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Major historical discoveries with new particle detectors

• 1896 Discovery of X-rays w. photographic plate (Nobel prize W.C. Röntgen 1901)
• 1912 Invention of the cloud chamber (Nobel prize C.T.R. Wilson 1927)
• 1953 First observations of charged particle tracks in a bubble chamber (Nobel prize D.A. Glaser 1960. For 

his invention of the bubble chamber")
• 1968 Invention of the Multiwire Proportional Chamber (MPC) (Nobel prize G. Charpak 1992. For his 

invention and development of particle detectors, in particular the multiwire proportional chamber")
• 1986 Neutrino oscillations in solar and atmospheric neutrinos (Nobel prize R. Davies and T.Koshiba 2002. 

Development of neutrino detection techniques")

Many discoveries in history were enabled by new instruments. Some examples: 



Major historical discoveries with new particle 
accelerators

• 1896 X-rays tube (Nobel prize W.C. Röntgen 1901)
• 1931 Lawrence proposal: Cyclotron (Nobel prize E.O. Lawrence 1939. Invention and development of 

cyclotron") 
• 1989-2000 Precision measurements at LEP test QCD and establish the precise form of asymptotic freedom 

(Nobel prize D.J. Gross, H.D. Politzer, F. Wilczek For the discovery of asymptotic freedom")
• 1995 Discovery of the top quark by D0 and CDF, first pp collisions at ps = 1.8 TeV at the Tevatron
• 2013 Discovery of a Higgs boson by ATLAS and CMS, first pp collisions at ps = 7 TeV at the LHC 2010 (Nobel 

prize P. Higgs and F. Englert 2013. For the theoretical discovery of a mechanism . . . recently confirmed 
through the discovery of the predicted fundamental particle . . . ")

Particle accelerators in the history. Some examples: 
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High energy particle source
• Cosmic rays - they have the highest energy but very 

low collision rate
• Linear colliders - RF cavity resonators for 

accelleration, typically 8 MV/m,  future: e.g. ILC > 35 
MV/m, high cost due to length, ~100km

• Storage ring, circular accelerator, particle traverses 
the same potential difference many times (eg. LHC). 
Circular accelerators are also called (cyclotron, 
synchrotron), the particle traverses the same 
potential difference many times,  magnetic field 
keeps particles on circular orbit.

– Conventional coils: 1.5T
– Superconducting:  LHC 10T (most challenging technological 

part of the circular accelerators
The particle looses energy by synchrotron radiation, electrons 

with the same energy loose much more than protons.
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LEP: Energy loss per turn R=4.3km, E=100GeV, m0=0.5MeV, 

γ=2*105 -> ΔE=2.24GeV
LHC: Energy loss per turn R=4.3km, E=7TeV, γ=7*103-> 

ΔE=3.4keV



Radioactive sources
Particles Radiation Isotopes
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Muons from cosmic rays on the surface (sea level) and 
underground

A summary for all cosmic rays is given in:
http://pdg.lbl.gov/2019/reviews/rpp2019-rev-cosmic-rays.pdf

• Muons are produced in the high atmosphere (15km) and have a mean 
energy of ≈4GeV at the sea level.

• The muon rate is I ≈1 cm-2 min-1 ≈ 1.7 sm-2 s-1 for horizontal detectors, I ∝
cos2 Θ (zenith angle Θ) for 3GeV muons

• Muons underground, dominant energy loss by ionisation

http://pdg.lbl.gov/2019/reviews/rpp2019-rev-cosmic-rays.pdf




The LHCb detector for Run1&2



The LHCb detector luminosity compared with ATLAS 
and CMS







The LHCb Upgrade



Vertex Locator (VELOPix)



Upstream Tracker (UT)



Scintillating Fibre Tracker (SciFi) 





AMS-02



ICE cube
• http://icecube.wisc.edu/gallery/view/140



Useful relations of relativistic Kinematics

𝛽𝛽 ≡ 𝑣𝑣/𝑐𝑐 m0: rest mass
𝛾𝛾 : Lorentz boost𝑚𝑚 ≡ 𝑚𝑚0 𝛾𝛾𝛾𝛾 ≡

1
1 − 𝛽𝛽2

𝑝⃗𝑝 = 𝑚𝑚0𝛾𝛾𝑣⃗𝑣• Momentum

• Kinetic energy

• Total energy

𝐸𝐸𝑘𝑘𝑘𝑘𝑘𝑘 = (𝛾𝛾 − 1)𝑚𝑚0𝑐𝑐2

𝐸𝐸 = (𝑝𝑝𝑝𝑝)2+(𝑚𝑚0𝑐𝑐2)2

𝐸𝐸 = 𝐸𝐸𝑘𝑘𝑘𝑘𝑘𝑘 + 𝑚𝑚0𝑐𝑐2=𝑚𝑚0𝛾𝛾𝑐𝑐2=m𝑐𝑐2 𝛾𝛾 = 𝐸𝐸/(𝑚𝑚0𝑐𝑐2)

𝐸𝐸 = 𝑒𝑒𝑒𝑒 𝑚𝑚 = 𝑒𝑒𝑒𝑒/𝑐𝑐2 𝑝𝑝 = 𝑒𝑒𝑒𝑒/𝑐𝑐

Units:

𝐸𝐸 = 𝑝𝑝𝑝𝑝
Massless particles:





Photo detectors:
• Comparison of PD, APD, SiPM
• Timing detectors comparison of SiPM, 

MCP and LGAD

Tracking detectors:
• Emulsion tracking detectors
• Spark Chamber (possible outreach 

detector)
• Gas detectors for tracking

Calorimeter:
• Comparison of ECAL and HCAL

Detector systems and experiments:
• FASER vs SND@LHC
• Time of Flight PET
• ???

Possible subjects for the presentations during the exercises 2020

Presentation mode:
• 35’ presentation, slides, material 
• No marks, it is an occasion to present in front of the 

class and discuss!

Points to pay attention during the presentation:
• What is the detector principle?
• What type of particles at what energy range can be 

detected?
• What is the interaction type?
• Illustrate the detected signal and how much signal is 

expected, intrinsic gain or amplification?
• For experiments: What is the goal physics goal of the 

experiment? What are the achieved measurements 
in the past? What is the role of particular detectors 
in the system (for example the RICH detectors in 
LHCb are required to separate the hadronic particles 
at different energy ranges)?
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