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Accelerator Energies 9 "~

\!/!
X
- Energies ineV 4 '
Definition electron volt:
Lower limit of the mass 114 GeV
_ of the Higgs boson
‘_.7
G—
W, Z exchange bosons 82/93 GeV
1V of the weak interaction
] Restmass of 0.938 GeV
U . R 2
antiprotons: E=mc
- it
|I
1 eV=1.602 10-19 ] Excitation energies MeV
' in nuclei
1 keV= 103eV Energies of electronic keV
1 MeV= 106 eV levels in heavy ions
= 9
1 1(%6\/\/—_110% e\\// lonisation energy of 13 eV
ev=1ure The hydrogen atom  _L_
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Accelerated particles! & *

Electrons: Protons: Heavy lons:

m=Am_, q=Ze,
- 238| |92+
m =9.1x1031 kg mp:1836me, g=e Example: <>°U
«=9.

g=-e, e=1.6x101°C Pro:

- Synchrotron radiation
~High nucleon density
~Energy deposition

Pro: Pro:
- Elementary particles ..Synchrotron radiation _
-~Generation
Cons: cons: »Lifetime
- Synchrotron radiation .Not a elementary particle ~ Not only the energy counts:

Example “Quark-Gluon Plasma”
== 1l
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Accelerators In History, & » =
A
Energx (p)
Cockcroft-Walton:
Electrostatic accelerator 2005: 7 TeV
(400 kV) CERN/LHC
m . 1987: 1Tev
I FermiLab/Tevatron
} (I 1981 400 GeV
v L CERN/SPS
Earth O¥ /]L —— E
s 7'\'4’)’ 13 1971 60 GeV
g = DC Generator CERN/ISR
1962: 15 GeV
BNL/AGS
1932:
Cockcroft und Walton 400 keVv
(Nobel price 1951)
I=5= 1l
Jens Stadlmann | GSI Summer Student Lecture 2007 6




Typical Accelerator Types: ) *l

e electrostatic

— van de Graff, Tandem: to about 10 MeV; for
nuclear physics and isotope production

cascade

— Cockcroft-Walton: to several MeV, X-ray sources
and injectors

Linear
— RFQ radio frequency quadrupole
— drift-tube(Wideroe, Alvarez): preaccelerators
— Waveguide: electrons only(SLAC, NLC)
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DID YOU KNOW YOUR TELEVISION SET IS AN ACCELERATOR ?

««..|T PRODUCES ELECTRONS

In your TV set, the electrons
are accelerated to 20000 volts.

In LEP, they are accelerated to
100 000 000 000 volts.

ACCELERATING CAVITY

BENDS ITS TRAJECTORY

BENDING MAGNET
AND ALL THIS IN VACUUM .
A VACUUM CHAMBER EOCUSING MAGNET
INJECTION = Cabaslanss =
~ =
= '

_\\ l/

CERN AC - Z34va-V13/3/98



g Electrostatic Accelerators
Telichenqusllie

Hochspannungs- / E-Feld Target

Generator / \

Y} e/

Tellchenstrahil

Limited to < 10 MeV |
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Electrostatic Van de Graaft
Accelerator

5 MV Van de Graaff

+
[~ particle source
* |
+ ril | b—
+ accelerating |
t electrodes
transport belt T : |' /
)
+ |
+
corona discharze , ‘orona charge .
- } .‘-'_"-n-
| \ /' 20-30kV LN beam
motor — t@ 2 I:l )|I

I
\

S S | S

== 1L
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Electrostatic Van de Graaft
Accelerator

5 MV Van de Graaff

+
[~ particle source
* |
+ ril | b—
+ accelerating |
t electrodes
transport belt T : |' /
)
+ |
+
corona discharze , ‘orona charge .
- } .‘-'_"-n-
| \ /' 20-30kV LN beam
motor — t@ 2 I:l )|I

I
\
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negative ions

steel pressure tank

Tandem Accelerator in Munich

b1 (h IT—H'

charge exchange canal \

gradient rings

metal terminal ggs inlet

gccelerating tube

charged belt beam steering magnet

positive ions

Frett e

I

Electrostatic potential is used twice l
- i

due to charge exchange in the foil.
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AC / DC electric field strengthﬁ?

i;.

