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Overview

Modeling of the nonlinear lattice
*Effect of random error / COD
°Long term effect of space charge
*Beam loss budget

*Remarks
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4 Modeling nonlinear errors$
Y - ot L]

Standard nonlinear dynamics in code uses multipole decomposition

By(ma Y, -9) + iBm(:L', Y s) = By Z(b“ + z'an) ( :3-0 y)
n=(

B = By + | B,
Well described Is it the magnetic field
well reconstructed ??

By +iBy = Ag + Z [Am :::1111 (('r:zn'r:})) cos(m'qb)]

m=1

P. Schnizer et. al., february 9th, 2007
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ol
Dipole multipoles in Cartesian ﬁ'ﬂf’@ﬁ'

multipoles in

Nonlinear components in Quadrupoles

Table 1 Multipolar components of the magnetic field in curved sc dipoles for =658 A are taken from the Dubna magnets
(T: integrated, C: center, - and |: edges) R=30 mm (measurements) R=40 mm

658 | B, B B B. | Bs B; | Br Bs Bq Biw | By
T 0.197 | 1.28 | -0.46 0 |275 |0 011 |0 0.08 |0 -0.03 N bb a,
"""" C 0.151 | 0.11 | 4.09 0 |-019 |0 015 |0 0.06 | 0 002 Units 104 Units 104
- 0.023 | 652 |-1083 |0 |1295]|0 0.05 |0 016 | 0 -0.09 1 9.00 10.75
| 0.023 | 3.65 | -19.87 |0 | 1184 |0 -0.02 |0 017 | 0 -0.09
2 6815.8 0.00
3 1.26 -3.41
P. Akishin, E. Fischer and P. Schnizer
4 0.68 -0.82
Bending Magnet 5 0.67 0.28
6 -13.05 2.78
10 4.98 -2.12

A. Kovalenko
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The choice of the working
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Qx = 18.84, Qy = 18.73

SIS100
working
point

must be
avoided

harge induced L
resonance crossing 78 4 §
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nances resonances 186 187 ]88 18.9 ']9' |

I.Hofmann,G. Franchetti, GSI report 2005
G. Franchetti et al., EPAC 2006
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Short term dynamic aperture (ST[ [3&
and its use U

We use the ST DA to explore the main feature of the beam dynamics

Definition: The maximum circle of stable coordinates
Inscribed in the stability domain

Rescaled DA:  we define the DA with respect to the beam size

s =
= = L _
I | Border of ?zgx?diile s I | stable initial (11)( _t4.2I5
- stabili " - conditions sextipole
0.5F 0.5¢} \
0 0F
051 0.5F
] _ Orbits in th E
) -IPIhlalsel ?qalclel 1 I L1 1 1 I I 'I-I 1 I [l -I g

-1 -05 0 05 1
Xx da.u.

-1 05 0 05 1
x a.u.

We use ST DA for first indicator of nonlinear beam dynamic problems
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'SIS100 dynamic aperture by
systematic componen

DA /o
¢ = 8.75 mm-mrad turns = 1000
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Experimental verification in’

G. Franchetti et al., GSI-Acc-Note-2005-02-001

Closed orbit affect resonances and machine tune

Qx=4.2 ——corrected CO, sextupoles OFF
0.9 - ) —=—not corrected CO, sextupoles OFF

rmalized units

00 i T T T T i T T ]
320 325 /330 335 340 3451\ 350 355 \3.60
Qy [SISMODI]
This are new resonances excited by higher order error (octupoles)

