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FAIR

Brief History

“A Laboratory for Everyone” founded on Dec. 17, 1969
Founding director: Prof. Dr. Ch. Schmelzer

Science motivation: Nuclear shell model extrapolation suggested
the existence of a stabllity island around Z = 120

Proposal: a UNIversal Linear Accelerator to accelerate ions of all
elements up to uranium to energies of about 10MeV/u

UNILAC construction started 1971, First uranium beam 1976

N. Angert, The Story of GSI, https://indico.gsi.de/event/6978/material/slides/0.pdf
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GSl facility FAl
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Major GSI Discoveries

-\' 'v\‘:”“‘ 1
1.H| 2 13 14 15 18 17 |He
Li | Be B|C|N|[O|F
3 4 5 6 7 8 9
Na|Mg| , 4 5 6 7 8 9 10 1 1|[AN|S|P[S[C
| K |Ca|Sc Ti |V |Cr|{Mn|Fe|[Co|Ni|[Cu|Zn|Ga|Ge|As|Se|Br
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natural

experimen- dicovered verified
tally produced at GSI at GSI

New chemical elements: Bohrium, Hassium, Meitnerium,
Darmstadtium, Roentgenium, Copernicium

—l GSI Helmholtzzentrum fur Schwerionenforschung GmbH 6




Major GSI Discoveries FAIR

Isotopes

discovered @.J‘ﬁ
at GSI and FAIR —_— ““b

W :tablenucki

Number of protons

presently known unstable nucke

B discovered at GSI

W discovered at FAIR Phase 0

Number of neutrons

Hundreds of new nuclear isotopes

GSI Helmholtzzentrum fiir Schwerionenforschung GmbH




Major GSI Discoveries FAIR

. I= 5= 1l
Innovation in hadron cancer therapy
440 patients treated on campus before transfer to specialized clinics
raster scanning: pencil beam to paint a slice of the tumour
In-beam PET
etC. o Fast scanning magnets :z:r;o,
Target volume '\x - T
.
N
Dperator . -
gL T d ¥
ﬁ [ el =
Synchrotron Treatment plan y 4
Control System Patient data a
BGO-crystals
9

e " 9 \
N 1
D. Schardt et al, Tumor Therapy with Heavy lons at GSI Darmstadt /Y.\

.
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FAIR

GSl Accelerator Complex Today

One of the 18 Helmholtz research centers dedicated to fundamental research
in understanding the matter and universe using energetic ion beams.

Unique hadron facility for multi users
both dedicated operation as well as parallel operation mode
variety of operation modes, relative short transition in between

Ultra high vacuum technique to reach highest intensity uranium beam!
Comprehensive beam cooling to enable precision experiments at storage rings

GSI Helmholtzzentrum fiir Schwerionenforschung GmbH




UNILAC Overview F'\IR
| =" =1

High current ion sources and ECRIS for high charge state
ions: 14N, 160, 180, 50Ti, 40Ar, 48Ca, 107Ag, 124Xe, 208Pb, 238U
p+ and 12C from molecular beams (isobutane)

High intensity and bright uranium beams!

MEVVA
LA N - >
MUCIS IH-Cavity N
MEVVA [ gy . | laNevh § o%\% i
i RO - e —— g =t ) L\ e
CHORDIS RFQ 1 e
s
. 300 keV/u -
!?- Al ; —-I-_-*-_-_WW ‘-:-/-—-4--- -
\.
RFQ IH-DTL Gaseous Alvarez-DTL Single Gap -
120 keV/u || 1.4 MeV/u Stripping 36/48/59/8.6/11.4 MeV/u Resonators i

PIG lon source
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FAIR

GSI Facilities uniqueness
I= 5= 1l

versatileness and flexibilities
unique hadron facility for multi users
both dedicated operation as well as parallel operation mode

variety of operation modes o w
relative short transition in between )\Q

4 ﬂ TO SIS

MUCIS B3 1 Hz/0.3 ms
Kr?* 1 Hz/0.5 ms

"’Zn"” SOHz/5.5 ms 1 [
20 ms
Vs h ﬁ [~| ” H |—| “Kr“ le/O}ms/
1000 ms //- ' ﬂ U D