Field = \Voltage/Distance = U/

Maximum dc — field strength : 5 MV/m
Maximum 30 GHz- field strength : 150 MV/m

acceleration in ac-field is much
more efficient

BUT -> acceleration of dc—beams in ac—fields does not work! Why?!
IS
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Linear RF Accelerators: ,, !:ﬂ.Q
Widerde (Aachen 1928) |1

10N source drift tubes
\ Ii fg E;._ 34 / ! fi J|ir1+1
\ e e -t et — ot -
| | | I | [ I | I
I I I | | [ 1 ' I | I
N 1 I | [ \ I . I . |
RrieENEN |y s | DS
=2 L= = l 4 -
ke 27T
Wpr = T rf-generator @
RF
1 1 T [2 .
| :EViTRF E;=-my; Ei,=E+qV = | T2 E(EOHqV)

For 10 (100) MHz and 2 MeV protons we get a maximum drift tube length of 1 (0.1) m !

== 1L
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: \| Acceleration of p to U'%* up to 1.4 MeV/u.
| Frequency 27 MHz.

130 drift tubes per tank. 4 tanks total.
Total length 30 m.

¥ Installed 1975.
Deinstalled 1999.

I= 5= 1l
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Resonant Radio Frequency (Rﬁ - :.,.
Accelerators Q |

Energy gain per passage:

AE =qV sin(wgt)

Resonant RF cavity: Circular e
2 accelerator station
E(r) = EyJy (—T) . l
c
2T
—fR = 2.400. (@)
c

eor L AL T T D D>

() Linear accelerator

f =100 MHz
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GSI Alvarez

L. W. Alvarez, USA 1947

Acceleration of p to U?%* from 1.4 to 11.6 MeV/u.

Frequency 108 MHz.

150 drift tubes per tank. 4 tanks total.
Total length 55 m.

I= 5= 1l
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Circular Accelerators: Cyclotr

Constant (magnetic) bending field, incre

lon Source
Dee /_

_--""F..-‘
-

L Pole R—'U'm:uum f;sci"uiﬂr

Deflector Tank Coupling

: —_— - —

Continuous beam Old 60-in. cyclotron in Berkeley

== 1L
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Part II: Modern Accelerators —-)
A |

 Different requirements lead to different
accelerator layouts

e Beside the scientific use there are
accelerators for industrial and medical

applications

Jens Stadlmann | GSI Summer Student Lecture 2007 18




— = .|"'

Available _ _
Energy If the incoming be

e % _ a stationary targe
Target =~ — 29 GeV up by the target's

THE PRINCIPAL HACHINE:

| Aocelerating CARVITY |

FoRMIr j& BW—  900Gev
Beans

Beam
Hﬂ] GeV) (430 GeV)
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Collider (LEP)

e ween /2%, Circumferencemayaki:
198_9—November‘ ZOOO

4+ 4
PR 3
\ oy S,

e T

=== —
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C

Brookhaven Nat'l Labs, | z_!{ﬁ.‘,,

"

PHOBOS | | » 3 ; BRAHMS & PP2PP (p
10:00 o’clock e e —— > 2:00 o'clock

Relativistic
Heavy Ion
Collider

AN ) Alternating
Gradient
il Synchrotron

RN | SR HEPP(p)
. ¥ :_" }l :“;- ;
* . " .

