FAIR G

Layout, goals and construction statois

the Iinternational accelerator facility FAIF

Peter Spiller
UK Accelerator Institutes Seminar
11.1121

GSI Helmholtzzentrum fiir Schwerionenforschung GmbH


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

F-\lR FAIR Scope =1L
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F-\IR Primary BeamsSecondary Beams p5 =x 1K

FAIR is the big brother of G&he fundamental facility topology is identical

\JJ

ACCELERATOR FACILITIES
AND EXPERIMENTAL AREAS

Primary Beam:

PENNING, ECR ION SOURCE —
CHORDIS & \ ‘ GSl today Future facility
MEVYA i i Jif 6 NN
ON SOURCES i = Tkl erivsics
Mo E@ """ ¢/ SIS 100/300
L g = Jf|PION PROD -
-1 T <t L TARGET .
UNILAG LOWENERGY 1l « UNILAC o
EXPERIMENTAL BN R HADES e = =
AREA : 4 \@3\\;,.
. a5 ’ : CBM
@ ) CAVE ¢ ¢ 4 <— Rare-Isotope
) som e £ > Production Target
CAVE B s ‘} e
: §

—\

Primary Beams
» 40Ar18+2x10'%/s @ 1 -
. 238lJ28+: 5X1011/S

o &UArSS /s @ 1-45AGeV
D “1x10'%s @ 1 — 35 AGeV
100 x 1000 times present intensity

Antiproton
Production Target

Storage and Cooling of Beams

» Radioactive beams

» e — A (or antiproton — A ) collider

« Antiprotons: > 10" at 0.8 — 15 GeV/c
X Future: Polarized antiprotons

* Protons: 2 — 5x10"%/s @ 30 GeV

Secondary Beams

* Broad range of radioactive beams
upto1-2AGeV

* RI- Intensities up to 10 000 over present

* Antiprotons
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FAIR

RIB generation and pfeooling

Target matching and fast bunch rotation in the CR

Collector Ring (CR)

Short SIS 100 bunches Super-FRS L°;’;f,',‘:,:";$ circumference 212 m
. = «— Energy
- target matching N Buncher fgidity 13 Tm
- RIB/pbar pre -cooling RS ge— #~*  High-Energy Branch giarty
“;2'"/. B m”‘q, Injection and
............ —— - Ring Branch from SFRS extraction septums to RESR
. dplp=% 0.1 % Target Vo -
. p p ° Focusing Injection kickers T!'al?sverse
;. ......... System 50m pick-ups
60 ns From SIS 100 M::L‘:."u‘:"‘ P

RF voltage in the CR: 200 kV (1.5 MH2z)

°950p = bunch rotation
0.1 ms duration

I adiabatic debunching

after bunch rotation and
debunching in CR

50 ns

°0.5%
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Extraction kickers

TOF TOF

/

detector RF cayities .Ckickers detector
CR ring properties:

RIB pbar
energy 740 MeV/u 3.0 GeV
mom. accept. + 15% + 3.0%
transv. accept. 200x10®* m 240x10-5m
Cooling down time 15s 10 s
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Reference Beam Parameters

SI1S18/SIS100 ==K

FAIR

... and all other ion species !

SIS18 Protons | Uranium
Number of ions per cycle | 5 x 1012 1.5x 101
Initial beam energy 70 MeV 11 MeV/u
Ramp rate 10 T/s 10T/s
Final beam energy 4.5 GeV 200 MeV/u
Repetition frequency 2.7 Hz 2.7 Hz
SIS100 Protons Uranium
Number of injections 4 4
Number of ions per cycle 2.5x 1013 ppp 5x 10
Maximum Energy 29 GeV 2.7 GeVlu
Ramp rate 4Tls 47Tls 00 d
Beam pulse length after 50 ns 90 - 30ns Elexil
compression \ SP— / S15100
Extraction mode Fast and slow Fast and slow 22? i t 1 t
Repetition frequency 0.7 Hz 0.7 Hz !
I
GSI Helmholtzzentrum fiir Schwerionenforschung GmbH 11.11.2021
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F_\|R Intermediate Charge States for FAlR= o= 31

A FAIR intensity goals can only be reached by lowering tt

charge states

A Incoherent tune shift limits the maximum intensity in

SIS18

-dQ” Z/A > Poststrippercharge states will be used
(e.g.: AF8*> AR+ ... Us+> £8Y)

Number of Particles/Cycle

A Without stripping loss (charge spectrum) significantly

enhance particle currentN,, ,nium X7 ) !