- ¥ &

I.’ %i & s 701 43 Hz/5.5 ms
~< | 1,1
\ e

?lG N)hl(» 5” /55 .
HU 1Hz/0.5 ms Mixed Mode Poststripper shcss

] 1

4 ol nnnnnann

1000 ms
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. N FAIR
N SIS18: the heavy ion driver == i

216 m synchrotron with maximum
bending strength of 18 Tm

Cycling rate 1 Hz

Consists of 24 dipoles and 12 triplets
Ramp rate 4 T/sto 10 T/s

Flexible triplet and doublet optics
S12KM2DV T S Multi-turn injection

i Equipped with electron cooler for
multi-multi-turn injection

UHV ring for accelerating low to
medium charged heavy ions

Slow extraction to various fixed
target experiments

Fast extraction for FRS as well as
feeding in ESR

vertical steerer

GSI Helmholtzzentrum fiir Schwerionenforschung GmbH




Number of Particles/Cycle

SIS18: the heavy ion driver

FAIR

For most highly charged ions, beam intensity limitation is dominated by

space charge

For low charge heavy ions, dynamic vacuum due to beam loss is the

leading intensity limitation

Atomic Number

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95

\ b T Stripper Charge State

1012

High Intensity low charge heavy ion

% 2012
1

10 4100} — ™ |
w
@ U 2009
3]

1010 E 3% 10} _ Ta“+1nusr_
= U 2003
(5]

2R+

10° E - lﬂln\‘- [ = 2001 ]
L
E
3 H\

108 < 1x109

107 & T T = — 80 02 0.4 0.6 0.8

H'"Cc8* Mg CF o KB 30 Nd Ta®'% 654 u .
2p* N7+ AI'** Ni? Mo™, 43+ sm>* Au o Time /s
8+ Si14+ Sn47+ Pb
Al’1850 Xe48 .
Ca Courtesey of P. Spiller
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Storage, deceleration and trapping of ion beams

3 « stable ions and RIBs
1010 - multi-charge state
| « beam accumulation
- » fast/slow extraction
g
1074 B CRYRING
R  electron cooling
; : e stand-alone operation
10 | o .
104 -
— al
eV 3 <
i =
10'3% T

GSI Helmholtzzentrum fiir Schwerionenforschung GmbH

ion source

Experimental Storage Ring ESR R&D Highlights

FAIR

« Comprehensive beam cooling

* Isochronous mode

* high precision Schottky spectrometry
for single particle detection

UNILAC q4(_30 MeV/u g 400 MeViu ESR
/ CL\FRS /N
(@i | 1
4 K ‘1
LITRAP 4 MeV/Iu Val
4 MeV/u ... 100 keV/u ‘
CRYRING  —oMev/ u/

14




Comprehensive beam cooling

Stochastic cooling and electron cooling
to facilitate the internal target experiment

at the storage rings
compensate energy loss due to internal target

reduce the momentum spread, as well as
transverse emittance

R&D in developing laser cooling for
heavy ions

FAIR

Stochastic cooling at ESR

energy 400 (-550) MeV/u

freq range 0.9-1.7 GHz)

op/p =10.35 % — op/p ==+0.01 %
g=10x10°%m - £=2x10%m




FAIR

High precision mass spectrometer
I= 5= 1l

Isochronous mode

Af - Ar_ L Atm/g) (4 _ 1 (=0.ify=1)

f T V2 m/q Y’
ISOCHRONOUS MASS SPECTROMETRY

Tek = <]
B File View Run  Replay Markers Setup Presets Tocls Window Help -6 x
SR 9~ M (PG T ES N Frequency 2473BMH: Refles 000 dBm B OReplyy - DR -
o sumu:s/hen ru.—a:J
3908 i a
o RBW: :
200 2
£ vBw:
130
¢ S
»*‘ b 3
TOF-Detelctlor _ (m/q), _ _ o
= , |
| Autoscale © CF: 244.7328 MH: © Span: 50.0 kHz
warkers [Defne | v~ wr  [Tme  v|79scoms  [Tocener] [pesk] [¢] (3] [#] [#] [Tabe ] [x]
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! Hot Fragments
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From GSI to FAIR FAIR
=== 1l

b FAIR
w../:/froton LINAC \

L )

