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= Abstract

Spin flipper experiments during RHIC Run 17 have
S demonstrated the 97% effectiveness of polarization sign
§ reversal during stores. Zgoubi numerical simulations were
£ setup to reproduce the experimental conditions. A very
8 good agreement between the experimental measurements
§ and simulation results was achieved at 23.8 GeV, thus the
2 simulations are being used to help optimize the various Spin
% Flipper parameters. The ultimate goal for these simulations
§is to serve as guidance towards a perfect flip (P¢/P; ~ —1)
: at high energies to allow a routine Spin Flipper use during
g physics runs.
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INTRODUCTION

Spin physics programs in the Relativistic Heavy Ion Col-
< lider (RHIC) and in the future electron ion collider eRHIC
g require measurement of bunch polarization with great accu-
£ racy which requires reducing systematic errors. One means
2 to achieve that consists of frequent reversal of bunch polar-
: ization during detector data taking. This can be done without
%harmlng beam polarization by using a spin flipper [1-3], a
< device which reverses the polarization sign of all bunches
& without changing other beam parameters or machine set-
§ tings.
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8 Spin Flipper

RHIC spin flipper magnet assembly is located in one of
> the straight sections of the Blue ring. It consists of four
horizontal dipoles ("spin rotator") and five vertical AC
dipoles (Fig. 1) [4].
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Figure 1: Spin Flipper layout.

The four y-rotator dipoles (vertical field) are DC, with
field integral Bg.L. They yield spin rotation angles
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Orbit-wise this defines a closed local horizontal bump
and, spin-wise, it leaves the spin tune vs ~ 1/2 unchanged.

The horizontal magnetic field in the AC dipoles has
the form B (t) = Eosccos(Zﬂfosc(t)t + o) with ¢g a ref-
erence phase and fo(t) = Vosc(t)frey the time-varying
oscillation frequency where fi., is the revolution fre-
quency. ACDI1-3 and ACD3-5 triplets both ensure the same
+Posc(t)/ =2 Posc (1) /+Posc (1) spin x-rotation sequence, with

Bose(t) = (1 + Gy) B WL @
Bp

Orbit-wise, each triplet ensures a locally closed vertical
orbit bump (Fig. 1). The phases of the first (ACD1-3) and
second (ACD3-5) vertical bumps are correlated, namely,

©0,ACD1-3 — 0,ACD3-5 = 7T + 0. (3)

This configuration of the AC dipole assembly induces
a spin resonance at vosc = Vg, with the phase relationship
(Eq. 3) canceling the image resonance at 1 — vg. This allows
for the spin tune to remain % during the spin flip [1]).

Spin Flip Efficiency

Froissart-Stora formula describes the spin flip efficiency
for the single resonance crossing,

_xlef
Pr=P;|2exp 2 @ —1], “4)

where P; and Py is the initial and final polarization.
The strength of the spin resonance excitation is

¢osc
T

le| = sin ¢ sin %. 5)
The crossing speed (rate of sweep of Vg through v = %)
is
Avise
de ’
with Avyg. the AC dipole frequency span and N the number
of turns of the sweep.
The sweep time 7x = N/fpey is the time period during
which the AC dipole frequency is changing.

a = dg = 2aN (6)

Spin Tune Oscillations and Multiple Resonance
Crossings

The synchrotron motion induces the spin tune v oscilla-
tions [4, 5],
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where AD’ is a difference of the dispersion function deriva-
tives at the two snakes. Since the AC dipole frequency is
linearly swept across v this effect is liable to induce multiple
crossing of the resonance and thus cause polarization loss
during the spin flip.

EXPERIMENTAL AND SIMULATION
SETUP

Spin Flipper During RHIC Run 17

The Spin Flipper experiments were conducted over sev-
eral dedicated periods during Run 17 [2]. Nominal RHIC
lattice, beam conditions and RF settings (dual harmonic
9MHz+197MHz) were used. The strength of the spin reso-
nance |e| was set to 0.0002397 at 23.8 GeV and 0.0005682
at 255 GeV. The AC dipole frequency span was tuned to
Avosc=0.005. Sweep time was varied between 0.5 s and
3.0 s with RHIC synchrotron frequency between 5-6 Hz.
Transition quads were used to vary AD’ with only a marginal
effect on RHIC optics. AD’ was scanned down from the
nominal 63 mrad to 3 mrad at 23.8 GeV to 0.12 mrad at
255 GeV.

