fz}’s > FIS{M — Higgs boson
decays into BSM states —DM?

o[ 9 < M muttiple Higgs
boson exist— naturalness f\
o

problem?
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New Physics searches

Frairg Looking for a

needle in a haystack!

e.g. @ LHGC:

~ 10! collisions
oroduced per run (~6h)
to look at!

18

-
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Frairg Looking for a

needle in a haystack!

e.g. @ LHGC:

~ 10! collisions
oroduced per run (~6h)
to look at!

How??

1. Understanding how
events of new Physics

would look like —
signature

2. ldentifying standard
“background” event
looking the same as
new Physics ones

3. Reduce background
events

New Physics searches

-
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New Physics searches

Frairg Looking for a

needle in a haystack!
4. Measure number of
events with that

e.g. @ LHC: |
signature

~ 10! collisions
oroduced per run (~6h)
to look at!

5. Predict number of
standard events with
that signature

How'? 5. Ask yourself:

1. Understanding how
events of new Physics

would look like —
signature

Number measured
events >> number
standard events”? New
Physics?

2. ldentifying standard
“background” event
looking the same as
new Physics ones

18

3. Reduce background —
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e.g. @ LHC:

~ 1019 collisions
oroduced per run (~6h)

to look at!

How??
Understandir

9

Frairg Looking for a

needle In a haystack!

OW

events of new

~h

VSICS

would look like —

signature

|[dentifying standard
“background” event

events

ooking the same as
new Physics ones

Reduce background

New Physics searches

DON'T
STOP M
*NOW!

p

Measure number of
events with that
signature

Predict number of
E standard events with
that signature

Ask yourselt:

Number measured
events >> number
standard events”? New
Physics”?
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New Physics searches: Dark Matter & detection

From gravitational effects

— DM can be a particle with:

o | ifetime ~ Universe age

e Neutral under all SM forces
¢ \/ery small self-interaction
Can be observed via:

e Scattering

e Production

e Annihilation

. Production

time <

Dark Matter Standard Model
Particles Particles

\/
N

Dark Matter Standard Model
Particles Particles
» time

Annihilation

> time

Scattering
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New Physics searches: Dark Matter & detection

From gravitational effects

— DM can be a particle with:

o | ifetime ~ Universe age

e Neutral under all SM forces
¢ \/ery small self-interaction
Can be observed via:

e Scattering

e Production

e Annihilation

Production

time <
Dark Matter Standard Model
Particles Particles

\/
N

Dark Matter Standard Model
Particles Particles
» time

Annihilation

> time

Scattering

Production

EEEEEEEEEE
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New Physics searches: Dark Matter & detection

From gravitational effects

— DM can be a particle with:

o | ifetime ~ Universe age

e Neutral under all SM forces
¢ \/ery small self-interaction
Can be observed via:

e Scattering

e Production

e Annihilation

Production
. Production
tlme <t EXPERIMENT
Dark Matter Standard Model
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k=
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b
=
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/ \ N
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New Physics searches: Dark Matter & detection .
.
, Production
Hrie =
Dark Matter Standarq Model
From gravitational effects Particles Py E
— DM can be a particle with: \ / o ‘
e Lifetime ~ Universe age §
e Neutral under all SM forces / \ %
e \lery small self-interaction Park Hacter srandard Mode!
Can be observed via: > time

Annihilation

e Scattering
e Production

e Annihilation




New Physics searches: Dark Sectors

Dark matter is one of the many particles present in so-called Dark Sector

Dark Higgs

Portal particles have very wide
range of masses and lifetimes

= very different signatures in
the detector!

Dark Sector Heavy Neutral Lepton Visible Sector
A 8 Y7\ sUB)xSu@ xu)

& « *

N

m—

\J/ R "
> 7?"‘ e
e

* Axion-like particle
P oy

e U(l),? - dark EM force?*

)

e SU(3),? — dark strong force?‘
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From Higgs naturalness and

hierarchy problem

— SUperSYmmetry!

New Physics searches: SUSY

—ach particle has its own s-particle,

completely equivalent but opposite
under SUperSYmmetry.

Very wide range of

ifetimes = very d
IN the detector!

ifferent signa

MasseSsS ano

Lures

PARTICLES

Leptons

39 generation “ Q ‘ e

Eottom quark Neulring -

e G OGY O @

Charm quark  Strange quark Muown

"' generation Q m ° °

Neutring w,

Quarks

TOp quark
Neultring Vi

Up quark Down quark Electron

. W e

W Z bosons

Photon Gluons Graviton

0000

Higas bosows

SPARTICLES
Squarks Sleptons
Stop Sbotiom Stau Sweutyring v

GG 0 @

Charm squavk Stramge squark  Smuon  Sreulrive v,

dgdg o o

Up squark

Down squark  Selectron Sweufrino

o .ﬁ;@% 8

Photino Wino,Zino 6luinos Gravifino
Higasinos

-
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muon
spectrometer

hadronic
calorimeter

’
’
.
»
.
.

neufron

\ proton

\

electromagnetic
calorimeter
solenoid magnet

transition
radiation

tracking tracker hS

i} pixel/SCT
detector

The ATLAS detector

the dashed tracks
are invisible to
the detector
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hitp://atlas.ch
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Tile calorimeters

LAr hadronic end-cap and

forward calorimeters
Pixel detector

Toroid magnets

LAr eleciromagnetic calorimeters
Muon chambers Solenoid magnet | Transition radiation tracker
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New Physics at LHC

New Physics events may have 9368 1.9 ev
very different signatures in the
detector wrt standard events!

Long-Lived signhatures:

Particles “appears” at a

certain point in the U
. & @
detector ( N v4,',
/i Cos R, 6 "
) gall LN 3,
YRR S ST
A -—,"‘J’?’) ! 7
~ \w(‘-..’;:z""'l# ".'y
Missing energy signatures: b I , S

Very long-lived or non-
interactive BSM Particles are

not detected — apparent
missing energy!

-
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Machine Learning for new Physics:
Anomaly detection

|s one model more motivated than the other”? Can we do better? Yes, with Machine Learning!

Anomaly detection:

UNSUPERVISED:
ME TOO. BUT AT LEAST

ML trained on standard events, non-standard
ones are reconstructed as anomalous!

SUPERVISED:  \TheY Tolb YoU THE
THEY GAVE ME SO i
MUCH To READ, AND
TESTS! ) 5

IIIIIII
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The future

We are run in the third successful data-taking of LHC

Soon we will have a new run with improved detector and
much more data to be analysed for many years

‘Euture
“lCircular

Probably new accelerator (FCC) will grant unprecedented 5 eallider
energies! el

A lot of things yet to be understood

= it’s your turn!
HL-LHC starts, you

. We find new You are a
are in your BSc You finish your PhD physics? leading physicist

~Now

2020-2025 2027- 2028 2030-2031 2032- 2040 2041 - 2043 2060

———————————————————————————e L
FCC feasibility Update of the End of detailed  Civil engineering Start operationof  Start operation of
Study European Strategy studies. works FCC-ee collider FCC-hh collider
for Particle Physics Presentation to
CERN Council for N>
decision
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