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RHIC polarized proton accelerator complex
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Spin Dynamics in Rings

Precession Equation in Laboratory Frame:
(Thomas [1927], Bargmann, Michel, Telegdi [1959])

dS/dt=- (e/ym) [GYB, +(1+G) B, ] xS
Lorentz Force equation:
dv/dt=-(e/ym)[ B, ] xv

» For pure vertical field:

Spin rotates Gy times faster than motion, vy, = Gy
e For spin manipulation:

At low energy, use longitudinal fields

At high energy, use transverse fields
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Spin tune and Depolarizing Resonances

Spin tune: Number of 360 degree spin rotations per turn

Depolarizing resonance condition:

Number of spin rotations per turn = Number of spin kicks per turn

Imperfection resonance (magnet errors and misalignments):

Gy=vsp=n

Intrinsic resonance (Vertical focusing fields):

Gy=v,,=Pn+v,

P: Superperiodicity [AGS: 12]
v,: Betatron tune [AGS: 8.75]
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Strong Partial Siberian Snake for AGS

A strong partial Siberian snake Spin Tune for a partial snake
generates large spin tune gap for 925

Gy = n. With strong enough ) S ieed

snake, gap is large enough to sl T Wmemie

cover both imperfection and | T ke

intrinsic spin resonances. 2107
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Modeling of AGS resonances with 20% Snake

=0.011
64 ptrs w. 10 T mm—mrad emittance

Gy=36+v, &

Gy=0+v, £e=0.0067
64 ptrs w. 10 # mm-mrad emittance

[aV] [aV]

LI T T LI S LI S T T o T o
L1 S [

|| A e L ®

1 Dol e 1 o
T I T R B P @
T T i e _|_|| Fe]

i T T i - U T T e U B <
AR Rl £ I s S AN et At s DR Ul 5
R SEEe -+ -+ = — = -t

R Y WA 1~ -7 B Y S - S -
A Y I DO L1

L syl sIL 59
> O O U A N N O A Sy S @ | @
IR R g | S

_ N S o

N g | Q
e N = s 1 I =
T I 1T TTTTTTTT O L LT I | e -
T T T T p
N N T T R t-

1 I I I 1 1 1 1 2
- G T (R F-- S
T T T O (R G LoL.

N T Y Y O Y I | | ! L | o
- ®© @ < o © +~ © @ - o -

° e ° ° T g 9 3 |
~~
T .m
, aa
7 .
, >
| O
] 1)}
| =
* 2
| (n )
| @) —
-
| oy
[ ||L 1 t ~
| o]
| N
- _ .
L | —
I_I 1 1 1 1 | 1 a
_ _ _ _ f _ — g
o | _ _ _ | _ o Q ==
o e e R i nia = Q. _._Eun
[ D 3:
_ _ _ _ ! _ o] =
N I R R ] —de 2
" _ _ _ , _ @) ~E
| | | | , | / -
| _ _ _ _ | _ ° ez
- 0 o 0 - -
o Q BANn



Test results with 10% solenoid snake at 0 + v

The difference between STy |
the red measurements and | —-— Polarization at AGS injection
. . Simulation results
blue l?ne is due to the 040 - « Exporiment data |
coupling resonance and
tilted stable spin direction. 0.20 - |
=
S
: 3
Good agreement with g 000 ]
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~0.20 - ]
ee ¢t L, L0
~0.40 ]
~0.60 ]
8.8 | 8.85 | 8.9 | 8.95
Vertical Tune
H. Huang et al., “Overcoming an intrinsic depolarizing resonance
with a partial Siberian snake”, Phys.Rev. ST Accel. Beams 7, 071001 (2004)
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30 % AGS super-conducting helical snake

15 cm warm bore helix with changing pitch
Minimizes orbit excursions
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30 % AGS super-conductmg helical snake
————— | Completed helical dipole coil

3.5 1

Twist Rate (deg./cm)
.
T —

Ls 1 \ Measured twist angle

2 deg/cm 1n the middle
~ 4 deg/cm at ends

BROOKHFEAVEN

NATIONAL LABORATORY



AGS strong snake — orbit and optics matching
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Warm helical partial Siberian snake
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> Replaced solenoidal partial snake % ’ ]
» Same design as cold snake (dual pitch) 0007
> 1.5 Tesla field TP IO
> ~6% pal”tial snake (W/O generating 1:000_
Coupling) 20000 - -
» Funded by RIKEN, built by Takano o0 oo 30 . [Zm] 50 100 150
Ind.
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Multiple partial Siberian snakes

Single partial snake rotating by angle o :

vy = 1 cos ! (cos (5 / 2)005 (7Z'G 7/))

S
P

Two partial snakes rotating by angle 0, and 0, and separated by 1/m of ring:

Vi :icos_1 cos o cos % cos(ﬂG;/)—sin o sin % cos MG;/
T 2 2 2 2 m

» Max. effective snake strength at Gy = mn: 9, + 6, (n: integer)

» Min. effective snake strength at Gy = mn + m/2: §, — 9,

» For max. strength at intrinsic resonances m needs to be a common factor of
both vertical tune and super-periodicity (Gy =Pn £ v,)

» To avoid minimum strength at imperfection resonances m needs to be an
odd integer.

BROOKHFEAVEN

NATIONAL LABORATORY



Two partial Siberian snakes in the AGS

Vertical tune ~ 9, super-periodicity = 12 — m =3

Two partial snakes rotating by angle 0, and 0, and separated by 1/3 of ring:

Vv, :lcos_1 CoS % COS % COS(ﬂGj/)—SiIl % sin % COS ZG;/
or 2 2 2 2 3

Max. effective snake strength at Gy = 3n (energy of AGS intrinsic resonances):
0 o =01+ 0,

Min. effective snake strength at Gy = 3n + 1.5 (energy of AGS injection/extraction):
0 o =01 — 0,

At this energy the stable spin direction is close to vertical, which simplifies spin
matching. Two equal partial snakes give perfect spin matching.
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Two partial snakes in the AGS

Vertical component
of stable spin
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Conclusions

o Strong partial Siberian snakes can overcome intrinsic depolarizing
resonances. Operation is analogous to full snake situation.

o If vertical tune and super-periodicity have common factor that is odd
multiple partial snakes can be used to give larger effective strength

o With proper choice of injection and extraction energy multiple partial
snakes can solve the spin matching problem
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