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What is reconstruction?
● Events passing the trigger are 

stored on tape at CERN
● But one event, like a picture 

from your camera phone, is just 
a collection of numbers

● As I physicist, I want 
information like “a 10 GeV 
electron was emitted at 30 
degrees from the beam” rather 
than 011010100101...

● Reconstruction is what 
transforms digitised electrical 
signals from the detector into 
physics objects



  

When particles collide
● Production of heavy states that decay into 

lighter states, measured by the detector
● I like to say as a half-joke that collider physics 

is like sending two apples (protons) at full 
speed against each other, and produce a 
water melon (heavy state, eg. Higgs boson)

● The water melon explodes immediately, the 
only thing we can measure are the little black 
seeds from its explosion

● We have to reconstruct the shape of the water 
melon by measuring the black seeds

● → we have to reconstruct the properties of 
the Higgs from the two photons from its decay



  

What can we detect?
● We can only measure directly  

particles with cτ >~ 1m (muons, 
pions, kaons, but not charm or 
beauty hadrons)

● Detector around collision point to 
measure decay products, and 
reconstruct short-lived states from 
them

● In a collider, detectors have 
cylindrical shape with several 
independent layers



  

A typical detector slice (CMS)



  

Differences between ATLAS and CMS
● Size:

– ATLAS is 43m long 25m high
– CMS 25m long 15m high

● Magnetic field:
– ATLAS 9 magnets (1 2T solenoid, 8 ~1T air-core toroids, 

2 FWD toroids)
– CMS 1 4T solenoid

● Detector technologies:



  

LHCb and ALICE



  

Detecting electrons and muons



  

Detecting photons



  

Detecting jets (hadrons)



  

Detecting what you can’t detect 
(neutrinos, DM etc)



  

Relevant variables (why transverse plane)



  

Measuring momentum



  

The ATLAS tracker



  

The CMS tracker



  

Reconstructing tracks



  

Interactions of electrons and 
photons in a calorimeter



  

Reconstructing invariant mass in a calorimeter

● Can make the 
difference for a 
discovery!



  

CMS Crystal calorimeter



  

ATLAS Lar calorimeter



  

Hadronic calorimetry



  

Energy reconstruction in calorimeters



  

Determination of cluster energy



  

Jet algorithms



  

Sequential recombination algorithms



  

Same event reconstructed by different algorithms

AntiKt, seeded 
by a combination 
of calorimeter 
clusters and 
tracks (Particle 
Flow) is default 
in both ATLAS 
and CMS



  

Muon detectors



  

Reconstructing muons

0



  

Pileup
● If we have 1E9 events/s, and 

40M Bunch Crossings/s, it 
means there are about 25 
events/bunch crossing. 

● Analysing an event at the LHC is 
like making sense of 25 pictures 
one on top of each other



  

Analysing data with pileup

Associate tracks 
to vertex, and 
determine 
PRIMARY vertex, 
removing tracks 
not associated 
with it



  

Conclusions
● Reconstruction lies in the interface between detector 

and physics
● Calibrated signals from the detectors are combined to 

produce physics objects
● Some times (eg electrons) signals from two detectors 

are combined
● Proper jet reconstruction requires understanding of 

QCD
● The presence of pileup makes everything more 

complicated (or interesting!)
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