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ON THE FEASIBILITY OF A SPIN DECOHERENCE MEASUREMENT*
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Abstract

In this paper, | study the feasibility of making a turn-
by-turn spin measurement to extract the spin tune from a
polarized beam injected perpendicular to the stable spin di-
rection. For the ideal case of a zero-emittance beam with
no spin-tune spread, there would be no spin decoherence,
and ameasurement of the spin tune could easily be made by
collecting turn-indexed polarization data over severa mil-
lion turns. However, in areal beam there is a momentum
spread which provides a spin-tune spread. With a coasting
beam the tune spread can cause decoherence of the spins
resulting in a fast depolarization of the beamin asfew asa
thousand turns. With synchrotron oscillations the decoher-
ence time can be greatly increased, so that a measurement
becomes feasible with summation of the turn-by-turn data
from areasonable number of bunches (<100). Three cases
of 1, 2, and 2%, Siberian snakes are considered. By us-
ing spin tune measurements for both the single and double
snake cases, we could vastly improve the calibration of the
optimum settings for the RHIC snakes.

INTRODUCTION

A pair Siberian snakes are used in each of the RHIC
ringg[1] to lock the spintuneat Y. and to maintain avertical
stable spin direction of the closed orbit. In order to study
the decoherence of spinsin RHIC, it is proposed to inject
polarized protonsinto RHIC with polarization perpendicu-
lar to the stable spin direction or at least with alarge com-
ponent transverse to the stable direction. In principd, if
the polarization could be measured from turn to turn, then
for spin tunes near Y, we would see a spin flip every turn.
Such oscillations around the stable spin direction have been
seen previously[2]. Since the polarization asymmetries are
small, an accurate measurement of polarization requires of
order 107 events in the CNI polarimeter[1]. For a single
bunch in RHIC the event rate at injection is usualy less
than one event every turn, so the observation of the spin
rotation will not be seen from turn to turn. However in
some cases, it should be observable in the FFT of the sig-
nal over thousands of turns. It only requires enough events
to observe a definite signal in the FFT, rather than a pre-
cise value of polarization. The signal can be enhanced by
adding data from multiple injections, since the injected po-
larization direction will always bethe same onthefirst turn.
To measure decoherence, it will be advantageous to mea-
sure the polarization with more accuracy, so that we can
see the decay of the oscillating component perpendicular
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to the stable spin direction. In this paper | present prelimi-
nary simulations with a simple Monte Carlo event genera-
tor for the polarimeter and simple spin tracking in order to
understand how to analyze such turn-by-turn polarization
data.

SIMULATION OF POLARIZATION
OSCILLATIONS

The polarization of abunch of N protonsis defined as
1 N
P= ; S; ()

where Sj is the normalized unit vector pointing along the
jth-proton’s spin.  The unit vectors #, ¢, and 2 are re-
spectively in the radial, vertical, and beam directions. The
RHIC polarimeters are capable of measuring only compo-
nents of polarizationin the transverse plane with respective
vertical and radial projections: P, = - Pand P, = & - P.

Decoherence of polarization was simulated by generat-
ing a Gaussian distribution in longitudinal phase space of a
number of particles (typicaly N = 300). The distribution
was matched to the rf bucket with parameters: rf voltage of
Ve =90 kV, harmonic number ~ = 360, transition gamma
~v+ = 22.98, and ring circumference L = 3833.845 m. All
particles were assumed to have the same polarization at in-
jection; however, a reduction factor to 50% polarization
was later applied before generating events in the CNI po-
larimeter.

At fixed energy for the synchronous particle, the proton
spins were tracked with energy oscillations, but no beta-
tron oscillations; the distribution of particles was assumed
to have zero transverse emittances. An average polarization
for the distribution was calculated every turn. This average
polarization was then projected onto the transverse plane,
and random events were generated and binned in azimuth
into the six detectors and written to afile every turn. Typi-
cally, it was assumed that on average there would be about
one recoil carbon detected every two bunch crossings. The
binned results for each turn were summed over multiple
bunches with identical polarizationsto increase statistics.

ONE SNAKE

The spin tune for aflat ring with no snakesis vy = G~.
Here G= (g — 2)/2=1.7928 and ~ is the Lorentz factor.
A pair snakes on opposite sides of each RHIC ring have
rotation axes relative to the beam of 45° and 135° degrees
to lock v at % with a vertical stable spin direction. With
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both snakes the stable spin direction is vertical giving spin-
up in one half of the ring and spin-down in the other half.

When only one snake is turned on, the stable spin direc-
tionwill liein the horizontal plane. Normally bunchesfrom
the AGS have been injected into RHIC with essentially ver-
tical polarization[3] at either Gy = 45.5 or 46.5. So with
a single snake, a bunch with spin-up on the first pass by
the polarimeter would be spin-down on the next turn and
continue alternating between up and down every turn.

With a single snake generating a spin rotation of . about
an axis in the horizontal plane, stop bandsin the spin tune
open up around integer values of Gy. For afull snake =
m,andvs=N + % where N isaninteger closeto G~. For
small deviationsof G~ away from N + %, and . from 180°,
the shift of spin tune from ¥, is

Ovg ~ i%é(Gv) Op. 2

We should be able to set the extraction energy to within
0.05 of the desired value in units of G+y. | expect that the
snake rotation angles (u) in RHIC arewithin 0.5° of 180°.

By analogy with betatron oscillations, a spin chromatic-
ity may be defined as

dvs 9 dug
= 0°G .
dp 7 Gy d(G)

Ep=1 3

At the half integer, &, is largest, so we should expect the
fastest decoherence of spins perpendicul ar to the stable spin
direction to appear when Gy is halfway between integers.