A.Parfenova et al., GSI Report 2008
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Closed orbit distortion an

before CO correction rms (mm
5 rms horizontal co, 2000 sets yCO ( )
N —dx__=dy =032 . Ji 2 3
Al o dz:::=d¥::z=1.0 mn:nm i = 5 [T T 7 LI L L BN 5
S | ]
2 S i DA + 30 ]
% : N T
) W~ C i
N 3F 13
. co [ i
0,1 0,15 I : :
Xco,rms L -
tn
after CO correction = 2 L - 2
10 : rms h(l)rizomal co, 20CIIO sets ‘ w - -
e - o
— dx, .=dY,,.=0.32 mm ) L -
sl — dx,_ =dy_ =1.0 mm - LF\ I = DA — 3op — ]
I @) i i
el | N i
L 4 -E T 111 I Ll 1 I L1 11 I L1 11 I L1 11 I 111
o 4 . /1 2 3 4 5 6
X | |
>[I : x__rms (mm)
Al | co
) [l M Ty oo oo J .
(§) 0,002 0,004 0.006 0,008 0,01
$ Koo rms/ shift in quadrupoles We select a CODgf I
; . : 1 mm rms as residua
Residual closed orbit of 1-1.4 mm rms dipoles: systematic errors def ] ‘
quadrupoles: systematic errors eformation after
S.Sorge, ACC-note-2009-002 COD correction
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- Random error + COD on ST'L
— SR e Pl N T

Y - o g &

10 DA scans: random error of 30%
on magnet systematic

nonlinear components
Only systematic errors DA /o

[DA — 36(DA)]/o

1881
18.6|
18.4}

1821

18.2 184 18.6 18.8
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T
Beam loss without space cfﬁﬁ!ey 4

We make a study Beam 1 (20): €, = 35 mm-mrad, g, =15 mm-mrad
for two beams Beam 2 (20): €, = 50 mm-mrad, & =20 mm-mrad

Beaml edge = 2.50 DA for systematic errors

005 Beam2

L) — These are 27 simulations

2 AN — ' of a COD of 1 mm rms

NO space charge T99.5 K
B A
. . :L: 99 :\ — We select one error seed +
Beam 10" macroparticles 3 L N 1 COD as Standard error case
coasting beam 08 5 F
o8k With Beam1 we find no
r relevant beam loss
97-5 1 1 1 I 11 1 I 11 1 I L1 1 I 11 1

0 2 4 6 o] 10
turns x 1000
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The long term diffusional ef

Bunched beams at high intensity stored for a second
enhances the transverse-longitudinal coupling

Slow halo X
formation

Bare tune

o _ Resonance
Periodic crossing ®

of a resonance

Long term tracking requires
frozen model to prevent
algorithm noise to create
artificial emittance growth

G. Franchetti, I. Hofmann, M. Giovannozzi,
M. Martini, E. Metral,
Phys. Rev. ST Accel. Beams 6, 124201 (2003). PDF

A. Orzhekhovskaya, G. Franchetti
Proc. of ICAP 2006, TUPPPO5. p. 106.

°:c_3 2k AQ,=0.1 | Bf=0.33
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Long term beam loss =~
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Code benchmarking with experiments,
(5317) U

Periodic crossing of a 3-order resonance with space charge in SIS-18: Ar'®* bunch

Measurements vs. simulation: emittance growth, beam loss and bunch length

Measurement AQ, =0.04 Simulation
::‘ 2 ‘_ EI ”IEm : 2 ‘_ :E: ! El. ’;EUJ
L /1, L /1
: : i A
1.5} 1.5 S
= : - ..'..'m
jir:— - .,“--' fl’_‘l-l."lr. i e ng S v Radmn)
0.5F \'\ / e 0.5F Sy
{]-1|IIJI-IJ.I.IJ.I.J.J.I.JI.IJ.IIJ.I {JrljlIlll].J.I.J.J.LJ.J.J.J.IJ.I.JJ.I
4.33 4.35 4.37 4.33 4.35 4.37
O, 0
1 second storage @ 11.4 Me/u = 2x10° turns .

