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Abstract

An acceleration of high energy polarized protons is a long term
issue of spin phisics. The application of Lie algebra method for
the calculation of the strength spin resonanses (both intrinsic and
imperfection) in the high energy proton ring is discussed. The
simulation results of the polarized proton acceleration in RHIC
with two siberian snakes are presented.

I. Introduction

Beam polarization can be lost during acceleration, when the
particles pass the spin resonance. These resonances appear in
the case, where the spin precession numberGγ (G = 1.793 is
the anomalous magnetic moment for protons) is the integer or is
equal tok P± Qy. HereP is the number of superperiods,Qy

is the vertical betatron frequency, andk is the integer. Depo-
larization (in the case of the verticaly polarized beam) is caused
by horizontal magnetic fields being always present in the rings.
Under resonance conditions, the action of these fields is coher-
ent, and they force the spin to deviate from the stable vertical
direction. The spin-betatron resonances are due to the horizontal
fields generated by the vertical betatron motion.

During proton acceleration at RHIC[5] from a 20 GeV injec-
tion energy to a 250 GeV experimental energy, the beam passes
several thousand spin resonances. The most important intrin-
sic resonances are approximately withinGγ = k P ± Qy ≈
m P M± Qb, wherek andm are the integers,P is the superperi-
odicity, M is the number of the FODO cells in the superperiod,
and 2πQb = (2πQy − 6) is the phase advance in all the FODO
cells containing the bending magnets. Position of the three most
powerful resonances is the following:

Gγ E [0 3 B]

3× 81+ (Qy − 6) 139
5× 81− (Qy − 6) 200
5× 81+ (Qy − 6) 224

,

where 81 is the product of the superperiodicity (3) and the effec-
tive number of the FODO cells in the superperiod (27), which
comprise insertions for dispersion suppression. The simulation
results are given forE = 224 GeV. The most important imperfec-
tion resonances are near the powerful intrinsic ones. Therefore,
the analysis of the regionE = 224± 2 GeV considers all the
important aspects.

There are a lot of studies devoted to description of depolariza-
tion due to the isolated spin resonance crossing [1]. However,
with a sufficiently large force the resonances become overlap-
ping, so the analytical results do not work. There is a possibility
of suppressing these resonances using the Siberian snakes [2].
However, the predicted so called ”snake’s resonances” [3], [4]
expected at sufficiently powerful ordinary spin resonances re-
quire the special examination. The contradictory data obtained
by a model tracking [3] impelled us to use the code SpinLie [6] to

simulate the conservation of polarization during the proton beam
acceleration at RHIC with the Siberian snakes.

II. Simulation Model
The simulation was linear in order to save the computer time.

The betatron frequencies wereQx = 28.19 andQy = 29.18,
respectively. For resonance strength estimation we introduced
next mashine imperfections: quads rotation angles relative to the
longitudinal axis and quads vertical displacement have Gaussian
distributions (truncated at two standard deviations) and with the
amplitudes of 0.3 mrad and 0.25 mm, respectively. These im-
perfections cause the RMS orbit disturbance of about a 8 mm.
The residual after correction RMS orbit deviation was approxi-
mately a 0.3 mm. The normalized emittance (according to [5])
was assumed to be equal toεnx = εny ≡ 6πβσx,y/βx,y = 20π
mm mrad.

III. Simulation Results
The spin resonance force [1] can be characterized by the

dependence of the root-mean-square spin spread1Enrms ≡〈
(En(θ, Ez)− En0(θ))

2
〉1/2

, where En0(θ) is the periodic spin solu-
tion for a synchronous particle on an ideal orbit andEn(θ, Ez) is the
periodic spin solution for a off-exis particle,<> denote the av-
eraging over the beam distribution. In this notations a resonance
strength is the half-width of the dependence1Enrms on the level
1Enrms ≈ 0.6, which corresponds to the angle between the vec-
torsEn andEn0 of the orderπ/4. Figure 1 illustrates the simulation
of the imperfection resonances (forεnx = εny = 0). The dashed
curve in this figure shows complete suppression of these reso-
nances by two Siberain snakes, which are placed diametrically
opposite in the collider magnet system and rotate the spin byπ

relative to the longitudinal and horizontal axes, respectively.
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Figure. 1. Imperfection resonances and their suppression by two
Siberian snakes.
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Figure. 2. Intrinsic resonances without orbit disturbances and
their suppression by two Siberian snakes
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Figure. 3. Intrinsic and imperfection resonances, and their sup-
pression by two Siberian snakes

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

1.1

1.2

1.3

1.4

0.5 0.55 0.6 0.65 0.7 0.75 0.8 0.85 0.9 0.95 1

dN
rm

s

NUy

Qy=0
Qy=pi

Figure. 4. The root-mean-square spin spread versus vertical
betatron frequency under the resonance conditionQspin = 399+
Qy. Snakes ON. Two cases are presented: the vertical phase
advantage on snakes are 0 andπ correspondently.

Figure 2 shows the simulation of the intrinsic resonances with-
out C.O. disturbances with two Siberian snakes on and off (for
εnx = εny = 20π ). The joint of the intrinsic and imperfection
resonances with two Siberian snakes on and off is presented in
Fig. 3.

In calculations, the snake is assumed to be ideal, i.e., it is a
thin snake with a zero betatron phase advance (1Qx = 0 and
1Qy = 0). The length and phase advance on the snake should
be specially studied. As Fig. 4 shows, the different phase ad-
vance is favorable for different values of the full betatron fre-
quency. This figure presents the root-mean-square spin spread
versus the vertical betatron frequency under the resonance con-
dition Qspin = 399+ Qy (expected spin resonance point). Two
curves correspond to two values of the vertical betatron phase
advance on the snake1Qy = 0 and1Qy = 1/2 .

IV. Spin Tracking

Additionally to estimation of the resonance strength Lie alge-
bra technics was applied for spin tracking while particle acceler-
ating. The below results are obtained in the assumption that the
beam consists of 50 particles with the Gaussian distribution in
the phase space. The particle coordinates are prescribed relative
to a zero (ideal) orbit.
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Figure. 5. Spin-flip due to crossing imperfection resonance
(γG = 425) and its canceling by two snakes

The acceleration rate of about 120 keV/turn is close to a lower
boundary of the designed rate. The alinement errors and the orbit
compensation are taken into account. Figure 5 shows a spin-flip
due to the adiabatical imperfection resonance crossing and then
strong depolarization from nearest intrinsic resonance. When
Siberian snakes are on we did not see spin-flip and depolarization
(upper curve). Corresponding beam spin spread is presened on
Figure 6.

V. Conclusion

The obtained results show that the Lie algebra method is ap-
plicable to calculating the dynamics of a spin motion. Moreover,
they confirm the abilitiy of the Siberian snakes concept and the
possibility of a polarized proton beam acceleration at RHIC up
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Figure. 6. Spin dispertion in the beam crossing imperfection
resonance (γG = 425)

to top energy. However, the validity of the simulation depends
on whether the conditions correspond to the real ones.
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