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1. A map that shows the roads of a country or area, sometimes also giving basic 
local information of interest to a traveller; … 

2. figurative. Frequently with to, for. A means of bringing about or reaching 
something; an outline or representation of something, used as a guide. Now often: 
spec. a plan or strategy intended to achieve a particular (political) goal, as 
road map to (also for) peace, etc.
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The Use of the Term Roadmap

Roadmaps are a 
growth business
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Can we have ONE Roadmap?

§ The dream of funding authorities: one roadmap that specifies the accelerator 
R&D and roadmap for future accelerators in one piece

§ One roadmap requires a common list of goals: 
à define common and over-arching goals 
à common roadmap
à this workshop

§ Then every lab has its own, specific goals:
à separate, lab- or project-dependent  goals
à separate lab roadmaps

§ In the following: some insight into FAIR/GSI specific challenges and goals, as 
well as input to some common and overarching goals

R. Aßmann - ACC
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GSI and FAIR Goals

and 

Progress

R. Aßmann - ACC
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GSI and FAIR

R. Aßmann - ACC

Aerial View on 25 Feb 2024
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Heavy Ion Trap
HiTRAP

High Energy Transfer
Lines HEST

Present GSI Complex

• World-class ion 
accelerator 
facilities

• Ion linac

• Storage ring

• Synchrotron

• Beam cooling

• Ion traps

• Decelerators

• 55 years and 
getting stronger
à plus FAIR

R. Aßmann - ACC

1 GeV/u
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Ion Species Provided at GSI

§ 34 elements are available 
for accelerator operation 
at GSI:
§ 28  -  from high current sorces
§ 19  -  from PIG sources
§ 22  -  from ECR source

§ 5 new elements are in 
development

-  provided for experiments
-  in development

R. Hollinger, F. Maimone, A. Adonin, A. Andreev, R. Berezov, M. Galonska, F. Heymach, J. Mäder, R. Lang
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Our Ion Beams at GSI (Nominal Intensities 13.03.2024)

R. Aßmann - ACC

GSI - Nominal Intensities

This table contains examples of the most frequently requested scenarios. For other ion species, isotopes and charge states, ask your local contact

UNILAC SIS18 ESR Cryring

ion species ion source
max. rep. 
rate****

charge 
state

nominal average 
particle current

max. rep. rate 
(fast ext.)

charge 
state

nominal intenity per 
cycle @ extraction

charge 
state energy / u

stored 
intensity

charge 
state

nominal intensity per 
cycle @ injection

U-238 VARIS 0.5 Hz - 1 Hz 73+ 3E+09 91+/92+ 300-400 MeV 1E+08
91+/92+ 40 MeV 4E+07
91+/92+ 10 MeV 5E+06 91+/92+ 1E+06

Bi-209 VARIS 0.5 Hz - 1 Hz 68+ 2E+09
Pb-208 VARIS 0.5 Hz 67+ 3E+09 78+ 5E+06
Au-197 VARIS 25 Hz* 26+ 0.1 pµA 0.5 Hz - 1 Hz 65+ 2E+09 75+ 5E+06
Xe-124 MUCIS 0.5 Hz - 1 Hz 48+ 4E+09
Xe-136 MUCIS 0.5 Hz - 1 Hz 48+ 5E+08
Ag-107 VARIS 0.5 Hz - 1 Hz 45+ 2E+09 47+ 5E+06
Ti-50 PIG 50 Hz 12+ 0.8 pµA 0.5 Hz - 1 Hz 22+ 2E+08
Ca-48 ECR 50 Hz 10+ 0.8 pµA 0.5 Hz - 1 Hz 20+ 5E+08
Ar-40 MUCIS 0.5 Hz - 1 Hz 18+ 4E+10
Mg-24 Cryring ECR 1+ 2E+06
O-18 VARIS 3+ 0.5 Hz - 1 Hz 8+ 5E+10
N-14 MUCIS 0.5 Hz - 1 Hz 7+ 7E+10
C-12 ECR 50 Hz 2+ 2.4 pµA 0.5 Hz - 1 Hz 6+ 4E+09

MUCIS (from CH3 molecule***) 0.5 Hz - 1 Hz 6+ 2E+10
Cryring ECR 1+ 2E+06

H-1 MUCIS (from H3 molecule**) 0.5 Hz - 1 Hz 1+ 1E+09
MUCIS (from CH3 molecule***) 0.5 Hz - 1 Hz 1+ 8E+10

