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FAIR Scope

SIS18
p-Linac

HESR

NUSTAR

APPA
CBM

PANDA

FAIR shareholders:
ÅFinland
ÅFrance
Å India
ÅPoland
ÅRomania
ÅRussia
ÅSweden
ÅGreat Britain,
ÅCzech Republic
ÅGermany

11.11.2021 2

https://www.gsi.de/forschung_beschleuniger/fair.htm


GSI Helmholtzzentrum für Schwerionenforschung GmbH

Primary Beams - Secondary Beams

FAIR is the big brother of GSI ςthe fundamental facility topology is identical

Primary Beams

Secondary Beams

11.11.2021 3

https://www.gsi.de/forschung_beschleuniger/fair.htm
http://www.google.de/imgres?imgurl=http://web-docs.gsi.de/~wolle/EB_at_GSI/GSI/ACCELERATOR/IMAGES/accel_overview.gif&imgrefurl=http://web-docs.gsi.de/~wolle/EB_at_GSI/GSI/ACCELERATOR/accelerator.html&h=590&w=761&tbnid=-ezKWz4Njp6CJM:&zoom=1&docid=URloM0rIAL5yXM&ei=kNNMVI3mB6boywPyr4HABQ&tbm=isch&iact=rc&uact=3&dur=1156&page=1&start=0&ndsp=41&ved=0CCIQrQMwAA
http://www.google.de/imgres?imgurl=http://web-docs.gsi.de/~wolle/EB_at_GSI/GSI/ACCELERATOR/IMAGES/accel_overview.gif&imgrefurl=http://web-docs.gsi.de/~wolle/EB_at_GSI/GSI/ACCELERATOR/accelerator.html&h=590&w=761&tbnid=-ezKWz4Njp6CJM:&zoom=1&docid=URloM0rIAL5yXM&ei=kNNMVI3mB6boywPyr4HABQ&tbm=isch&iact=rc&uact=3&dur=1156&page=1&start=0&ndsp=41&ved=0CCIQrQMwAA


GSI Helmholtzzentrum für Schwerionenforschung GmbH

RIB generation and pre-cooling  
Target matching and fast bunch rotation in the CR

60 ns

dp/p= ± 0.1 %

Collector Ring (CR)
circumference 212 m
rigidity 13 Tm

RIB             pbar       
energy              740 MeV/u      3.0 GeV
mom. accept.      ± 1.5 %         ± 3.0 %
transv. accept.    200x10 -6 m    240x10 -6 m
Cooling down time    1.5 s             10 s

CR ring properties:

Short SIS 100 bunches :
- target matching
- RIB/pbar pre -cooling 

From SIS 100

50 ns

°2.5 %

°0.5 %

°0.75 %

bunch rotation

adiabatic debunching

after bunch rotation and

debunching in CR

RF voltage in the CR: 200 kV  (1.5 MHz)                     

0.1 ms duration
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SIS18 Protons Uranium

Number of ions per cycle 5 x 1012 1.5 x 1011

Initial beam energy 70 MeV 11 MeV/u

Ramp rate 10 T/s 10 T/s

Final beam energy 4.5 GeV 200 MeV/u

Repetition frequency 2.7 Hz 2.7 Hz

Reference Beam Parameters 
SIS18/SIS100

SIS100 Protons Uranium

Number of injections 4 4

Number of ions per cycle 2.5x 1013 ppp 5 x 1011 

Maximum Energy 29 GeV 2.7 GeV/u

Ramp rate 4 T/s 4 T/s

Beam pulse length after 

compression

50 ns 90 - 30 ns

Extraction mode Fast and slow Fast and slow

Repetition frequency 0.7 Hz 0.7 Hz

... and all other ion species !
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Intermediate Charge States for FAIR

Á FAIR  intensity goals can only be reached by lowering the 
charge states

Á Incoherent tune shift limits the maximum intensity in 
SIS18

-dQ Ź2/A     >   Poststrippercharge states will be used

(e.g.: Ar18+> Ar10+..........U73+> U28+)

Á Without stripping loss (charge spectrum) significantly 
enhance particle current  (Nuraniumx7 ) !
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The Dominating  Intensity  Limitation for Heavy Ion Beams in Synchrotrons is the Interaction with the Residual Gas and thereby 
generated Charge State Changes. Due to Desorption Processes at High Beam Intensities the Static Residual Gas Pressure 
becomes the so called Dynamic Vacuum. Ionization in the Dynamic Vacuum is the dominating beam loss mechanism which 
appears much below the space charge limit.