MUCIS, HLI (ECR, RFQ, IH)

1012
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KTK Stripper Charge State

Foil

Poststripper (Alvarez, Cav.)

@/ HSI (RFQ,IH1,IH2) -
= n—-:maeeeal

.. L
ﬂ 36 MHz

|
Gas Stripper
PIG
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108 MHz

Stripper ’
__‘
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Key Technologies for SIS18 and SI1S100: Dynamnse i
Vacuum and Charge Exchange Kemhoss nsaue Jos

The Dominating Intensity Limitation for Heavy lon Beams in Synchrotrons is the Interaction with the Residual Gas and/the
generated Charge State Changes. Due to Desorption Processes at High Beam Intensities the Static Residual Gas Pressure
becomes the so called Dynamic Vacuum. lonization in the Dynamic Vacuum is the dominating beam loss mechanism whicl
appears much below the space charge limit.

adsorbed electron capture

residual gas

1E-9 5 30.10.2003 09-12:45

desorption

ionisation

desorption
beam loss ion catcher

lonisation loss drives pressure bumps which itself
accelerates the ionisation process.

> Dynamic vacuum instability Static (no beam) Dynamic (with beam)
Simulations New Technologies
STRAHLSIM: Unique code for dynamic vacuum and chaige A New synchrotron optics: Charge separator lattice
exchange driven beam loss in time and space comprising: (peaked distribution of ionization loss)
A Machine optics and collimation system A NEG coating (distributed pumping)
A Atomic cross sections for charge exchange (energy A Low desorption surfaces and materials
dependent, projectileand target dependent etc.) A lon catcher systemsroom temperature and cryogenic
A Properties of pumping system (conventional, cryogenjc, A Cryogenic (actively cooled) magnet chambers
NEG. local distributed etc.) (distributed pumping)
A lon induced gas desorption processes A Cryocadsorption pumps
A Realistic machine cycles

11.11.2021 HELMHOLTZ



F_\IR SIS18 Upgrade Programldy; 2018
Implementationof New Key Technologies = == 1L

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

QkV I_njectlonSe'D'_klm ﬂ' 'V .QL; H\‘ un|t of ionisation beam profile
: D g e‘éreT' : . monltor

_\r@n ion cihers(

Lk
= -#': -
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F-\lR SIS18 Upgrade Programldy; 2018
Implementationof New Key Technologies =5 1K

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

Three new MA acceleration
cavities installed (50 kV, h=2)
and power converters

The EU has supported the
upgrade program as an
investment in a major
European Research
Infrastructure.

o -

S1S18/S1S100 IPM monitor system Bipolar dipole magnet and power converter for
manufactured and installed the connection of transfer line to SIS100

The originally defined SIS18 upgrade program is completed in 2021.

GSI Helmholtzzentrum fiir Schwerionenforschung GmbH 11.11.2021 9
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SIS18 Status U%%* -Beam Intensity

World record intensity for intermediate charge state heavy ions in heavy ion booster.

The feasibility of high intensities with intermediate charge state heavy ions has been demonstrated.

World record

5% 10
U+ 2012
4 1010 | v*r 201 ]
)
o U7+ 2009
2
E 3510 | — Ta**2009 |
o 128+
— U®*2003
'c
d 2 10\‘ U 2001
-E 210 \’_ |
=
= 1 x 101 -
F 9
8,0 0.2 0.4 0.6 0.8
Time /s

1000
E [MeWViu]
SI1S100
1X1 0I2 Uzs

| : I I 1I 3 I )
0 0.5 1.0 time [sec]

Stacking in SIS100 (4x)

At SIS100 commissioning:

An intensity of U28*-beams of
1-2 x10" per cycle is safe
(rep. rate about 0.5 Hz)

2001 FAIR conceptual design report (FAIR proposal)

Further upgrade measures are investigated for reaching the intensity goal for the most
heavy ions (e.g. Uranium with 1.5x10" per cycle at a (high) repetition rate of 2.7 Hz.)

