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Great Variety of Experimental Requfr ej’ﬁ;té'.‘

« NUSTAR: 2x 10!'!/pulse U?*" @ 200 MeV/u
bunch compression to 70 ns
highest gain factors for exotic nuclear beams

« CBM: Heavy-ion beam intensities of 10'0 particles/s
@ 34 GeV/u for U*?*

« PANDA: pbar in wide momentum range (1.5 - 15 GeV/c)
High luminosity and high momentum resolution

« FLAIR: Cooled antiprotons in the 20 keV range
« SPARC:  Cooled and high brilliance beams of rare isotopes
« Plasma Physics: High intensity beams, bunch compression to 70 ns




The FAIR Accelerator CompleXx:
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Total project: 1300 M€ /—“"—' :

Start Version = Phase A: 940 M€

SIS 100

Phase B: SIS 300, HESR ecooler, Electron linac & ring
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ion-beam source and injector for FAIR | ¢ /
Accelerator Components & Key Characteristic&a
. . . Anti-Proton
Ring/Device Beam Energy Intensity Production Target
SIS 100 (100Tm) protons 30 GeV 2x101"3

238 J28+ 2.7 GeVlu 5x101"
(intensity factor 100 over present)

SIS 300 (300Tm) 40Ar 45 GeV/u 2x10°
23892+ 34 GeVlu 2x101°
CR/RESR/NESR ion and antiproton storage and
experiment rings
HESR antiprotons 14 GeV ~10"

100 m
—

Secondary beams:
RIBs, pbars

. New future facility: provides ion and anti-matter
Super-FRS  rare isotope beams 1 GeV/u <10° beams of highest intensities and up to high energies




e

FAIR Accelerator Challenges g '/
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1. Beam Intensity Frontier:
Highest intensities for energetic heavy ion beams
= 100-1000 times higher primary beam intensities than presently

2. Beam Brightness Frontier:
Highest phase space densities
— Compressed and intense primary beams
— Cooled secondary beams: radioactive ions and antiprotons

Related Technical Challenges:
»control of intense, medium charge state heavy ion beams:

<-dynamic vacuum, space charge effects, collective instabilities
»beam cooling at medium/high energies: electron and stochastic cooling
»fast ramping superconducting magnets
»compact rf cavities, complex rf manipulations

»parallel operation of several beam and experiments
===




Primary beams:

Z protons to 238U
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Accelerator Components & Key Characteristic&x

Ring/Device Beam Energy Intensity
SIS 100 (100Tm) protons 30 GeV 2x101"3
238 J28+ 2.7 GeVlu 5x101"
(intensity factor 100 over present)
SIS 300 (300Tm) 40Ar 45 GeV/u 2x10°
23892+ 34 GeVlu 2x1010
CR/RESR/NESR ion and antiproton storage and
experiment rings
HESR antiprotons 14 GeV ~10"
Super-FRS rare isotope beams 1 GeV/u <10°

= .

SIS 100
SIS 300
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Radioactive lon
Production Target .|,

FLAIR

Anti-Proton
Production Target




SIS 18 as Injector of SIS @
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+ Lower space charge
- higher intensity N ~A/Q?

UNILAC Experiment

+ No stripping losses

- Lower beam lifetime IS




SIS 18 as Injector of SIS m@n “"gq

Atomic Number
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+ No stripping losses

- Lower beam lifetime
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Control of Dynamic Vacuum Pressure ‘stng;
e

Main beam loss mechanism:
U28+ -> U29* (stripping)

Dynamic pressure:
P _
E = z-pl(F) - PO) + a’]lossNP

Desorption coefficient:
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n= ——— oc
# incident ions \dx/

20E+1D
— 1007 (keine Rampen)] |

LBE+1D y 1 8E 1 O = 102006 1920806, 600
\ ) - 7 18:36:

veeio 1) 22.03.2007 18:36:23,630|
| — 12.06.2007 (9:15:44,720|

LAE+ID |

% — 2808 2007 21:10:45.170)
E L26+10 | .'-__‘ 60 % IOSS —[d.ﬂi.zmﬂli:d?:d-ﬁ_]}l:ld
&= ',
E 1,06+10 | 8E9

