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Existierende	Anlage

Geplante	Anlage

Experimente

(O.	Geithner,	O,	Boine-F.)

Reference	Ion U28+

Time	Structure Fast	extraction
Repetition	rate 0.7	– 0.1	Hz
Number	of	 ions	per	cycle 5x1011
Reference	energy 1.5	GeV/u
Energy	range 0.4	– 2.7	GeV/u
Transverse	emittance	(2σ) 12(h)	x	4(v)	mm	mrad
Pulse	length	(4σ) 50	ns
Momentum	spread	(2σ) ±10-2
Beam	spot	radius 1(h)x2(v)	– 4(h)x6(v)	mm

Example:	NUSTAR	(storage	rings)

My	office

New	restaurant
+		new	offices

New	
entrance	
gate

Additional	
Park	lots



SIS18
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Space	charge	limit	in	SIS18

Spiller
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Element Ion Beam Ion Source Duty Factor Beam current in 
front of the RFQ

Particles in
100 µs pulse

Space-charge 
limit RFQ

CH4
12CH3

+ → * p MUCIS 2 Hz / 1 ms 3 mA  → * 3 mA 1.9·1012 3.8 mA

N2
14N2

+ CHORDIS 5 Hz / 1 ms 4 mA 2.5·1012 7 mA

Ar 40Ar+ MUCIS 5 Hz / 1 ms 20 mA 1.2·1013 10 mA

Ca
40Ca2+ PIG 50 Hz / 5 ms 100 µA 3.1·1010 5 mA
48Ca10+ ECR DC 100 µA 6.3·109 -

Ni 58Ni2+ VARIS 1 Hz / 0.5 ms 5 mA 1.6·1012 7.3 mA

Kr 86Kr2+ MUCIS 5 Hz / 1 ms 7 mA 2.2·1012 10.8 mA

Ag 107Ag2+ VARIS 1 Hz / 1 ms 10 mA 3.1·1012 13.4 mA

Sn 112Sn15+ ECR DC 25 µA 109 -

Xe 124Xe3+ MUCIS 5 Hz / 1 ms 4 mA 8.3·1011 10.3 mA

Au 197Au4+ VARIS 0.5 Hz / 0.5 ms 4.5 mA 7·1011 12.3 mA

Pb 208Pb4+ VARIS 0.5 Hz / 0.4 ms 5 mA 7.8·1011 13 mA

Bi 209Bi4+ VARIS 0.5 Hz / 0.5 ms 12 mA 1.9·1012 13.1 mA

U 238U4+ VARIS 1 Hz / 0.5 ms 12 mA 1.9·1012 15 mA

(O.	Kester)Ion	sources at	GSI:	Status



Example	for	proton
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E                    [MeV] 70 11,4 11,4

I [mA]            (UNILAC) 35 1 2

SIS18 output (particles/cycle) 5,0E+12 3,4E+11 6,8E+11

Space charge limit (N) 5,8E+12 8,6E+11 8,6E+11



SIS18	resonances
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Franchetti,	et.	al



12Major misalignment of SIS18 measured in 2013

Attempt for beam based alignment measurement.

G. Franchetti et.a.

SIS18 Section

Misalignments	do	to	ground	motion



Dynamic	pressure	issues
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Lifetime	of	U28+	beams
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P.	Spiller
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S.	Appel



Slow	extraction
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S.Sorge

Issues:
1)	Estimation	of	beam	loss
2)	Identification	of	factors

and	modeling	of	the	spill
structure



CBM@SIS100:	Micro-spill	structure

17

CBM@SIS100	reference

Au79+ 109 pps 10 sec
2-11	GeV/u

p	1011 pps 10	sec
5-29	GeV

At	present:	Significant	data	quality	loses	because	of	micro-spill	structure.		
- reduced	data	quality	and	rate	capability	!
- load	on	detectors	!
- Not	acceptable	for	CBM@SIS100	!