* 50Hz is possible only with exclusive operation mode
** in parallel operation mode with high MAZ and adopted synchronous phase (higher intensity possible only during exclusive proton operation)
*** C + H parallel high-current operation from molecule source
**** for A4 operation (11.4 MeV/u), repitition rate is limited to 10 Hz and pulse length to 1 ms
3E+09 positive changes compared to 2022 table
1E+07 negative changes compared to 2022 table Status: 13.03.2024
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Discovery of Bohrium, Hassium, Meitnerium, 
Darmstadtium, Roentgenium, Copernicium.

R. Aßmann - ACC

• Use ion beams from 
accelerators to discover new 
heavy elements!

• Study properties of heavy 
elements!

• How did our universe form from the 
big bang?

• Where do heavy elements on earth 
come from (not from the sun)?

• New push from gravitational 
wave detectors 
à detection of neutron star 

collisions 
à forming of heavy elements

observed in nature
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The Island of Stability

R. Aßmann - ACC

Performance Committee | Christoph E. Düllmann

Groups of super heavy 
elements with the 
potential to have longer 
half-lives, in the order of 
several minutes, than 
their place on the periodic 
table would suggest. 

This is due to these 
elements having 'magic 
numbers' of protons and 
neutrons.

Royal Society of Chemistry 
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Dual Ion Beam for Tumor Therapy   (new, world-wide first)

§ Ion mass He + C ( 5-20% He)
§ Ion charges 4He+ und 12C3+ from CH4

§ Energy 225 MeV/u
§ Beam intensity 108, Slow extraction
§ Stability No variation of He, C and O
§ Contamination of 16O4+          As low as possible

Integrals over one spill for the depth dose

- IC2: front chamber with O and C peak 
- IC3 : back chamber with 5% He concentration   
- IC3 : back chamber with 20% He concentration 

O, C

5% He

20% He

Carbon used for tumor irradiation. Helium penetrates 
through body and is used for real time imaging.

Possible contrast at low-
density differences

A gummy bear in addition to other 
density calibration targets in a 
gelatin block (edge length 6 cm), can 
be imaged exclusively with the 
helium portion of the beam.

Two ‘working 
points‘: 5% He and 
20% He (relation to 
C), 7% O throughout 

Measurements with 
a matrix IC detector 
(also time-resolved) 
and films providing 
location information 
collected as well.

Courtesy F. Maimone et al

Measured ion contributions to image:
12C6+: 0.167%
4He2+: 99.833%
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Dual Isotope Beams: Carbon Radiotherapy and 
Helium Online Monitoring

• C. Graeff et al (2018), https://doi.org/10.1016/j.ejmp.2018.06.099
• L. Volz et al (2020), Phys. Med. Biol. 65 055002
• D. Mazzucconi et.al (2018), https://doi.org/10.1002/mp.13219
• Ch. Graeff, L. Volz, M. Durante, Prog. Part. Nucl. Phys., vol. 131, p. 104046,

Jul. 2023
• Jennifer J Hardt et al., 2024 Phys. Med. Biol. in press.

• Particle therapy: Bragg peak based

• Highly localised dose distribution / highly conformal

• But: steep dose gradient à sensitivity to range uncertainties
• inter-/intra-fractional anatomic changes
• Uncertainties in planning
• Patient set-up
• Motion induced range variation

• One solution: mixed carbon-helium ion beams (90 % C, 10 % He*)
• Similar mass-to-charge-ratio
• Range of He ~3 times larger than C at same energy/nucleon
• Carbon for irradiation
• Helium passes patient for online monitoring

Ø Online range verification: extraordinary increase in precision
of conformal dose

12C 4He
4He

Treatment Imaging

courtesy of C. Graeff / L. Volz

*extra dose < 1 %

Michael Galonska
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FAIR/GSI strategic operation scenario towards FAIR

Courtesy J. Blaurock et al
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FAIR 3.3 b€ facility being completed!
Beam commissioning planned in 2027/28
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GSI Accelerator Competences, Challenges and 
Collaboration Opportunities

1. Operating and consolidating 50 years old accelerators

2. Building equipment for RF accelerators: wide aperture, high intensity, high rate, 

large components

3. Facility design and beam dynamics for high intensity hadron accelerators

4. Modern and efficient control systems

5. Commissioning (HW, beam) of a new facility (FAIR)

6. Dreams for the future (beyond FAIR)

R. Aßmann - ACC
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Operating and consolidating 50 years old 
accelerators

§ Fast response repairs à workshop capabilities
§ Project management 
§ Procedures in shutdowns, installations, …

Example: Maintaining and optimizing the 
quite outdated RF system at the UNILAC 
linear accelerator. No spares, age-related 
failures.

