
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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Detect Identify Measure

To discuss prerequisites (and any questions 
on the content of the course), please contact 
me: saptaparnab@smu.edu 

mailto:saptaparnab@smu.edu
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Choice of gaseous medium

• Main criteria dictated by:

• high ionization density

• little charge loss

• low voltage at the required amplification

• stable operation, safety against spark discharge

• proportionality between ionization and output signal

• low diffusion (in particular for detectors with position resolution)

• suitable drift velocity (again for detectors with position resolution)

• rate tolerance and low or minor dead time (low space charge 

accumulation) 

• radiation resistance

• safety: nonflammable, non-toxic, environmentally acceptable

• costs



Multi-wire proportional chambers

• A multiwire proportional chamber (MWPC) functions like proportional 

counter with tubes that are arranged in a plane side by side

• Such an arrangement provides spatial resolution perpendicular to the 

wires for particles passing the wire plane

• With several MWPC planes stacked behind each other the trajectories of 

charged particles can be electronically registered (in contrast, for example, 
to bubble chambers which are read out photographically)


• The MWPC was developed by George Charpak at CERN in the late 1960s

• This detector type and variants of it, like the drift chamber, have been 

crucial for progress in particle physics

• George Charpak received the Nobel Prize in 1992 ‘for his invention and 

development of particle detectors, in particular the multiwire proportional 
chamber’



Multi-wire proportional chambers


https://home.cern/resources/publication/accelerators/charpaks-1968-paper-multiwire-proportional-counters



Multi-wire proportional chambers




Literature survey


• Do some literature survey and identify current or older particle physics 
experiments that used gas filled detectors in prominent ways



Trigger and readout




Data Collection




Triggering on events


• The bunch structure of the LHC → groups 
of protons colliding 40 million times per 
second 


• Only 25 nanoseconds (25 billionths of a 
second) before the next lot arrive → new 
waves of particles are being generated 
before those from the last bunch left the 
detector


• CMS records and analyses several 
petabytes of data → same amount of 
information as in 10,000 Encyclopaedia 
Britannica every second

Raw ΣET~2 TeV

14 jets with ET>40

Estimated  PU~50



• The CMS detector has 80 million electronics channels each acquiring 
information of the collision → 30 million ‘photos’ per second


• Perform quick analysis → throw away most of the 99.997% of the data
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Triggering on events




Analyze the events we do keep 
with extraordinarily careful detail



Analyze the events we do keep 
with extraordinarily careful detail
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Example: ZZ event in CMS

~Millions channels 
of electronics

Like giant ultra-fast digital cameras


     →30 Million ‘photos’ per second


→ need fast response: ~25 ns

After a quick analysis, 

we throw away  99.997% 

of the bunch crossings

14



Trigger recapitulation 


https://home.cern/science/computing/storage

https://home.cern/science/computing/storage


Triggering on events in ATLAS




Triggering on events in ATLAS




Reconstructing physics processes from detector inputs 




Reconstructing physics processes from detector inputs 




• Archiving the vast quantities of data is an essential function at 
CERN


• Magnetic tapes are used as the main long-term storage medium 


• Custom CERN storage system created for the extreme LHC 
computing requirements


•  Seven billion files (as of June 2022) stored → matching the 
exceptional performances of the LHC machine and experiments

Data storage


https://home.cern/science/computing/data-preservation


Computing 
infrastructure



More formally


Data rate size 
reduction by a 
factor of 106



More formally




Single Boson Measurements
• Billions of  and  bosons produced at the LHC

• Enables precision tests of the electroweak theory


• To get to percent-level precision → multi-year effort 

• Low pileup runs are specially useful
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 dataW → pp

, EPJC 79 (2019) 901 -12.76 TeV, 4 pb
, EPJC 79 (2019) 128 -15 TeV, 25 pb
, EPJC 77 (2017) 367 -17 TeV, 4.6 fb

)Z, JHEP 02, 117 (2017) (for  -18 TeV, 20.2 fb
)W, EPJC 79 (2019) 760 (for  -18 TeV, 20.2 fb
)W, PLB 759 (2016) 601 (for  -113 TeV, 81 pb
)Z, JHEP 02, 117 (2017) (for  -113 TeV, 3.2 fb

 (this analysis) -113.6 TeV, 29 fb
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