Simulations

Multiple particle (960 particles per bunch) tracking was
done using Zgoubi [6] with RHIC FY17 magnet lattice
both at 23.8 GeV and 255 GeV energy [4]. Dual 9MHz
and 197MHz RF systems, typical RHIC beam emittances,
betatron tune and chromaticities were implemented.
Figure 2 is an example of Spin Flip simulation.
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Figure 2: Spin Flip at 255 GeV: Red - vertical spin compo-
nent of 10 different particles. Blue - an averaged vertical spin
component of 960 particles. Black - AC dipole frequency.

EXPERIMENTAL AND SIMULATION
RESULTS
An excellent agreement (within 10%) between the
experimental data and simulations was achieved for

injection energy (23.8 GeV). The results as shown in Fig. 3
confirm that the Spin Flip efficiency is dependent on AD’.
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Figure 4 shows that the Spin Flip is not just governed by the
Froissart-Stora formula. Its efficiency deteriorates for larger
values of Sweep Time for the non-zero values of AD’.
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Figure 3: AD’ Scan at 23.8 GeV: 7x = 3s.
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Figure 4: Sweep Time Scan at 23.8 GeV: For AD’ =
3.45 mrad the best |P¢/P;| ~ 98% is achieved for x ~ Is.
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Figure 5: Sweep Time Scan at 255 GeV: The experimental
data for AD” = (0.12 +0.1)mrad shows a strong dependence
on the sweep time, which deviates from the Froissart-Stora
formula and the simulations predictions.

The 255 GeV simulations do not agree with measurements
as well as shown in Fig. 5. These simulations at 23.8 GeV
and at 255 GeV describe the well balanced Spin Flipper and
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% RHIC lattice with no errors. Nevertheless, the conclusion
E:can be made that the optimal Sweep Time is around 0.2 s
Z (approx. one synchrotron oscillation) for this Spin Flipper
%setup at 255 GeV. Multiple attempts were made to explain
+ the experimental data in Fig. 5 by introducing errors into the
£ RHIC lattice and Spin Flipper or by changing the values of
£ AD’ and the momentum spread [3].

)

2 ADDITIONAL RESULTS

QM irror Resonance

é The additional experimental results [2], namely the Static

< Spin Tune Scan, reveal a secondary resonance to be present
S where the mirror resonance would be at 255 GeV.

‘gThe mirror resonance can be introduced in simulations if
% errors are added to the Spin Flipper, such as changing the
2 field of one of the AC dipoles, putting an incorrect phase
& shift between two vertical bumps, or changing the two AC
g frequencies at a different rate. The single particle tracking
£ covering the mirror resonance is shown in Fig. 6.
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Figure 7: Partial resonance sweep. The oscillator range is
0.005, AD’ = 3mrad, 7x = 3 s at 255 GeV. Red - measured
data; Black - simulations.

the understanding of Spin Flipper operation.

The optimal values of Sweep Time, the AC dipole fre-
quency range and AD’ can be obtained from the simulation
results.

The current plan is to perform more simulations for dif-
ferent RF settings, when 28 MHz and 197 MHz systems
are used. This corresponds to the conditions that are used
during RHIC physics stores.
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< Partial Resonance Sweep
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£ Spin Flipper is balanced; (B) - The spin flips at vosc = v
< and at vosc = (1 — v5) when the error is introduced into the

(3]

The importance of having a wide enough oscillator range [4]

o covering the whole resonance is demonstrated in Fig. 7. Here

<

g "Distance to Spin Tune" is defined as spin tune minus the

< lower limit of the oscillator range. If the resonance is not 5]

E covered, the Spin Flip efficiency is poor.
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CONCLUSION

(6]

The agreement between the experimental data and the
simulations is very encouraging in the sense that it confirms [7]
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under Contract No. DE-AC02-98CH10886 with the U.S. De-
partment of Energy. The multi-particle tracking simulations
were performed on NERSC computers [7].
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