Last week: fault in 400 V line
& crumbling insulation of cables 
during repair. 

Repaired but 1.5 days lost.

à Defining technical roadmap

R. Aßmann - ACC
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UNILAC – Superlens Repair & Upgrade (2022/23)

Operating issues

• Unacceptable beam losses
• Performance degradation 
• Increased reflected power @high current 

operation

Measures
• Replacing old rods 
• New rods

- massive copper
- galvanic copper coated

• Advanced plunger design 
- enlarged size
- closer positioned to the girders
- w/o tuner extensions

Þ compensate (unwanted) shift of rf-
frequency

RFQ
Superlens

IH-Tank 1
Courtesy W. Barth et al

R. Aßmann - ACC

50% 
reducti
on of 
beam 
emittan
ce!
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UNILAC Short Pulse Heavy Ion Operation 
à New best values recently achieved

R. Aßmann - ACC

Location along chain Sources exit / 
entry UNILAC

UNILAC pre-
stripper

UNILAC post-
stripper, entry 
Alvarez linac

UNILAC exit 
Alvarez linac

Transfer 
channel / entry 

SIS-18
SIS-18 exit SIS-100 exit HEBT exit / 

entry target
Target (goal 
experiment)

Postion name / measurement device name for 
intensity measurement

HSI, LEBT 
UH1DT1/DE1 UH4DT4 US4DT7 UA4DT5 TK7DT3

If measured: Date of measurement / saved on 7.16 12.23 12.23 12.23 12.23 12.23 n/a n/a  
Energy E [MeV/u] 0,0022 1,394 1,394 11,4 11,4 100,0 n/a n/a 100,0
Goal Energy E [MeV/u] 0,0022 1,394 1,394 11,4 11,4 100,0 1500 1500 1500
Charge state 4 4 28 28 28 28 28 28 28
Number of Strippings Nstrip in section 0 1 0 0 0 0 0 0 n/a
Pulse Current Ip [emA] 10,75 6,05 20,0 7,47 6,24 n/a n/a n/a n/a

Number of Ions Ni per Pulse and Cycle [1e9], 
formula used Ni=Ip T / (Nq e) 16773,8 9440,1 891,6 333,0 111,3 42,0 n/a n/a 20,0

Transmission of particles Ni/Ni,in [%] n/a 56,3% 9,4% 37,4% 33,4% 37,7% n/a n/a

Commissioning: 2020 goal Ni [1e9] n/a n/a n/a n/a n/a 5 20,0 20,0
Operation: 2020 goal Ni [1e9] n/a n/a n/a n/a n/a 125,0 500,0 500,0

Early Science: U238, final rep rate 2.6 Hz, final charge state 28+, SIS18-Choppertime 80e-6 s, Spill 
macro time length 5-15 ms, achieved

Good beam quality for FAIR commissioning. Developing further improvements for FAIR operation.
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Crucial Importance of
Diagnostics I

R. Aßmann - ACC
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Crucial Importance of
Diagnostics II

R. Aßmann - ACC
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GSI Accelerator Competences, Challenges and 
Collaboration Opportunities

1. Operating and consolidating 50 years old accelerators

2. Building equipment for RF accelerators: wide aperture, high intensity, high rate, 

large components

3. Facility design and beam dynamics for high intensity hadron accelerators

4. Modern and efficient control systems

5. Commissioning (HW, beam) of a new facility (FAIR)

6. Dreams for the future (beyond FAIR)

R. Aßmann - ACC
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Building Equipment for RF Accelerators: Wide 
Aperture, High Intensity, High Rate, Large Components

§ Large parts galvanic workshop at GSI
§ Availability RF equipment: tubes, klystrons, …
§ Fast ramping dipoles (4T/s), s.c. magnets
§ Copper-plating of drift tubes 

at CERN

Copper-plating of drift 
tubes at CERN:
à Signed Dec 2023. Working 

visit on 18.5. at CERN. Well 
on track.

