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Á (a short) history (of a low energy storage ring)

Á Operation : how does it look like?

Á typical pattern, general approach

Á beams in CRYRING@ESR: local and via HEST from ESR

Á (local) archiving and monitoring

Á beam life time and vacuum

Á electron cooling

ÁBeam instrumentation (low energy, low charge, low

intensity)

Á Machine Studies

ÁDo we need a compensation solenoid?

ÁChromaticity (correction) and tune diagram

ÁMultiturninjection, Fast and synchronized (B2B)

Á fast extraction

Á Experiments, Outlook

Operational Experience CRYRING@ESR
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o Linear Decelerator and Trap as a source for 

heavy, highly-charged ions at keV

o up to 106 of ions alike U91+, Bi82+ ..

Slow, Heavy, Highly Charged Ions @ GSI/FAIR

CRYRING@ESR

o Low energy storage ring for heavy, highly-

charged ions at 100s of keV/u .. 10 MeV/u

o local injector for lighter, lower charged ions

o Modernized and Reinstalled at ESR 

(GSI/FAIR)

Operational Experience CRYRING@ESR, Frank Herfurth
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CRYRING@ESR

Operational Experience CRYRING@ESR, Frank Herfurth

Á FAIR Research & Development

Å Detectors and diagnostic systems 

Å FAIR type control system 

Å Training of operators on FAIR type system

Å FAIR type safety and radiation 

monitoring/access system

with real beam (since standalone operation during 

commissioning possible)

Á Scientific Opportunities

Å Heavy, highly-charged ions as available at GSI 

(up to U92+, fragmentation products) at low 

energy 100 keV/u .. 10 MeV/u ïbridge the 

energy gap between the ESR (> 4 MeV/u) and 

HITRAP (<10 keV/u)

Å Max. rigidity 1.44 Tm

o 15 MeV/u U92+

Å Min. rigidity ~ 0.054 Tm

o 150 keV/u protons
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~200 different ion species

singly charged (pos. & neg.)

multiply charged

molecular (pos. & neg.)

GSI(FAIR): + heavy, highly charged ions!

ÅSuccessful operated from 1992 to 2010

ÅDismantled and shipped to FAIR/GSI in 2012/13

CRYRING in Stockholm (MSL)

Operational Experience CRYRING@ESR, Frank Herfurth
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Accepted

SPARC TDR

EPJ-ST 225 (2016) 797

Michael Lestinsky et al.

.. some documents later ..

Accepted by

- GSI Science Council

- FAIR ECE, AFI, 

Supervisory Board

- SFAIR, Swedish Science 

Council
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19.12.2019

first pass 

(after 

injection) second pass = first turn!

first pass 

(after 

injection) second pass = first turn!

injected beam shape

Oct. 2016

First Turn and First beam from ESR
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Andreas Reiter

ACC Seminar

April, 2022

ñBeam 

Instrumentation at 

CRYRING@ESRñ
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Á (a short) history (of a low energy storage ring)

Á Operation : how does it look like?

Á typical pattern, general approach

Á beams in CRYRING@ESR: local and via HEST from ESR

Á (local) archiving and monitoring

Á beam life time and vacuum

Á electron cooling

ÁBeam instrumentation (low energy, low charge, low

intensity)

Á Machine Studies

ÁDo we need a compensation solenoid?

ÁChromaticity (correction) and tune diagram

ÁMultiturninjection, Fast and synchronized (B2B)

Á fast extraction

Á Experiments, Outlook

Operational Experience CRYRING@ESR
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Organization of Operation

Á Order of Apps on Console Screens (after the machine experts clean up their mess)

Á CRYRING-Meeting every Tuesday @ 10:30
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ñControlsò

ĂCRYRING as a FAIR test facility could be essential for FAIR relevant R&D projects, in particular with respect to accelerator

related developments of instrumentation and controls: beam diagnostics, detector development, synchronization, efficient

coupling of accel- erators and storage rings, software development etc.ñ, CRYRING@ESR : A study group report, 2012
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- many iterations of 

pattern (LSA) modelling

- two generations of ion 

source applications

- several development 

steps in bake out and 

vacuum control

- many customized parts 

of software

- ..
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Á ions from ESR

Á transfer efficiency (2022) ~ 50%! 