% gosion |
B0E+00 |
K,
A9 e v
206409 | =~ U28* |ifetime in SIS-18
0,06+00 =
o 0. 0.3 0.3 6.4 0.5 0.8 0.7
tis

Coulomb-Scattering

|

Projectile-lonization
or B decay

Measures:
-NEG-coated chambers
-Combined pumping/collimation ports behind dipoles

Goals:

- increase pumping speed
- localize beam loss

- minimize desorption

- monitor with diagnostics [N[=W
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~ Control of Dynamic Vacuum Preﬁsﬁr
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SIS 100 At ) hia
High-Intensity and Compress? ‘Stage

Intermediate charge state ions e.g. U%%* ions up to 2.7 GeV/u
Protons up to 29 GeV

» fast-ramped superconducting magnets and
* strong bunch compression system

Bo=100Tm B _.=19T dB/dt=4T/s (curved)

\F OPERA-2d

Prototype production also at BINP,JINR ==,




SIS 100 Design Issues{‘\ “‘ 'ﬂ;:;.
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SIS 100 Ilattice optimized for minimum dynamic vacuum bearnr

Charge Separator Doublet Lattice with collimators

optimized for catching efficiency close to 100% for U2%*

0.081

= Wedge collimator (at 80 K)
_ WA in secondary chamber with
enhanced pumping,
confines most of desorbed

gases

Minimum additional load for the UHV and the cryogenic system.
DS
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SIS 100 Design Issue%!i*
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SIS 100 transverse apertures

DA /o
T 75F -, dynamic
é sob beam Sl . aperture 3
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x [mm]
Long-term (up to 1 s, 10° turns) 3D particle tracking
with ‘frozen’ space charge indicates a space charge  High intensity challenges for SIS 100:
limit at 3x1011 U28* (design 5x101). o 2/3 filling factor

o Optimized working point for < 5 % loss




SIS 100 rf Systems & Bunch Compré

Single bunch formation

15GeV/u - - U+

8 bunches
 REEE R RN R

‘bunch merging’
Y R o S

pre-compression

rotation

extraction f

AQ,=-0.6!

SIS100 accel. cavity

acceleratlon
sections (60 m)\

/4§ /if compressor
section (40 m)

SIS 100
L=1080 m

#cavities

Voltage [kV]

Frequency [MHZz] | Concept

Acceleration
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400

1.1-2.7 (h=10) Ferrite
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SIS 100 rf Systems & Bunch COmp{lé? Bh;.{.-._
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Single bunch formation =~ Pre-compression with Barrier bucket rf _
1.5.GeV/u 28+ p
15
8 bunches : /Y o
AR A NE R 0.0 oy §/ 4 / rf compressor
05 i/ section (40 m)
© \ SIS 100
‘bunch merging’ X 00 ; L=1080 m
Y R o S e
ma Vlasov simulation

—400-200 O 200 400
z [m] f(dp/p) [orb. units]

space charge reduces the effect
of beam loading

pre-compression

Frequency [MHZz] | Concept

#cavities | Voltage [kV]
MA (low duty cycle)

15 1.5

Pre-compression 2
extraction f

AQ,=-0.6!
IS

rotation




Single bunch formation

15GeV/u - - U+

8 bunches
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‘bunch merging’
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SIS 100 rf Systems & Bunch Compré"?l :

54 /rf compressor
section (40 m)

sections (60 m) ::""a.

SIS 100
L=1080 m

#cavities | Voltage [KV] | Frequency [MHz] | Concept
Compression 16 600 0.4-0.5 (h=2) MA (low duty cycle)
Final Particles/bunch bunch length

bunch

1.5 GeV/u Uz

5x 10"

60 ns

parameters:| 29 GeV protons

2x10"

25 ns




SIS 300 TR I
i AP ST
High Energy and Stretchertﬁ:ﬁgd?eq.