I

- i . = = i
l B ;
ol - ks LB L e =3 Ly - =

: - : == 1L
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Beam Energy = 100 GeV/u
L. Per IR =2 x 10% cm2sect

RHIC B0 & *

BOOSTER

/ 1 MeV/u i
Q=+32 \ N

Jens Stadlmann | GSI Summer Student Lecture 2007
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CERN Large Hadron Collider (

Protons and heavy ions (
Energy: >1TeV
Protons in the ring: 3E14
Current: 0.5A

Beam energy: 3 MJ
Magnetic dipole field: 8 T

Circumference: 27 km

== {
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iy b
Neutron Spallation Source: | IJ%;:@
SNS in Oakridge, USA (commissioning flr&H d

The next-generation neutron-scattering facility for the United States %NS Ion: Protons
Energy: 16GeV (0.88c)
lon Source ppp. 10E14
Rep. Rate: 60 Hz
Beam power: 2 MW

Accumulator

Experiment
Systems
ANL & ORNL

10° |

® Roactors
§ Pulsed sources

Effective thermal newutron lux, nfcmss
=
=

1930 1840 1950 1860 1870 1880 1980 2000

¥
= S
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Part Ill: Basic principles; @ —-)

 The ions In the accelerator a guided by
electric and magnetic devices. This ion-
optical layout is called "lattice".

 The function of an accelerator facility Is
assured by the lattice. The requirements of
the experiments "form" the machine.
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Dipole Magnets

As linacs are dominated by cavities, circular machines are dominated by magnets

Iron yoke

e nl
nl - pHds - Hyl, + Hjh~Hh = B-p, =
1

Iron dipole magnet: B<2 T superconducting dipole magnets: B=3-8 T

Jens Stadlmann | GSI Summer Student Lecture 2007 26



LEP (Large Electron Positron Colllder') ,1
Dipolmagnet, CERN g

CROSS SECTION OF THE DIPOLE MAGNET WITH THE VACUUM CHAMBER

. Prestressing __Support ___Thermal
rods S hars / insufation —_Support
y ; 7 bars

__ Gefter pump
/ Chamber posrtioning
/[ plate

Excitation /| %
bars

fon__
pumgo

Cooling _/ [Iron- can.::rerre_,r Profile ﬂr‘ rhe .
channels magnetic yoke magnefic plafes

{laminations )
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Bending In a dipole magnetjj;? QC]

o— 15
ym |
: .
qg [ l
0 = — B, ds ~ —
p.s . Yy R E'
T

fods = 2mp,/q = 27 By Ry /

Rigidity: BjR, [Tm]

\\v/
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Focusing (Quadrupole) I\/Iagne{,é‘q ot

Eisenjoch Spulen

iD= —l]}u -

= 4—(11[;"""

h}'péﬁ“boli sche

Polfkichen
' Y Magnetic vs. electric fields:
a a . — gLz
yYmav?
- orbit correction proportional to orbit offset For v=c B=1T corresponds
|
» good correction in x means bad correction in y to 300 MV/m !
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: ' e L
Alternating Gradient Focusmg{‘ﬁ M

Focusing pyijft De-focusing pyift Focusing

guadrupole quadrupole gquadrupole
F 0 D 0 F sample trajectory

- — o foee- S

S e N{J
i_\. /gvelope

L .

cell length
Sequence of focusing and de-focusing lenses acts as effective focusing lens
I= 5= 1l
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Particle Coordinates in Circular . ! 1 .«
Accelerators W? 3

&3
f |
€5
. €;
ldeal orbit
=l 4 €, Verticatplane
< : ~
-""—-____ M ____-"'-'
Bending magnets — +__Coordinate system
, : for non-ideal particles
e, =¢€ —
=] 5 :
Longitudinal ex Horizontal plane
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Errors: The ions try from the ideal patw? 9

To \ _ ,r am—1( 0\ _ 6 By cos TQ
( g ) == M) ( ¢ ) B QSiIl’H‘Q( sin'erO— & cos TQ )

Betatron oscillation

9 1/2 S 1/2
Location CE(S) — /80 /8( )

of error 2 Siﬂ ’J’TQ

cos(¥(s) — Q)

The errors of the dipoles are additive

[ AB. AB
0 = 0 = - J ~ 1074
Zj =2z g ® g~ nad

J

resulting amplitude (6SI's SIS18):

(10~* rad) (30 m)

~ 1
2sin 4.2 e

AN
|:1:|N

I= 5= 1l
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What Is this emittance everybody,,
keeps talking about?! Q ?