GSI Helmholtzzentrum fiir Schwerionenforschung GmbH
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F_\|R Proposals for SIS18 Upgrade 2 g=w= g

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.

«10° 1. Supercycle 2. Supercycle
£ FA B Cc D A B C D |

=
PN e P et BN Nl R PR
E

i"':uog‘- \

e

Numbe
=
o 5
=
Ercn b L L

Microspill Cavity

3 35
Timein s

lonizationbeamlossat highintensityand
highrepetition rate operation

lectron Lens Design

Cryo

Pumping Y
LY k.
—— '“’“'ﬂ‘i‘“’é"‘f‘e Inclined Dipole
2022 2023 2024 2025 2026 2027
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F -\IR Actual Peak Intensity versus

Space Charge Limit =S

10 < Space charge limit

08} i
5 06} ] ..
3 Deficit UNILAC
T . . .
2’§ intensity/quality
04}
0.2 ‘
O'OHI* N7 Ar'E Kr33" a8 I | | AUt I H
D" OF ca®™ Mo®" Nd®"” PBS”
Li¥" Ne'™" crt Ag® sm* Bi®"
cs Mg'™ Ni2® Sn*” Ta%" Uz

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

GSI Helmholtzzentrum fiir Schwerionenforschung GmbH 11.11.2021 12
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AIR UNILAC Developments =% I

Heavy ions (U, Bi):

* more narrow distribution POStStrlpper upgrade
* increased stripping — —_—

efficiency

* higher beam intensity

‘ new post-stripper rf-sources ‘ _

stripper: increase efficiency ‘ ‘ emittance transfer hor. - ver. | | new post-stripper DTL |

—— — - i ’_ ' FoS — 1st section

Pride: New Prénjector

increase of rep. rate 1 Hz » 2.7 Hz | + Matching to HSI-RFQ ‘ MEBT: re-design E Qa1
* HSI-RFQ: new beam dyn. design i l

[ UHV controls upgrade |

Termin |;
al West

sinusoidal trapezoidal <

= 22

[

Qa2 (E

Eo Termine
South
ngﬁ:;:g; (B;l;i;rf‘laﬂ'?:, M. Kaiser, F. Maimone, W. Vinzenz, S. Yaramyshev,
DESIGN STUDIES FOR THE PROTON-LINAC RFQ FOR FAIR, IPAC’15 (2015)
GSI Helmholtzzentrum fiir Schwerionenforschung GmbH 11.11.2021
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FAIR Transformer Stations S

Upgrade pulse power for SIS12/18

220 kV grid

HOKVC ommon Load 110 KV Pul iLoagf_J:E‘g%\\
5“1’&;‘“‘2 Substation %o th (FAIR) ,’substzﬁon North (FARL\
" sis‘,v%,,» Sm‘* 8 w8 N\
}( ncwclcctri:&al
v " grid ‘I
J ' P
N 1: (HeC) “\ HEe) ’ ‘—‘ ESISIE_LSR’
Public Gsl : FAIR " N Er E’é’SI
' ' | Pulse Field
New transformer station North for the pulse power supply of SIS18 Bower Rate
and SIS100 completed and commissioned.
_ SIS18 5 MW 1.3T/s
SIS18 45 MW 10T/s
SIS100 | 37 MW 4T/s
SIS300 | 26 MW 1T/s

New transfomer station south
(Commons) is also completed and wi
serve the Commons grid.

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

GSI Helmholtzzentrum fiir Schwerionenforschung GmbH 11.11.2021
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F_\lR Preparation of the
Existing Accelerator Tunnels and Building!; == II

SI1S18 Civil Construction GAF and WTK

GAF GebaudeAnbindungFAIR):

A Shielding enhancemeran top of the
existing SIS18 tunnel and at other locations for
fast cycled operation with 5x1®Protons per
Second(3% Proton beam loss at final energy)

Radioactive air managemergystem

Fire prevention systengnitrogen venting)
Interfaceto the FAIR tunnel 101

An inner and outereinforcement wall
Power linkof main operation building to

> I I >

new transformer station North

WTK WestwandTransferKana)

A Beam dumpfor the protonlinac
on the western side of the transfer channel (TK)
A Shielding enhancement of the TK eastern wall and interface for an
early construction of the finacbuilding

All works are completed.