à Many thanks for CERN 
support.

R. Aßmann - ACC

S. Mickat, L. Groening et al
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GSI Galvanic Workshop

R. Aßmann - ACC

§ Refurbishment is completed –
addressing last non-conformities

§ Next steps towards series plating: 
§ Hiring 2 additional staff for 

reinforcing team.

§ Preparation of electroplating 
chemicals and set-up of system 
à next week

§ Cu plating of test tank – last step 
of site acceptance à end of June

§ Cu plate an additional p-linac structure 
to orderly freeze this project 

§ start series tanks for Alvarez upgrade 
planned in Q4 2024 (monitoring delays)

§ Faster: additional space for pre- and 
post-treatment of series tanks needed

T. Dettinger, G. Walter et al
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GSI Galvanic Workshop in Operation

R. Aßmann - ACC

T. Dettinger, G. Walter et al
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Superconducting cw HELIAC* (Demonstration)

R. Aßmann - ACC

Measurement of the beam energy when 
varying the accelerating voltage (Pt) of the 
superconducting crossbar H-mode cavities 
used

Maksym Miski-Oglu and Winfried Barth (GSI, HIM, Johannes Gutenberg 
Universität Mainz)

Development of energy efficient 
super-conducting RF technology for 
heavy ion linacs (HELIAC)

Result: Potential to reduce 
energy required for particle 
acceleration by up to 90%

* HElmholz LInear ACcelerator

3.5-7.6
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GSI contacts:

Kei Sugita
Group Leader: 
Superconducting 
Magnet Technology

Peter Spiller

Christian Roux
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Heavy Ion Irradiation of HTS Tapes

§ Irradiation has an effect on the properties 
of superconductors, which is beneficial up 
to a point, going higher leads to 
degradation.
§ https://dx.doi.org/10.1088/1361-6668/ad2fda
§ https://dx.doi.org/10.1088/1361-6668/ac1523

§ GSI wants to investigate and quantify the 
effect of heavy ion irradiation on HTS 
tapes, i.e. critical current, magnetization.

§ GSI can provide a wide variety of heavy 
ions, i.e. carbon, argon, uranium, at 
different fluences and energies.
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à P. Spiller
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GSI Accelerator Competences, Challenges and 
Collaboration Opportunities

1. Operating and consolidating 50 years old accelerators

2. Building equipment for RF accelerators: wide aperture, high intensity, high rate, 

large components

3. Facility design and beam dynamics for high intensity hadron accelerators

4. Modern and efficient control systems

5. Commissioning (HW, beam) of a new facility (FAIR)

6. Dreams for the future (beyond FAIR)

R. Aßmann - ACC
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Facility design and beam dynamics for high 
intensity hadron accelerators

§ Ion sources
§ Ion beam dynamics: space charge, space charge 

compensation, simulation, theory, cooling theory, 
decelerator theory, … 

§ Beam cooling technology (e-beam cooling, 
stochastic cooling)

§ Fast and slow extraction techniques

R. Aßmann - ACC

ESR electron cooler during Dec 2023 reassembly
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Knock-Out (KO) Slow Beam Extraction
§ Machine tune near 3rd order resonance and transverse excitation "around" beam eigenfrequencies 
§ KO à constant optics during extraction, minimal beam movement on target, fast stop (medical application)
§ Excitation signal amplitude (deflection) provides a control over extraction rate (a.k.a. macrospill feedback) 
§ Excitation frequency spectra gives control over particle rate fluctuation (a.k.a. microspill optimization)

Slide Philipp Niedermayer et al

R. Aßmann - ACC
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Major Improvement of Ion Beam Quality at GSI
“Digital Spill Optimization System (SOS)”

Spill shape (“macro” – 5 s spill length)

high resolution (50 µs)

Results Philipp Niedermayer et al

R. Aßmann - ACC

without SOS System
with SOS System

Spill quality
(“micro”)
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GSI Accelerator Competences, Challenges and 
Collaboration Opportunities
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Modern and Efficient Control Systems

§ Setting management and loading. Reproducibility of 
machine.