G. Franchetti et al., to be published -
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Simulation with space chaﬁ

Nominal intensity N = 6 x 1011

Beam 1:-0.26 / -0.40 (-0.31 / -0.47) @ 0.75 x 101 gh[oc’)“;;idty included
Beam 2:-0.18 /-0.29 (-0.21 / -0.34) @ 0.75 x 10 =
Beam 1 Beam 2
% 100 N= 3x10%! total % e N=3x10! total
S 99F £
2 f S 98
D 98F IS}
&:’ C (= L
97 | = 96|
96 |
- 94
95 -
S iag o llonnlop gyl pmmis )y 92—...|...|...|...|...|...|.
0 20 40 60 80 100120 0 20 40 60 80 100 120

x1000 turns x1000 turns

resonance driving beam loss Q, +2 Q,_56
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Summary of beam Ioss‘ijh

For the “standard error case”

WP1 WP1- alternative
| Qx =18.84 Qx=18.73 Qx=18.84 Qy=18.40
Beam 1 Beam 2 Beam 1 Beam 2
Emittances | 35/15 50/20 35/15 50/20
Ex/Ey
Full intensity Total 6x10" Gx10" 6x10" 6x10"
Particles
Beam
survival
Half intensity Total
Particles
Beam
survival
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DA /o
= 19

18.8

18.6

18.4

_~ resonance affecting
WP1-alternative

18.2
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Conclusion

The challenge of the nonlinear dynamics for the high intensity beams
in the SIS100 has required the development of unique tools for the
understanding of a worldwide unique high intensity operation regime.

Experiments in SIS18 confirm and extend CERN-PS measurements and our
understanding of the underlying mechanisms (S317)

These studies show that beam survival up to 90% is possible at half intensity
and =85% for full intensity

Chromaticity correction — or partial — will improve beam loss budget:
compensation scheme of relevant resonances is necessary

Full beam intensity requires flexibility on the choice of the working point to take
into account the actual resonance strength

Double RF system for enhancing bunching factor for 0.333 to 0.5 should be
foreseen: experimental tests in SIS18 are foreseen (S356)
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Work in progress for SIS100

» Assess the space charge self-consistency on beam loss

e Studies on the effect of lattice nonlinearities and
chromaticity correction system on slow extraction

e Effect of full random error and all misalignments on beam loss
(machine resonances and space charge)

e Effect of the SIS100 nonlinear dynamics and high intensity
on the efficiency of Halo scrapers

 Evaluation of dangerous field component and their
level of compensation: studies on effect of space charge on
the efficiency of resonance compensation in a resonance
periodic crossing regime

G. Franchetti, MAC meeting, 3rd March 2009 T i E —= ][
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Reference radius
large as beam pipe

B =B, +iB,

= Rpcos¢

= Rpsin¢ b + fan =

G. Franchetti, MAC meeting, 3rd March 2009 22



B =B, +iB,

Is it the magnetic field
well reconstructed ??

B =B, +iB,
Well described
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Elliptic multipoleé’ |

Laplace equation can be solved in an elliptic reference frame

x = ecoshn cosy
y = esinhn sin

, = h(mn) sinh(mn) |
B+Bm=A+ [Amcos +Bm.
y T 0 mz=:1 cosh(mng) cos(my) sinh(mnyg) sin(my)
2 .
Am = % " dw(By + ?"Bm)lmeaye cos(mw)
Bp = ¢ Jo Z dy(By + iBs)|z, . sin(my)
¥ . —_
D= 5= [y d(By +iBy)|ze,yc €™
P. Schnizer et. al., february 9th, 2007
Frons., pmwes3r FAR —
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Effect of closed orbit deform@‘ﬁé _P_,-Ihj:;;

s

A displacement of a quadrupole orthogonal to its longitudinal axes creates a dipolar

Dipolar
kick

l

Component
A .
R |===========cc===cscss=s=o=oCREEE Equivalent
d, I to
Ideal
closed orbit
Integrated
strength

Focusing plane Ko = 2/ |kz|dy sin(y/|kz|L/2)
Defocusing plane 50 = —2v/|kz|dz sinh(y/[kz|L/2)

