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Outline

ÅStandard model of HEP

ÅBasics of experimental HEP

ÅMilestone experiments of HEP
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Degree of Freedoms
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Standard Model of High-Energy Physics
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Leptons and Quarks
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Hadrons: Mesons & Baryons
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Meson

Baryon



Fundamental Interactions & Gauge Bosons

Long range Short range Long range Short range
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https://link.springer.com/chapter/10.1007/978-3-030-38207-0_10

Standard Model and its parameters

https://link.springer.com/chapter/10.1007/978-3-030-38207-0_10


Test of Standard Model
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CombinedSummaryPlots/SM/


Test of Standard Model
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https://cms-results.web.cern.ch/cms-results/public-results/publications/SMP/index.html


2025 TIDC Summer School 
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Experimental HEP

ÅAccelerator: high-energy and high-flux collisions

ÅParticle Detectors (Scintillator, {ƛƭƛŎƻƴΣ Χύ

ÅFront End Electronics (SiPM)

ÅTrigger & Data acquisition system (DAQ)

ÅData Analysis (Machine learning)
ïCalibration & Data Reduction

ïROOT Analysis (Linux/ROOT)

ïMonte-Carlo Simulation (GEANT4)

ïError estimation
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CERN Accelerator Complex
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Watch the video on http://home.web.cern.ch/about/accelerators

http://home.web.cern.ch/about/accelerators


CMS Detectors
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https://twiki.cern.ch/twiki/bin/view/CMSPublic/WorkBookCMSExperiment

https://twiki.cern.ch/twiki/bin/view/CMSPublic/WorkBookCMSExperiment


Collision and Reconstruction
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ATLAS Detectors

16Take a virtual walk!

https://atlasopendata.docs.cern.ch/docs/documentation/introduction/introduction_ATLAS/#the-atlas-detector

http://www.google.com/maps/preview#!data=!1m8!1m3!1d3!2d6.055071!3d46.235832!2m2!1f192.55!2f98!4f75!2m4!1e1!2m2!1skWZ2TA53b9AAAAQJODkDDg!2e0&fid=5
https://atlasopendata.docs.cern.ch/docs/documentation/introduction/introduction_ATLAS/#the-atlas-detector


Collision and Reconstruction
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Detectors, FEMs, Trigger and DAQ
(Online)
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https://indico.knu.ac.kr/event/698/contributions/1027/attachments/925/1518/20240117%20-%20DAQ%20with%20Fast%20Electronics%20-%20mryu.pdf

https://indico.knu.ac.kr/event/698/contributions/1027/attachments/925/1518/20240117%20-%20DAQ%20with%20Fast%20Electronics%20-%20mryu.pdf


Digital Camera
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Sensor (CCD): detector
& front-end electronics

Push-button: trigger

Memory card:  
storage

Display (LCD): online 
and offline monitoring 
system
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Offline Analysis Chain
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Data reduction/abstraction

hits
(x 1,y 1,z1, t 1)

(x 2,y 2,z2, t 2)

...

Track finding +

Track fit  --- >

Track 1

Track 2

Event 1
Event 2

Digitization/

Reconstruction --- >

Analog 
signals

particle

detector
element

Store the
info for every

event and 

every track

< -------

Magnetic field B:

reconstruct

px

p =    py

pz

Track momentum

helix
(R, d 0, z 0)

x

y



Hits
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Tracks
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Momentum/Charge of Tracks

ÅMomentum (p), charge (Z) and curvature (ὶ):
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Particle Identification by Mass
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m = p/gv = p/gbc
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Roger Forty Particle ID  (Lecture I) 27

Hadrons
Å Instead of making do with jet reconstruction, often the physics 

under study requires the identification of individualhadrons
ÅMost are unstable, and decay into a few long-lived particles:

Particle m [MeV] Quarks Main decay Lifetime ct[cm]

pǰ 140  ud mnm 2.6 ³10-8 s 780

Kǰ 494 us mnm, pp
0 1.2 ³10-8 s 370

KS
0 498 ds pp 0.9 ³10-10 s 2.7

K L
0 498 ds ppp, pln 5 ³10-8 s 1550

p 938 uud stable > 1025 years ¤

n 940 udd pene 890 s 2.7 ³1013

L 1116 uds pp 2.6 ³10-10 s 7.9



Interaction of  particles within detectors
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Machine Learning for particle identification: 
Multivariate Classification
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https://www.jlab.org/indico/event/307/session/1/contribution/4/material/slides/0.pdf

https://www.jlab.org/indico/event/307/session/1/contribution/4/material/slides/0.pdf


Electron/Photon Backgrounds:
Multivariate Classification

30
Example of different calorimeter shower shape variables used to distinguish 
electron showers from jets in ATLAS

Electrons / Jets



Machine Learning for particle identification: 
Multivariate Classification
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https://www.jlab.org/indico/event/307/session/1/contribution/4/material/slides/0.pdf

https://www.jlab.org/indico/event/307/session/1/contribution/4/material/slides/0.pdf


Machine Learning for particle identification: 
Multivariate Classification

32
https://www.jlab.org/indico/event/307/session/1/contribution/4/material/slides/0.pdf

https://www.jlab.org/indico/event/307/session/1/contribution/4/material/slides/0.pdf
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Decay and V0s
Å KS

0 and Lare collectively known as V0s, due to their characteristic 
two-prong decay vertex

pp-L­
sK p p+ -­



Invariant Mass
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Mass reconstruction
Å Typical example of reconstruction of a particle decay:  p0­gg

one of the first composite particles reconstructed in the LHC experiments
Å This technique an also be used to search for more exciting signals:

H­ggm(p0) = 135 MeV

CMS simulation 

100 fb-1
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Making the connection

Reality

Theory A small number of general equations, with some 
parameters (poorly or not known at all)

The imperfect measurement of a (set of) 
interactions in the detector Raw Data

Analysis : ²Ŝ άŎƻƴŦǊƻƴǘ ǘƘŜƻǊȅ ǿƛǘƘ ŜȄǇŜǊƛƳŜƴǘέ ōȅ ŎƻƳǇŀǊƛƴƎ
the measured quantity (observable) with the prediction. 

cross sections (probabilities for interactions), 
branching ratios (BR), ratios of BRs, specific 
lifetimes, ...

Observables

A unique happening:
eg. Run 23458, event 1345
ǿƘƛŎƘ Ŏƻƴǘŀƛƴǎ ŀ ½ Ҧ + - decay

Reconstructed 

Events



Signals and Error Estimation
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Signals and Error Estimation
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Signals and Error Estimation
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Elastic Scattering 
and Inelastic Scattering
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Interaction Cross Sections

41Large cross section = High probability for observing an event



Luminosity
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f: frequency (Hz)

W: event rate (T-1)


