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Particle Physics Scales

Molecule Atoms Nucleus
10° m = 0.000 000 001 m 1019m =0.000 0000001 m 101 m =0.000 000 000 000 01 m

Delphinidin Molecule Composed of: Composed of:
(blue pigment of flowers and grapes) Nucleus and electrons Protons and neutrons
Protons and Neutrons Quarks
1015 m = 0.000 000 000 000 001 m <10 m = 0.000 000 000 000 000 001 m
. Quarks and electrons have no
dimensions
Composed of they look just like a point

guarks 5



Fundamental Particles

Up and down quark, electron and electron neutrino

quarks

leptons



Fundamental Particles

1937: DiSCOVGFy of the muon (Anderson and Neddermeyer)

a copy of the electron but with 200 times the mass (me = 200 X me)

"A first surprise”



Fundamental Particle s

Three complete families of fermions
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Fundamental Particles

Three complete families of fermions
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Fundamental Particles

Three complete families of fermions

ﬁ The Top quark

1995: Discovered by CDF and DO
experiments at Fermilab, Chicago

quarks

Mtop = 175 GeV.
Same mass as a
Tiungsten,atom (W)

leptons

74 electrons

Increasing 74 pretus
mass 108 neutrons




Fundamental Particles

Neutrinos-are ‘massive. -
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Neutrino Interactions and Mass

Two different views of the same neutrinos
Flavor Basis

Mass Basis
(Interactions

(Motion)
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L Heidi Schellm;;Bd

A major goal for experiments such as DUNE
IS the study of neutrino interactions

Particlezoo.net



http://particlezoo.net/

Neutrino Interactions and Mass
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Heidi Schellman

A major goal for experiments such as DUNE
IS the study of neutrino interactions 10



Fundamental Particles

_ _ Sitrong) firicze
Last particles discovered by 1983
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The Weak Force

The weak nuclear force has a very small range (10" * &)
Y force carriers (W and Z

It Is Impossible to build a consistent theory for massive
bosons like the W and Z without an additional particle.
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The Higgs Boson

Solution proposed by several theorists in 1964
Higgs, Brout, Englert, Hagen, Guralnick and Kibble

A new fundamental particle with spin O (the only one In the
Standard Model) could make the theory consistent again!
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Fundamental Particles

Higgs

boson Electrical _
! Charge Spin
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Discovered in 2012
after 40 years!

leptons

gauge bosons
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-~ LHCrring:
- 27 km circumference
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- prote'h Hproton e
fenter of mass energy 7




Particle Detection in ATLAS




Direction Y Tracking

A:harged particles pass through
detecting medium and knock out
electrons

. Gas, Silicon

AReIeased electrons are ]

; E ¥t
collected and read out as hits ‘ i

AReconstruct trajectory out of

] Electronics
hits _IL

AJsuaIIy In a magnetic field so ]E 1
momentum can be determined T )
by curvature

@ @@
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Trackers In ATLAS




Energy Y Calorimetry
Ai:alorimeters measure total energy of particles

.electrons, photons, jets Pb L

/Z]Dense material causes particles
to interact

- Lose energy to ionization
and nuclear interactions

- Create cascade of electrons,
photons

ABensitive or active material

- lonizes the material and charge
IS collected (e.g. LAr)

- EXcitation & scintillation
processes can also be used
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Muon Tracking

|
A/Iuons escape f
only other particle is neutrino

Alse tracking detectors that
cover large areas far away from
collision region to identify muons
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Installation completed in 2008
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I Upgrade in 2021
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= | ATLAS

EXPERIMENT

Run: 286665 ,4.

Event: 419161 ’ < | N .
2015-11-25 11:1 CEST le ,Stable beams heavy=ion collisions

GATLAS
L2 EXPERIMENT

40 million per s P
second

2015-09-27 22:09:07 CEST

~1000 per second

stored for
analysis
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