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= Overview of recent improvements to RHIC polarized
proton performance

= Why do we need a tune jump?
= Depolarization mechanisms in the AGS

= AGS Horizontal Tune Jump system
" Principle and implementation
= Operational experience
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Run 12 was very successful

Operation at both 100 and 255 GeV
programs (5 weeks each)

Met or exceeded all luminosity goals

The increase to 255 GeV is a new record
for polarized proton collisions

The increase was motivated by an
attemp to improve polarization decay at
store (see MOPPC025)
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Polarized proton runs (250 GeV)

> ! " "
(] 1 1 1

O ! ! !

c I R L N .

e H 1 r

N : : : : : :

1 1 1 1 1 1
1 1 1 1 1 1
1 1 1 1 1 1
1 1 1 1 1 1
|||||||||| e o e
1 1 1 1 1 1
1 1 1 1 1 1
1 1 1 1 1 1
1 1 1 1 1 1
T T T T
||||||||| e e P e i o i ]
] ] F ] ] ] ]
: : i : : m m
S S S T S S L — — i
= : :
o “ “
N : :

e SRR s et EEEEEEEE 4-mmmme- bemmmmee &
B m “ “ m m
L : : : : :

......... S ]
[V i k o | 1
D “ : N : :

[ 1 1 1 o) | “

i (e} i i i h i
......... A S e it et S | I G S Sl S—
: : : ! - ! :

1 1 1 1 1 1
_ “ ! o “

S S o S SR = S— 1IN - R -

_ _ Q :

" "

1 1 1

1 1 1

S S N R R _
1 1 1
1 1 1
1 1 1 1 1
1 1 1 1 1
1 1 1 1 1
1 1 1 1 1
{ { { { {

() (@) (@) (@) (@) () (@) S (@)

e < Q S ) e < N

— — — —

* 9 MHz RF system

[,-qd] Aynsourwny uojoad pazirejod pajeadayuy

* Longer bunches
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* Higher intensity with no e

* Polarized proton source improvements

tune and coupling

* Feedback control of orbit,
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Polarized proton runs (250 GeV)

* 2011 > 2012 160
* Incremental improvements e
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* At an intensity of 2.0x101!



Thomas-BMT ds = ¢ § X
(No E-fields) dt  ym

(1+Gy)B+(1+G)B,]
In a periodic lattice, can define a one turn map on the closed orbit:

Stable spin direction = n_, = vertical

In a planar, ideal synchrotron: Spin tune = v, = Gy (energy dependent)

For vertical stable spin direction, it is horizontal magnetic fields that drive depolarization
via resonant kicks away from vertical:

Non-zero vertical Imperfection Resonance
| closed orbit — vV,=Gy=n
Particles sample horizontal in quadrupoles
B fields from: o
: Intrinsic Resonance
Vert.lcal .betatron | ' v,=Gy=n+/-Q,
motion in quadrupoles

nis any integer 7



A Siberian snake rotates the
spin of the proton by an angle
X in one pass through the
device

Vi #N
No imperfection resonance!

If Q, near integer
vi#En+/-Q,
No vertical intrinsic resonance!

Not enough
‘full’ snakes: v,=% 1ou8
_ 180° _ ol —> room in the
X= n. = vertica AGS!
AGS has two
‘partial’ snakes: | _| v, # Gy partial snakes

X< 180°

n., NOT vertical

(helical dipoles)

X=6°10°
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BUT:

The stable spin vector has a
horizontal component

Excites horizontal resonances
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Magnitude, Fractional tune:
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Intensity suffers too much at high
Q,, so the resonances must be
crossed

With a tune jump, they can be
crossed quickly



Fractional tune: Q,, Q,,v,
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Q,, so the resonances must be
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With a tune jump, they can be
crossed quickly
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P, P; = initial and final polarization
a = crossing rate
€ = resonance strength




Two identical pulsed quads, one
AGS superperiod apart at B,
maxima provide the jumps

Q, is jumped 0.04 in
100 ps

AGS acceleration range is
Gy=4.5-45.5

82 Horizontal resonances must
be jumped

Jump "\\ Extraction to
Quads \\ RHIC
\
\ -
\ -

Injection \u
from Booster
/)

Helical Dipoles
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Horizontal resonances result in an accumulated
relative polarization loss of ~¥10%, distributed over all
82 jumps.

