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Abstract
A tilt in the spin direction from the vertical has been

observed for a number of years in the RHIC collider during
store. This tilt has been extensively studied by scanning
snake strengths, energies and orbital angles during the 2017
polarized proton run, and more recently during the 2022
polarized proton run. Using a spin transport model, we
attempt to model this spin tilt by fitting all the relevant data.

INTRODUCTION
Since the 2013 polarized RHIC polarized proton run at

255 GeV a tilt in the spin at the location of Carbon target
polarimeter has been observed. During the 2017 polarized
RHIC [1]run we conducted several studies to better under-
stand the cause of this tilt. These tests involved scanning the
energy and snake settings and orbital angles at the snakes to
observe the response of this spin tilt.

FITTING SINGLE IMPERFECTION SPIN
RESONANCE

Our initial hypothesis was that possibly there might be
some significant de-tuning of our snakes. That our snakes
were not achieving the full 180 degree rotation about the±45
degree angle relative to the beam trajectory. However other
studies scanning the energy and snake settings at injection
energy showed that deviations of the magnitude necessary
to tilt the spin by the observed 15 degrees at 255 GeV would
also perturb the spin tune and perturb the spin direction at
injection energies as well. While there was some spin tilt at
injection as we scanned the energy. The amount of spin tilt
was too small to account for a systematic difference in the
snakes even accounting for the energy difference. Addition-
ally studies going on that year involving the spin tune and
spin flipper didn’t point to deviations in the performance of
the snakes on the level to account for the observed spin tilt.
Thus we believed that the source of the spin tilt was due to
imperfection spin resonances, either due to a local or global
source.

Using a simple spin transport model including snakes and
single spin resonance we varied the phase and magnitude of
an imperfection near the 255 GeV energy to see how well
the introduction of such a perturbing spin resonance might
explain the data. We modeled the snakes using the 2D spinor
transport form:
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where 𝜎1,2,2 are the 2x2 pauli spin matrices, 𝜇 is the angle
of spin rotation and 𝜙𝑠 the angle of the axis relative to the
direction of the beam about which the spin is rotated. Be-
tween the snakes the spin is transported using a solution to
the Thomas-BMT equation for a single spin resonance:

(𝜃 𝑓 , 𝜃𝑖) =
𝑒−𝑖

𝐾
2 𝜃 𝑓 𝜎3𝑒

𝑖
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𝐾
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Here 𝐾 is the value of G𝛾 where the spin resonance is
present, 𝑤𝑖 and 𝑤𝑟 the real and imaginary part of the spin
resonance strength. The total spin transport once around the
ring starting from the polarimeter where the tilt is measured
now becomes:

𝑇 =

𝑡 (2𝜋, 𝜃𝑠 + 𝜋)𝑇𝑠 (𝜇,−𝜙𝑠)𝑡 (𝜃𝑠 + 𝜋, 𝜃𝑠)𝑇𝑠 (𝜇, 𝜙𝑠)𝑡 (𝜃𝑠 , 0) (3)

Here 𝜃𝑠=2.04460321 rad is the location of the first blue
snake relative to the polarimeter. From this one turn map
the components of the closed orbit stable spin vector can be
calculated using:

𝑆1 = 𝑇∗
1,1𝑇2,1 + 𝑇1,1𝑇

∗
2,1

𝑆2 = 𝑖(𝑇∗
1,1𝑇2,1 − 𝑇1,1𝑇

∗
2,1)

𝑆3 = |𝑇1,1 |2 − |𝑇2,1 |2 (4)

The angle relative to the vertical can then be estimated
using 𝜃 = arctan(𝑆3/𝑆1) − 𝜋. Using this our best fits to the
data for the first set of runs involving energy and snake scans
yielded an imperfection at G𝛾=486. This is relative to our
nominal energy at 487. Including a 4 degree bump caused
by the orbit through the snakes, we found an imperfection
resonance strength with a total magnitude of about 0.07
with equal imaginary and real parts, could reproduce some
(though not all) of the structure, as shown in Figures 1-5.
However a later scan involving changing the orbital angle at
the second snake (the one near 9 ’oclock) showed that the
best results involved using a single resonance K at G𝛾 of
487 with a magnitude of about 0.12 and real and imaginary
strength of 0.01 and 0.12 respectively. In Figure 6 this fit is
plotted along with the previous using K=486.

ANALYSIS AND FUTURE WORK
The use of this simple model does demonstrate that near

255 GeV modest imperfection resonances can produce tilts
on the order observed. In some cases it does a decent job
of capturing the tilt response, still a fully consistent picture
alludes it. This suggests that a model with more complexity
is required. This simple model has been extended to include
multiple nearby spin resonances using an approach involv-
ing a magnus type of integrator which has been developed
previously [2]. Perhaps more useful in the long run would
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MC1: Circular and Linear Colliders

A01: Hadron Colliders
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Figure 1: Energy Scan with nominal snake settings
(Iout=323 A, Iin=100 A) compared to model with snakes
only and with imperfection resonances at K=486 and
strength with magnitude of 0.07.
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Figure 2: Energy Scan with snake settings Iout=303 A,
Iin=80, compared to model with snakes only and with imper-
fection resonances at K=486 and strength with magnitude
of 0.07.

Out[]=

485.5 486.0 486.5 487.0 487.5 488.0 488.5
Gγ

-10

10

20

30
degrees

Snake Model no Imperfection

WR =0.056, WI =0.053 at Gγ=486

Iout=333, Iin=80

Figure 3: Energy Scan with snake settings Iout=333 A,
Iin=80, compared to model with snakes only and with imper-
fection resonances at K=486 and strength with magnitude
of 0.07.
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Figure 4: Energy Scan with snake settings Iout=303 A,
Iin=120, compared to model with snakes only and with
imperfection resonances at K=486 and strength with magni-
tude of 0.07.
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Figure 5: Energy Scan with snake settings Iout=333 A,
Iin=80, compared to model with snakes only and with imper-
fection resonances at K=486 and strength with magnitude
of 0.07.
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Figure 6: 9 o’clock snake angle scan with snake settings
Iout=323 A, Iin=100, compared to model with snakes only
and with imperfection resonances at K=486 and strength
with magnitude of 0.07 and a best fit model using K=487
with magnitude of 0.12.

be to develop a fit using the a full 6D tracking model, as has
been done with the Zgoubi code. In this case varying a set
of orbit correctors could be used to fit this data to develop a
fully self-consistent model. The virtue of this approach is
that it builds on much of the effort this year (2022) [3] used
to characterize the snakes and spin rotators in Zgoubi.
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