PHYS 7363 - Experimental Particle Detection and Detectors I

Particle detectors are the workhorses of experimental physics.
In this course, we'll dive deep into their physics, exploring the
incredible evolution of our experimental techniques over the
past nine decades. You'll gain a solid understanding of particle
detection and identification, examine the intricate designs of
modern detectors, and learn how machine learning is being
harnessed to push the boundaries of detector design. If you're
intrigued by how we “see” subatomic particles, this course is for
you!
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Particle ldentification

 How is a particle’s identify defined?

e Mass

o Lifetime

e Quantum numbers: charge, spin, parity
 Methods of particle identification:

* Charged particles:

. Measuring momentum p and the velocity /5, the mass can be deduced: m = L

vp

 The momentum can be measured in a magnetic filed and the Lorentz

variables (f, y or [/y) can be determined by measuring:
* time of flight

» specific energy loss by ionization (dE/dx)
 Cherenkov radiation
e transition radiation



Particle ldentification
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Fig. 14.1 Two historical examples for identification of a new particle. (a) The 2~ baryon
[156] is identified in a bubble chamber by its long lifetime, its kinematically reconstructed
mass and associated strangeness production (source: CERN [284]). (b) 7-lepton pairs were

first identified in eTe™ collisions by observing a muon and an electron track in a cylindri-

cal proportional chamber [774,773]. The momenta of the tracks are unbalanced, indicating
unidentified particles (neutrinos) taking part in the event. The upper track is identified as a
muon since it traverses the iron yoke of the detector; the bottom track is an electron because

113 units of energy are deposited in the shower counter, to be compared to the muon energy

of only 13 energy units. Taken from SLAC Report SLAC-PUB-5937 with kind permission by
the SLAC National Accelerator Laboratory.




Particle ldentification

 Masses (and sometimes also other quantum numbers) of decaying
particles can be determined by kinematic reconstruction of the decay
products:

2
m = Z p; | , where p; are the 4-momenta of the decay
i

products
* Electrons and photons create electromagnetic showers. For electrons

(and also for positrons), the measured shower energy E is about equal to
the (magnetically determined) momentum p, such that E/p =~ 1



Particle ldentification

 For muons, use their capability to penetrate thick absorber materials

 Hadrons can (at sufficiently high energies) be recognized via hadron showers

* Particles decaying on a time-scale of picoseconds can be identified by measuring
the flight distance from production to decay by measuring traces of the decay
products
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Particle ldentification

The experimental technigues employed in particle identification change
with the energy of the particles to be identified
Methods, employed very successfully for low-energy particles, as for

example time-of-flight or dE/dx methods are not suitable at high energies
For detectors like LHCb and ALICE, which do not aim for full angle
coverage, employ Cherenkov detectors for particle identification

ATLAS and CMS restrict themselves to identifying:

e Jets as signatures of quarks or gluons

* |eptons (electrons, muons)

 Photons
e Secondary vertices as signatures of heavy quarks or heavy leptons



Long-lived particles

* The flight time of a particle between two detectors directly yields the velocity of the particle
» A particle with momentum p and mass m traverses two detectors positioned at a distance

L. from each other

* One of the detectors generates the start and the other the stop signal

* The time difference between the signal is digitized by a TDC (time to digital converter)
with a resolution given by the TDC clock:
* From the flight duration:
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Long-lived particles

* Difference In flight times of two particles of equal momenta but different
masses (m, > m,), one obtains (p* > m?);
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* Mass resolution typically driven by the time measurement
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Particle Flow with CMS Open Data

* https://cms-opendata-workshop.github.io/workshop2023-lesson-
advobjects/02-particleflow/index.html
* Particle flow paper: https://arxiv.org/abs/1706.04965
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Particle Flow with CMS Open Data
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Event display of an illustrative jet made of five particles only in the (x, y) view
The ECAL and HCAL surfaces are represented as circles centred around the interaction point

The Kg and the 7~ and the two photons from the 70 decay are detected as four well-separated ECAL clusters (E1,2,3,4)

ne 1 does not create a cluster in the ECAL

The two charged pions are reconstructed as charged-particle tracks T1,2 appearing as vertical solid lines in the (7, @) views and the circular arcs in the (x, y)
view

These tracks point towards two HCAL clusters H, ,




