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Motivation

* Polarization deterioration was observed in RHIC during a
typical polarized proton store for physics data taking!!

* Significant improvement of polarization deterioration in the
latest RHIC polarized proton operation in 2013 was also

observed
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Stable spin direction and polarization

 7i(Z, ) is the stable spin direction at phase space point 7 and azimuthal
angle 9, and 7i(Z,0+2x)=7i(Z,0). It also satisfy Thomas BMT equation

di(Z,0) =, .
0= Q(z,0) x 1i(Z,0)

(2,0 + 2m) = ii(Z, )

* A polarimeter samples the particle spins in a beam for more than millions
of turns. The measured beam polarization is then an average of the
contribution from the beam particles, which is an average of the particle’s
turn-by-turn spin vectors over the duration of measurement. While each
particle’s turn-by-turn spin vectors average to its spin projection over the
local 72(Z, #) in the long term. In the ideal case, if each particle spin is

parallel to the local 77( 2, #) , then the maximum achievable polarization
i1l

Plim — ‘ < ﬁ(ga 9) >z ’

[1] G. H. Hoffstaetter, High-energy polarized proton beams: A modern view, Springer Tracts Mod.Phys. 218, 2006



Beam intensity(10711)

A Typical RHIC Store
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Beam polarization measured

by p-Carbon polarimeters
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Possible Sources for Polarization Deterioration

Depolarizing resonances in the presence of snakes
m - vy = Vs + k,where m, k € integer
— The major snake resonance for RHIC operation is 5-th order, Vy = 0.7
Variation of the vicinity to the nearby resonance(s)
— beam working point drift
— beam-beam induced tune shift change
 Beam-beam effect is expected to be weakened during collision

— Spin tune change due to local orbit drift at snakes, as well as spin
rotators around Ips

spin tune spread induced by the difference between dispersion
slope at the two snakes, as well as spin rotators

Av,,, =Gy(Ap/ p)AD'
Beam emittance growth due to beam-beam, high order orbital
resonances, etc



RHIC data analysis

 Comparison of Asymmetry for bunches with different number

of collisions
— In atypical RHICfill, ~1/10 of RHIC bunches have 1 collision per
revolution, while other have 2 for polarized proton runs

— Data from pCarbon polarimeter were reanalyzed to compare the bunch-
by-bunch asymmetry for bunches with single collision vs. the bunches
with double collisions

— To improve the statistics, statistically combined the asymmetry relative
difference of bunches with similar conditions of all physics fills.

Define the relative difference of asymmetry as:

2 2
: : o)
S = Asmgle ~-l.0. = Asmgle A single + Agouble
- el B A A2 A2
double double single double
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There is no consistent conclusion among different runs and
the two beam

Current data strongly indicate that the direct beam-beam
spin kick is not the dominating cause for the depolarization.
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RHIC data analysis

Correlation of beam emittance vs. beam polarization

A piece-wise linear fit is applied to the beam emittance data for each

fill measured by RHIC IPMs. The fill-by-fill fitted initial emittance,
slopes are then correlated against the average polarization, as well as

the polarization decay rate.

lattice settings are made.
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Spin tune shift in RHIC

e Source of spin tune shift from 0.5
— Imperfection of helical dipole snakes
— H orbital angle between the two snakes

AV =GyAO/x

spm

— Local orbit at the spin rotators,

radial component of stable spin direction n, in the triplets

Av spm _Gynx/tr (ylr%_ yrrt)/z‘ﬂ”

Vertical closed orbit angles at the rotators

* For runl3, longitudinal spin program, a 3mm orbit bump @IP6
introduces spin tune shift of ~0.013



spin tune deviation

spin tune deviation

0.012-
0.010"

