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Abstract g=Nrp 3)
4mo?y

Particle colliders with polarized beams require ] .
careful control of spin depolarization. DuringWhere N is _a number of particles per bunch,
acceleration spin is subjected to intrinsic ané =q/(4memc) is a classical particle radiugis a
imperfection resonances resulting in depolarizatioransverse standard deviation of the opposite beam size
Extra source of depolarization is beam-beam collisiongndy is a particle energy.
Due to beam-beam interaction, particle motion become
essentially nonlinear and under some circumstances 2 SPIN MATRIX
unstable. In present paper effect of beam-beam collision =
on spin depolarization in a proton- proton collider is  Rotation of spinS =(&, S, S) in a ring is
studied. Performed study indicates, that spioalculated as a product of spin matrixes in a lattice arc, in
depolarization due to beam-beam collisions is suppressgitherian Snakes and in the interaction region. Matrix of
if beam-beam interaction is stable and if operation poigpin advance in an lattice arc is described as a matrix of
is far enough from spin resonances. Meanwhile, undspin rotation in dipole magnet with bending angle
beam-beam instability, spin is a subject of strong

depolarization. Analytical estimations are confirmed by cos (vdz) 0 - sinu§dz)
results of computer simulations. Dy = 0 1 0, @)
1 PARTICLE BETATRON MOTION sinoz) 0 cosuie)

wherewdz = (1+Gy)u and G = 1.79285 is the anomalous
agnetic moment of the proton. Matrixes of Siberian
akes are given by

Let us consider a collider ring with two installed
Siberian Snakes. We use a two-dimensional partic
model in phase space (), (v, p,), where x and y are

particle positionspy = Bx (dx/dz) and g = By (dy/dz)) are 0 0 0 0 ]
particle momentum,B; =R /Q and B; =R /Q are S1=|0 -1 $=| 0 -1 . (5)
average values of beta-functions of the ring, R is a ring 1 0 0 1 0 0

radius, Q and @, are betatron tunes. Particle motion
between subsequent collisions combines linear matrix Spin advance after crossing the interaction point is
with betatron angley = 2rQy, 8y = 2nQy, perturbed described as follow [1] :

by beam-beam interaction: S, 1- a(B+C?) ABa+Cb ACa- BH|Sx,

Xn+1 cod, sidy 0 0 Xn Sy =| ABa-Cb 1-a(A+C’) BCa+Ab /Sy q, (6)

PR| | - sirByx cody 0 ol | p% +Apg S, |ACa+Bb BCa-Ab 1-afAB%|s,,
= _ (1)
Yn+1 0 0 ind y
" cdy sirby n n n A=P g=P =P R=VR+R+F, (7)
Py 0 0 -sify co®, | P Apy Po Po Po
=1- 0z), b =si 0z) , 8
Beam-beam kickApg, Apy are expressed as a result a cos (#o2) sin (8 62) ®
of interaction of particles with opposite beam with G2y 12
Gaussian distribution function Py =16mGyg =~ = [1-exp(- 2)] , )
Bl r 20
AP = dgxy L7 Pl H2o0] @ 2 2
[r% /(207)] Py =-161GyE 9~ X [1-exp (-], P,=0,(10)

Bl r 20
and similar forApy. Parameter§ is a beam-beam
parameter, which characterizes the strength afheredz =1/2 is an interaction distance ahi a bunch
interaction: length.
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3 ANALYTICAL TREATMENT OF
SPIN DEPOLARIZATION
expressed as a linear oscillator,. xeos(r® +W¥),
Analytical treatment of spin depolarization isy =rsin(r6 +¥), with perturbed betatron tune
possible with additional approximations. Suppose, th@ = 8 + AB, where Wis an initial phase of betatron
betatron tunes in x and y directions are equal each othgarticle oscillations and8is a tune perturbation due to
8x =By = 0. Consider particle motion far enough frombeam-beam collisions. Under that assumptions, the

low order resonances, therefore, particle trajectory can J@llowing matrix of spin advance has been attained [1]:

2 n 2 2 n . n
1™y - @ [ cos @+¥)]) L [5 (1) sin 28+9) +..] (19" 3, cos(@+¥)
SX 2 = 4 = i= SX,
- O[S (1) sin 24w + 1:2% (5 (1) sin (0+9) } S (1) sin (B+¥ S 11
Sy 4[.;() (B+W¥) +..] 2{IZO() (6+¥) } ¢I:§O() (B+W) y,0» (11)
SZ n n +n _. . +1 SZ’
-1 ¢ 20 cos (B+W) ) Z) (-1)"" sin (B+W) 132 -n+l g2y
i= i= 2
where n is a turn number apds a small parameter: the opposite beam. In Ref. [3] the noise beam-beam
r instability was studied for the case of random fluctuations
¢ =4mGyg BT <2t (12) in the opposite beam size
From attained matrix, it follows that spin On=0o (1 -4y, (15)

depolarization is not taking place or suppressed if
betatron tune values are chosen far away from low-order ) ) ) ) )
resonances, and that beam-beam collisions are staBMiere u is a noise amplitude anglis an uniform random
Actually, suppose that the initial spin has only ondéunction with unit amplitude. It was shown that in the
transverse component, i.ex$0, §=1 and $=0. presence of noise, beam emittance increases with the turn
After n turns, the average and rms values of spipumbern as
components are as follows [1]:
, %n =Y1+Dn. (16)
I o]
7:0, 7:01 7:1-;L, 13
> > > 8 (cos 6/2)) 13) where D is a diffusion coefficient.
In Fig. 2 the results of beam dynamics and spin
~D _ ~ 4 depolarization in the presence of noisy beam-beam
<S2> :[LN 12 <s§> :L[LN] , instability are presented. Parameters of the process were
8 (co9) 256 cos @/2) chosen the same as for the stable beam-beam interaction
without noise as presented in Fig. 1. The value of noise
o 2 amplitude u = 0.025 was chosen arbitrarily, to
<S§> :[LN] , (14)demonstrate the main features of diffusion beam-beam
2 cosp/2) instability. As is seen, increase of beam sizes due to
beam-beam collisions results in spin depolarization. It is
whered and® are the average values of parameferé also expected from analytical formulas (13) - (14), v_vhere
among all particles. In Fig. 1 results of numerical study df'® @verage and rms beam parameters are proportional to

particle motion and suppressed spin depolarization in tha€ Powers of the small parametgr, which, is

presence of stable beam-beam interaction are presenfigPortional to beam size according to Eq. (12).
for the values of betatron tunes @ Q, =14.43. erefore, if beam is subjected to beam-beam instability,

it causes spin depolarization.
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Fig. 1. (a) Beam emittance, (b) average valugyof Fig. 2. (a) Beam emittance, (b) average valuépf(c)
1/2 1/2
(c) rms value of( <S§> ) as a function of the rms value of <S§> ) as a function of the turn number
turn number for stable beam-beam interaction. for unstable beam-beam interaction.

1028