S1S100

Production of new
exotic nuclei

Production of
antiprotons

- Existing facility
. Planned facility
- Experiments

Collector
ring CR

GSI Helmholtzzentrum fiir Schwerionenforschung GmbH 17




FAIR — universe in the laboratory

! %:k\\{i‘! it D 3 ‘. “
— | :

Hadron structure and dynamics

SIS100

EXxetic neutron-

rich n

uclei
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Challenges in Accelerator Science & Technology FAIR

= =N F-\I%r

‘E SIS100

Vad / J‘ N “
, —~ / \ N Production of new
~ ¥ % e T exotic nuclei
I \/ ; | Production of
— / antiprotons
100 meters / / > i

“Gain factors” rel. to GSI
100 — 1000 x intensity
10 x energy
antiproton beams
system of cooler storage rings

. Existing facility

/ ' J . Planned facility
—
Collector - Experiments
ring CR

GSI Helmholtzzentrum fiir Schwerionenforschung GmbH
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Unique challenges: High intensity RFQ (HSI RFQ) FAIR
=== Il

4-rod design

e
e

Very high pea

_ \{‘

HSI-RFQ

Electrode voltage / KV

Av. aperture radius / cm

Electrode width / em

Maximum field / kKV/em

Modulation

Min. transv. phase
hdvance / rad

Synch. Phase, degrees

with modulation

Min. aperture radius, cm

E\Turm, transv. acceptance 0.856 0.73
pm

Number of cells 304 343

Length of electrodes, cm

GSI Helmholtzzentrum fiir Schwerionenforschung GmbH

Rf Power [kW]

H.Vormann, et al., LINAC 2010

k field is required for accelerating U4+

rf-voltage

(acceleration of U%)

Tank Voltage [V]

1400 = a
2 )
1200 7 / v
1000 A /]
/"
800 b //
/»4
600 ST —~— Fwd new Rfl new
oo ——Fwd 3 weeks ——Rfl 3 weeks
400 /::/ — ——Fwd 9 weeks La—Rfl 9 weeks
== ——Fwd 1year Jp=—Rfl1year
200 T b=
0 by :eguigrtﬁfﬁg& =
6.5 7.0 7.5 8.0 8.5




Unique challenges: High intensity RFQ (HSI RFQ) F'\IR
I= == 1

Reach the require high field reliably

RFQ Tank Voltage vs RF Power

1 250
| I ‘ I ‘ / i 10 I2015 |
- wr=PfWd(MW) 2018_06_18 A ol
' e PTwd(MW) 2015_10_16 l
06_2018 T
0,8 +—— ===Pfwd(MW)2016_07_22 ; 200
I —=—Prefl (kW) 2016_07_22 07_2016
0.7 | ——Prefl (kW) 2018_06_18  §

06 || —*Prenew 2015 1016 | I 2 / K i80
11/
' 04 ? refledtefi R.F100
/ / power limit
0,3

Y ’ 50
- E. Plechov / G. Schreiber

- “ . 0,1 i—+ ; |
— P !:: ﬂ:é/l o 0

Prwa (MW)
Pren(kW)

BEa o

1 15 2 25 3 35 4 45 5 55 6 65 7 75 8 85 9

Tank Voltage U (V)
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Unique challenges: high intensity heavy ion beamsl:'\IR

L

Higher Energy =— >

. Critical to understand the g
10 interplay between space LHC 4| 5
106 charge and lattice resonance &)
. pPS ® =
c, SIS100 ™ SPS | ¢
= Q, [ | —
10° %, AGS Q0
9o o)
n 2 O
= ] 5 S
4 MR JPARC "
21 PSB
u SNS
AGS n = %
103 Booster ®
je
wn
SIS18 = L JPARC <
102 RCS 5
e
-
0 Higher Intensity | dp)
1 -0.5 AQ 0
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Space charge dominated beam dynamics

coupling of space charge with lattice resonances

bu

complete experimental confirmation at SIS18

FAIR

beam pipe

betatron oscillation

2

1.5

For large ampulitude

frequency becomes
amplitude
dependent

resonance line driven by
either lattice error or
Space Charge

Periodic crossing of a resonance

Courtesy of G. Franchetti

particles, either form Vi
halo or beam loss due
to multiple resonance
crossing 7

>
measured space¢ charge
BOMRNce width
2
Measurements -dN/N
0.25
0.2 15
015 = —
2 1
0.1 3
0.05 0.5
" 0
4.2 4.3 4.4 4.5 0
Qy

G. Franchetti et al., GSI-Acc-Note-2005-02-001
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Unique challenges: low charge state heavy ions FAIR
- I= 5= 1

mitigating the dynamic vacuum instability

beam induced desorption SIS18 vacuum during high intensity operation

Dipole

1E9 30.10.2003 09:12:45

Coulomb-Scattering

!

