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Acceleration of Polarized
Protons and Deuterons
at COSY

- Introduction

- Depolarizing resonances
- Status of the polarized proton and
deuteron beam

- Future plans
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The EDDA Experiment
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Spin motion / Depolarization

— Thomas—BMT equation :
das e 3 - B
= .%S x [(1+yG)B, +(1+G)p,]
Vertical bending field :

—> vertical polarization is preserved

—> number of spin rotations per turn: 'ﬁ
— Depolarizing resonances :

1.) imlpel‘fecﬁ(()n: ”ﬁ — k k : integer

— correcting dipoles
— partial snake

2.) imtl’illsic . ’ﬁ — k]P :l: Vy P : super periodicity

: v, : working point
— tune jump
— ac dipole

— Siberian snakes :

<5GeV: Solenoids
>10GeV: - Dipoles



Siberian Snake

Vertical axis (bending field): 2nyG

Horizontal axis (snake): o =180°
- Magnetic fields
1.) Dipole: 5=101p 4
(>10GeV)
2.) Solenoid: 5=1%0] B,dl
(<5GeV) Bp

- Spin motion:
Snake

A

180°

ny G

—

1.) Spin tune half integer
2.) Invariant spin axis horizontal



Depolarizing resonances at COSY
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Depolarizing Resonance
as a Function of Tune

Depolarizing Resonances
Tntrins ic P=6, P=2, P=1; red: Imperfection
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Matching Intrinsic Spin Harmonics
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Matching Intrinsic Spin Harmonics

Results for yG =0+ v,
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A. Lehrach et al., Matching Intrinsic Spin Harmonics at COSY,
NIMA 439, 26-30(2000)



Effect of Synchrotron Motion

VG =2

Ap/p = 1-2%107
fiyn = 450Hz

vG = 2,3,4,5,6
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Resonance crossing

vsp= G

Fast tune jump

Ch2

200mv
20.0mv




Polarization
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Polarization
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Status of the polarized

proton beam
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Beam Gymnastics
(for the polarized beam

time at ANKE)

Required
momentum:

1.0und 1.7 GeV/c

EDDA was needed
to measure the
absolut polarization

Mimimimum
momentum for pol.
Measurements at

EDDA:
1.3 GeV/c

momentum vs. time in cycle

0 2000 4000 6000 8000 10000 12000
cycle time / ms

Solution: 'two identical

cycles with a global
momentum jump with
different flat top times




Polarized Deuterons

Polarization states: (2S+1) = 3 states for Spin 1

Vector polarization: P,=(n.-n)/ (n.+n_+ny)
szax —_ :!:1

Tensor polarization: P, = (1-3ny) / (n,+n_+ny)
Pzzmax — 1’ _2

Gyro magnetic anomaly: G,/ Gq4=-12.6
Spin tune: Yp Gp / Ya Gg=-25.2

Depolarizing resonances: 13 (low energies) t0 23 (high energies)
times weaker

25 times further apart

Isolated resonance crossing: different for vector and
tensor polarization

Theoretically:
H. Huang, S.Y. Lee, L. Ratner, The Evolution of Tensor Polarization

H. Huang, S.Y. Lee, L. Ratner, Transfer matrices of spin tensor polarization with and
without snake, Proc. of Part. Acc. Conf. p.432, (1993)

Experimentally:

V. S. Morozov , Spin Flipping and Polarization Lifetimes of a 270 MeV Deuteron Beam,
Talk at this conference



Status of the polarized
deuterons beam

Source has delivered vector and tensor polarized beams

Acceleration to maximum energy: 2%10'' particles

Next beam time: February 2003

Depolarizing resonances at COSY

Momentum / MeV/c
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Siberian Snake

Solenoid magnet: | B, dl,, = 12.8 Tm

- Without coupling

SQ SQ SOL SQ SQ

§6—00

length(cm) 45 45 260 45 45
25 35 35 25

field(T/m) 34.2-32.2 -32.2 34.2

field (T) 4.9

angle®) 215 15.2 21.5 15.2

- Spin preparation at injection

W

Solenoid magnets: | B, dl.; = 0.48 Tm, 0.20 Tm



Siberian Snake

- Spin preparation at injection
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- Depolarizing resonances

Ein = 370 MeV + k 523 MeV
Spim fume at injection: G, = 1.88
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Sp_’l}l Rotator (external)

Solenoid Dipole Solenoid

\

20.6°
™’

4

. spin {(cms): 01,0,,03,04

- conditions for 0, =- 0 4.
(1) cos 05 = -(cot 0 ,)*
2)tan0;=cot0;/cos 0,

dipole bending angle 0,, 0 , = 20.6°:

Dipole

20.6°

Y max / Ymin = 3

P (GeVic)| 94 (9) 9, 05 () 0,0
0.65 -90 45 180 -45
2.1 0 90 90 <90
3.3 9 135 180 -135




New Injector
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Linac unit cell

0 1000

Quadrupole magnets:

Aperture 38 mm, length 125 mm =2 g, <45 T/m
Drift between quads 130 mm
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Conclusion

- Polarized proton beam
Routinely operation
High polarization, low intensity
- New sc Injector Linac

- Polarized deuteron beam

Vector and Tensor polarisation
Beam time next February

- Siberian Snake, Spin Flipper
Not Funded yet

- New Injector Linac
Funded, first beam planned in 2005