<

Closed Orbit Distortion

G. Franchetti, MAC meeting, 3rd March 2009 25
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For d, = 0.3 mm (rms)

Ko~ 8 x 107 rad (rms)
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Beam distribution Q'J‘Q‘M

The beam distribution is truncated Gaussian distribution

o L 1 Create a full Gaussian
"a 1 N distribution
0.8 N 2 cut the distribution at
. 20 in energy
0.6
0.4 We speak of emittance of
i the un-cut distribution. The
0.2 N cut distribution has 15.6%
0 : | | | smaller emittance

-4 -2 0 2 4
x/ G,

'/ﬁ' HELMHOLTZ

N
GEMEINSCHAFT l; E —
G. Franchetti, MAC meeting, 3rd March 2009 26 I FAlR



Test of linear acceptanCﬁ

Control of the beam loss

Vs acceptance < i
P L
= .

NO space charge 5 30 C

NO magnet nonlinear errors S .

s . S I

NO closed orbit distortion " [

. S 20+

Constant ratio €, /ey =3 % I

= i

& I

& L

The edge emittance corresponds = 10 B

to 16 x 2.52 =103 mm-mrad E -
IE\Q O i 1 1 1 1 I 1 1 1 I 1 1 1 1 I 1 1 1

0

10 T 20 30
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Study over 27 seeds for a fi?g%él_p

i
COD U S

%

Included magnet random error +
qguadrupole random transverse shift
to create CODrms =1 mm

No relevant beam
loss are found

100 Beam 1 0.02 :—Beam 1
© ;
> 99.998 X 0.015
S - =,
S s
g 99.996 E 0.01
= i
I S ’
99,994 0.005 +
N S T A M N A A A N AN B B A A 0:|;|I|||I|||I|||I|||I
0 2 4 6 8 10 0 2 4 6 § 10
turns x 1000 turns x 1000
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Study over 27 seeds for a fi?g%él_p

i
COD U S

%

No space charge
NO chromaticity

Average beam survival Variance
R 100 F Beam 2 & [ Beam2
= i = 05
% D
S99.8 S 04F
2 B -
= = 0.3
99.6 :
[ 0.2 F
99.4 0.1k
PR TN A T NN TR T T ST MY SRR | O:Illlllllllllllllllll
o 2 4 6 8 10 0o 2 4 6 8 10
turns x 1000 turns x 1000
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Test of long term beam loss fq_
bunched beam |/

grz.

NO space charge
NO chromaticity

% of particles

Test long term beam
loss due to pure
nonlinear dynamics

I BRI B
0 20 40 60 80

x1000 turns
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Beam2: Statistics

Long term beam loss/ emittance growth are very CPU time expensive when
space charge is included

We select on error case which creates 1% beam loss: “standard error case”

Beam loss distribution after 104 turns

00.5 10
S Beam 2 g - Beam 2
S 100 gg——— S sl
W N T i
= A T e |
"§99.5 ‘\\L » f
I N ——— |
%] B
- 4
98.5 [
98 b 2r
97-5_...|...|...|...|... 0‘....| i :
0 2 4 6 8 10 97 97.5 98 98.5 99 99.5 10
turns x 1000 beam survival %
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. ; o iias )0,
Beam loss including chromatlutyt!%qe@

B;=0.33 Bunch length = +/- 900 (6p/p), s = 5x104
Beaml Beam2
< 100 2 100F
S [ S
599.8 - “g \
$99.6 | s P
S [ S

99.4 |
99.2t

99|

1 I 11 1 I 11 1 I 11 1 I 1
60 80 100 120
x1000 turns

-||||||||||
0 20 40

O
N

\O
A

—l L1 I L1 1 I L1 1 I 11 1 I 11 1 I 11 1 I 1
0 20 40 60 80 100 120
x1000 turns
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