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SPIN MOTION AND SPIN RESONANCES. 
 

• Unperturbed spin motion can be seen as precession of the polarization vector 
around vertical fields of the ring’s dipoles. 

 
• Number of such precessions during one turn around the ring is given by 

γν Gs = , 
where G is the particle's gyromagnetic anomaly and γ  is its Lorentz energy 
factor. 
 

• Horizontal rf magnetic fields can cause a spin resonance whenever the  
rf field’s frequency rf  is correlated with the spin precession frequency as: 

)k(ff scr ν±= , 
where cf  is the particle's circulation frequency and k is an integer. 
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USING AN RF-INDUCED RESONANCE TO SPIN-FLIP THE BEAM’S 
POLARIZATION. 

 

• Sweeping an rf magnet's frequency through rf  can flip the beam's polarization 
direction. The Froissart-Stora equation relates the beam's polarization after 
crossing the resonance fP  to its initial polarization iP  
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where FSε  is the resonance strength and fΔ  is the frequency range during the 
ramp time tΔ . 

Spin-flip efficiency is then       
i

f

P
P−

=η  
 

• Resonance strength due to dipole       
β

γ
π

ε γ 1~dlB
p

)G1(e
22

1
rmsBdl ⎯⎯→⎯

+
= ∞→∗ ∫  

 

Resonance strength due to solenoid    
γπ

ε γ 1~dlB
p

)G1(e
22

1
rmsBdl ⎯⎯→⎯

+
= ∞→∗ ∫  

where e and p are the particle’s charge and momentum. 
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COSY LAYOUT 
 
 
 

• 2.1 GeV/c vertically polarized protons 
or 1.85 GeV/c vertically polarized deuterons 

• RF dipole magnet with ceramic chamber 
• EDDA detector as a polarimeter 
• LE Polarimeter monitoring injection  

polarization 
• H¯ source cycled through two  

polarization states  
or D¯ source cycled through four  
polarization states 
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 FERRITE RF DIPOLE 
 
 
It gave  
∫B·dl ~ 0.6 T·mm  r.m.s.  
 
For protons we ran it  
near 906 kHz  
 
For deuterons we ran it  
near 917 kHz 
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 RESONANCE STRENGTH STUDY 
as of November 2004 
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Ratios of FSε  to ∗

Bdlε  vs. frequency range Δf used in the Δt curves. 

FSε  is resonance strength obtained by fitting data on Δt curves to Froissart-Stora equation, 
∗
Bdlε  is resonance strengths obtained using rf-magnet's ∫B·dl  
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The total strength: 
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where  βε   is due to the fields seen during betatron oscillations, 

 dipoleε  is due to the rf dipole’s field, 

cohε   is due to the fields seen during coherent oscillations,  

 A, C and D are complex constants, 

 yν  is the vertical betatron tune and resν  is the spin resonance tune 

 
• dependence on dipole strength 
 

• dependence on distance to 1st order spin resonance 
 

• dependence on beam’s size 
 

• dependence on beam’s momentum spread 
 

• dependence on frequency sweep range Δf for deuterons 
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RESONANCE STRENGTH vs DIPOLE STRENGTH STUDY 
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Conclusions:  εβ = 0 
 linear dependence on dipole strength 
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 RESONANCE STRENGTH vs BEAM SIZE STUDY 
 
Ratios of FSε  to ∗

Bdlε  vs.  
vertical beam size (FWHM). 
 

FSε  is resonance strength obtained 
 by fitting data on Δt curves 
 to Froissart-Stora equation, 

∗
Bdlε  is resonance strength obtained  

 using rf-magnet's ∫B·dl  
 
Fit for these data to straight  
horizontal lines give 
 
December 04 Run 
Deuterons   FSε / ∗

Bdlε  = 0.124 ± 0.001 
 
November 05 Run 
Protons       FSε / ∗

Bdlε  = 12.1 ± 0.1  
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PROTON RESONANCE STRENGTH vs νy STUDY 
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November 05 Run 
Fit for proton data to a hyperbola  
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   gives: νres = 3.6060 ± 0.0005   (calculated νres = 3.605) 

  A = 0.9 ± 0.9 
  B = 1.01 ± 0.06 
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DEUTERON RESONANCE STRENGTH vs νy STUDY 
 

May 06 Run 
 

Fit for deuteron data  
to an asymmetric hyperbola  
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gives: 
 

νres = 3.795 ± 0.002 
 

for the lower side 
 AL = 0.11 ± 0.01 
 BL = 0.006 ± 0.001 
 

for the higher side 
 AH = -0.20 ± 0.04 
 BH = 0.018 ± 0.002 
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DEUTERON RESONANCE STRENGTH  
vs FREQUENCY SWEEP RANGE Δf  

and BEAM’S MOMENTUM SPREAD STUDY 
 

 
 
 
May 06 Run 
 
Fit for dipole data  
to a horizontal line  
 
gives 
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 CONCLUSIONS 
 

• We found large deviations of measured rf-induced spin resonance strength from 
the resonance strength calculated using rf magnet’s ∫B·dl. 

 

• We studied rf spin resonance strength enhancements and reductions for both 
protons and deuterons using an rf dipole and observed 

 

 linear dependence on dipole strength 
 

 no dependence on beam’s size 
 

 no dependence on beam’s momentum spread 
 

 no dependence on frequency sweep range Δf for deuterons 
 

 hyperbolic dependence on distance to 1st order spin resonance 
 explains strength enhancements for the protons 
 does not explain strength reductions for deuterons 

 

• We plan to further study the resonance strength to better understand it. 
 


