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& Accelerator Complex (Pol. Protons) 4

LINAC: Linear Accelerator
AGS: Alternating Gradient Synchrotron
RHIC: Relativistic Heavy lon Collider
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£ Thomas—Frenkel (BMT) Equation 2

In the local rest frame of the proton, the spin precession of the proton obeys
the Thomas-Frenkel equation:

Torque : = L 5o« (1+Gy)BL + (1+ G)BIJ I
dt Ym
dp _
Force : w_ iﬁ X B Lorentz
dt ~ym

(This is a mixed description: ¢, and B in the lab frame, but spin S° in local rest
frame of the proton.)

_ Energy

_9
G = gT — 1.7928,

mc?
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2 Spin Precession in a Ring &

Example with 6 precessions of spin in one
turn:

Gy+1=6.

Spin tune: number of precessions per turn
relative to beam’s direction.
So we subtract one:

Vspin = Gy o< energy,

i.e., 5 in this example.
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2 Misalignments or Imperfections &

N S B

misaligned
quad

e A misaligned quadrupole creates a steering error which propagates through
the lattice.

e For an accelerator ring, this shifts the closed orbit away from the design
trajectory.

e If the misalignment is vertical, then the design trajectory will have a periodic
set of small vertical bends interspersed with the normal horizontal bends of
the bending magnets.

e This leads to an integer resonance condition for the spin tune.
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LIn general, rotations don’t commute. 2

25

€O anp s

R,(90%) R(=90%) R(=90%) R(90°)
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2 Depolarizing Resonances 2

Simple Resonance Condition:

Vspin —

N

—|_ NVQV?

(imperfection) (intrinsic)

where N and NV, are integers.
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2 AGS Intrinsic Resonances 4

AGS Intrinsic Resonances
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2 Depolarizing Resonances 2

Intrinsic Resonancesin RHIC

Qx=29.19 Qy=28.23 Emy=10 pi
0.5+

Will depolarize beam
during acceleration.

0.4+

Increase in strength
with energy.
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2 Partial Snakes &

48
Snake
Adding a partial snake opens up stop Strength
bands around the integer imperfection 0%
resonances. — 2504
| — 50%

At the snake the stable spin direction > 477 — 1000
points along the snake’s rotation axis
when Gy = integer.
Partial snake strength: £

46 5 ‘ 3

cos Vs = cos(Gym) cos &5 4 é? 4
v
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Z Crossing an Isolated Spin Resonance &

Froissart—Stora Formula:

P 7|e|?
2 gexp [ — 1
2 exp ( N

Ramp rate: « = dg—efy, (0 : 27 /turn.)

Resonance strength: € =Fourier amplitude.
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Z Simulation of Resonance Xing in AGS 4
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2 AGS Raw Asymmetry during Ramp 4
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2 Invariant Spin Field &

Turn: | Turn: j+1

e For the closed orbit: 17ig(s) = 7ig(s + L),
with ¢y(s) = gy(s + L) and polarization Py(s) = Py(s + L).

e For other locations in phase space: 7(q, p, s) = 1(q,p, s + L),
even though in general q(s + L) # ¢(s) and P(s+ L) # P(s).
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2 Spin Tracking in RHIC &

al Whole beam |
| | Particles with larger
B amplitude betatron
0al o.scillations may expe-
A rience more precession
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2 Snake Charming 2

e 2 snakes: spin is up in one half of the ring,
and down in the other half.

e Spin tune: vgpin = %

(It’s energy independent.)

e “The unwanted precession which happens
to the spin in one half of the ring is un-
wound in the other half.”

Unwinds
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L Trajectory and Spin through Snakes &

Fields through first Snake Spin motion through one Snake
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R RHIC Beam Polarization 4
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2 Snake Resonances 2
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2 Rotators for Longitudinal Polarization 2
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2 Compensation for D0-DX Bends 4
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2 Orientation of PHENIX Polarimeters 2
o

Spin -

N

Spin + X
. . Schematic layout of PHENIX polarimeters
Left-Right” Asymmetry Yellow from left. Blue from right.