:f Betatron movement: g(g) = \fw( ) cos(1(s) + o)

Phase advance: ¢ = (s) — ¢¥(s+ L)
’JE fﬂ A 1 Al 1 A2
v Twiss parameter: (3 = w2(5), a=——-03, A= T o

2 p
Ellipse:  4(s)z? + 2&(3):1:3:; — 3(3)33;2 =€
Azjtg
o i
eam W
5. Wt
Lodr Area A stays constant !

Transformation in the accelerator

— Lm == Jl
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Single particles and envelopeﬁ‘;‘?

TYAVYAVY NV NN ..
Twiss matrix; WU T U T U T U
B ( B —& ) (b)lsr "
o _@ 2 10
F}/ 5
0 . : L L =Luzs
Transformation of the Twiss matrix: g B e g2 W ¥

B(s) = M(s) - Bo - M*(s)

Envelope: (A *} o~

x, =4 f(5)e,

I= 5= 1l
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\in}

Tune and resonances {‘1‘7" 0

HQ:B —+ mQ,y =D Order of resonance:
|n+m|
m+1
Q7
o
o
tune
m
n Q, ntl
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Phase Stability and Longitudinal Focus@j@ -

Synchrotron oscillations:

vollage

d’A
U ;5 = —(27v5)° A
- dn
'r i.—ll
time
/ ‘f- ’I}hc2qv COS ¢53
Jp Ve = —
,'!_lill'l ; S 2ﬂ.U2ES
L Phase of the synchronous particle: @,
I=5= 1l
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Part IV: Welcome to GSI I —-)
|

GSI accelerators today:

e Linear injector

e Synchrotron

« Another synchrotron called storage ring

Jens Stadlmann | GSI Summer Student Lecture 2007 37



The GSI accelerator complex tOdEtyH e

All ions from H to U:
4x10° 1 GeV/u U3+
5x1010 1 GeV/u Ar4o+

Jens Stadlmann | GSI Summer Student Lecture 2007 38



/] I_l Il
k L2
Electron Cyclotron Resonance (ECR) SourcE ;

L
a ’

Bra=l.7T Electron cyclotron frequency: o =
LBNL AECR-U lon Source ym,
e Sanipos e e

AlminumAren
Ficsma Electrode

Iron Plug
Microwore Feed Flcsma Cham
(14 + 10GHz) ] . . Cross Section

Injection ] T %
Region \§£ \“Rodid
s Fes \ Slots
Bics DEk EXWQCﬁOH
egion
II?'LJrTuc%I | s
14 Gz . Example: 11 pA U
il
ECRSUfoce ECRSUMface Ol HA U52+

== 1L
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i lig
lonization Processes in lon Sourceswa NG

thly-charged ions.

o — — 95207 . E . .
E e | The basic ionization process:
Emﬂ; Aséﬁlo;_— Z
RN e+ X > X" +2e

10 E T Multiple-charged ions:

0T T T T T
NUCLEAR CHARGE

. 1 Ionization energies for step-by-step ionization of

elernem.supn:rnu.:l:.a.rchlargel3,(I]r i e _|_ x Z+ % X(Z +1)+ _I_ Ze

]Uwi;l‘

el
T

{ ) lonisation cross sections:

a r r :'IflIe+Ar'-Ar‘*”‘+2e 1 G(We > WZ Z _|_1)

100 1000

ELECTRON ENERGY (eV)

Fig. 2 lonization cross-section versus bombarding
electron energy for different charge states

IONISATION CROSS SECTION (cm?)

