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Introduction (Colliders) 
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•  In electron-positron collisions the 
particles annihilate and all the energy in 
the center of mass system is available for 
the generation of elementary particles. 

•  Such particle generation if enhanced if 
there is a particle with rest mass  equal 
to the collision energy. 

•  The energy of the colliding beams can be 
tuned to the rest mass of a known 
particle for studying its properties, or can 
be scanned for the research of unknown 
particles. 
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Center of Mass System (some special relativity) 
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Energy Calibration (Motivation) 
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Main Physics Result (LEP) 
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Other Applications of Energy Calibration 
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How Does It Work 
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How Does It Work (2) 
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Typical Polarization Buildup Times 
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Depolarizing Resonances 

11 



C. Steier, Beam-based Diagnostics, USPAS 2015, 2015/6/22-25 

Equilibrium Polarization and 
Depolarizing Resonances 
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Simulations of Equilibrium Polarization 
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Polarimeters 
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Example: ALS – Touschek Lifetime 
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Energy Stability 
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Effects that Change the Energy 
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Application: Momentum Compaction Factor 
Measurement 
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Back to LEP – Other Effects 
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Tides at LEP 

20 



C. Steier, Beam-based Diagnostics, USPAS 2015, 2015/6/22-25 

The TGV … 
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The TGV: explanation 
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Other Energy Measurement 
Techniques  
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Substantial progress by quantifying effects of energy 
spread, emittance, detector acceptance, … - now 
resolution almost comparable to depolarization 
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Further Techniques 
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Summary 

•  Energy calibration is a (very high) precision tool to 
measure some global lattice characteristics and study 
long term behavior of accelerators. 

•  The most precise technique uses resonant 
depolarization of a beam which typically was self-
polarized by Sokolov-Ternov effect. 
–  Was essential for precise determination of many particle masses 

and for the determination of the Z0 width, which allowed to 
conlude that only three (light) lepton generations exist. 

•  Allows absolute measurement of momentum compaction 
factor (otherwise fairly difficult to measure) with very high 
precision. 
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Backup Slides 
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Energy frontier: Particle Physics 
•  For very long time particle physics has been driving 

accelerator development – higher and higher energies, 
while simultaneously higher luminosity 

•  Reasons: 
–  Resolution 
–  Particle production thresholds 

•  Particles once thought of as elementary have been 
shown to be composites … 
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