(Tilted at 45°)

The PHENIX Local Polarimeter measures an asymmetry in small angle
scattered neutrons which is proportional to transverse polarization.

_ VI*R-—VI-R¥
VLTR- + VL~ R+
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2 Tale of the Blue Ring 4
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2 Simple Model of Proton 2

\
+ I + I+

Gyroscope +Bar magnet+ Charge = "proton"
Magnetic
Spin Dipole
Moment

Polarization: Average spin of the ensemble of protons.
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2 Torque on Classical Magnetic Moment &

B
A A A
m dj=dq v
/;/\——' dF=dq vx B
R Lu=ifmr?
dF . B
Torque =L XB
Energy =— [i-B

W Semiclassical model:
e The spin S has a constant magnitude in the rest frame.

e The magnetic moment i < S.
e /i has a constant magnitude in the rest frame.

(Sort of like a loop of infinite inductance.)
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&£ Thomas—Frenkel (BMT) Equation &

In the local rest frame of the proton, the spin precession of the proton
obeys the Thomas-Frenkel equation:

—

E xv

_ Qo
= — 5 % >

5] > Y
(1—|—G”7)BJ_—|—(1+G)B||—|— (G7+7+1)

This is a mixed description: ¢, B , and E in the lab frame, but spin S° in local
rest frame of the proton.

_ Energy

_9
G = gT — 1.7928,

mc?
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2 Hamiltonian with Spin &

(Here I drop the “®” superscript on S )

D xS
H(q,P,S;s) = Horb + Hspin
= Hom, + W - S + O(R?)
Group symmetries:
e Orbital motion without spin: Sp(6,r).
e Spin by itself: SU(2,¢) = SO(3,r) (homomorphic).

e Full blown symmetry: Sp(6,r) @ SU(2,c).
e Spin dependence on orbit (Thomas-Frenkel).
e Orbit dependence on spin (Stern-Gerlach Force)—Usually ignored.
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2 Representation of Rotations 4

SU(2) with usual spinor notation:

Pauli matrices: o, = 01 o, = 0 — (1 0
. xr 1 O 9 Yy /[/ O ,Uz— O _1 .

R, (0) = ! ™90/2 = ( c0s 5 + mz Si? g@ (ny9+ an> Si.n % ) .
(—ny +ing)sins cosg —in,sing
SO(3) : 0 N,  —MNy
R;(0) =Icosf + | —n, 0 nge | siné
Ny  —Ng 0
n:  ngny, Ngn,
+ | nany  n;  nyn. | (1 —cosb).

2

Mgy Ny, ne
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& Accelerator Complex for Protons 4

RHIC pC Polarimeters .y
—— 5 lo BRAHMS & PP2PP (p)
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&y
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2 AGS Cycle d
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2 AC Dipole pulseat ¢y-0+q, &

REMOTE ENRBLE
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Top: AC dipole pulse amplitude
(current)

Bottom: Beam current.
(Just scrapes the beam pipe.)
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Default: RHIC_PolProt U4

DelayTime[ms] | 1339 Start Stop

—vertical coherence
Coherence Amplitude=9,7882
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—coherence spectrum
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Top: Beam coherence

Bottom: Tune spectrum
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Rotation Angles for aHelical Spin Rotator
M, u ~150° —180°

4

&

X9
s

The rotation axis of
the spin rotator is in
the z-y plane at an an-
gle 6 from the vertical.
The spin is rotated by I I
the angle 1 around the o L P 0
rotation axis. 0 05 1 15 2 25 3 35 4
B1[T]

Note: Purple contour for rotation into horizontal plane.
Black dots show settings for RHIC energiesin
increments of 25 GeV from 25 to 250 GeV.
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