GSI Helmholtzzentrum fiir Schwerionenforschung GmbH 11.11.2021 15
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FAIR Status GAF and WTK Project IR "SI

A All concrete and earth works completed.
A Link to FAIR tunnel 101 andmacbuilding completed.
A Power link to new transformer station North, via new technical building to PC completed.
A VOB acceptance of underground engineering, building shell, interior works
HVAC installations in tunnel completed.
A Successful commissioning of newifé prevention system completed.
A Visitor platform completed.

GSI Helmholtzzentrum fur Schwerionenforschung GmbH 16
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FAIR Civil Construction Status = = II

FAIR Site & Buildings Projektstatus F,“R
I . — . i Ubersicht Rohbau Nord, Rohbau Siid und Rohbau West

Anlagenbereich
Nord

Anlagenbereich
Sud

Anlagenbereich
West

FAIR/FSB-Team

FAIR construction area North and South Intermediate Objective and
Early Science

GSI Helmholtzzentrum fiir Schwerionenforschung GmbH 11.11.2021 17
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15t SIS100 tunnel segment

concreting completed in April 2019

GSI Helmholtzzentrum fiir Schwerionenforschung GmbH 11.11.2021 18
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FAIR FAIR Civil Construction Status 1= "= II
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FAIR FAIR Civil Construction Status 1= "= II
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FAIR

g

0%

0%
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50%

40%

W%

0%

0%

%

Sum of cost weighted Milestones in %

FAIR 10 Progress S-Curve

2018 2019 2020 2021 2027 2023 2024 2025 2026 2027 2028 2029 Reporting Diata Date: 01.08.2021

based on Costbook 2005
100%

0% e Milestone -
Completed 0%

80%
0%
m Milestone -
60% Completed 100%
50%
0% m Reporting Data
Date
30%
20% _
— Baseline 03/2021
10%
0%

Scurve, comprising procurement,
installation and commissioning

ACC Progress based on CB 537 ME@2005

FAIR ACC PROGRESS OVERVIEW

S5100/51518

AFC 202111 - 8% 23% 22%
e
— e 1% a1
AFC 20211 14% 41% 0,7%
e
sz | 1% e
o
o
AFC20211 23% 67%
w
.
AFC2021110% 7% 9% 84%

AIC202110% 7% 0,0%

0% 10% 20% 30 a0% 50% 608 0% 80% 90%
® Manufactured AFC 2021 11 Contracted AFC 2021 1l Assigned AFC 2021 Il Not Assigned AFC 2021 1
Manufactured AFC 20211 Contracted AFC 2021 | Contracting Progress since AFC 2021 |
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F-\IR Heavy lon Synchrotron SIS100

Unique Features === 1l

SIS10@s a world wide unique synchrotrondesignedand optimizedfor the generationof
highintensity heavyion beams

> >

> > > D

p>X

It hasa flexible lattice structure, enablingdifferent optical settingsfor different usermodes
It hasa lattice cell (chargeseparatorlattice) with anoptimizeddesignfor the control of
beamlossbyionizationat highestintensitiesof Uraniumbeams
It hasa uniqueandextreme XH\5ystem makingextensiveuseof cryo-pumpingto suppress
vacuuminstabilitiesat highestheavyion intensities
It isafast rampedsuperconductingsynchrotronwith rampratesup to 4 T/sandaminimum
cycletime of lessthan 1 second
It isequippedwith powerful Rfsystemsfor accelerationcompressiongenerationof barrier
bucketsandbucketsfor longitudinalstabilization
It providesdifferent extraction modesfor fixedtargetexperimentsandoptimal time
structuresfor matchingto productiontargetsandstoragerings.
Its cyrogenicsystemis designedo control of adynamicheatload of upto 75 %

(3.4 kW <> 14,7 kWRith big differencefrom cycleto cyclein a parallel

operationof multiple users

GSI Helmholtzzentrum fiir Schwerionenforschung GmbH
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F-\lR Synchrotron Key Technologies gz =g II

GSI has a world wide leadershigast rampedsuperconducting magnets.
1. R&D on fast ramped superconducting, Wlnefmvne magnets for SIS100
4T/suptol9T

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

most in iron yoke)
2. Optimization of field quality ol
3. Long term mechanical stability f¢2Q08 cycles) ||

Optimization ofNuclotronCable: PR

RPN

A Insulation concepts &

A Winding technologies AC loss reduction 40 W>15W SIS100 Prototype Dipole
A ANSYS models etc.

