Investigation of Space Charge Effects
on Polarization

Alfredo U. Luccio
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. Simulation
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. The polarization of the beam in an accelerator is affected
by space charge

. Direct effect:
Intense self electromagnetic fields in the

region of the beam may affect spin precession

. Indirect effects:
(1) Space charge increases the emittance of the beam

(2) Space charge generates betatron tune spread and
tune shift

. In general, in the machines we are dealing with
(AGS, RHIC) we believe that indirect effects are

dominant
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Emittance effects on polarization:

The strength of the spin depolarizing resonances
Increases with beam emittance

Betatron tune shift and spread effects on polarization:

The position and shape of depolarizing resonance lines
depend on betatron tune

Tune spread effectively reduces the “spin tune gap” where
the betatron tune should be inserted
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Possible causes of emittance growth

. Space Charge

. Coupling resonances
. Magnet rotation

. Power supply noise
. Orbit harmonics

. Injection misalignments
f)
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Team

* M. Bai, H. Huang, A. Luccio, V. Ptitsyn, T. Roser,
A. Zelenski, W. Fischer
* |nstrument
— BBQ and BTF measurement
— CNI polarimeter
— AGS polarimeter
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Experimental setup

 Measure space charge tune shift, both incoherent
and coherent

— Coherent tune shift: BBQ

— Tune spread: BTF for different bunch intensity. Expect
the change of the tune width from BTF is proportional
to the space change tune spread

 Measure beam polarization for different bunch
intensity both at AGS extraction as well as at RHIC
injection to exclude the polarization dependence
from AGS
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Experimental procedure

Energy: RHIC injection

Push the working point close to 0.7, a location of
snake resonance

Inject one bunch with different intensity and
measure its betatron tune as well as tune spread

Inject multipole bunches with the same intensity,
measure the polarization in RHIC as well as in the
AGS

Repeat the above procedure for 4-5 different beam
intensities: 0.5x10711 to 2x10711
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Some previous theoretical and simulation (Spink) analysis

“Effects of Beam-Beam Interaction on Spin Motion”
by A.Luccio and M.Syphers

AGS/RHIC/SN no0.068 — November 25, 1997

also: Desy Workshop on Snakes, 1998

Small, but noticeable effects found in RHIC at low
energy

A.Luccio 12/4/08

13



code SIMBAD for space charge
code SPINK for spin tracking

. SIMBAD uses a LU solver for the Poisson problem:
differential Laplacian with boundary conditions at
walls, producing space potential and wall images

SIMBAD uses algorithms based on eigenvalues of the
one turn matrix to calculate tune distribution in 3
dimensions
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Differential Poisson-Ampere

These are methods for the solution of the Poisson
Equation, that we here rewrite, including boundary
condition on the walls (Dirichlet condition for the function
or Neumann condition for its derivative at the walls)

v2o(p) = -£E)
(Pyair) =0
As we already observed, the potential at the wall is an

input to the problem, while the image charges are
obtained as output. For perfectly conductive walls, the

field outside is zero and then, by Gauss's Theorem, the
total image charge must equal the beam charge.
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Differential Poisson-Ampere

The differential Poisson’'s can be solved by LU decomp osi-
tion. First, discretize the equation on a M x N mesh, that
for the sake of illustration we assume Cartesian with equal
spacing in the transverse coordinates z,y

— pki
—4mp;; = Lij P,
(implicit sum on subscript and superscript indeces). Its
solution is

(P) = ——L14(Q)

Use the local expression for the second partial derivative

(in z, and similarly in y)
%2 1
2 12 (‘i’i—l,j —-29; ;+ ¢'1’—|—1,j) :
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Betatron Tune footprint with space charge
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Synchro Tune dispersion with space charge
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