§ Feedbacks, machine learning, automatic algorithms, AI

à FAIR/GSI is using the architecture of the CERN control 
system

à GSI accelerators are being upgraded to FAIR controls 
standard

à We already start profiting from enhanced features
à FAIR/GSI controls review in June 2024 chaired by 

Jörg Wenninger from CERN.
à Further collaborations and synergetic efforts easily 

imagined. The review helped identifying areas of 
common interests.

R. Aßmann - ACC

Courtesy S. Reimann et al

factor 10 improved C beam for users 
(Dec 2023)

python bridge 

S. Appel 
O. Boine-Frankenheim 

et al
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Commissioning (HW, beam) of a new facility 
(FAIR)

§ Procedures and documentation
§ Control room organization (FCC)
§ Expectation management and 

communication with experiments

Work ongoing for preparing 
commissioning workshop in 
November  à S. Reimann, FAIR/GSI 
with few external experts from CERN, 
ESS, DESY, HZB

Performance committee studying 
performance (present and future) and 
establishing a technical roadmap.

R. Aßmann - ACC
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GSI Accelerator Competences, Challenges and 
Collaboration Opportunities
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R. Aßmann - ACC

Disclaimer: My personal “dreams” for our brainstorming 
workshop. This is not the official roadmap of FAIR/GSI. I do not talk 
about FAIR MSVc, which is presently not funded and another talk.
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Dream 1:

Semi-Autonomous Accelerator 

Operation*

R. Aßmann - ACC

*We are defining this as a flagship goal in Helmholtz Matter & technology for POF-5 (2028 – 2034)
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Availability Statistics 2024

average parallel factor: 2.8

Beam Time 2022
beam on target: 74%
average parallel factor: 2.7

15%

10%

75%

Integral Statistics - Beamtime 2024 

Failure Setup Beam on Target
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Dashboard User Run 

R. Aßmann - ACC112. Aufsichtsratssitzung am 3. Juni 2024

Status 24.05.
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Semi-Autonomous Accelerator Operation

§ We deliver ion beams to up to 7 experiments at the same time (today)

§ We will add the SFRS fragment separator and experiments (2027)

§ We will add the SIS-100 synchrotron (2028)

§ We will go from 140 days operation (today) to 240 days (from 2029) in a given 
year: +70 %

§ We cannot double our person-power for operation

§ Conclusion: We will need to rely on modern controls tools to automize and 
to reduce work load for operators and machine departments à semi-
autonomous accelerator operation

§ Note: Shorter shutdowns à rely on external resources in short shutdowns

R. Aßmann - ACC
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The Green IT Cube on the GSI site
“Accelerator” for Artificial Intelligence
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Plan to Build up “Accelerator Development” 
Effort in Business Area ACC

R. Aßmann - ACC

• Close collaboration with 
• Machine departments
• Accelerator physics 

department (O. Boine-
Frankenheim)

• University accelerator groups

• New effort will 
• bundle some of our 

competences 
• start small
• link from R&D tasks (PhD’s) 

to our needs (operation) à
attract the young talents
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Dream 2:

Fast Production of Complicated 

Accelerator RF Structures*

R. Aßmann - ACC

*Opens collaboration opportunities with Goethe Univ. Frankfurt, TU Darmstadt, …
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Research Direction: High power RF structures 
for ion accelerators with additive machining (3D)

Tank (printed with steel and 
later copper plated)

12 x electrodes 
(copper)

704.4 MHz CH 
prototype

Courtesy C. Zhang et al

copper-electrodes

704 MHz-CH (size 
compared with a 

football)

49

R&D: Performance? 

Reachable intensity? 

Application?