Ionisation loss drives pressure bumps which itself 
accelerates the ionisation process.
> Dynamic vacuum instability

Simulations
STRAHLSIM: Unique code for dynamic vacuum and charge 
exchange driven beam loss in time and space comprising:
Á Machine optics and collimation system
Á Atomic cross sections for charge exchange (energy 

dependent, projectile- and target dependent etc.)
Á Properties of pumping system (conventional, cryogenic, 

NEG. local distributed etc.)
Á Ion induced gas desorption processes
Á Realistic machine cycles

New Technologies
Á New synchrotron optics: Charge separator lattice

(peaked distribution of ionization loss)
Á NEG coating (distributed pumping)
Á Low desorption surfaces and materials
Á Ion catcher systems - room temperature and cryogenic
Á Cryogenic (actively cooled) magnet chambers

(distributed pumping)
Á Cryo-adsorption pumps

Key Technologies for SIS18 and SIS100: Dynamic 
Vacuum and Charge Exchange

Static (no beam)         Dynamic (with beam)
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300 kV Injection Septum

NEG coated thin wall magnet chambers (all dipoles and 
quadrupoles)

HV unit of ionisation beam profile 
monitor

Low desorption ion catchers

Inj. V 
Steerer

New power grid connection

The upgrade program is dedicated to intermediate charge state heavy ion operation for FAIR.
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Three new MA acceleration 
cavities installed (50 kV, h=2) 
and power converters

Replacement of main dipole power 
converter (for 10 T/s, 50 MW)

SIS18 Upgrade Program 2013ς2018 
Implementation of New Key Technologies

SIS18/SIS100 IPM monitor system 
manufactured and installed

Bipolar dipole magnet and power converter for 
the connection of transfer line to SIS100

The originally defined SIS18 upgrade program is completed in 2021.

The upgrade program is dedicated to intermediate charge state heavy ion operation for FAIR.

The EU has supported the 
upgrade program as an 
investment in a major 
European Research 
Infrastructure.
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2022               2023               2024                2025                 2026                   2027

Microspill Cavity

Space Charge Lens

Two Plane Injection or/and 
Pulsed Skew Quad

Extraction Septum

Cryo 
Pumping

Proposals for SIS18 Upgrade 2

The SIS18 upgrade 2 program addresses issues at 
a) operation of SIS18 for the running experiments in FAIR phase 0 and b) the FAIR booster operation.

Ionizationbeam lossat high intensityand
high repetition rate operation
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Actual Peak Intensity versus 
Space Charge Limit

Deficit UNILAC 
intensity/quality

With the completion of the SIS18 upgrade program, the deficit from medium to high mass 
particles will not be closed without major improvements at the UNILAC:

Space charge limit
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UNILAC Developments

Post-stripper upgrade
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Transformer Stations

New transformer station North for the pulse power supply of SIS18 
and SIS100 completed and commissioned. 

First preparation with new power grid 
connection (separate 110 kV line) in 2006

Pulse 

Power

Field 

Rate

SIS18 5 MW 1.3 T/s

SIS18 45 MW 10 T/s

SIS100 37 MW 4 T/s

SIS300 26 MW 1 T/s

New transfomer station south 
(Commons) is also completed and will 
serve the Commons grid.
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Preparation of the 
Existing Accelerator Tunnels and Buildings

SIS18 Civil Construction GAF and WTK

GAF (GebäudeAnbindungFAIR):

Á Shielding enhancement on top of the
existing SIS18 tunnel and at other locations for
fast cycled operation with 5x1012 Protons per
Second. (3% Proton beam loss at final energy)

Á Radioactive air management system
Á Fire prevention system (nitrogen venting)
Á Interfaceto the FAIR tunnel 101
Á An inner and outer reinforcement wall
Á Power link of main operation building to

new transformer station North

WTK (WestwandTransfer Kanal)

Á Beam dump for the proton linac
on the western side of the transfer channel (TK)

Á Shielding enhancement of the TK eastern wall and interface for an
early construction of the p-linacbuilding

All works are completed.

