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POLARIZATION OF A BEAM OF SPIN-1 DEUTERONS

e A spin-1 particle has three possible vector spin states |P) along
the vertical axis: [+1), |0), |-1).

e The vector polarization is

N, -N_
P, = .
N, +N,+N_
e The tensor polarization is
3N
PT - 1_ 0 ’
N, +N, +N_

where N,, N, and N_ are the number of particles in the |+1),
0), and |-1) states.



SPIN MOTION AND SPIN FLIPPING IN AN ACCELERATOR RING

Unperturbed spin motion
— precession of spin-polarization vector around ring’s vertical dipole fields.

Horizontal rf magnetic fields can cause a spin resonance
— whenever rf field’s frequency is correlated with spin precession frequency.

Sweeping rf magnet's frequency through a spin resonance’s frequency

— can flip the beam's polarization direction. .

— Froissart-Stora formula relates beam's final P{[; and initial Py, vector polarizations
when crossing resonance

— & 1s the resonance strength.

— f, is the circulation frequency around the ring.

— Af /At is the resonance crossing rate.

— Af is the frequency range during the ramp time At .

The spin-flip efficiency is defined as:
_—P

n=—
Py




SPIN-FLIPPING SPIN-1 DEUTERONS
Sweeping rf magnet’s frequency through a spin resonance’s frequency
e rotates polarization by an angle 6.
e vector and tensor polarizations transform as

P, (8) =Py cos®, P.(0)=P; [%cosz ) —%].

e modified Froissart-Stora formula for vector polarization:

P, (mef, )’
V.= (1+1n)exp| -~ |-
P, (1+m) p[ Af/AL | D

e formula for tensor polarization:

2 2
P, 3(P 1 3 nef, )’ 1
r 3 TS e - gt
pi 2(Pl) 2 2 Af /At 2
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COSY’s POLARIZED H/D ION SOURCE
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EDDA DETECTOR

Beam pipe

e two-layered cylindrical scintillator structure 4

— Outer Layer (— trigger!)
D: 32 overlapping slabs of triangular cross-section
(Ad = 11.25°)
F,R: 2x29 semirings (A6, = 2.5°)
left semirings ¢ € [—~907, 90°]
right semirings ¢ € [90°, 270°]

Cross-sectional view of Outer Layer

— Inner Layer (H): 640 scintillating fibers
— vertex reconstruction (o &~ 1mm)
e Acceptance: O, € [107, 727

e Targets: CHy and C fiber targets, polarized H and D atomic
beam target.




WATER COOLED FERRITE RF DIPOLE

e installed around a ceramic vacuum pipe.
e [B,, dl=0.54T -mm at~ 916 kHz.
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December 2003 Run

RESONANCE MAP AT FIXED FREQUENCY
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December 2003 Run

SPIN FLIPPING VARYING RAMP TIME

06 & yerr
g S :
0.4 Y o N . -
0.2 :_ \\\ /,,::‘,‘—'"’_t __________ _:
' Sy 1 PRELIMINARY | Ny =100+ 2%

ey =(1.17+0.01)x107°

Or . ® : ] P . E
X Ay © | ]
X iy O ]
= \
2T o . | ]
7 N
’ N ,
A Y

Nr =100+2%
e =(1.1440.02)x10™°

11



December 2003 Run

MULTIPLE SPIN FLIPPING
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HIGHER-ORDER SPIN RESONANCES

e Spin tune v,
* number of spin precessions during one turn around the ring:

v, =Gy
— G is the proton’s gyromagnetic anomaly.
— v is the proton’s Lorentz energy factor.

e Spin resonance
= Occurs when the spin precession frequency is correlated with the betatron
oscillation frequency.

= resonance condition
ve=kv, +lv,+m

— Vv, and v, are the horizontal and vertical betatron tunes.

— k, I, and m are integers.