0.008-

0.006

0.004
0.002-

0.000-

0.020

0.015-

0.010

0.005

0.000-

h.: ‘ « snhakes ' |
SPoem | - IP6 ’
o F "y,  BlueRing . P8
,01 r“! i Q.-.o.g
elens lattice runi2 lattice
I L X i -ia %0" °e t.;‘i-é
]
* | et . &
i ?’!ﬁ, 1 ifﬁ § &l shmhﬁlﬂk
’ | Bl
[ | t oo} ‘°lj
e ! Cod ui. » 1
o il
:.io .h.‘ ..: | '.?.,a -b’ i
o Swegnice e
17200 . 47300 . . 47400 17500 1760
cpones TIFHS®
;.so g-.." -..I r“ | h i
i ! hitad .'.“’.‘*'ps.—
| Yellow Ring i
elens lattice run12 lattice '
i . snakes |
| . IP6
P i IP8 ]
: \ i:fﬁ.!i FyrTr T n ﬁﬂ;‘g gr
j! i' !55 ﬁ (Y] ﬂ. i » . - i
| ! i
17200 17300 17400 17500 17600

Contribution to the spin tune
deviation from the three
sources are shown for RUN13.
(Limited data for RUN12 due to
missing data of some BPMs).
~0.005 max variation for each
contribution

Within the current RHIC
polarization measured by H-Jet
polarimeter statistics, no clear
correlation between
polarization decay rate verus
spin tune deviation is seen



relative vertical tune change relative horizontal tune change
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Correlation of polarization vs. working point

It is found that the working point at store in run13 255GeV is in general lower
than that of run12 255GeV for vertical plane, because of different tune
feedback settings towards end of rotator ramp & cogging into collision.

Beam study in RUN12 100GeV
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Beam Transfer Function (BTF) for typical fills
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e Itis difficult to directly measure un-colliding betatron tune while beams in collision
* In a collision of the same species and round beam, o -mode of BTF is the best
approximation of the un-colliding tune



The vertlcal sigma modes for different runs

' onl2 m Average polarization decay rate for different RHIC polarized proton runs
0.694 | runl3 with runl2 lattice 4 1 0 . . .
runl3 with elens lattice ©) Polarimeter B1 ._._. ;
i . Polarimeter B2 »--#-== i
0692 Blue rng et . 5 .02} Polarimeter Y1 =—— I
2 Polarimeter Y2 ==-#=-= H 3
o 2 i
0.69 #O Wﬂz R sy ] \} 0.4 F I
Ke)
K e 5 . T \ I
0.688 ;) ‘A ™ © A i aaga i = -06} 4
A N AA‘&#‘“‘ a 4 AA A aa, 4 AL an § i
0.686 O A a4 L. RV Y c : ]
o© A A “ ALt S 08 1
% A ('3 { H
0684 | ™ . E i
. S 1t :
A A a i H
%
0.682 - A
12 s
0.68 1 1 1 1 1 0/)7 g OO);D OO/ OO/ £ OO/ £
0 20 40 60 80 100 120 2 -7 2 ‘Q %
% % % C %
fill (o} (N (o} 2% 2
I I I I ruln12 u L L L
0.694 | runl3 with runl?2 lattice =~ 4 1
Y I I runl3 with elens lattice =~ O
eliow rlng
0.692 - . . .
,:"A ® \Vertical tunes for runl2 is typically
A I,
0:69 A W%ﬁ%'mw 1 larger than those for runi3.
O Nl L | ® The larger vertical tune, the closer
’ Ap A A, Aaa .
& am :‘ o VWA T to 7/10 snake resonance, which
0.686 [ Ao AT s wriabalsty ] ) )
@ = L. could lead to larger polarization
A A . .
0.684 | . s 1 deterioration.
A
A
0.682 |- .
068 1 1 1 1 1

0 20 40 60 80 100 120
fill



Simulation Goal and Progress

Goal is to scan of P, as function of beam working point, beam-
beam parameter, as well as betatron amplitude with RHIC model
including

— the orbital imperfection, betatron tune spread with synchrotron
motion

Compute P, = | < 7i(%,0) >»| by obtaining 17 via stroboscopic
averaging!!! with PTC?]

— Up to 20,000 turns of tracking to obtain 77 at each initial coordinates.