At integer values of G, the chromaticity is zero. Hav-
ing &p = 0 at the imperfection resonances allows com-
plete spin flipping of &l the spins with a partial snake at
integer imperfection resonances as in the AGS. The top
plot of Fig. 1 shows decoherence of the spins without syn-
chrotron oscillations for several values of G+; note the
shortest decoherencetimeis at 46.5 with increasing deco-
herence times as Gy is increased towards 47.

With amomentum spread, the spins of different energies
precess at different rates and tend to move apart, but as the
energies oscillate, the energies of the lower and higher mo-
mentum particles become reversed so that the spins which
have moved apart then move back towards each other. In
the lower plot of Fig. 1 synchrotron oscillations are in-
cluded so the spin coherence oscillates for Gy away from
the integer, and at 46.5 the average decoherence time is
much longer than without synchrotron oscillations. To
make a quick estimate of the decoherencetime in the num-
ber of turns, we can ask: how many turns does it take for
a +1o0 particle in the momentum distribution to advance
180° ahead of the synchronous particle? This gives the
rough estimate of

1

7sp(0p/D)

1
— ~1
% 020 X 0.00117 = 1300wns - (4)
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Figure 1: Simulated spin decoherence of a bunch of 300
particles with longitudinal emittance 0.3 eVs. Curves
of decreasing negative slopes from Gy = 46.5 to 47
in steps of 0.1 are shown. The upper plot without syn-
chrotron oscillations shows a rapid decrease in polariza-
tion, while the lower plot with synchrotron oscillations
(Vie =90 kV,Qey = 3 X 10~*) shows longer coherences
of an oscillatory nature for G~ away from integral values.
In both cases, spins were tracked with the snake detuned
to u = 179.5°. The light vertical line in the upper plot
indicates the decoherence estimate of Ngecon = 1360 as
described in the text.

when there are no synchrotron oscillations. With syn-
chrotron oscillations the spins recohere after approximately
one synchrotron period:

1 1
O ~ 5000290 — 3344 turns. (5)
MORE SNAKES

With both full snakesin a RHIC ring, the stable spin di-
rection at injection is vertical, so to measure decoherence,
we would want to inject the bunches with horizontal polar-
ization. Spins of different energies which decoherein one
half of the ring are flipped over in the other half, so they
recohere in the other half of the ring. This should lead to
much longer decoherencetimes as shown in Fig. 2.

In order to inject horizontally polarized protons into
RHIC, we would either need to add a 50% snake in the
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Figure 2: The datapointsarethe FFT amplitudessimulated
for a case with two snakes divided into 32 segments of 217
turns. The solid curveis the average polarization scaled to
fit the FFT data. The scaling factor was fit to be 0.0380 +
0.0013. The snakes were detuned to have = 179.5° and
90.5° between the snake axes.

transfer line or extract from the AGS at Gy of an integer.
Since radia polarization has not been demonstrated at an
integer, | am not sure whether we can inject a large hori-
zontal polarization into RHIC.

In addition to two Siberian snakes in each RHIC ring,
we have a number of spin rotators around two of the in-
teraction regions. It is possible to power any one of these
rotators as a 50% partial snake having arotation axis along
the radia direction (a Type-Il partial snake). It turns out
that for a ring with two full snakes on opposite sides of
the ring with rotation axes in the horizontal plane at 90 °
to each other, we can add an additiona partia snake of
any strength with its rotation axis in the horizontal plane
and still keep the spin tune vs = %. A 50% partial snake
will tip the stable spin direction 45° away from the vertical
even with the other two full snakes. In this case a verti-
cally injected spin at v, =" will alternate between vertical
and horizonta every other turn. By using the silicon de-
tectors which are located on the 45° diagonals in the CNI
polarimeters we can measure both vertical and radia po-
larizations. By picking arotator near the STAR experiment
the stable spin direction will have both large vertical and
radial components. Fig. 3 demonstrates that a spin tune
could be extracted from a turn-tagged measurement of po-
larization with 27, snakes..

CONCLUSIONS

Simulations of spin decoherence from energy spread
combined with a Monte Carlo generator of the polarime-
ter signals show that the spin tune may be extracted from
turn-tagged polarimeter data by using a standard FFT algo-
rithm. Given that the signal does not decohere too quickly,
it should be possible to extract the spin tune with ex-
tremely high precision using a modest number of bunches.
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Figure 3: FFT amplitude for the case of two and a half
snakes over the first 28 turns. The histogram (blue) shows
FFT amplitude of simulated polarimeter data with an av-
erage of 50 detected events per turn, and the curve (red)
shows the FFT amplitude of the P, average from 300 pro-
tons. Note the synchrotron sidebands in the P, signal.
This data was simulated with Gy = 45.55, u = 179.5°,
A¢=0.5° for the two full snakes and a 50% partial snake
with rotation axis 0.5° out of the horizontal plane.

Since these simple simulations only include synchrotron
oscillations, future simulations will extend this to a more
complete model of RHIC with betatron oscillations, orbit
bumps, and solenoids.

Measurements of the spin tunewith asingle RHIC snake
at injection with Gy = 45.5 is senditive to the snake rota-
tion angle (1). With two snakes at Gy = 46, the spin tune
at injection is sensitive to the rotation axes (¢) of the two
snakes, and rather insensitive to the snake rotation angles
(). By combining measurements of the two cases, amuch
better calibration of the RHIC snakes might be possible.

A case with 2%, snakes has been chosen to first verify
that the spin tune can be extracted by this method.
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