Highly charged ions e.g. U%* ions up to 34 GeV/u
Intermediate charge state e.g. U%%* ions at 1.5 to 2.7 GeV/u with

100% duty cycle

* superconducting high-field magnets and
» stretcher function

Bo=300Tm B__=45T dB/dt=1 T/s (curved)

First cycling sc : [ ) RE anealdo
i INFN D Superconduttori | .{ { {315

Fl=-=1=%
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Accelerator Components & Key Characteristic&x

Ring/Device Beam Energy Intensity

SIS 100 (100Tm) protons 30 GeV 2x10"3
238 J28+ 2.7 GeVlu 5x101"
(intensity factor 100 over present)

SIS 300 (300Tm) 40Ar 45 GeV/u 2x10°
23892+ 34 GeVlu 2x101°
CR/RESR/NESR ion and antiproton storage and
experiment rings
HESR antiprotons 14 GeV ~10"

Super-FRS rare isotope beams 1 GeV/u <10°

| Radioactive lon
| Fenduction Target [,

Anti-Proton

Production Targ 2t

1,0 m

F—

Secondary beams:
RIBs, pbars



Two-Stage Separator
Multi-Branch

beam from == “ _
SIS-100 — : r Superconducting
Large Acceptance
1 ; Bp=20 Tm

Target building

Low-Energy Branch

i
| Tl 1

Primary p to U beams
with up to 10'?/s %y

Ring Branch




Rate predictions for exotic nuclei
— known nuclei
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1072 /s
102/

Imary ions 4 schmidt et al.




Super FRS Magnets Rﬁ@'”m

1 “I
Radiation resistant Large aperture (380 mm) superferric
nc dipoles near production target dipole magnets (warm iron, sc coil)
om ' IMP Lanzhou

IPP Hefei
IEE Beijing
Chinese Academy of Science

_EE Eghion' yoke productlog




The FAIR 13 Tm Storage Rg

Normal conducting magnets Ua
from pbar target ¥ § from SuperFRS

33 g

1 to FLAIR
RIBs \“\ao .
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New Experimental

i O ooty g Storage Ring
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, " j NESR :
to HESR pbar and RIB _ *, | . , /
fast stochastic ‘. 1h. : experlments with :
pbar pre-cooling ] % stored ions
A
] pbar and ion 3
, deceleration g
.\H Gc’oo
e g . S— Eol Magnets
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Stochastic Cooling Develoﬁ%fh |

vacuum tank
with movable electrodes

including cold heads (20 K) and
cooled pre-amplifiers

._.‘-} )

i

- mounting

linear motor - [ ; flange

movable part —= | il _
~H

flange for
cold head

CR: fast stochastlc cooling (1-2 GHz)
of antiprotons (10 s) and RIBs (1.5 s)

i1 B

$
i

tharmal conduciion

prototype electrode
(R = 0.83-0.97)




Antiproton Accumulation iIn RE§ n ,,
RF Manipulation & Stochastic Cclq

Ap/p=£0.8 %

f’f; %t *d :Xli
i s o rf : electrodes of
""""" deposﬂ’ Faltin type

stack stack accumulation injer:;tiﬂn

core tail pick—up orbit
core cooling 2-4 GHz tail cooling 1-2 GHz T st
longitudinal, longitudinal e {k%u, g
horizontal,
vertical

injection of 1x108 antiprotons every 10 s

pre-cooled in CR: dp/p =10-3,¢, y=5 mm mrad ™ &Q_O . J extekicler
. . . , . .I’—r-j bl _——
maximum stack intensity~ 1x10'" antiprotons R emsRe

max. accumulation rate: 3.5 x1019/ h




NESR: Versatile Operati@ﬁ? i_%',j_...

lons (Stable & Rare Isotopes)

» storage and e-cooling in the range
740 — 4 MeV/u (decel. rate =1 T/s)

» RIB stacking assisted by el.cooling

Experiments

experiments with internal target
electron target (2nd electron cooler)

laser interactions (cooling,spectroscopy)

collider mode with e-/ pbar (bypass)
BINP

Antiprotons
deceleration 3000 - 800 — 30 MeV

electron cooling at 800 MeV
izl —




Issues: . high voltage up to 500 kV
« fast ramping, up to 250 kV/s
* magnetic field quality