Projectile-lonization
or B decay

ion beam collimator

GSI Helmholtzzentrum fiir Schwerionenforschung GmbH 24




FAIR

Recipe for Mitigating Dynamics Vacuum Instability
I= == 1

= Short cycle times, short sequences and short injection plateat g .
Fast ramping (SIS18: 10 T/s, SIS100:4T/s) [ T % .

(power connection, power converters, Rf system, T é é o
i

fast ramped (superconducting) magnets) T T

* XHV and huge pumping power

(NEG-coating, cryo pumping - local and distributed)

wu«o"“w ‘Ebene” StoBwelle
v 4 . N
» | ocalizing beam loss and controle/suppression of >(
desorption gases y ]

Strahl

Kollimator

(lon catcher system with low desorption yield surfaces,
Synchrotron optics and lattice design)

» Minimum ,effective” initial beam loss

(TK halo collimation, low desorption yield surfaces)

GSI Helmholtzzentrum fiir Schwerionenforschung GmbH Courtesey of P. Spiller




Roadmap towards FAIR FAIR
- iI= =1L

Upgrade the UNILAC for high
intensity operation =51 F-\IR

* beam intensity
* reliability

Fast'ralping super-
Fast rampjhg/injector: conducting synchrotron:

w Proton LINAC ° hlgh bea intensity SIS100 *Fastra plng
o I INg magn
</ )L superconducting magnet
\_»\\

* 5x10%4 proton
W/ y ‘ + « 5x10Yproton
L/ ,- 1.2x10% U a7 A
~/

oy - Y %y @

lon sources » 7 \\
. . - 2 / _h

High current U4+ ion ﬁ// Challenging beam technique

source operation at W Extraction:

high repetition rate : )Y - spill structure
2.7 Hz for SIS18 O / , ‘ « Beam position stability

booster mode

4o SIS 100 cycle 2x10p

| / ' 29 GeV 1
v‘ / (1 s accumulation time)

Antiproton/heavy ion accelerator N\ 9//84 \ /_:::lfswu

chain CR and HESR: .

- Efficient beam transportation/capture 4Gev 4 1 T T T o

- High energy antiproton beam cooling | \ | VA VA VA VAN
- 70MevV  5.5x1012p .
| GSI F 0 0.5 1.0 time [sec]




FAIR Phase-0 FAIR
intermediate research program =5

Objectives:

Forefront research by employing
and testing new FAIR detectors

Exploiting upgraded GSI
accelerator facilities incl. the
newly installed CRYRING

Education of young scientists

Maintain and extend skills and requires careful techn. preparation:

expertise full re-commissioning of the
UNILAC/SIS18/ESR complex

Serve national and international ,
incl. new controls

user community . _
gradual implementation of

the intensity increase to avoid
any damage and activation

GSI Helmholtzzentrum fiir Schwerionenforschung GmbH 27




Beamtime for FAIR Phase 0O

General Plan of Accelerator Operatlons 2020 (approved 2019 09 13)

January 2[3/4/5/6]7]8]9 )10 | 31 12 h *
FHMTW F -M \w \- TIWT|F -urwr Tw T -M wT[F MI\WT .
Unilac E— Unilac -
SIS/HEST | ] SIS/HEST
ESR | H = . |
Cying —] Coying I
oweLinac 2 O 2 O ow-tinac
May
Unilac )
oy ———
ESR
Cryiing | \ | Cryring
cw-Linac cw-Linac

July

Unilac
SIS/HEST
ESR
Cryring
cw-Linac

beta decay were fulfilled

October

Unilac
SIS/HEST
ESR
Cryring
cw-Linac

including beam stacking

CRYRING is commissoned with beam from ESR

High intensity heavy ion campaign towards FAIR

= " Despite of the COVID-19, 2/3 of the experiments
including the challenging ones such as bound state