I= 5= 1l
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UNIversal Linear ACcelerator . -
(UNILAC) s

Length about 100 m

MEVVA
BBU4* 1 Hz /0.5 ms E;‘:lg
LC* 50Hz/5.0ms
20 ms _I;:-'
— / /15 mA Uz (0.7 MW)
— ok R/
1000 ms e ,_’___.J'Iu
EEI .;j%‘\__ ....% 11 4 MeV/U {!f’f ===

W S———— = EEEEElEEEEEEEEEEl:ElEEEEGn--m--mu-ar-»qQI 1 e
& - e
PIG Tt N =1 = 71108 MHz (Alvarez)
208ph** 50 Hz /5.0 ms L —
L]
I P
20 ms

Jens Stadlmann | GSI Summer Student Lecture 2007 42



\Rc 1505; 2f18




Schwer lonen Synchrotron: SIS @L
14

Magnets 24 Dipoles, 1.8 Tesla
12 Triplettlenses
12 Sextupolelenses

Magnet Power Dipoles 3.6 kA at 12 kV
Field Ramp 10 T/s

2 Cavities at 16 kV
Frequency Span 0.8 - 5.6 MHz

RF Acceleration

Vacuum operational 10°'% Torr
T1 8 bakable to 300° C

Position Monitors
Phase Probes

DC Transformer
fast, 1 slow

Pulse Transformer
1 Faraday Cup
Beam Scrape

\a/m

Beam Diagnosis 1

- -k py O

SIS: BR=18 Tm[I

RF station mge

Revolution frequency:
imm R

Design momentum:

P, = MV, = qBoRo

Wy

«Constant orbit radius
VVariable magnetic fields
.Synchronous’: ho,= ke
* Pulsed beams
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Experimentier Speicher Ring: ESR -

Circumference 108 m F e
Maximum Bending Power 10 T+ m

Magnat Power

RF Acceleration

Vacuum

Beam Diagnosis

S
electron collector electron gun

hlgh voltage platform

6 Dipoles, 1.6 Tesla
4 Triplattienses

4 Duplettlenses

8 Sexiupolelenses

Dipoies 3.7 kA at 1.6 kV
Field Ramp max. 1 /s

electron beam

ion beam

. o
2 Cavities at 5 kV /
Freguency Span 0.8 - 5 MHz X \ b ™ \ “1
L e
- 11 T"’M " /' "\ \
operational 107 Torr -
bakable to 300 °C X '\" W /

Position Monitors
DC Transformer
fast Transformer
Profitle Harp
Faraday Cup
Beam Scraper

Electron cooler:

Jens Stadlmann | GSI Summer Student Lecture 2007
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Stochastic cooling in the ESR L‘ ? i

Principle of stochastic colling
(S. van der Meer, CERN, 1968,

Nobelprize 1984): Time evolution of Schottky signals in the ESR:
Strahl —» _
250 Jre trace every 120 ms
/ \ 5.52 5in total
Pick.l W, » > «— afterb s
cE-L'p 2 Subeent rimary Uranium
1 GHZ .F;i_:q;:;:;n beam. artificially
1 ) 1 heated
Bandbreite S 150 B S0 in FRS target
Verstirker E T « after 3 s
£ 100 Fast pre-cooling
of large initial
momentum
50 width
\ Teilchenbahn / 2
— 0 : , : : *~ Injection
— 0.25% 0.15% S0005% 0.05% 0.15% 0.25%

iplp
Pro: Works at high energy and hot beams
Con.: Long cooling time and signal suppression if high phase space density
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AP
Ultra-Cold Beams wa I

Experiments with electron cooling in the SIS:

i U™ 360 MeV/u ™

} 5" g
~__ .

