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Introduction
❖ Spin motion in storage rings:

Spin Coherence Time (SCT)
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Towards axion searches with polarized hadron beams at GSI/FAIR

Experimental Method

❖ Store polarized hadrons.
❖ If 𝑚𝑎𝑐2 ≡ ℏ𝜔𝑎 = 𝛺𝑀𝐷𝑀ℏ, the spin tilts out of the horizontal 

plane into an experimentally observable vertical polarization.
❖ Long spin coherence time is required to preserve polarization.
❖ First proof-of-principle experiment was performed with a 

polarized deuteron beam at COSY, Forschungszentrum Jülich.
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❖ Spin tune: 𝜈𝑠 = 𝐺𝛾. 
❖ SCT: time after total polarization drops to 1/e.
❖ Optimization:
① Electron cooling.
② Beam bunching.
③ Sextupole correction.

❖ Path lengthening correction requires at least 3 sextupole 
families at large 𝛽𝑥 , 𝛽𝑦 and dispersion 𝐷.

▼ Two-family vs. three-family configurations.

ESR at GSI
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Simulation Results

❖ Intrinsic resonance : 𝛾𝐺 = 𝑛𝑃 ± 𝑄𝑦

▲ Deuteron: far from resonance
▼ Proton: multiple resonances 

❖ Positional dependence of SCT on newly added sextupoles

Deuteron: Position-insensitive
❖ Low sext. strength
❖ Key params: 𝜉𝑥 , 𝜉𝑦 , 𝛼1

Proton: Position-sensitive
❖ Sext. strength ≥ 10× deuteron 
❖ Long-term tracking required
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