‘m = Heavy ion beams established throughout the chain

Re-establish ESR for its storage ring operation mode

FAIR

March

1]2]3]4]s]67]8]9]10[11[12]13[1a]15]16]17]1819]20/212223]24]25 26 27 28 203031,
| G i Tw T P T TTE v w T P T
Unilac

oy |
s

Crying | |

cw-Linac

une [ [e[1o[[iz13fna 15 1 25726 27282030
MTW‘T‘F [ Tiw TP T MTwT PN

Unilac

SisesT —

ESR

Caying —

cw-Linac

ESR ESR _ ESR
Cryring | Cryring L Cryring
s's7-9mmzums:nns:eznznznz2zezr 30
UME  CRCE ERCRG | CRCNE M
SIS 18 5518 I @ sis1s [
R I 2 R ——
Cryring Cryring | Cryring
cw Demo cw Demo I cw Demo | |
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Current nominal performance for FAIR Phase O F'\IR
I= 5= I

|
https://www.qsli.de/work/beschleunigerbetrieb/betrieb.htm

Nominal Intensities at Experiment for UNILAC and 51518 Operation 2021-2022

* 50Hz Operation for the UNILAC Experiments will be restricted by the Max Energy of 5.4 MeVv/u.

** Beam energy upto 8.6Mev/u: 1) lower charge state especially for heavy ions 2) limitation on highest energy for heav ions 3] could be limitation for beam guality, which can limit the developrment of high intensity development towards FAIR
*** nominal intensity for slow extracted 51518 depends on the beam energy. Currently, the 51518 electrostatic septum afficiancy scales down from rigidity 12Tm.

*#** hold green ions have been used in the current ongoing operations since 2019

UNILAC 51518
= Mominal 2
Projectil Ches Isotaoy ANernge particie MAX Rep rate? lon 5ol ] :m fep Mate Mamimum lon 5o L] t:
cjectile rge sotope — P on Source ntensity = [Gew/ul on Source mments
(per Cycie] £
u T3/68 132 AT e /o8 s 1:|Tr|e:|z'mnrc operstion with pulsed EH:-:L_JFE.'I:- not supurhel:l in 2021-2022
2) The H5I RFO currently reached 23% of the nominal voRage required for U4+ beam
Bi 63/64 205 Z.00EHS 1Hz 1110 WARIS
Ph . 102 i 0,5H: - e The enriched 206 Material is in house [was bought for the EXF Litvinov). The enniched materila for
Z0E Isotope must be procured axtra.
E3 1.50E409 1Mz 131 WARIS
Au 197
26 0.1 ppA 0Hz FiE FiE
Xe a4z 124 Z.00EHDS 1Mz 1.4 MUCE Thes BALICIES P'uj:l.—.ile produ ction ist SHz
Ag 45 107 1.D0E+HDS 1Hz 137 WARIS
22 . DDEHDE 1Hz 167 Fis
Ti 30
12 0.2 ppA H0Hz Fis
20 5.00E+HD8 1Hz 1.33 EZR
Ca ag
] 0.E ppA H0Hz EZR
Ar 18 ag 3.00E+H1D 1Hz 172 MUCE
Mi 2E 38 3.00EHDS WARIS offered in 2014
Ne ] 22 3.00EHDS 1Hz i72 MUCE offered in 2014
o g 1B 5.00E+H1D 1Hz 169 WARIS
3 16/18 1ppa 0Hz EZR
M 7 14 T.OOEHLD 0,33Hz 195 MUCsE Approved by Radiaticn Protection
Li 13 7 2ed01e9 Fis offered in 2010
C E 1z 4.00EHS 1Hz 199 MUCE
2 2.4 ppA 30Hz EZR possinle basic attenuetion
P 3 H3 maleculs 1.00E405 0.4z BMUDE pamlle ootion Emited to .!.."ﬂ,upbc 3
[The operation with protons has the following restrictions from teh UINILAC site:
= i iton with Sasjat-Stri ' meat pulsed
p 1 |cHImolecuie 2008410 0.2k 157 Mucs pernitan With GRijeb-Sirnpper, rat pulse
- CH3 from High current lon Source
- exclusive operstion, no othar beams in Poststripper



https://www.gsi.de/work/beschleunigerbetrieb/betrieb.htm

Highlights: SIS18 slow extraction

sporadic spill structure

FAIR

Not yet comprehensive measurements to ping down the smoking gun(s)
Cause deadtime on the detectors