10

| d
= 5= N

Ion Chains

op/p

® e 00
e? o .5 IE]:ZSG mA

1 o 10 10 10 10 100° 10 10°
number of stored ions
M. Steck (1996)
R.Hasse (1999)

I= 5= 1l
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PEMMIMNG,
CHORDIS &
MEW WA

ION SOURCES

")

ACCELERATOR FACILITIES

AND EXPERIMENTAL AREAS

ECR IOM SOURCE

L9

LOWY ENERGY
EAFERIMENTAL
AREA

RADIOTHERAFY |

CAVE A

TARGET
AREA

PLASMA,
FHYSICS

AHFION
s s ANl TARGET

FROD .-

HADES

CAVE C

CANE B
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Typical Beam Time Schedule (

y

MeaViu, 500 pnA, Z6

Hz, X4

Block 3 / 2007 August 2007 Schedule as of 31-Jul-2007
Week 31 Week 32 Week 33 Week 34 Week 35
1 2 e 4 5 (-1 7 | & 9 | 10 ‘ 11 | 12 13 16 17 | 18 | 19 20 | 21 22 | 23 | 24 | 25 | 26 27 | 8 | 0 | 30 | k|
UBID,
a) Schalz, U217, Block, 48Ca/ U207, Backe/Herfurth, | U200, Hessberger, 48Ca U000, 238 U (MEVV
UaiT A 20Ne, | ECR, 3.4 4.0 MeViu, 1 48Ca, 5 MeV/u, 320 pnA, | (ECR), 4.6 MaViu, 1000 JE e |
v7 r 11'4x|§w' pud, Y7 - SHIPTRAP Y7 pnA, YT machine exper
i B-Exp.,
Suam, b) U226, U200 -X4, Bardden
cheolz, RothiBlazevic, HeBbergeriMann, 48Ca, Kollmus, Xe
TLi, 56 5744, Ca XT 43Cal17+ 4,0 copy of Y7 but only 1 .
MaV, X6 r L8,

1.4MeaV/u, max,
5mas, 50Hz, UU

o §317,
T, A e ot AGAcl  S322, KanungoiNociforo, 48Ca 19+ (ECR), 700-  [ETWIPELINVISNUNE
) eViu, >1e10/spill, 105 extraction, spill flat, hetti. 40 Ar
STHE, Li, Vacuum at 82. FRS-HTC ne s 1000MeViu, 1e9 Ispill, FRS machine experiments
HTAHTM = (MUCIS), 11.4
f 5334, WilfingerKelic,
238U (MEVVA), 400
o, | e

Allocated blocks include the accelerator tuning time

a) U217, Block, 404r (P1G), 3.4 4.0 MeVu, 1 pul, Y7 — SHIPTRAP

by 5244, Gerl!Gorska, 48Ca, 10-15MeVu, 10%6/pulse, X7
c) U219, Schaedel, 48CalECR), 4.5-5.5 MV, 1 pmicroA (Pulse), 5 ms, X&

d) 5316, FujitaiGerl, 58M1 (MEVVA), 880 Me'/u, max. intensity, 4-10s extraction, FR5-54

&) STHE, Schardt, 7Li, 50-300 MeViu, 1e3-1eBispil, 25 extraction, HTA and HTM

Ty U221, Brasuning-Demian, 238U (MEWVVA), 100 MeViu | block sharing mode with FRS, HTA

Andreas Tauschwitz, Phone +49-6159-712723, E-mail beamtime@asi.de

Tuesday, 21 July, 2007 1816

Jens Stadlmann | GSI Summer Student Lecture 2007
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Part V: The future of GSI © "J

FAIR:
The Facility for Antiproton and lon
Reserach

This will be YOUR new accelerator!

