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PROPERTIES OF PARTIALLY EXCITED SIBERIAN SNAKES 

Thomas Roser 
Randall Laboratory of Physics, The University of Michigan 

Ann Arbor, MI 48109 

ABSTRACT 

The properties of the insertion of a general spin rotator into a circular 
accelerator are examined. It is shown that  even for a small rotation angle 
depolarization from weak imperfection resonances is avoided. 

INTRODUCTION 

It is well known that  a Siberian Snake - a device that  rotates the spin 
by 180 ° around a horizontal direction - is expected to eliminate the effects 
of strong depolarization resonances that  occur in circular accelerators. It is 
thus natural  to ask the question whether a partially excited Siberian Snake 
- a device that  rotates the spin by 6 < 180 ° around a horizontal direction - 
would eliminate the effect of weak depolarizing resonances as they occur in low 
energy machines (< 50 G e V ) .  Such a partially excited Siberian Snake would 
have the additional advantage of reducing the orbit excursions that  occur in 
the standard configuration of a Siberian Snake of a sequence of vertical and 
horizontal bends. 

SPIN TUNE 

It is easy to show that  the insertion of a fully excited Siberian Snake in 
a accelerator causes the spin tune us to become 1/2. As a result none of the 
conditions for depolarizing resonances 

va = n ( i m p e r f e c t i o n )  n : i n t e g e r  
= n P  ± ( intrinsic)  P :  s p Tperiodi  V (1) 

can be satisfied provided the vertical betatron tune Vy is not a half-integer. 
The spin tune in the presence of a partially excited Siberian Snake can be 

extracted from the one-turn spin transport matrix M (Ref 1.). M is obtained 
as a product of a spin rotation in the Siberian Snake by an angle 6 around 
the longitudinal direction and the precession in the main bending field by the 
angle 27rG 7 around the vertical direction (G: anomalous magnetic moment,  
"1 = F ~ / m ) :  

M = [cos(TrGT) - i v ,  sin(TrGT)][cos(~)- io'z sin(~)] 

The spin tune is then obtained from the trace of M: 

cos(Try,) = 1 T r ( M ) =  cos(vGT) cos(~) 

(2) 

(3) 
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F i g u r e  1.Spin tune for ~ = 0 ° (dashed diagonal line), 6 = 18 ° (solid), 6 = 90 ° 
(dotted) and ~ = 180 ° (dashed horizontal lines). 

Notice that  this equation has the correct limits: 

_ 1 
f u l l  S n a k e  : ~ = rc ~ Uo --,._,2 (4) 
n o  S n a k e  : ~ = 0 ---* v,, = ' . '7  

Fig. 1 shows a graph of Eq. (3) for various values of 6. The  graph clearly 
shows that  even for small values of 5 the spin tune never assumes integer values. 
In fact the 'forbidden region' for the spin tune around the integers widens with 
increasing angle ~ according to the relation: 

6 
= - ( 5 )  

71" 

reaching one for a full Snake. Intuitively the size of this ' forbidden re- 
gion' indicates the maximum strength of a depolarizing resonance that  can be 
eliminated. 
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DEPOLARIZATION FROM A PARTIALLY EXCITED SIBERIAN SNAKE 

Froissart and Stora 2 obtained an analytic solution for the amount  of de- 
polarization in the passage through a single isolated resonance with strength 

• [ inal e 2 71; 
-- 2 exp(--~a ) - 1 (6) 

Similarly the depolarization from the passage through an integer resonance 
generated by a partially excited Siberian Snake can be estimated. We can write 
the localized spin rotat ion from the Siberian Snake at the turning angle 00 as 
a delta-function: 

6 × 6(0 - 6°) (7) 

The strength of the generated depolarizing resonance at integer no is sim- 
ply the amplitude of the corresponding Fourier component:  

6 
exp(i~00o) (s) 

The formula for depolarization is then 

P]inal 62 
- 2 exp(-8-;g~)- 1 

Notice that  for 

(9) 

6 >> s ~  (lO) 

a partially excited Siberian Snake generates complete spin-fllp at every integer 
resonance. For the AGS ~ is only ~ 2 °. At smaller values, however, the 
Snake will cause depolarization! 

In the presence of an imperfection resonance with complex strength e Eq. 
(9) becomes 

P finat 7r 6 
Pi.i,la, - 2 exp(-2-~a le + ~ exp(inoO°)[2) - 1 (11) 

In this case complete spin-flip occurs if 

6 >> 2~1e I + 8V'gg-d~ (12) 
For the AGS with lel < 10 -2 this means 6 >> 4 ° ensures complete spin-flip at 
every integer resonance. 

Fig. 2 shows the result of a simulation calculation for a partially excited 
Siberian Snake with 6 = 9 °. The spin was tracked through a integer resonance 
and the final polarization was plotted as a function of the strength of the 
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RESONANCE STRENCTH 

F i g u r e  2.Tracking result with g = 9 ° partially excited Siberian Snake for 
various values of 80. 

depolarizing resonance. The different curves correspond to different values of 
00. Clearly a 9 degree Siberian Snake eliminates depolarization in the AGS. 

POLARIZATION DIRECTION 

With  a single partially excited Siberian Snake inserted in an accelerator 
the stable polarization direction will no longer be vertical but  tilted away from 
the vertical direction by an amount  the depends both on energy and turning 
angle. The stable polarization direction can easily be determined from the 
one-turn matr ix  M: 

• a .  6 6 (13) (Pz, -Py,  P . )  ---- (s in[(Tr -- 6)G-),] sm ~,  sm ~rG'y cos ~ ,  cos[(~r - 0)G-y] s in  ~ )  

Fig. 3 shows the vertical polarization for ~ = 9 ° indicating that  between 
integer values of G7 the beam is almost fully vertically polarized. 

CONCLUSIONS 

A partially excited Siberian Snake offers an interesting possibility to elim- 
inate the effect of weak imperfection resonances as they occur in low energy 
accelerators. It can be realized with minimal space requirements and minimal 
induced orbit excursions 
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F igure  3.Vertical polarization for a 6 = 9 ° partially excited Siberian Snake. 
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