— Track the same initial coordinates with spin parallel to the computed 72
for 5000 turns, and compute P, with the turn-by-turn spin vectors for
the same initial actions but different orbital phases

Benchmarking with well-established model as well as RHIC
polarized proton data

[1] K. Heinemann and G. H. Hoffstaetter, Phys. Rev. E 54:4240-4255 (1996).
[2] E. Forest, , F. Schmidt, and E. Mclntosh. Introduction to the Polymorphic Tracking Code. Technical Report
KEK-2002-3, KEK, Tsukuba, Japan, 2002. S. Mane, Technical Report No. KEK Report 2009-8, KEK (unpublished).



107t mm mrad

no imperfection errors

E

g
Ey
®
)
<
(=)

I © § 8

w EEE

e m m ,m T

c E -

e g n_./w

s ﬂm I

3 ¢

- Q" SN

= S

O ‘«VA-L_ 0

O . | i
o

Q
A
I

1.0
0.5

1.0



P,., as a function of vertical betatron amplitude
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Future plan of simulation

* Further benchmarking with synchrotron motion included
* Inclusion of orbital imperfection & snake imperfection

* Scan P, as a function of various beam parameters
— Working point
— Beam-beam parameter
— Emittance
— Spin tune shift from 1/2



Conclusion

* Due to the limit of RHIC polarimeter statistics, fill-by-fill correlation of beam polarization
as well as polarization decay with beam data is too difficult to yield conclusive results

 Comparison of the average polarization decay rate for various RHIC polarized proton
operation modes over the past a few years shows

— Most of the operation modes have similar working point for collision
* No strong correlation of polarization lifetime performance with collision energy

* No strong correlation of polarization lifetime performance with beam-beam
parameter

Run condition Runll RUN 12 RUN 12 RUN13
250GeV 100GeV 255GeV 255GeV

Peak luminosity(1032cm) 1.45 0.46 1.65 2.45

— During the second part of RHIC RUN 13, the collision working point was significantly
below due to different practice of RHIC tune/coupling feedback operation.

* significant improvement of polarization lifetime during this period was observed

* Simulation study is in progress to study the P, as function of various beam parameters:
working point, closed orbit distortion, imperfection of snakes
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Correlation of average polarization versus spin
tune deviation due to orbit imperfection

Spin tune variation due to orbital angle difference between snakes
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average polarization

Spin tune variation due to orbital angle difference between spin rotators around IP 8
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Simulation benchmark(2)

« FODO lattice, without snakes, close to a single isolated resonance,

here only vertical motion is included, no coupling nor synchrotron motion.

» For a fixed vertical betatron amplitude, if launch a particle at (2, 6) with spin
parallel to 7(2,6), then the Fourier spectrum of the turn-by-turn spin vector
doesn’t contain peaks corresponding to spin tunell,

Bl w/osnakes vy = 03223’ G’}/ — 46129, €0 = 0.0137

B w/snakes
FIFT of umlby-turn S;I/ for spin vlector paralllel to ISFi ——
T 1.0 FFT of turn-by-turp Sy for spin vector perpendicular to ISF
. 60 -
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20 " y
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[e%
0.12'm mm mrad. | 0.5 5
) T 40t
| i
~—1.0 60 - T+ yts /\ J\‘\
) \ fid
-80 |- ,// \ // \\
J/
A0 L —
-120 [ | I I : I : I I i |
-0.5 -0.4 -0.3 -0.2 -0.1 0 0.1 0.2 0.3 0.4
IS 0.5 frequency normalized by revolution frequency

r

[1] D.P. Barber, J. A. Ellison and K. Heinemann, PRST-AB 7, 124002 (2004).



P,m and spin tune for different initial vertical amplitudes
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FIG. 22. The spin tune and Py, for different vertical amplitudes, the RHIC lattice is set so that
G~y = 381.31, where the instrinsic resonance strength is around 0.4 for a normalized emittance
10mmm - mrad and the vertical tune for these amplitudes is 0.699, the location of spin resonance

dvy — vg = integer is also indicated in the plot.



