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Introduction

• Spin is a fundamental property of 

elementary particles (like charge)

– Guiding fields in accelerators (magnetic 

and to lesser degree electric fields) 

also determine spin dynamics

• Interactions between particles 

depend on this property 

(scattering cross sections)

– Includes the emission of synchrotron 

radiation

• Often desirable to study scattering 

processes (particle/nuclear 

physics) in spin dependent way

– This usually requires polarized 

beams/targets 
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Example Applications
• Two main classes of 

applications of polarized 
beams in accelerators

• Producing polarized 
Beams at a source and 
crossing potentially many 
polarizing resonance
– Protons
– Electrons if used for 

external targets

• Self Polarization of 
Beams at final energy
– Electrons/Positrons 

(Colliders)
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Spin Dynamics
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Depolarizing Resonances
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Scales with closed 
orbit error amplitude

Scales with beam 
emittance (or 
betatron oscillation 
amplitude)
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Resonance Crossing
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Fast crossing / 
Small Resonance 
Strength

Slow crossing / 
Large Resonance 
Strength

Problem Area
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Possible Correction Methods
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Polarimeters
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Example (1): Acceleration of Polarized Electrons
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Resonance Strength Reduction 
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Requires beam-based alignment, excellent 
BPMs and enough, fast corrector magnets
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BBA / Orbit correction
• Strength of imperfection 

resonances not determined by 
deviation from BPM centers, but 
deviation from quadrupole centers

• Need Beam-based alignment –
typical BPM offsets are up to mm

• BBA allows determination with 
tens of microns accuracy

• Also need fast BPMs and 
correctors, since correction has to 
be done dynamically while the 
machine ramps

• On top of this, one can add 
empirical correction with harmonic 
orbit bumps (based on polarization 
measurements)
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Resonance Crossing with SR
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At Beam energies > 1.32 GeV, 
where synchrotron radiation gets 
much stronger:
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Effect of SR at higher beam energies
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Tune Jump Quadrupoles
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Jumping Intrinsic Resonances
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Effect of emittance increase would be much 
more relevant for protons, which do not 
have radiation damping
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Example (2) RHIC

• Polarized protons

– No synchrotron radiation

• Usually can use spin flip

– Much higher energies

• Many resonances to cross 

– hard to empirically 

correct individual ones

• Resoances get stronger 

with energy

– Larger accelerators

• Usually less correctors/BPMs 

per phase advance and 

beam-based alignment not 

possible everywhere
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Acceleration in Pre-accelerator AGS
• Spin Flip used on 

imperfection resonances
• Partial Snake (5% or 9 

degrees)
– Snakes effect both the 

resonance strength, but also 
the spin tune

• AC dipole for some intrinsic 
resonances – see labels
– increases betatron amplitude 

while crossing resonance to flip 
spin, avoids emittance blow-up

– Adiabatic ramp up and ramp 
down of betatron oscillation 
amplitude
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Additional Device - Snake
• A snake is an insertion device 

that rotates the spin around a 
horizontal axis
– Simplest implementation is 

solenoid – rotation around 
longitudinal axis

– For high energy rotation 
around transverse axis are 
often necessary

– Complex sequence of 
bending, which cancels for the 
particle direction, but adds up 
for the spin precession

• Siberian snakes rotate the 
spin by 180 degree in one 
pass
– Fractional spin tune becomes 

1/2
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Some Pictures (RHIC)
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Example (3) Energy Calibration
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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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Example Results of Energy Calibration
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Main Physics Result (LEP)
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Other Applications of Energy Calibration
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Sokolov-Ternov Effects
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Typical Polarization Buildup Times
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Equilibrium Polarization and 
Depolarizing Resonances
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Results can also be understood in 
numerical simulations
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Example: ALS – Touschek Lifetime as 
Polarimeter
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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
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The TGV …
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The TGV: explanation

37



C. Steier, Spin Dynamics, USPAS 2019, 2019/1/21-25

Summary
• Spin is a fundamental property of elementary particles
• Guiding fields in accelerators act on spin (precession)
• Polarization is important in many particle/nuclear physics 

experiments
• Generating polarized beams and preserving their 

polarization is difficult
– Many effects depend on particle type, beam energy, … - No 

universal solution exists

• Energy calibration using polarized beams enables high 
accuracy beam energy determination (as well as lattice 
measurements – momentum compaction factor, …)
– Typically uses self-polarized beam (by Sokolov-Ternov effect).
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Backup Slides
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Rotations usually do not commute
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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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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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