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Four Fundamental forces

 Gravitational force
e Electromagnetic Force

Andy Washnik




LABORATORIO DE INSTRUMENTACAO

E FISICA EXPERIMENTAL DE PARTICULAS
particulas e tecnologia

Four Fundamental forces

e Gravitational force
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Four Fundamental forces

* Gravitational force

* Electromagnetic Force
* Weak force

* Strong Force
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Strong Force

* Quantum
Chromodynamics (QCD)

* Propagated by gluons

* Applies to particles with
colour charge (Quark and
Gluons)
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Strong Force

* Quantum * Colour charge, comes in 6 types,
Chromodynamics (QCD) red, green, blue and

* Propagated by gluons corresponding anti-colours.

* Applies to particles with e Colour confinement:
colour charge (Quark and Hadronization

Gluons)
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LHC

Proton Proton



LABORATORIO DE INSTRUMENTACAO

E FISICA EXPERIMENTAL DE PARTICULAS
particulas e tecnologia

LHC

Detection
@ ~ Hadronization
hadrons @@

Fragmentation

partons @)D @ ...
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Jet Algorithm
p, is the transverse momentum of the -
particle and is defined by P, = \/sz + P7.
y is the rapidity of the particle and is y=2
defined by y = %ln (?_rpi) which serves as zj

the jet angle along the polar angle.
@ is the azimuthal angle and was defined R ’
/\ ;«T

_1,Px
by ¢ = Tan 1(g).

R is a parameter chosen to fit the
algorithm.
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Jet Algorithm

AR};

d; = min(pfip,pf]?’)—

— ARY; = (y; — i) + (=)

— 2D
diB - pti

p is the parameter that will distinguish
an algorithm from the other with p =1
being called the inclusive k, algorithm,
p= 0 is the Cambridge/Aachen algorithm
and p = -1 the anti-k, algorithm.

13
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Jet Algorithm

AR?; 5 2 2
1. Compute ARLZJ, d;.and d g d; = mln(pti 1 Dyj )_Rz tj i =) +(d:i — ¢))

2. Find the m|n|mum of d;; and d.p

3. Ifitis d;;, recombine i and j into a single
particle and return to step 1.

4. Ifitis a d,z, declare i to be a jet and remove it

from particles and return to step 1.
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Jet Algorithm-Infrared safety

Infrared (IR) safety is the property that if a soft
interacting particle or collinear particle is added to an
event, the set of detected jets should remain
unchanged

An IR unsafe algorithm would An IR safe algorithm would
join two jets, which otherwise combine the soft or collinear particle
would not be combined into one jet, thus conserving the number

of detected jet 15
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Jet Algorithm-Implementation
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Diagrams that contribute to dijet production at leading order

Gluon+Gluon -> Quark+Anti-Quark %%/

t-channel s-channel

19
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Quark+Quark -> Quark+Quark

With different flavours.

t-channel
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Diagrams that contribute to dijet production at leading order

qi d4 di ds

Quark+Quark -> Quark+Quark

With the same flavours.

op) ds op) d4

t-channel u-channel
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Diagrams that contribute to dijet production at leading order

Quark+Gluon -> Quark+Gluon

T~
A

s-channel t-channel t-channel
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Diagrams that contribute to dijet production at leading order

Quark+Anti-Quark -> Quark+Anti-Quark
With the same flavour

L o=

t-channel s-channel
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Diagrams that contribute to dijet production at leading order

Quark+Anti-Quark -> Quark+Anti-Quark
With different flavours

s-channel
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Conclusions

* We obtained predictions for inclusive jet production
cross section, using perturbative QCD, for transverse
momentum and rapidity described by the Feynman
diagrams for scattering.
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Next-Leading-Order had lower uncertainty meaning
the calculations are more precise.
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Conclusions

We obtained predictions for inclusive jet production
cross section, using perturbative QCD, for transverse
momentum and rapidity described by the Feynman
diagrams for scattering.

We concluded that different proton PDFs result in
variations of effective cross section up to 5% at low
rapidity and 20-30% at high rapidity and that Next-to-
Next-Leading-Order had lower uncertainty meaning
the calculations are more precise.
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Conclusions

 We obtained predictions for inclusive jet production

cross section, using perturbative QCD, for transverse ;Q HHHHH ] J/?
momentum and rapidity described by the Feynman B — = l —
diagrams for scattering. =

e We concluded that different proton PDFs result in
variations of effective cross section up to 5% at low ool b e
rapidity and 20-30% at high rapidity and that Next-to- O
Next-Leading-Order had lower uncertainty meaning
the calculations are more precise. A | o

« Comparing PDFs to experimental ATLAS data CT18 and S %
MSTH20 best fit the data curve at low rapidity, but, at L —
high rapidity all studied PDFs are compatible with the R

data since there is a high degree of data uncertainty.
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Conclusions

We obtained predictions for inclusive jet production
cross section, using perturbative QCD, for transverse
momentum and rapidity described by the Feynman
diagrams for scattering.

We concluded that different proton PDFs result in
variations of effective cross section up to 5% at low
rapidity and 20-30% at high rapidity and that Next-to-
Next-Leading-Order had lower uncertainty meaning
the calculations are more precise.

Comparing PDFs to experimental ATLAS data CT18 and
MSTH20 best fit the data curve at low rapidity, but, at
high rapidity all studied PDFs are compatible with the
data since there is a high degree of data uncertainty.

So, we conclude that the analysis made in
this project shows no evidence for new
physics for the observables studied at the
LHC
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