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

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

'Yo : Optimization of Rutherford Cable:
| . ‘ A Reduced filament twist pitch

o A Strand coating

A Stainless steel core

Fast ramped SIS300 Dipole in Cryostat

GSI Helmholtzzentrum fir Schwerionenforschung GmbH 11.11.2021 23
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F.\IR Synchrotron Key Technologies px = 1K

GSI builds the fastest superconducting synchrotrons with full flexibility in cycling

TABLE II OPERATION CYCLES AND EXPECTED LOSSES

fon |y Puas cycle | B |t cycle Q 0

Magnel:m V 15 Magneljw /\/\/\/\/\/\/\ (M (s) pe(rsi)tld o fcydc 1e) P,(W) o fcy:: Ie) Pq(W)
T e B v @ 1 12 01| 14 | 3s2 [ 252 [ 131 | 94

Ui . Ui 2a 1.2 | 01 14 35.2 25.2 13.1 94
AFuce L j Afee —‘ H H H H H H 2b 05 | 01| 10 8.8 8.8 33 33
fym— r— [:] WM ot 5 o T e i o 055 [l, 2c 2.0 | 0.1 1.82 89 48.9 244 18.9

Time [s] 3a 1.2 1.3 2.6 35.2 13.5 13.1 5.0

quasi static heatload  Reference cycle 2c Triangular cycling with |05 (10| 19 | 88 46 | 33 | 18
at long extraction fast extraction 3 |20 | 17| 34 89 | 262 | 344 | 10
(DC 35 kW) (AC+DC 145 kW) 4 2.0 0.1 5.0 89 17.8 344 6.9

5 2.0 | 0.1 5.0 89 17.8 344 6.9

Control of Magnet Cooling: 10

ASingle layer magnet coil with low hydraulic resistance s —+ 1.8 m dipole: measurements 23-28 Dec. 2008
. D
AHigh current Nuclotron cable % 05 /
Ve . . - . . =
AHydraulically adjusted magnet cooling circuits =
S sl S
AActive heaters to stabilize the cryogenic load B " = i
AV/ari @ 2| |aP=kQ""® S
AVariable supply LHe supply pressure £ . = cycle 3c
c%r
ALHe pumps g % cycles 45
- 2
L 515100 cycle 2h
4 ) - = 0 B
L\ | “/'. , Alternative coil design and °°; " = = "
_\ gt .
@ Neiis h'gh current Cable Total heat releases in the magnet, W
2
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F_\lR Series Production of S.C. Dipole Moduleggg =5 I

Status:

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

A Integration of cryogenic dipole chambers (55 %
completed) with and withoutryo-adsorption

pump.

— “‘.ﬁ\_*_ F -:'.‘i

Celebration of acceptance of 110. dipole magnet

GSI Helmholtzzentrum fir Schwerionenforschung GmbH 11.11.2021
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FAIR

s

Ty

D i Beam vacuum
i chambers BPM

QP-Units Friatec
fcold tested)

v
JINR
Awarding of \
integration contract
2017-05

+ Vacuum vessels ‘

+ Telescopic bellows

+ Thermal shields ‘
+ Common girders

+ Suspension systems

* He-supply systems

+ Local Current Leads ey 7
+ misc. small parts l '
/& £ J'Og;“"
h P { /' ’
= { r"i:;i—{’ Ns i
\‘\ .=

Cryo Collimator \

Cryo adsorption pump

- ILK Dresden 98 u
y\
T~ Roughing+ M

5 beamline CWT

GBS
+ S.C. Wire
+ Voltage breakers

+ Temperature Sensors
+ HTSC-Stacks

GSI Helmholtzzentrum fiir Schwerionenforschung GmbH

Quadrupole Module Procurement Status IF = 1K

Series production of quadrupole units

(JINR) and all GSI supply items required

integration is

a) running (BPMs + signal cables,
guadrupole chambers) or

b) completed €ryoion catchercryo
adsorption pumps, roughing CWTS).

Cryogenic BPM

11.11.2021 26
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F.\lR Quadrupole Modules and Integrationgs = Ir

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

GSI Helmholtzzentrum fir Schwerionenforschung GmbH 11.11.2021
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