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Design of a Particle Physics Experiment

� How physicists go from the basic ideas of 
measuring some quantities to analyzing 
physics events from experiments. 

Experiments Theory

?

Falsification
Validation



Theory and Experiments

• Expt:  Particles have masses: …..why ?
• Theo: Mass is given by the interaction with the 

Higgs field. 
• Expt:  Find the Higgs Boson 

• Expt:  There are 3 Forces: ……why ?
• Theo: Supersymmetry unifies the forces
• Expt:  Find the signals of Supersymmetry



Two Classes of Experiments

1. Experiments designed to measure typically 
“one quantity”, exploring the “very rare” or 
“very precise”. They need high intensity 
beams and/or very high precision.

2. Experiments that explore the high energy 
frontier. They are typically multi-purpose 
experiments and they also need high 
intensity beams.



From Raw Data to Physics Results
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General Principle

Visible particles are measured by the various sub-detectors 
and identified from their characteristic pattern.

The parameters of the quarks are reconstructed from the hadronic jets.

The flavor of the quark is determined by reconstructing the hadronic decays 
of heavy mesons or detecting their detached decay vertex.



Arrangement of Detectors
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Various detectors and 
combination of 
information can provide 
particle identification.

p versus EM energy for 
electrons; EM/HAD 
provides additional 
information, so do the 
muon detectors, EM 
response without tracks 
indicate a photon; 
secondary vertices 
identify b,c,τ; isolation 
cuts help to identify 
leptons. 



General Principle

The dimensions of the detector are driven by the required 
resolution.

The calorimeter thickness changes only with the logarithm of 
the energy: for this reason  the dimension of the detectors 
change only slightly with the energy. 

Collider detectors 
are similar since 
they must perform 
in sequence the 
same basic 
measurements.



Quest for Energy
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Increasing energy allows 
experiments to probe 
Nature at smaller 
distances with the 
possibility of crossing the 
threshold of observing 
new phenomena



ATLAS CMS
Overall weight (tons)              7000            12500
Diameter (m) 22                15 
Length (m) 46                 22
Solenoid field (T)                       2                  4

CMS

ATLAS

ATLAS and CMS



ATLAS
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Collisions at the LHC



Higgs at the LHC: The Challenge

Event rates for various physics channels:

• Inelastic : 109 Hz
• W � lν : 102 Hz
• tt production : 101 Hz
• Higgs (m=100 GeV) :          10-1 Hz
• Higgs (m=600 GeV) :          10-2 Hz
(including branching ratios:   ~ 10-3)

Selection power for
Higgs discovery ≈ 1014-15

Small cross-sections

need highest luminosity
L= 1034-35 cm-2s-1



How to extract Higgs → 4µ 

Higgs at the LHC: The Challenge

Without knowing really where to look for!

Within 20 overlapping events



Data Analysis Chain
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Data Chain
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Offline Analysis Chain
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Data Reduction
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High-level Storage
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Simulation
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Event Display
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Our Task
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Theory
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Making the Connection

25



A Simple Counting Experiment
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A Simple Counting Experiment
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Result
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Uncertainties
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Event Selection
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The Data Acquisition

38



Grid Computing 
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Grid Computing
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The LHC will have a 
lifetime of ~20 years



Grid Computing
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Korea and CERN /  July 2009 42

Enter a New Era in Fundamental ScienceEnter a New Era in Fundamental Science
Start-up of the Large Hadron Collider (LHC), one of the largest and truly global 

scientific projects ever, is the most exciting turning point in particle physics.
Start-up of the Large Hadron Collider (LHC), one of the largest and truly global 

scientific projects ever, is the most exciting turning point in particle physics.

Exploration of a new energy frontier Exploration of a new energy frontier 

CMS

ALICE

LHCb

ATLAS

plus 
three smaller experiments

TOTEM
LHCf
MoEDAL



Tsinghua University Beijing, January 2010 43

First Collisions at LHC on 23 November 2009 First Collisions at LHC on 23 November 2009 
at Eat ECMCM = 900 GeV= 900 GeV

Protons, Ebeam= 0.45 TeV 

Protons, Ebeam= 0.45 TeV 

CMS Experiment at the LHC
Date Recorded: 2009-11-23 19:21 CET
Run/Event: 122314/1514552 
Candidate Collision Event 



LHC Started 7-TeV Collisions on 30 March 2010LHC Started 7-TeV Collisions on 30 March 2010
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After pre-selection:
-- W � eν:

loose e±, ET > 20 GeV
-- W � µν:

pT (µ)> 15 GeV
|∆pT (ID-MS)| < 15 GeV
|Zµ-Zvtx|<1 cm  

After all cuts
but ET

miss and mT

MC: normalised to data

(total number of events)

Observed events: 57



Z → e+e- Observation 

5 Z →e+e- candidates

Event selection: both electrons with a 
SuperCluster with Et > 20 GeV
Monte Carlo : cross section normalized 
to 17 nb-1 integrated luminosity



Further Difficulties
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~ 10-45 tracks with pT >150 MeV per vertex
Vertex z-positions : −3.2, −2.3, 0.5, 1.9 cm (vertex resolution better than ~200 µm)

Preparing for the future : pile-up reconstruction 
4 pp interactions in the same bunch-crossing



Conclusions

� Experimental methods in Particle Physics is 
an inter-disciplinary study between
� Experimental physics
� Theoretical physics
� Detector physics (and technology)
� High-performance computing
� Accelerator physics
� Statistical analysis
� ….

An excellent training ground for young scientists
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Survey in March 2009

They do not all stay: where do they go?

2500 PhD students
in LHC experiments

Age Distribution of Scientists 
- and where they go afterwards