I=5= 1l
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FAIR — Facility for Antiproton and lon Rese%

\

* Primary beam intensity:
Factor 100 — 1000
» Secondary beam intensities for
radioactive nuclei: up to factor 10,000
« Beam energy: Factor 15

1%

’

Gain Factors

SIS 100/200

Special Properties

* Intense, fast cooled energetic beams of
exotic nuclei

» Cooled antiproton beams up to15 GeV

* Internal targets for high-luminosity
in-ring experiments

New Technologies

| » Fast cycling superconducting magnets
100 m \ » Electron cooling at high ion intensities
and energies

\ « Fast stochastic cooling
I=5= 1l
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Two synchrotrons RHIC-typ ——— vacum vessl.
In one tUNNG Lot dipole MAGNEl ) A e
5xSIS= el B=4T (6T),
1080 m dB/dt=1T/s
.2 SIS 300:
7 Stretcher
high energ
it | ring
Nuclotron-type i
dipole magnet: N —
oy BT S B=2T 1 o
compressor rin ’ COLD IRON
D S dB/dt=4T/s 7 J(7{1;“!:—__swnaw:orsml.n:-rmcs
2x108 superconducting (SC) dipole magnets & A5 |

168+156SC quadrupole magnets
== 1L
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Storage Ring Complex for Secondary Beams ? “ L

from Super- FRS and pbar-separator
Collector Ring

bunch rotation 8
adiabatic debunching
fast stochastic cooling

Isochronous mode

electron- to atomic
nucl. collider physics cave,

“ P HITRAP,
o someengt,  FLAIR

o & e -cooling 0
RESR % | deceleration
pbar accumulation
fast RIB/pbar o !
deceleration ac

Jens Stadlmann | GSI Summer Student Lecture 2007 58



Collector and Accumulator Rings for Exotic |
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Monte-Carlo-Simulation of pbar cooling:
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FAIR Operation
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A big project with major 1
challenges b :_..]

One problem singled out:

The lifetime of U%%* beams in our FAIR
accelerators.
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Why U28+ ?

18 Tm (10 T/s)

Incoherent space charge limit
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Dynamic vacuum

Vakuumchamber
beam ion: U28* o—> ﬁesid.ual gas: CO
o—»o A

Electron loss: U29\

Desorptioncoefficient:  n= 104 !l
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, LHC Division - Vacuum

High pumping speed
Sh,: 1000 I.s".m™  S¢q: 2000 I.s.m]
Sco,: 1500 I.s".m™ S, 450 I.s"".m""*

Number of U28+_|ons [x109]

0 500 1000 1500 2000 2500
Time [ms]

Jens Stadlmann | GSI Summer Student Lecture 2007 65




0.1

01

0.1

-0.1

Beam losses due to Stippping In *e*’é@
Residual Gas W b
T 1T Projectile-Ton-Stripping
U28+ beam ||| LU HHHH I H e in residual gas:
H" ‘ ul | U? + X U X™ 4 (m+ j)e
T T Rt T ot vy Limitation for SIS 18
n il H \ HM _ r i n | 1 | n at the moment 10° U28+|
I:U:II [TTTTIOr T 1 T T [ T T 1 - Dip0|-magnet
U28+/U29+ beam L t L J i | a____e-cap‘rure
: _ -_-;“-r._'_ H ; | ‘\\ fff e‘STFip;Ding
e \., x\x B fff

v
U2%* correspons to
momentum spread of

0.0

b Ap/p=-3.5 %
=51

Jens Stadlmann | GSI Summer Student Lecture 2007 66



£

-

Charge Separator Lattice and Collimation. ? / “ 4
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Lattice optimized according to peaked distribution of ionization losses

The collimations system must confine the desorbed gases (n.= 0)

I= 5= 1l
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SIS100 Storage Mode Lattice

Comparison Lattices Structures for SIS100
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. : Vo i
Discussion i,‘:‘? £

Some say accelerator physics is all about
superlatives and "gigantomania"”.

But isn't that exactly the definition of fun?

With this and some wise words | want to

END

Happiness is not to be found in knowledge, but ' .

in the acquisition of knowledge. Professor Dr. Christoph melzer,
"father" of the UNILAC.
==
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