" |k|+|1]= order of the spin resonance.
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April 2004 Run
BETATRON TUNE JUMP CYCLE

7
Flat Top Start Av, =3.525—v™ Ny
v_=3.575 | 7 T
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Time (s)
Injection
v_=3.575
v =3.525
y T
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* Arbitrary units
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April 2004 Run
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Spin Motion in a Circular Accelerator

e Polarization vector precesses around ring’s vertical
dipole fields.

e Spin tune = precessions per turn around ring
v, =Qy
where G = proton gyromagnetic anomaly = 1.792847,
vy =E/m.

e RF induced spin resonance can occur whenever
fe=1f.(ktv,)
where f; =rf field’s frequency,
f. = circulation frequency around ring,
k = integer.
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Spin-flipping

Froissart-Stora formula

el
Pf = Pi(2e 2a _1)9
where P; and P,= final and initial polarizations,

& = resonance strength,
0. = resonance crossing rate.

Resonance strength

. 1 e(1+GY)IBrms'dla
TN 2 p

where B, -dl = 1f dipole’s rms magnetic field integral.

Resonance crossing rate
1 Af

o= 5
2nf; At

where Af = frequency range,
At = frequency ramp time.

2
IfEISI
20,

>>1 then P; = —P..

1

Spin-flip efficiency
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Proton momentum = 1.94 & 2.1 GeV/c.

Deuteron momentum = 1.85 GeV/c.

Ferrite-core rf dipole installed around ceramic pipe.
EDDA detector as a polarimeter.

At injection polarization monitored with LE Polarimeter.
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April 2004 Run
Fast Resonance Search
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e Fitting Af /2 = 0.2 kHz data to first-order Lorentzian gave:
fr=902.4+0.1 kHz

w=24+03kHz FWHM
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April 2004 Run

Spin-Flipping by Varying Ramp Time
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e rf dipole parameters:
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April 2003 Run Result at 1.94 Gev/c

PHYSICAL REVIEW SPECIAL TOPICS - ACCELERATORS AND BEAMS, VOLUME 7, 024002 (2004)

Spin manipulation of 1.94 GeV/c polarized protons stored in the COSY cooler synchrotron

V.S. Morozov, A. D. Krisch, M. A. Leonova, R.S. Raymond, V. K. Wong, and K. Yonehara
Spin Physics Center, University of Michigan, Ann Arbor, Michigan 48109-1120, USA

U. Bechstedt, R. Gebel, A. Lehrach, B. Lorentz, R. Maier, D. Prasuhn, A. Schnase, and H. Stockhorst
Forschungszentrum Jiilich, Institut fiir Kernphysik, Postfach 1913, D-52425 Jiilich, Germany

D. Eversheim, E Hinterberger, H. RohdjeB3, and K. Ulbrich

Helmholtz-Institut fiir Strahlen- und Kernphysik, Universitit Bonn, D-53115 Bonn, Germany
(Received 4 November 2003; published 25 February 2004)

We recently studied spin flipping of a 1.94 GeV/c vertically polarized proton beam at COSY in
Jiilich, Germany. We swept an rf-dipole’s frequency through an rf-induced spin resonance to flip the
beam’s polarization direction. After determining the resonance’s frequency, we varied the dipole’s
strength, frequency range, and frequency ramp time. At the rf-dipole’s maximum strength, and
optimum frequency range and ramp time, we measured a spin-flip efficiency of 99.3% = 0.1%. This
result indicates that an rf dipole may allow efficient spin flipping in high energy proton rings.

DOI: 10.1103/PhysRevSTAB.7.024002 PACS numbers: 29.27.Bd, 29.27.Hj, 41.75.Ak
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e Frequency sweep parameters:
Atl2 =4 kHz
At =10 sec

e Fitto P, =P.(-m)" gives 1=99.3 £ 0.1%.
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April 2004 Run

Spin-Flipping by Varying Number of Flips
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e Frequency sweep parameters:
Af/2 = 6 kHz
At=0.1 sec

e Fitto P =P.(-m)" gives N =99.92 + 0.04%.
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Conclusions

We used an rf-induced spin resonance to flip the polarization
of a stored proton beam.

With a stronger water-cooled ferrite-core rf dipole we
achieved higher spin-flip efficiency with a faster ramp time.

We flipped the polarization 51 times with most of the
polarization preserved.

We measured a spin-flip efficiency of 1 =99.92 + 0.04%.

Our small rf dipole’s |Bdl may only need to be increased
by 35% for more then 99% proton spin-flip efficiency
at 100 GeV RHIC or even 7 TeV LHC.
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