Cooler Parameters

energy 2 - 450 keV
max. current 2 A
cathode radius 1cm
beam radius 0.5-1.4 cm
hollow cathode option

magnetic field

gun upto04T
cool. sect. upto0.2T
straightness < 2x10-5

adiabatic expansion option

cool. section length 5m
max. power in collector 15 kW
vacuum <10-"" mbar
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Electron Cooling in the N\%”

1328050+ 740 MeV/u 108 ions Antiprotons 800 MeV 108 ions
le=1 Are=0.75cm B=0.2T le=2 Alre=1cm B=0.2T
1 ' ' ' ' 10 T T
E 0.1k \ E é 't vertical \
S horizontal . . E 01+ horizontal
3 vertica BETACOOL Simulations =
g ooty : Parkhomchuk ecool model ; £ *°'%
S Martini IBS model £ 1e%t
520 o2 02 o6 o8 10 L S
e Initial parameters: 15-30 AR I
1E-3 : stochastic pre-cooling |
in CR (& RESR) eal
o 1E4 a
1E-5 ) 1B-5%
ne=1.4 10°cm ne=1.6 108 cm
1E-§' ' o) 1E-6 : : :
0 0.2 04t(s)06 0.8 1.0 1 (x: q neLC 0 20 t(48(; 60 80
3.5 3 .
1:cool <1s (h:ool A BT Hrel tcool ~1-2 min!

profit of SIS100 cycle !
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Longitudinal Accumulation of RIBs in;

RF Manipulation & electron Coo\ln

SR
R &

Basic idea: confine with RF manipulation the stored beam in a fraction of the
circumference, inject into gap & apply strong electron cooling to merge the two
beam components

= fast increase of intensity (for low intensity RIBs)

#p tau [sec] Energy [eV] at 2.000000e+00 [s] Cooling
2 T T T T T 3

.| t=2.0s freshinjection |

13ZSn50+
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: [ ie RN o T e e 2 o :
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\ / |, with Barrier Buckets
SR e T (gimulations by T. Katayama)

barrier voltage 2 kV
-04 -0.2 0 0.2 0.4
T [usec]

revolution time 0.9 us




barriers fixed barriers  h= 1unstab|e fixed point

uuuuu

1.25 [
~1.2s ™
injection

200 turns

0.85s™]

700 ns stack 124X @54+ 154 MeV/u
0.35s
025 —_— Bx10®
=0 . { %°Ar1s* 65 MeV/u
= 4x10°
1000 ns g
£ 3x10°
X
.
all three schemes worked well: o 2197
. . . X 1
cooling times close to expectations 8 1x10°- o ]
. . . ) | Stacking with Barrier Buckets: |
efficient accumulation ; V=120V, = 5MHz, 1 =0.1 A
high quality timing and kicker pulses required 0 10 20 30 40 50 60 70 80 90 100

Intensity limits: RF voltage and instabilities -




HESR High-energy Electron the’ |

*-.--

PeIIetron
Electron energy 4-8 MeV

Magnetized e- beam: B=0.07- 0.2T

UPPSALA
UNIVERSITET

4m cooling lengtp,

Pancake solenoids TSL &

B-straightness =1x10-5 partners

f Forschungszentrum Julich

~"'HESR . i

— — - B Dipols magret
n Ousdrupols magnat I,
n Sextupole magnel P3 :f
o Solenoid

B injection equipment
" BEM rd
q‘é‘! Steeer ,..-""
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from RESR biKicker  PANDA rj. Kickmr {hom S1518)
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FAIR Start Event - 7.11.2007
A Success for the SClence Communltles

1400 intefnational participants .
=
500 mternatlonal scientists attended the s}?h




FAIR Start Event - 7.11.2007. | 1, .~
A Success for the Science Com*«.;;}
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Towards a world-leading facility for nuclear & hadron research
Build on the experience of GSI and other labs