* Deadtime resulted a factor of 5
reduction of physics rate

300
9]
k=
L : € 250+
Significant improvement of 0
extraction beam quality w.rt 9 »pp] HADES
that HADES! £
B 3 2 150
= =3
® 20 S 100+
4 v
— ()
o 151 = 50
7 5
[©] o
E 101 0=
E L 0.
I n
E : ;Vvlut:p‘t‘:xtzztie::::t:’kinz to 3.8 kHz)

5 10 15
time from extraction start (s)
R. Singh et al, PHYSICAL
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Highlights: Beam Accumulation in the ESR

—
-

FAIR

« Beam stacking is now operational with FAIR control
 Pb beam decelerated, and extracted to CRYRING

stack orbit
(electron cooling)

injection orbit
(stochastic cooling)
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M. Steck, GSI 3rd beam time retreat

62 injections: 2x106 205T[81* jons
(exceeding the proposal intensity
by a factor 2)
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Highlights: CRYRING

(bare)

6 x 106 particles delivered from ESR at 10 MeV/nucleon

FAIR

lectron Current ifetime Measured Lifetime

Captured, Stored and Cooled Pb’8* and Pb8%2* :

24(1) 33
3 x 10° particles available for experiments in CRYRING@ESR m

after cooling

lon beam deceleration to 4 MeV/nucleon has been successfully

tested

Pb&2* |ives between 10 and 20 seconds

-10.0

Lifetimes measured for different energies and ions m-

. §
P

18

5(1) 75

Ref -11.80 dBm

-15.0 .
-20.0 58
-25.0
-30.0

-35.0
-40.0 SEEE
-45.0
-50.0 .
-55.0 .

Relative Acquisition Time [s]

-20.0 -15.0 -10.0 -5.0 0.0 5.0 10.0 15.0 2C
Horizontal Profile [mm]

Horizontal beam profile over time
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Life time ca. 18s

Center 810.000 kHz

beamcal

Pb78+
Pb78+
Pb82+
U922+

@4 MeV/u

Pb78+

AMKr2 18.65 s
-8,720 dB

-
Span 0 Hz

Res BW 2.0 kHz VBW 2.0 kHz Sweep 25.00 s (1001 pts)

Lifetime, i.e. time for a signal drop of 8 dB

F. Herfurth, GSI 3rd beam time retreat




High Intensity Heavy lon Campaign in 2020 FAIR
I=5= 1

« Dedicated 5 days of beam time to re-establish low

charge state heavy ion beam

« 209Bi beam was used instead of 238U due to COVID19 l\
* Pulsed gas stripper was re-commissioned with both N, and H, i

» SIS18 high ramp rate (7T/s) was used

* To meet FAIR requirements for U28+, 15emA at the exit of
UNILAC is required

QT —

=T
3
L =
= = _1 UNILAC
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High Intensity Heavy lon Campaign in 2020
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High Intensity Heavy lon Campaign in 2020

Last Acquisition: 2020-05-27 16:20:08.009 SIS18 _FAST HHD_20200527_085042.C1 FAIR SELECTOR.C=3:T=300:5=2:P=9

Intensity
Statistics
Min. Value: -2.28E+07
Max. Value: 2.85E+10
Average: 1.41E+10
Stddev: 1.02E+10
Current
Statistics
Min. Value:  -0.07
Max. Value: 58.54
Average: 28.64
Stddev: 23.07
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Achieved Beam Performance w.r.t FAIR requirement

Updated: Oct. 2020

High intensity U28+ beam is one of the flagships of FAIR

Design: Cycle Ramp Intensity €,[mm-mrad] €y,[mm-mrad] Bunch area eVs/u
Uranium28+ rate[Hz] rate[T/s]

reached

Design||reached Design||reached Design

IQS 27|11 - -

Entrance of = = =
HSI RFQ
(U4+/Bi4+)

Entrance of - - -
Post-stripper

(U28+/Bi28+)
UNILAC TK8 - - 15 emA
(U28+/Bi28+)
SIS18 In;. 2711 10114 2ell
(U28+/Bi28+) Il 1* | 7
SIS18flattop 2711 1014 12e11
(U28+/Bi28+)

