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Brief Introduction of GSI/FAIR accelerator facilities
core competences and unigueness

Charges and challenges of FAIR Phase O
What is FAIR Phase 07
Status and challenges

Construction

Towards FAIR of FAIR
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GSI/FAIR Accelerator Facilities

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
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UNILAC Overview
I= 5= 1l

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

High intensity and bright uranium beams!
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Storage, deceleration and trapping of ion beams

iI= =1L
Experimental Storage Ring ESR R&D Highlights
E « stable ions and RIBs « Comprehensive beam cooling
1010 - multi-charge state » Isochronous mode
] « beam accumulation * high precision Schottky spectrometry
] « fast/slow extraction for single particle detection
8 _ S 400 MeV/
10 : CRYRING uniLac 1 Mf"wu S © ESR
R * electron cooling \ % FRS
] . « stand-alone operation [ gIS 18
10° - __beaffafrom ESRx \
1 N
10% 4 o 4K
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eV — al =
3 < 2 4 MeV/u ... 100 keV/u /
] 10 MeV
E = = CRYRING
1073 3 -
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norm. counts

GSI Facilities uniqueness
iI= =1L

Versatileness and flexibilities
uniqgue hadron facility for multi users

both dedicated operation as well as parallel operation mode
variety of operation modes
relative short transition in between

Histogram of experiment durations
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From GSI to FAIR
=1

Production of new

/ NS exotic nuclei
\/ _ ‘ Production of
/ ' 4 antiprotons

100 meters

. Existing facility

. Planned facility
-

Collector . Experiments

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




Roadmap °
iI= =1L

= From FAIR phase 0 to FAIR

existing facility
upgrade retrofitting FAIR DAY 1

Construction
of FAIR

FAIR
commissioning

FAIR

implementation
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FAIR Phase-0
intermediate research program =

Objectives:

Forefront research by employing
and testing new FAIR detectors

Exploiting upgraded GSI
accelerator facilities incl. the
newly installed CRYRING

Education of young scientists

requires careful techn. preparation:

full re-commissioning of the
UNILAC/SIS18/ESR complex
incl. new controls

Maintain and extend skills and
expertise

Serve national and international

user community _ .
gradual implementation of

the intensity increase to avoid
any damage and activation
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Beamtime for FAIR Phase O

2018

General Plan of Accelerator Operations 2018 (approved: 2018-09-16)
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Beamtime for FAIR Phase O

General Plan of Accelerator Operations 2019 (approved: 2018-10-24)

1]2]3]4|s|6|7]8|9po1)213 l4‘1516 l?llﬂ19202122‘23242525272529]031

1]2[3[4[s]6]7]8]9Pof11jrzi3)1425)16)27 151920|2122232425262725

12| 3]4]5]6]7]8] 91011112 13]14]1516/17[18]19 20121 22[23 24]25]26 27 28 293031

17[18[19 20 21 (2212324 25 26[27]28128]30 51

M T WTF M[TWTF

Jama” TWTF MTWTF MTWTI|F MTWTF MTWT Fehmary MTWTF MTWTF MTWTF MTWT = F MTWTF MTWTF MTWTF MTWTF
Unilac ] Unilac | | Unilac
SIS/HEST SIS/HEST ] ] SIS/HEST |
ESR ESR ] ESR
Cryring 20 19 E o: ] crying [
* Re-establish Uranium and Pb
™ =« Re-commission ESR with FAIR controls § TheRd iR
FisHesT — » Deceleration of ESR for feeding CRYRING
Cryring » Accumulation of Rare Isotopes from FRS I
« Stored beam in CRYRING
n « Beam studies/MD for addressing SOk - Dl - Dut o
SISHEST * FAIR phase 0 needs -
ESR . . [ ]
cryring » Slow extraction, Proton beam operation, etc h _
* FAIR construction
« SIS18 IPM, FAIR experiment detector test, etc

oacter 11 « FAIR future operation: e e b e e
s : « FAIR booster mode, etc
ESR
Cryring ] Cryring | 4 | Cryring