Realize FAIR within an international collaboration at Darmstadt
Ongoing international negociations on legal framework
— oundation of FAIR GmbH end of 2008

Gy % | o
hysics of FA{& S &

A

1400 intefnational participants ~ S
500 mternational scientists attended the sﬁnﬁsmm O TBC
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The Antiproton Target and S ﬁika'

_ _ target station
target temperature
g P production rate of antiprotons shielding and handling

Fluka simulation, 2*10" protons
L T

2x10° -—_—m

1 1 - -
_ \ . o | | =3 .. shielding
= | Ni/Cu & * m
é ‘l I u A Ni 0x10° - .‘_- A A B \ —CE
[ . .
§ j S e A
e " 7 = 8x10° - o e .
T a— =Y 22082 SN .
£ 3 N 1 / A
@ 4 H R .
3 ] 3 53 N 6x10° u ._."‘ \\. _
g | 2 Prar / ~
g 28 [ -
g iz % z i“; 4x10° —
£ e = ar o [ 1
E 10,0_‘ . E % gy = 3;4’( -'.".r'-_.;'-?-! ] ) i ke 'Ni, c_bmm =0.62 mm, d-.argzl =3 mm
5 ] 2x107 A —m—Ir, g =10mmd__=45mm|]
= ] : am targat
— 7 L B B S S A E T T T T T T T T T .
00 05 10 15 20 4 6 8 0 12 14 6 1 2 target magnetic horn
beam radius r (o) [mm] target length [cm]
% i 150 | B L T T T T
- < = Voo :
Antiproton Separator 3 283 & 1 s 0
& ‘ig 790 ‘Mg"“ w04 Ap/p=x 3%
o % 585 QLele”
from Super-FRS . __ _— 3 é_‘*
-~ -OHne-s-0 ]
- - T2 wn ¢ .
= 7 i} .
. E a TRAT = 3
=3 ® o - E
i i -3 4 ®
@ P i K PO 3 il
‘g =T s é ERS LY LF v .50
3 == s B 2\ Lge=w 7
% R RS =0 P
_palal - —% [J -100 4 L -
B " = . - after target (MARS)
8"88’% 8’ Proton beam dump = . after hom |
-150 YT .
ﬁ &0 -50 40 -30 -20 -10 O 10 20 30 40 50 &0

x [mm]

according to tracking calculations about 40 % of the

produced antiprotons with Ap/p< = 3% will be storﬁig‘ﬁCR
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NESR: Versatile Operaticii*}‘é 'a;'”'*

e Key components:

mm) Powerful electron cooling
=) Specific RF systems
mm) UHV: pressure < 10" mbar

=) high magnetic field quality
within large aperture

C=222.8 m s for large acceptance
max. Bp =13 Tm

e max. Alq = 2.7

Injection Extraction
kicker kicker ——
Electr. septum —

transverse accep. x/y
(Ap/p= £1.5%): 150 / 40 mm mra

Decel. Extraction/ Inj
RF E-cool BB RF ‘
— —H——o— [ E =] | (——
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The proton Linac ﬁlb ’ﬂ,

Re-Buncher to = SIS18
ECR Source LEBT RFQ CH-DTL

" to Dump

70 MeV
Final rate of cooled pbar 20

Crossed-bar H-Cavity
(CH)

100
o | depends on injector energy:

g
&
he] + 25 =
) 80 o
So | e
i 5 60 /I —SI5100 Duty Time | | 20 i
=, E 30 ——Cooled pbar/h T 15 g
S £ 40 SIS18'S c
b e ace -+ =
»w e 30- Charge fimit 10 ,2,
(/) —
> 20 - 15 o
3 101 E
o 0 — ‘ ‘ 0
10 60 110 160 210

Linac length ~35m ) Proton Linac Energy [MeV]

Beam current 35 mA; 70 mA (design)

Beam pulse length 36 ps

Rep. rate; rf frequency 4 Hz ; 325.2 MHz

Beam power 5 MW (peak), 710W

rf power (average)

Tot. normal. g ; dp/p 11 MW (peak), 1600 W

(average) IE== 1L
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