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What we can learn from distributions of things in space 

Topological analysis methods as key to Terascale Physics 

Sonja Hillert (Stockholm) 

Seminar über Teilchenphysik 

Bonn, 11. Februar 2010 

× Introduction 

× Accelerators, Detectors and Event Reconstruction 

× Physics at TeV energies 

× Topological analysis methods 
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Introduction 

 Physics has partly evolved from the wish  

 to describe, predict and understand  

 the distribution of things in space. 

ü Why do iron filings form patterns? 

   Ą ñmagnetismò 

ü Why do electric currents influence 

    iron filings in the same way as 

    magnets do?  

    Ą links between different forces 
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The Rutherford experiment 

ü Understanding spatial distributions 

    is closely linked to understanding 

    the structure of matter. 

 

ü Example: Rutherford experiment: 

Å scattering alpha particles off 

  gold atoms (thin foil) 

Å expected only small deflections 

Å  found some alpha particles 

   scattered by ~ 180o 

  Ą revision of model of the atom 
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The structure of matter 

ü At all length scales find larger structures consisting of  

    smaller parts bound together for extended period of time: 

ü try to explain structure of matter in terms of its 

    constituents and their interactions 

Å atom:  

  nucleus and electron (e) ñcloudò, electromagnetic interaction 
 

Å nucleus:  

   protons (p) and neutrons (n), bound by ñstrongò interaction, 

   also affected by ñweakò force (example  n Ą p + e- + ne) 
 

Å protons, neutrons: 

  quarks, bound by strong interaction 

 

ü gravitation negligible at atomic length scales 
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The Standard Model 

ü elementary particles quarks and leptons: 

    no measurable sub-structure, spin 1/2 

ü interactions between them can be  

    described by gauge theories 

ü quanta of interactions have spin 0 
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Unification of forces 

? 

ü electroweak interaction: 

    common description of weak and 

    electromagnetic interactions 

ü experimentally confirmed: 

    neutral currents, Z, W bosons 

 

ü Supersymmetry could permit further 

    unification with strong force 
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Variations of the Rutherford experiment 

ü Modern high energy physics experiments 

    still follow the same principle as the 

    Rutherford experiment: 
 

ü Collide particles and study spatial 

    distribution of the resulting final state 
 

ü variations: 

Å fixed target vs experiments with  

   two colliding beams 

Å different types of colliding particles: 

   e+e-, pp, pp, ep, Pb Pb  

Å centre-of-mass energy of the collision 
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A generic particle physics detector 
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Event reconstruction 

ü Similar to the brain analysing and  combining input from the different senses,  

    event reconstruction is needed to combine data from various subdetectors. 
 

ü Requires: synchronisation of timing between all subsystems and the collider 

ü Calibration:  

Å of all subsystems locally for low-level objects (hits, calorimeter cells...) 

Å of resulting physics objects: muons, electrons, photons, ... 
 

ü Tracking / pattern recognition: combine hits to form tracks 

ü combine calorimeter cells to form towers and clusters 
 

ü reconstruct jets from tracks and/or calorimeter input (jet: narrow spray of particles) 

ü sometimes:  

Å combine tracks and calorimeter input, e.g. muons, particle flow approach 

Å flavour tagging: identify flavour of parton corresponding to jet (see later) 
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From partons to jets ï from jets to partons 

factorisation theorem for QCD:  

states that one can consider separately: 

Å parton distributions inside colliding protons 

Å cross section of hard interaction, described 

   by perturbation theory (LO, NLO, ...)  

Å fragmentation (parton showers, hadronisation, jets) 

Å underlying event 

experimentally: 

Å define jet algorithm  (CHOICE) 

Å use MC approach to model fragmentation (CHOICE) 

Å try to understand parton level reaction from 

  measured jets (jet finder and MC choice Ą systematics) 
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Event shape variables 

ü normalised variables calculated from 4-momenta of the hadronic final state 

Å describe its general geometry ;  

Å sensitive to as, can be calculated from perturbation theory 

 

ü examples: thrust, sphericity 

M. Weber, CHIPP Winter school 2008 
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 + further sensitive variables 

 Fisher discriminant 

A search for QCD-instantons 

ü Instantons:  predicted by the Standard Model 

ü related to the complex structure of the QCD vacuum 

track multiplicity 

sphericity 
ü background-independent 95% CL limit on inst. cross section.:  

    26 pb (Q2 > 120 GeV2, x  > 10-3); predicted (QCDINS MC): 8.9 pb 

S. Chekanov et al. [ZEUS Coll.],  Eur. Phys. J. C34 (2004) 255 