ESR I s | ESR I

Cryring Cryring | Cryring | ‘

[27128 2930

17/18 39 2022 2223 24 25[26]
W T F

| DACAIE S

1718119 20 2122 23|24 25 26|27 28 29 30
MTWTF M| TIW[T]F

17[18119 2021 (22]23]24 2526|2728 129 ]30)
MTiw T F T[T M

GSI Helmholtzzentrum fir Schwerionenforschung GmbH

11



Beamtime for FAIR Phase O

General Plan of Accelerator Operatlons 2020 (approved 201 9 09 13)
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Current nominal performance
I= 5= 1l

https://www.gsi.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 MaAX Energy of 8.4 Mev/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 development of high intensity development towards FAIR
*** nominal intensity for slow extracted 51518 depends on the beam energy. Currently, the 51518 electrostatic septum efficiency scales down from rigidity 12Tm.

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

UNILAC 51518
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https://www.gsi.de/work/beschleunigerbetrieb/betrieb.htm

Beam time 2020 Achieved
=5 1

Despite of the COVID-19, 2/3 of the experiments including the challenging ones such
as bound state beta decay were fulfilled

Heavy ion beams established throughout the chain
1.3e9 uranium beam was established at the end of 2"d Engineering run

Stable Pb and Bi beam throughout beam time. 2e9 Bi beam was established at SIS18
flattop with and without the last tank of UNILAC Alvarez (A4)

Re-establish ESR for its storage ring operation mode including beam stacking

Highly charged Pb beam from ESR were injected, stored, cooled and decelerated in
the CRYRING. Lifetime at different energy was measured. Pb82+ lives between 10-
20 seconds

Proton beam for FAIR phase O
Proton beam@4.5GeV was established and slow extracted to the target

5e10 beam intensity at flattop was achieved. Higher intensity for 2021 beam time is
foreseen if ample time is available for machine optimization

High intensity heavy ion campaign towards FAIR
4e10 Bi28+ was established at SIS18 injection, and upto 3e10 were at flattop
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mailto:beam@4.5GeV

Highlights: ESR °
iI= =1L

Time/div:
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Highlights: CRYRING

lectron Current ifetime Measured | ¢ H
Captured, Stored and Cooled Pb’8* and Pb8%* s Lifetime
beamcal
(bare)
6 x 108 particles delivered from ESR at 10 MeV/nucleon “24(1) 33 Pb78+
3 x 10° particles available for experiments in CRYRING@ESR

i 22 3(1) 28 Pb78+
after cooling
lon beam deceleration to 4 MeV/nucleon has been successfully F’

tested 2mA

Lifetimes measured for different energies and ions
Pb82* lives between 10 and 20 seconds

0.0

-5.0
-10.0
-15.0 —SEE
-20.0 S
-25.0
-30.0
-35.0
-40.0 —SEEs
-45.0
-50.0 —SEE.
-55.0 SR

Life time ca. 18s

Relative Acquisition Time [s]

-20.0 -15.0 -10.0 -5.0 0.0 5.0 10.0 15.0 2C Center 810,000 Kz Span 0 e
Horizontal Profile [mm] Res BW 2.0 kHz VBW 2.0 kHz Sweep 25.00 s (1001 pts)

Horizontal beam profile over time Lifetime, i.e. time for a signal drop of 8 dB
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Highlights: SIS18 slow extraction
I= 5= 1l

sporadic spill structure

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

300 _ —
= T With 44 4rn oxcnation . Deadtime resulted a factor of 5
-a 250 —— Swept excitation (5 kHz to 3.8 kHz) redUCtIOH Of phyS|CS ratel
3
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Q 200 .
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B 50 R3B
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20
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Highlights: SIS18 slow extraction

sporadic spill structure

Not yet comprehensive measurements to ping down the smoking gun(s)