R. Aßmann - ACC
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Note: Related Activity at University Frankfurt

R. Aßmann - ACC

Hendrik Hähnel:

IH structure

Tested with 25 kW 
RF power

5 MV/m effective 
gradient reached
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At GSI: 3D Printed Copper FFC

GSI+THM+IWSFermilab

Single Bunch shape measured as a function of bias voltages 

§ A tapered design with a larger entrance hole for higher SNR 
at the cost of lower time resolution 

§ First additive manufactured RF beam diagnostic component 
(manufactured at: IWS Fraunhofer Institute)

§ Demonstration of secondary electron suppression "by- 
design"

S. Klaproth, R. Singh et al. Manuscript in preperation
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Dream 3:

Reduced Size of Particle 

Accelerators*

R. Aßmann - ACC

*Pursued at Helmholtz Institute Jena (ass. to GSI) for e-, also working with EuPRAXIA
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See Size of Ion Therapy Center à Cost Problem

Heidelberg Ion-Beam 
Therapy Center (HIT)

Outstanding GSI technology with 
usage for many patients

Participation of IAP, Univ. 
Frankfurt: U. Ratzinger for I design, 
A. Schempp for RFQ design

Further developments at GSI in 
2023: World-wide first mixed C/He 
ion beam for therapy

Facilities limited by high cost of 
investment and operation costs

Semi-autonomous operation helps 
for operation costs

53R. Aßmann - ACC
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Light Project at GSI

§ LIGHT: Laser Ion Generation Handling and Transport
§ 2004-2008: VIPBUL-Virtual Institute for generation of intense Particle Beams with Ultra-

intense Laser fields, funded by BMBF
participants: TUD, GSI, LMU, FSU and Weitzman Institute in Tel Aviv. 
ü Set up of compressor and laser beam line to Z6 target chamber. 
ü First experiments with solenoids and permanent quadrupoles at PHELIX

§ 2008: foundation of LIGHT collaboration – GSI, TUD, HIJ, HZDR, GUF
later LMU, LBNL, CLPU 

ü Investigation of TNSA mechanism
ü Implementation of solenoid by HZDR
ü Implementation of rf cavity by GSI
ü Second target chamber for experiments

§ 14 bachelor/master theses, 11 PhD, >17 papers

Courtesy A. Blazevic. Dep. V. Bagnoud
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Light Project at GSI

§ LIGHT: Laser Ion Generation Handling and Transport
§ 2004-2008: VIPBUL-Virtual Institute for generation of intense Particle Beams with Ultra-

intense Laser fields, funded by BMBF
participants: TUD, GSI, LMU, FSU and Weitzman Institute in Tel Aviv. 
ü Set up of compressor and laser beam line to Z6 target chamber. 
ü First experiments with solenoids and permanent quadrupoles at PHELIX

§ 2008: foundation of LIGHT collaboration – GSI, TUD, HIJ, HZDR, GUF
later LMU, LBNL, CLPU 

ü Investigation of TNSA mechanism
ü Implementation of solenoid by HZDR
ü Implementation of rf cavity by GSI
ü Second target chamber for experiments

§ 14 bachelor/master theses, 11 PhD, >17 papers

Courtesy A. Blazevic. Dep. V. Bagnoud
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Overview of the LIGHT beamline

x

y

TNSA

PHELIX

Courtesy A. Blazevic. 
Dep. V. Bagnoud
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Overview of the LIGHT beamline

x

y

TNSA

PHELIX

Initial TNSA beam parameter (Z6):

• Emax	≈ 28 MeV
• kBT ≈ 7 MeV
• ε!!"𝟐𝛔  < 1.5 mm mrad
• N%&%'( ≈ 1012 (protons)

Courtesy A. Blazevic. 
Dep. V. Bagnoud
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Overview of the LIGHT beamline

x

y
Solenoid

TNSA
Transport &

energy selection

PHELIX
E! < E" < E#

Transported TNSA beam:

• Epeak	= 11.4 MeV
• 𝚫𝐄/𝐄 = 10 %
• ε!!"𝟐𝛔 = 83.2 mm mrad
• N%&%'( ≈ 109

Courtesy A. Blazevic. 
Dep. V. Bagnoud
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Overview of the LIGHT beamline

RF cavity

x

y

z

Solenoid

TNSA
Energetic 

compression

PHELIX
E! < E" < E#

Transport &
energy selection

Epeak	= 11.4 MeV
𝚫𝐄/𝐄 = 0.21 %
ε!!"𝟐𝛔 = 63.1 mm mrad
N%&%'( ≈ 109

Courtesy A. Blazevic. 
Dep. V. Bagnoud
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Overview of the LIGHT beamline

