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AT THE LHC
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Goal: uncover what the
universe is made of and
how it works
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CMS Experiment at the LHC, CERN
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Run / Event / LS: 278969 / 229126383 / 184 - !

CM CMS Experiment at the LHC, CERN
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PARTICLES DETECTION AND RECONSTRUCTION




PARTICLES DETECTION AND RECONSTRUCTION
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EVENTS SELECTION

e Trigger:
o collision rate at LHC 40 MHz
o need to record only potentially interesting
events

CMS Experiment at the LHC, CERN

[ ] Offline selection: . | Data recorded: 2016-Aug-05 04:52:09.150784 GMT

| Run/Event/LS: 278240 / 338025446 / 168

o according to the signature of processes of
interest, select events with certain
characteristics (e.g. H—4l)

o from particles reconstructed in detectors (final
decay products), reconstruct information about
particles generated in the collisions (e.g.
Higgs or vector bosons)




DATA FORMAT

e Analysis is performed with kinematic information
of selected particles

e [nformation in each event:
o type of the particle
o momenta

o angles
o invariant mass
O

e (MC only) per-event weights (normalization to
process cross-section, corrections...)

e Format: usually .root files (tree structure), recently
also pandas data frames

e Both data and Monte Carlo simulation (MC) have
the same structure!
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DATA-MC PLOT
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MC simulation
obtained from the
knowledge we have of
the Standard Model
of Particle Physics!

Eur. Phys. J. C 81 (2021) 488
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THE STANDARD MODEL OF PARTICLE PRYSICS

e Best understanding of how building blocks of
the universe (fundamental particles and
forces) are related to each others

e Matter particles:

o 2types: leptons and quarks organized
in 3 generations

o stable matter in the universe, made from
1st generation

e 3 of fundamental forces: electromagnetic,
weak, strong. Result from the exchange of
force-carrier particles

e The Higgs boson, responsible for the
masses of elementary particles via the
Brout-Englert-Higgs mechanism
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THE STANDARD MODEL OF PARTICLE PRYSICS

e

gauge bosons

fermions

Yukawa interactions
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STATISTICAL ANALYSTS

Likelihood function:

Probability Density Function characterizing the set of experimental observables considered in the
analysis, given the parameters of the model

Signal strength modifier: O= WU -0O5M

Systematics uncertainties incorporated as nuisance parameters: 0 = {01,...,9n} - D; (éz |92)

L(data|p,0) = H L.(data|w - s(0) + b(0)) - Hpi(éi|9i)

¢ = channels (e.g. analysis categories) \

s = signal
b = background measured or pseudodatasets
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HYPOTHESIS TESTING

e test Hp on the basis of the observed data

e test statistics t: likelihood ratio
o evaluate t according to the null (H,) and
alternative hypothesis (H.)
o expected distributions of t under the
two Hp, generated as pseudodatasets
from PDFs in the Likelihood

L(data|p, éu)
n ~
L(datalf, 0)

t= -2l

Used for:
e quantifying an excess
e setting upper limits
e parameters measurement

pseudo experiments
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STANDARD MODEL, BUT NOT (YET) THEORY OF EVERYTHING

oV

SM leaves many open questions!
o  Gravity not included
o dark matter
o matter-antimatter asymmetry, ...
search for new physics:
— can indicate the direction for a more complete theory
o it can manifest as resonance (peak on the
invariant mass distribution)
o or deviations in kinematic distributions
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Thanks Robert for this image

can be investigated with an Effective Field Theory approach
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WHAT IS AN EFFECTIVE FIELD THEORY |

e an approximation
O

includes the appropriate degrees of freedom that describe the physical phenomena
O

ignores the substructures and the degrees of freedom of shorter distances (higher
energies)

GV

e only valid up to a certain
regime

Evenis /

e useful to study deviations
from the SM
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HOW IS EFT USEFUL !

e Parametrizes effect of physics at an energy scale A on
observables at smaller energies E<<A, as a set of local
operators

e Form of operators
o fixed by light particles and symmetry structure of
the theory
o entirely independent of the high-energy model

Operators enter the expansion weighted by
Wilson coefficients, that describe new T
physics effects up to some order in E/A

() scale of the high
A energy theory

regime of validity
of the EFT

Taylor expansion of
the Lagrangian in
E/N
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AN EXAMPLE: FERML'S INTERACTION

Introduced to explain s decays

o point-like interaction

o describes weak interactions well!
scale A =m,~ 80 GeV

o~ E?
o cross section grows without bound!
o — theory not valid at energies
higher than A

— effective explanation of higher energy
theory
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AN EXAMPLE: FERML'S INTERACTION

Fermi’s interaction: EFT

EW theory: higher energy theory
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LT BOTTOM-UP APPROACH

theory T knowledge of 7~ not required

E<<A information on 7~ can be inferred by measuring c.

measurement . model with fields E/N Eg’}‘ e all allowed operators at (E/A)"
and symmetries e free parameters c,
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EETT0 60 BEYOND THE SM: SMEH

Assumptions:
e new physics is nearly decoupled: A >> E
e atthe accessible scale, SM fields and symmetries are respected

Taylor expansion in E/A :

1 1 1 1
L3y =Lsm+ —Ls+ =L+ L7+ —=Ls+...
SMEFT SM N5 T 556 T g AT T g e
L, = Zi CI.OIg/:n Free parameters: Wilson coefficients

Gauge invariant operators, forming a complete, non-redundant basis
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EETT0 60 BEYOND THE SM: SMEH

likely dominant
new physics
contribution

interesting for specific
LHC interactions
(bosonic quartic
couplings)

lepton number
violating

neutrino mass

1 1 1
L =Lsm+ —Ls+ L+ =L7+ —Lg+ ...
SMEFT SM N5 T 556 T g AT T g e
L, = Zi C,'O,dzn Free parameters: Wilson coefficients

Gauge invariant operators, forming a complete, non-redundant basis




SMEFT OPERATORS

Warsaw basis: dim 6 operators
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(SM)EFT TO INVESTIGATE NEW PHYSICS!

e describes BSM effects at the LHC in scenarios where BSM is out of colliders reach
e is a proper QFT, with regularization/normalization schemes

e minimal commitment to a specific BSM theory

e systematically includes all BSM effects

e universal language for data interpretation

(can be used in different experimental setup) ___ Higgs

Ultimate goal: measure as many EFT parameters as
possible to infer higher energy theory information
— important: combination of different processes

Ken Mimasu ®




