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Motivation: GSI future project

Accumulation of four SIS18 batches
of U +28 at 96 MeV/u in the SIS1OO
in about 1 second.

- This takes hundreds thousand turns

Maximum tuneshift of a bunched
beam is 0.2
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- Long term tracking “ symplectic algorithms “‘11

nonlinear kick

\

v

transport

example:

( \/ﬂzo(cosAw+a0 sin Ay) | V/sin Ay ) (m ) |

\/;7[(@ —ag) cos AY + (1 + aap)] \/ﬂzo(cos At — a sin Ag) t' + kyz?
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Space charge forces

Poisson solver, needs big number of partlcles In order to
obtain a noise free space charge force

The algorithm produces unavoidably numerical noise
which causes emittance growth (J. Struckmeier Phys. Rev. E 54, 830-837)
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Equation of motion: 2D example
| - " " do T _ =22
equation of motion: T + (R) X = 2K'r2 (1 —e 2.7)

C =27R r=%0c s=03

~ X —~ ’(:?
I=—- IT=1—
iy o
dimensionless | , &
otonress | -+ (2raos = (2m)(2wAg - M) 5(1 - %)
N2
perveance: K = (—C-;) (27)%(2g0Aq — Ag?)
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space charge kick

h)

lattice kick

cos(2m L) —— sin(2r L

Yy _f N/ 27q0 © N/ V[T .
x —2mgosin(2r §)  cos(2m ) ' + fn(x)
Nonlinearites:

1
space charge:  fu(z) = -]\7(271')2(2qu(] —A¢)) z

1 —e /2

2

Lattice:  f,(z) = asz?  f.(z) = az2®
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Lattice error resonances

3rd order resonance
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at Aq

changmg the bare tune

1335 7%4 13&’5 135 1355 136

-x/o"

-1

Edge of 3rd order lsland

Dzoo

ch%qmg the max1 I tunca spread

o
y 10 1+

J00F

Vo1 IS T I

T @.Franchettl



px A

Dynamic change of space charge
During each turn the particle follows its own orbit

orbit when current
isl+ Al

orbit when current is |
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p,C/0
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For a negative rate the capture process inverts the effect ;

initial coordintes x=6, px =0 fromDq=0.02 toDq=0
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With tuneshift oscillation due to the synchrotron oscillation -—'ﬁ%
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Conclusion:

1 Resonance induced diffusion leads a particle to the
far resonance (from the beam center)

bare tune
3rd order resonance

( ( ~ 4th order resonance

\

beam center tune

2 the dangerous resonance are those which are outside the tunesperad !!!
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In4 dimension

Bare tunes gx=13.91 qy=13.58
Tuneshift dgx = dgy = 0.3
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Sextupblar error excite the resonance lines 3 qx = 41, 2qy + qx = 41
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Here the space charge is doubled dgx=dqy = 0.6
Sextupolar error excite the resonance line 2qy + gx = 41
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Tune footprint
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Position of the resonance
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Single particle "tune dynamics" in a bunch

BUNCH

Zmax

TUNE FOOTPRINT
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- maximum
distance of
the fix point

mMmax

27

position of
the fix point

these particles
eventually will
populate this area
creating an halo

. Zmax
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