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 High Energy Physics (HEP) → Particle Physics/Nuclear Physics

 Accelerator experiments

 Non-accelerator experiments

Focus on accelerator experiments
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 Particles accelerated and “collided”

 Collider experiments

 Particle species accelerated and stored → storage ring, undergo several bunch collisions

 Particle species accelerated and undergo single bunch collisions

 Particle species are colliding in dedicated collision points

 Experimental apparatus surrounding the collision point

 Symmetric vs asymmetric collisions

 Fixed target experiments

 Particle species accelerated and extracted

 Particle species interact – “collide” with particle species at rest

 Experimental apparatus covering boosted region → very asymmetric collisions
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 Identify the constraints

How to conduct the 

experiment:

Collider? Fixed target? 

Symmetric/asymmetric?

How much does it 

cost? What is the 

timeframe?

Physics program →

goals?

HEP Experimental 

Apparatus

Choose the right 

technologies:

negotiate requirements 

and constraints 
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 Traditional Experiments

Onion Structure
 Trackers

 Momentum measurement

 Charge measurement

 Non-destructive

 Calorimeters

 Detect neutral particles

 Measure energy

 Distinguish EM/Hadron

interactions

 Destructive

 Others
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 Ideally →measure and identify all final products of collision

 Charged leptons

 Photons

 Hadrons/jets

 “Missing” particles
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 Ideally →measure and identify all final products of collision

 Charged leptons

 Electrons → charged particle and EM interaction with matter

 Muons → charged particle and small interaction with matter
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 Ideally →measure and identify all final products of collision

 Photons

 Neutral particle and EM interaction with matter
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 Ideally →measure and identify all final products of collision

 Hadrons/jets

 Charged particles and EM and Hadronic interaction with matter

 Neutral particles and Hadronic interaction with matter

 Short lived hadrons → decay products
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 Ideally →measure and identify all final products of collision

 Hadrons/jets

 Short lived hadrons → decay products

p0 : t ~ 85 attoseconds (10-18s)
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 Ideally →measure and identify all final products of collision

 “Missing” particles

 Deduce from missing momentum/energy
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 Almost all effects used in HEP detectors are of EM nature

 Converting absorbed energy into electrical signal

 Detection sensitivity and performance are function of

 Fluctuation in detector

 Fluctuation of electronics

 Maximize detection sensitivity and resolution

 Signal formation

 Coupling to readout electronics 

 Fluctuation of electronics
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 Ideally →measure and identify all final products of collision

 Charged particles → let them interact with magnetic field

 Controlled deflection

 Non-destructive measurement of charge and momentum

𝑝 =
𝑝𝑇
tan 𝜃
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 Ideally →measure and identify all final products of collision

 Measure energy

 Stop particle in dense material

 Measure signal proportional to energy deposit

 Material different for EM and Hadronic interaction
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 Ideally →measure and identify all final products of collision
 Identify particle

 Basically, velocity measurement

 Time of Flight
• Fixed distance – fast readout

 Transition radiation
• Border crossing between media with different dielectric properties

 Cherenkov radiation
• Particle velocity greater than photon velocity in medium

 Ionization loss – dE/dx
• Specific energy loss per particle species



7/15/2022K. Dehmelt

19



7/15/2022K. Dehmelt

20



July-15-2022K. Dehmelt

21The Electron Ion Collider -EIC-



July-15-2022K. Dehmelt

21The Electron Ion Collider -EIC-



July-15-2022K. Dehmelt

21The Electron Ion Collider -EIC-



July-15-2022K. Dehmelt

22The Electron Ion Collider -EIC-

 Needs Detector(s)

 Measure various observables

 Momentum → tracking

 Energy → calorimetry

 Particle identity

 Others
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 Three detector concepts introduced and discussed at the

EIC Detector Proposal Advisory Panel Meeting (December 2021)

ATHENA

CORE

ECCE



7/15/2022K. Dehmelt

24



7/15/2022K. Dehmelt

25



7/15/2022K. Dehmelt

26



7/15/2022K. Dehmelt

27



7/15/2022K. Dehmelt

28



7/15/2022K. Dehmelt

29



7/15/2022K. Dehmelt

30



7/15/2022K. Dehmelt

31



7/15/2022K. Dehmelt

31



7/15/2022K. Dehmelt

31



7/15/2022K. Dehmelt

31



7/15/2022K. Dehmelt

32

 PID → lecture

 Tracking → lecture

 Calorimetry → lecture
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 Particle detection mostly based on relatively “simple” physics 

principles

 Well known and well simulated

 Particle detection techniques/technologies always evolving

 Always in need for fresh/new/clever … ideas → detector R&D is a rich and rewarding 

field

 Implementation of detectors in large(r) scale experiment always 

challenging → needs many people and good organization

 Building the detector is not yet the end → need to understand the 

response and coordination of all components and the physics can come
 BTW: Each detector produces signal that needs to be read out

 Not covered here → Readout electronics is a field by itself