Il 1* Il 7
Note:

[1] Transverse emittances in the table are normalized 4 times rms emittance. SIS18 design bunch area is based on 2/3 of bucket area

Reached

1lemA

6.3emA*

5.4emA

5.5emA*

4.3emA

2.7emA*
4.5e10

3el0*
3.2e10

1.7e10*

Design

1.0

235

5.5

Reached

0.35

0.5*

0.84

0.4*

0.60
0.4*

N/A

N/A
N/A

N/A

Design

7.8

2.4

Reached

0.31

0.25*

0.8

0.75*

0.64
1.3*

N/A

N/A
N/A

N/A

[2] Uranium data were from 2012 for SIS18, and 2016 for UNILAC during which N2 gas stripper was also used
* for 2020 high intensity campaign, Bi28+ was used instead of U28+ due to COVID-19 crisis, and pulsed H2 gas stripper used

FAIR

design

o +1e-3
p
4.5ns

0.1

0.15

N/A

N/A

N/A
N/A

N/A
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Measures for meeting FAIR requirements

.
L Upgrade measures

lon source 2.7 Hz high current uranium source ongoing
dedicated uranium terminal planned
UNILAC HSI RFQ upgrade proposed

Redesign of RFQ beam dynamics and matching
to subsequent pre-stripper, LEBT, RFQ dynamics,

MEBT
HSI MEBT upgrade proposed
SIS18 mitigate the dynamic vacuum instability: control of proposed

systematic beam loss and cryo pumps

Advanced techniques to address beam intensity ~ Under
limitations investigation

Systematic evaluation of beam parameters ongoing
including 6D emittance

CRYRING Upgrade of RF and vacuum Planned

GSI Helmholtzzentrum fiir Schwerionenforschung GmbH

FAIR

2018 to 2023
2020 to 2026

* Corresponding details will
be formed after carefully
evaluating the systematic
high intensity heavy ion
beam performance during
the upcoming operations

* Implementation of the
measures depends on the
budget availability

Similar as above

Similar as above

Similar as above

Q4 2019 to FAIR
commissioning

Depending on budget and
resource availability




FAIR

HFHF Accelerator Program === 1l

HFHF: The Helmholtz Forschungsakademie Hessen fur FAIR

Continue the excellent torch of HIC4FAIR with more focus on addressing the
scientific challenges for FAIR phase 0 towards FAIR

Accelerator program is part of the Accelerator physics and scientific
computing, one of the 5 scientific programs

Currently 4 members with research topics to address

HLI upgrade and High intensity ion LINACs Extreme beams and
innovative RF techniques | Prof- Dr- Uli Ratzinger complex systems
Prof. Dr. H. Podlech * lon source including LEBT and | Pv. Dr. G. Franchetti, Prof. Dr. Mei Bai
. Address the technical beam formation improvement |* WP 1 —comprehensive
challenges for reliable * Investigate cavity field limitation dynamics modeling of
* Innovative RFQ beam extreme beams

operation of high duty

cycle RFQ for heavy ions gngﬁz reduced longitudinal |+ \wp2— Application of
Al/ML in the optimization

e tri ' tigati i
as stripper investigations of beam and operation

* Investigate the automation |, Efficient heavy ion linac

of RF conditioning and acceleration for a substantial performance in an
deve|0p and event Un”ac energy upgrade in the acce|erat0r Comp|ex
prediction system longer future system

GSI Helmholtzzentrum fiir Schwerionenforschung GmbH




Roadmap towards FAIR

High intensity ion LINACs
Prof. Dr. _UIi Ratzinger

FAIR

Upgrade the UNILC
intensity operation
* beam intensity

* reliability

==u []|R

Fast rampj
- high bea
_» 5x10%4 proton

« 1.2x10% Uz

/—
] 52

injector:

Proton LINAC

sMBoaRREtetN @lies
i, P erli P leaie

Antiproton/heavy ion accelerator
chain CR and HESR:
- Efficient beam transportation/capture
» High energy antiproton beam cooling
GSI +

intensity SI1S100

/4

Fast'ram ping super-

conducting synchrotron:

* Fast ranjping

« 5x30%proton

011 U28+

superconducting magnet
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FAIR 2025
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