Polarization loss from a single loss cannot be
measured: No empirical scans to optimize timing

Correct jump timing requires precise knowledge of
Q, and beam energy

Energy information comes from:

RF frequency Magnetic Field

High precision at injection AGS reference magnet

energy when 3 = 0.9

Loses sensitivity as B->1 Limited by the precision of
the instrumentation

Fractional v,,Q,

i i i i H i H
=04 -03 -0.2 -0.1 0.0 0.1 0.2 0.3 0.4
Time from ideal jump [ms]

Jump timing has to be determined to
< 250 ps (set by jump height and
acceleration rate)

250 ps = 0.02 units of Gy

Maximum disagreement
between the two energy
measurements is just about

200 pus
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Depolarization from intrinsic resonances
is amplitude dependent

Resonance jumping improves the
horizontal ‘polarization profile’

The R parameter quantifies the
steepness of the polarization drop-off
relative to the intensity distributions:

R=

Qs

o,, 0, are the sigmas of the polarization
and intensity profiles (fitted as Gaussian)

Ideally o, is large, R0

Polarization [%]
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Measured at AGS extraction with a
p-carbon internal polarimeter

Vertical carbon target swept horizontally
across the beam.

Polarization binned by position in beam
distribution
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Jump quads used routinely for RHIC physics fills starting in Run-11 (Feb. 2012)

02/23

75 —
BlueI ‘
Yellow. - -
70
é r ’ L ‘ p ]
e . :
& 55 AP oo :
£ 138 Te
v ) : : ;
50 [ # - ’ : | d
A l ump quads on
45 ‘ l
40 1 1 1 1 1 1 1 1 1 1 1 i 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
02413 0214 0245 0216 0217 0218 02490  02/20 0221  02/22
Date

10-15%
relative
gain in
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Measured in RHIC at injection energy with a p-carbon internal polarimeter

Polarization as shown here is averaged over the entire distribution
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Jump quads used routinely for RHIC physics fills starting in Run-11 (Feb. 2011)

Polarization (%)
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Figure of merit for spin collider physics is:
Luminosity x (PoIarization)2 for single spin asymmetry
Luminosity x (PoIariza'tion)4 for double spin asymmetry

A 10% relative gain in polarization is then a 20 or 50%
increase in figure of merit!
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The vertical tune jump caused by the quads is non-adiabatic!

Jump is ~30 turns, vertical betatron period is 60-100 turns.
Potential sources of emittance growth:

Orbit

Orbit not centered in
jump quads

Improved our orbit
harmonic controls and
software to allow easy
correction of beam
position in the quads

Vertical dipole damper
reduces sensitivity to
drift.

Ratio of g,

Optical mismatch

Quads are separated by 90°

vertical betatron phase advance,

beta-beating from gradient
errors can break the matching

0.0

@—® Before AGS Survey

@@ After AGS Survey

400

250 500 550
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Unsynchronized jumps

The two quadrupoles must
pulse simultaneously

Remote readout of an
inductive pickup coil in the
field region of each quad
allows precise
synchronization (~1 us)

The above efforts limit the emittance growth from the 82 jump to <10% (the precision of the AGS IPM)

< ~0.1% per jump!
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* Can the timing be further optimized?
— Beam-based calibrations of the energy measurement?
— E.g. Jumping a single artificially excited strong vertical
intrinsic?
e Are all 82 jumps necessary?

— Simulation and some experimental evidence suggest
that the last few resonances dominate

— Experimental verification would be a good benchmark
for the simulations

— Three or four resonances are operationally simpler to
handle.
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RHIC polarized proton operation has achieved
record luminosity and polarization in recent runs
owing to improvements throughout the
accelerator chain.

Polarization in the AGS has improved due to the
successful commissioning of the AGS horizontal
tune jump system.

The tune jump has been in operation for all RHIC
polarized proton fills since February, 2011.

Work continues to reduce systematic errors in the
timing of the tune jumps
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