micro-spill	structure	from	SIS-18

time	(1	ms /	div) (J.	Pietraszko,	C.	Sturm)
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D.	Ondreka
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O.	Dolinski
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O.	Dolinsky
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O.	Dolinsky
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The	issue	of	Magnetic	field	locality

24

Local	Field	Distribution

Stephan	Russenchuck



Integrated	Harmonics

Local transverse harmonics 
calculated at different reference radii 
and scaled with the 2D laws 

Stephan	
Russenschuck

wrong
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Long	term	storage	of	high	intensity	beams	

O.	Boine-Frankenheim



Space	charge	and	resonances
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Typical	pattern	of	beam	loss	for	a	frozen	
beam	tracking

Frozen	model:	means	that	the	source	of	detuning	
with	amplitude	remains		unaffected	by	the	beam	
loss

skew	sext

normal	quad

norm
al	quad

One	error	seed G.	Franchetti,	S.	Sorge	Proc.	of	IPAC2011,	S.	Sebastian,	Spain.	MOPS002



Transitions	crossing	in	SIS100	(protons).
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D.	Ondreka
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D.	Ondreka



HIRFL	(Heavy	Ion	Research	Facility	in	
Lanzhou)	

13/2/2017 G.	Franchetti 30

J.C.	Yang
NIM	A,	
Volume	317,	Part	B,	
15	December	2013,	Pages	263–265
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HIRFL	(Heavy	Ion	Research	Facility	in	
Lanzhou)	
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J.C.	Yang,	NIM	B	317	(2013)	263–265
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Beam	
Dynamics

meets MagnetsBeam Dynamics

by	PSI,	Dec.	2014
Space	charge,	
Oxford	2015

Collaboration	meeting	
2014,	CERN

MechanismsAdvanced Optics Control
Workshop
215, CERN

Dec.	2013,	Darmstadt

Beam	dynamics	meets Diagnostics
Beam	Dynamics	meets	Vacuum,	
Collimation,	and	Surfaces



Challenges
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Study	the	machine	from	beam-based	measurements

1. Control	system	usable,	and	flexible	for	beam	studies
2. Availability	of	diagnostics	that	is	user-friendly,	and	which	limits	are	clear
3. Development	of	theoretical	/	numerical	tool

The	Foundation	of	everything

The	understanding	of	the	machine	linear	optics

Advanced Optics Control �
Workshop �

Secretary:)Delphine)Rivoiron)

546)February)2015,)CERN)

Organizers*

The Advanced Optics Control workshop aims at reviewing recent �
advancements in optics measurement, correction, and understanding �

 from colliders and synchrotrons around the world. This workshop �
may be regarded as the third of a series after the meeting in �

OMCM (2011) and OMC (2013). �

web)site)
hBp://indico.cern.ch/e/AOC)

Mei)Bai)
Giuliano)FrancheK)
Massimo)Giovannozzi)
Mike)Lamont)
Rogelio)Tomas)Garcia)
Frank)Zimmermann)

The	pandora-box

The	understanding	of	the	machine	nonlinear	
Dynamics	



Challenges	II
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Taming	Space	Charge: For	long	term	storage	à resonance	compensation

How	about	shaping	the	beam	?		à towards	flat	beams?

The	difficulty	of	the	3D	world: Modeling	the	3D	dynamics,	requires	a	complete	
Understanding	of	the	dynamics	& computer	science

Reality	and	Myths: Genetic	Algorithms	are	applicable	beyond	light	sources	experience?

Advent	of	new	concepts: Do	we	learn	know	how	transfer	from	the	IOTA
Experience	?

Taming	instabilities: Advances	in	feed-back	systems	technology

Electron	lenses	are	trendy,	but	do	they	work	?



Challenges	III
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The	control	issue	and	complexity:	User	friendly	control	system	?	
Is	the	LSA	the	ultimate	control	system	?

Synergies	across	communities: BD	&	Magnets	&	Diagnostics	&	Vacuum	&	RF

BD BD

BIBI
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