Cause deadtime on the detectors

Maximum-to-average ratio

 Deadtime resulted a factor of 5
reduction of physics rate

1.557644e+07

7.067e+07
7215

x108

300 . .
0 — Without excitation _ + Knockout instead of res. extraction
= —— With 4.4 kHz excitation
. PP . 0 4 —— Swept excitation (5 kHz to 3.8 kHz)
Significant improvement of © 250 "
extraction beam quality w.r.t o 0. .
o~ structure [100 us / bin]
that HADES! c HADES \ structure [100 us / bin]
e . Entries
» £ 1507 Lot of empty and overfilled R3B | "
2 bins without excitation St Dev
201 o 100 -
u
(@)
151 _E 50
(18]
10 o 0 IV S LA y N L I.. VAN _"a:;
~» 0.000 0.002 0.004 0.006 0.008 .010
time from extraction start (s)***>>¢*
51 —— Without excitation 40 ’
—— With 4.4 kHz excitation
—— Swept excitation (5 kHz to 3.8 kHz) {
e om exvecion st : ke
e om exirecion st ) JJ’lH“W'wH UlaTa e [J m M ‘ by *Wﬂﬂuw Nt
0 70.655 70.66 70.665 70.675

R. Singh et al, PHYSICAL
REVIEW APPLIED 13,
044076 (2020)
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Challenges in Accelerator Science & Technology
iI= =1L

Upgrade the UNILAC for high \

- - : iI= 5= 1L S
m:)eegsr:)i/n?epniri?;m i) Fast ralping super-

. reliability Fast rampjhg/injector: conducting synchrotron:

Wj}(ﬁon LINAC ° hlgh bea intenSity SI1S100 *Fastrd ping

o _ ~/~ f )L "+ 5x10'4 proton superconducting magnet
g LA 7 / o 1 Ex10% 28+ » 5x30Y7proton
el : J - j* X : 0 Y28+
A ~ 56 ’

sources i_ﬂv/\y RS
High current U4+ ion "=/ /( W/ =
source operation at i/'l\ /

high repetition rate 7
2.7 Hz for SIS18 O /

booster mode

lon
Challenging beam technique
Extraction:

spill structure
« Beam position stability

Antiproton/heavy ion accelerator
chain CR and HESR;

« Efficient beam transportation/capture /
 High energy antiproton beam cooling
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Measures for meeting FAIR requirements

=51
| Upgrademeasures | Status | Timeline
lon source 2.7 Hz high current uranium source ongoing 2018 to 2021
dedicated uranium terminal planned 2020 to 2023
UNILAC HSI RFQ upgrade proposed * Corresponding strategy
Redesign of RFQ beam dynamics and will be formed after

carefully evaluating the
systematic high intensity
heavy ion beam
performance during the
upcoming operations

* Implementation of the
strategy depends on the
budget availability

matching to subsequent pre-stripper,
LEBT, RFQ dynamics, MEBT

HSI MEBT upgrade proposed Similar as above
SIS18 Cryo pumps to mitigate the dynamic proposed Similar as above
vacuum instability
Advanced techniques to address beam Under Similar as above
intensity limitations investigation
Systematic evaluation of beam parameters Proposed Q4 2019 to FAIR
including 6D emittance commissioning
CRYRING Upgrade of RF and vacuum Proposed Depending on budget and

resource availability



The Alvarez Poststripper Replacement
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Path towards FAIR
I= 5= 1l

Targeted R&D

-- UNILAC upgrade measures
high intensity RFQ, heavy ion stripping, end2end optimization, etc
-- SIS18:
1) intensity limitation mechanism: dynamic vacuum,
other beam instability mechanisms, etc ‘
2) mitigation: feedbacks. etc
-- Storage rings: precision beam ﬂrols

Systematic evaluation of the UNILAC and SIS18
performance for meeting long term needs

-- UNILAC - SIS18 high intensity/high brilliance MDs
-- full commissioning of SIS18 upgrade measures
present -- continue 2.7Hz ion source development and UNILAC new post
® stripper (Alvarez) implementation

Implementation of all identified mitigation measures
-- mitigating all UNILAC and SIS18 limitations
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FAIR 2025

Thank You!

-
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FAIR Project Status - Visitto CERN 23.0



