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In all circular proton accelerators there are certain energies where the spin of each 

proton precesses an integer number of times about the vertical axis on each turn around 

the ring. Any horizontal fields in the ring can then interact coherently with the spins and 

depolarize the beam. An arrangement of magnets, called a Siberian Snake, was proposed by 

Derbenev and Kondratenko’ to overcome depolarizing resonances. A Siberian Snake rotates 

the spin of each proton by 180’ forcing the effects of all depolarizing horizontal magnetic 

fields to cancel themselves on successive turns. In other words, the spin tune Vspin, which is 

the number of times that a proton’s spin precesses in each turn, is forced by the Siberian 

Snake to be exactly one half, independent of energy. The condition for depolarization thus 

never occurs and the polarization is maintained during the acceleration, 

A Siberian Snake was installed in the Indiana University Cooler Ring. We studied 

intrinsic and imperfection depolarizing resonances with this Snake2. We used the ring 

quadrupoles to ramp the vertical betatron tune, ur, through the Gy = -3 + vy intrinsic 

depolarizing resonance. We then found significant depolarization without the Snake and no 

observable depolarization with the Snake turned on. This tune ramping was equivalent to 

accelerating through the resonance; it thus directly tested a Snake’s ability to overcome a 

strong intrinsic depolarizing resonance. We accelerated through the Gr = 2 imperfection 

resonance and found a complete polarization reversal without the Snake. This was expected 
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Fig. 1. The beam polarization in each stable direction at 104 MeV is plotted against the 

voltage of the rf accelerating cavity in the Cooler Ring, with the Snake on and off. 

in the Cooler Ring since a rapid acceleration through the resonance is not feasible. However, 

no spin-flip was observed with the Snake turned on. 

During our investigation of the imperfection resonance we observed another type of 

“synchrotron” depolarizing resonance which is related to the rf accelerating voltage. We 

could vary this voltage and thus change the synchrotron tune, ivsyn, which is the number of 

times that a proton’s energy oscillates about the average energy in each turn around the 

ring. Since a proton’s orbit depends on its energy, the depolarizing magnetic fields seen 

by a proton vary with this oscillation frequency. As shown in Fig. 1, we observed almost 

complete depolarization of the proton beam at 104 MeV for an rf accelerating voltage of 

about 2.8 kV. With the Snake turned on, depolarization did not occur. This appears to be an 

additional indication that Siberian Snakes can be used to overcome all types of depolarizing 

resonances. Thus it may be technically feasible to accelerate polarized beams to very 

high energies. 
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