GAF

WTK
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Status GAF and WTK Project

Á All concrete and earth works completed.
Á Link to FAIR tunnel 101 and p-Linacbuilding completed.
Á Power link to new transformer station North, via new technical building to PC completed.
Á VOB acceptance of underground engineering, building shell, interior works

HVAC installations in tunnel completed.
Á Successful commissioning of new N-fire prevention system completed.
Á Visitor platform completed.

https://www.gsi.de/forschung_beschleuniger/fair.htm
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FAIR construction area North and South                           Intermediate Objective and          
Early Science
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FAIR Civil Construction Status
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Overall FAIR Project Status

Storage Area Weiterstadt
S-curve, comprising procurement, 
installation and commissioning
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SIS100 isa world wide uniquesynchrotrondesignedandoptimizedfor the generationof
high intensityheavy ion beams.

Á It hasa flexible lattice structure, enablingdifferent opticalsettingsfor different usermodes.
Á It hasa latticecell (chargeseparatorlattice) with an optimizeddesign for the controlof

beam lossby ionizationat highestintensitiesof Uraniumbeams.
Á It hasa uniqueandextreme XHV system, makingextensive useof cryo-pumpingto suppress

vacuuminstabilitiesat highestheavy ion intensities
Á It isa fast rampedsuperconductingsynchrotronwith rampratesup to 4 T/s anda minimum

cycletime of lessthan1 second.
Á It isequippedwith powerful Rfsystemsfor acceleration, compression, generationof barrier

bucketsandbucketsfor longitudinal stabilization.
Á It providesdifferent extractionmodesfor fixedtargetexperimentsandoptimal time 

structuresfor matchingto productiontargetsandstoragerings.
Á Its cyrogenicssystemisdesignedto control of a dynamicheat load of up to 75 %

(3.4 kW <> 14,7 kW) with bigdifferencefrom cycleto cyclein a parallel 
operationof multiple users.

Heavy Ion Synchrotron SIS100 
Unique Features
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1.  R&D on fast ramped superconducting, window-frame magnets for SIS100 
4 T/s up to 1.9 T

Synchrotron Key Technologies

GSI has a world wide leadership in fast ramped superconducting magnets.

Fast ramped SIS300 Dipole in Cryostat

2.  R&D on fast ramped, superconducting costheta magnets for SIS300 and others 
1 T/s up to 4.5 T (world record ramp rate)

R&D goals:
1. Reduction of eddy/persistent current effects at 4 K (at 

most in iron yoke)
2. Optimization of field quality
3. Long term mechanical stability for (>2Ö108 cycles)

AC loss reduction 40 W>15W              SIS100 Prototype Dipole

Optimization of NuclotronCable:
Á Insulation concepts
ÁWinding technologies
ÁANSYS models etc.

R&D goals:
1. Reduction of  AC loss by improved cable and coil design
2. Optimized conductor cooling (e.g. laser cut cable)

Optimization of Rutherford Cable:
ÁReduced filament twist pitch
ÁStrand coating
ÁStainless steel core
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Synchrotron Key Technologies

GSI builds the fastest superconducting synchrotrons with full flexibility in cycling

Control of Magnet Cooling:

ÁSingle layer magnet coil with low hydraulic resistance

ÁHigh current Nuclotron cable

ÁHydraulically adjusted magnet cooling circuits

ÁActive heaters to stabilize the cryogenic load

ÁVariable supply LHe supply pressure

ÁLHe pumps 

Alternative coil design and 
high current cable

Reference cycle 2c Triangular cycling with 
fast extraction

(AC+DC 14.5 kW)

quasi static heat load
at long extraction

(DC 3.5 kW)
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Status:

Á Production and cold testing of full series (110) of 
s.c.dipole magnets completed.

Á Integration of cryogenic dipole chambers (55 % 
completed) with and without cryo-adsorption 
pump.

Series Production of S.C. Dipole Modules

Celebration of acceptance of 110. dipole magnet
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Quadrupole Module Procurement Status

Series production of quadrupole units 
(JINR) and all GSI supply items required for 
integration is 
a) running (BPMs + signal cables, 

quadrupole chambers) or 
b) completed (cryoion catcher, cryo

adsorption pumps, roughing CWTs).

Cryogenic ion catcher

Cryogenic BPM
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Series Production
Start of series integration: March 2021.
Maximum integration rate: 3 modules / month, still to be demonstrated.
Production of large amount of parts has been released in advance.

FOS module at GSI, STF

Module integration at Bilfinger Noell

Quadrupole Modules and Integration
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