RF cavity

x

y

z

Solenoid

TNSA
Energetic 

compression

PHELIX
E! < E" < E#

Transport &
energy selection

Epeak	= 11.4 MeV
𝚫𝐄/𝐄 = 0.21 %
ε!!"𝟐𝛔 = 63.1 mm mrad
N%&%'( ≈ 8.2 x 108

Epeak	= 8.0 MeV
𝚫𝐄/𝐄 = 0.32 %
ε!!"𝟐𝛔 = 65.5 mm mrad
N%&%'( ≈ 1.2 x 109

∆E/E = 0.4 %

Courtesy A. Blazevic. 
Dep. V. Bagnoud
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Overview of the LIGHT beamline

RF cavity

x

y

z

Solenoid

TNSA Energetic 
compression

PHELIX
E! < E" < E#

Transport &
energy selection

Solenoid 2

Focusing

Courtesy A. Blazevic. 
Dep. V. Bagnoud
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The LIGHT beam line at Z6-GSI à Inject into our Complex

SIS18

UNILAC

TK

Z6

PHELIX

Courtesy A. Blazevic. 
Dep. V. Bagnoud
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SIS18

UNILAC

TK

Z6

PHELIX

The iLIGHT beam line at GSI à Inject into our Complex

Main goal:
Proof of principle
Ø ELI: 1 Hz operation
Ø GSI: injection

Chances:
Concept could reduce
• injection time
• emittance / bunch length
• cost and size of injectors in 

the future

Benefits for GSI:
• Expansion of the ion species 

that can be injected
• Additional injector for 

emergency

Courtesy A. Blazevic. 
Dep. V. Bagnoud
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Beam Transport Simulation

SIS18

UNILAC

TK

Z6

PHELIX
MIRKO simulation by S. Ratschow

𝑁)*+ = 6.14(43)×10,
(within acceptance range)

• ε)*+ = 22 mmmrad
• ⁄,-

- ./0 = ±0.2 %

Simulation

Courtesy A. Blazevic. 
Dep. V. Bagnoud
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Dream 4:

Low Energy* Collider

R. Aßmann - ACC

*Cold ion beams (in the past crystalline beams), using flexibility of our facilities
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Experimental Storage Ring ESR: Capabilities
à See also talk later today by Bernd Lorentz

• Injection of cooled beams from SIS-18
• Storage of highly charged ions (primary or 

secondary beams from FRS)
• Stochastic cooling (400 MeV/u)
• Electron cooling (3 - 420 MeV/u) 
• Internal Gas-jet target
• Deceleration (down to 3 MeV/u)
• Fast extraction
• Recharge extraction
• Accumulation
• Mode: isochronous optics
• Schottky mass spectroscopy of RIB‘s
• Slow resonance extraction

M. Steck, ACC Performance Committee Meeting, 16. Mai 2024

Courtesy M. Steck
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Using flexibility of ESR: Low Energy “Collider”

Two pairs of couples patterns: inject two 
kinds of ions with same rigidity but 
different velocities, one after the other. Let 
them circulate simultaneously

Þ collider of co-moving beams

Courtesy M. Steck
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Dream 5:

Compact Ion Storage Ring as 

Powerful Quantum Computer*

R. Aßmann - ACC

*Quantum computers partially relying on ion traps. Our storage rings are big traps!
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Paper of Suleiman and Derbenev
à See talk later today by Vasiliy Morozov

R. Aßmann - ACC

Is this realistic and an optimum scheme? Are there other 
interesting schemes? Basic academic R&D…
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Conclusion

§ Very clear direction and short/medium term roadmap at FAIR/GSI, which demands 
also significant efforts on accelerator developements, with universities and collaborators: 
§ Complete the FAIR project

§ Prepare commissioning of FAIR, also in the existing GSI accelerator complex

§ Commissioing FAIR and putting it into operation

§ Several long term developments interesting for us and formulated for our roadmap 
brainstorming as dreams (my personal collection, not complete, not official):
§ Semi-Autonomous Accelerator Operation     (Helmholtz flagship goal)

§ Fast Production of Complicated Accelerator RF Structures (additive manufacturing)

§ Reduced Size of Particle Accelerators      (low intensity ion injectors, ion therapy)

§ Low Energy Collider         (low energy, cold beams, atomic physics)

§ Compact Ion Storage Ring as Powerful Quantum Computer (GSI expertise matches challenge)

R. Aßmann - ACC
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Thank You for Your Attention

R. Aßmann - ACC