ÁI.e. 1e6 ions at 10 MeV/u in ESR = 5e5 

ions in YR

Áexample: up to 2e6 U91+ ions in YR

Á ions from local injector 

Á intensity limited by ion source and 

physics at low energy

Á independence allows for more flexibility

Ánew ions species from local source

Ábeing developed are Li and S. Tests for 

W planned.

1709.09.20225th Beam Time Retreat | CRYRING@ESR | 

Beams in CRYRING@ESR

local injector GSI complex (from 

ESR)

H2
+, D+ Ar18+

C+, 7Li+, O6+, Ne2,7+, Mg+ Pb78+, Au78+, U91+

S3+, 6Li, W?+
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Decelerate, Extract, Transfer

ESR CRYRING@ESR
> 60%

Juli 2016

Operational Experience CRYRING@ESR, Frank Herfurth
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Intensities ESR - CRYRING@ESR

12%

17%

4%
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Pb67+

Pb82+

https://sps2013.gsi.de/websites/cryring/CryringWiki/....Intensities.pdf

Proposed Measures:

Å Add diagnostics to identify losses

Å Invest time to tune HEST 

Å Rebunch in the ESR

Å Synchronize RF and Kicker in 

ESR

https://sps2013.gsi.de/websites/cryring/CryringWiki/CryringDocs/Sharepoint%20CRYRING/Technical%20Documents%20and%20Literature/Reports%20and%20Thesis/2020%20Beam%20Intensity%20Report/Intensities.pdf
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# of particles

Pb78+

39(1)%

Varying external fields hamper transfer efficiency

Å Add diagnostics to identify 

losses

Å Invest time to tune HEST 
(helped very much by ByPassTrim

feature)

Å Rebunch in the ESR

Å Synchronize RF and Kicker in 

ESR

Transfer Efficiency ESR - CRYRING@ESR
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Local Injector

Operational Experience CRYRING@ESR, Frank Herfurth

2019

Å Two ion source types, MINIS, ECR, both with oven

Å Typical intensities of beam for injection ï1 .. 100 mA

Å Uninterrupted operation time depends on ion species and supply

Å Ions produced so far H2
+, D+, C+, Li+, O6+, Ne2+, Ne7+, Mg+, Ar+
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Local Injector

Operational Experience CRYRING@ESR, Frank Herfurth

2022

Å Two ion source types, MINIS, ECR, both with oven

Å Typical intensities of beam for injection ï1 .. 100 mA

Å Uninterrupted operation time depends on ion species and supply

Å Ions produced so far H2
+, D+, C+, Li+, O6+, Ne2+, Ne7+, Mg+, Ar+
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ÁOriginal purpose: commissioning using easy ions (H2+, D+)

ÁDeveloped MINIS for operational stability, also included oven for Mg+

ÁECR Source (modified source from Uni Giessen, S. Schippers et al.)

Ámore stable, less interventions, more intense beams

Áon loan from Uni. Gießen

Áold device (plasma chamber, magnet, MW generator)

Áeventually broken (plasma chamber, magnet, MW generator) and being rebuilt in the 

moment

Áoperational challenges 

Ácomplex local injector including source, linac ïsame FTEs for all components 

Ámany short term changes due to failures and experiment requirements

ÁAim: A reliable source for local beam investigations, commissioning and exp.

Operational Experience CRYRING@ESR, Frank Herfurth

Ion Source Challenges
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ÁLi+ïMINIS

ÁO6+ - ECR

Spectra created with DeviceAutomator

Ion Source ïsome Elements
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Intensity (mass

separated)

3 uA

40h Li+ operation

Intensity histogram: large fluctuation = Manual retuning all the time

heating of

cathodere

ached the

limit -> 

change

required

Ion Source Monitoring ïOperation for Li+
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ÁSince 2019, now with server hosted by central IT

Áshort-term and mid-term (hours-weeks) monitoring of data 

relevant for CRYRING & UNILAC Ion Source operation:

ÁCryo system of electron cooler: LHe level, temperatures

Ávacuum system, ion source, intensities (local, ESR, SIS relatable)

ÁPrecision measurements of electron cooler high voltage

ÁDisk space is sufficient for ½ year of CRYRING@ESR 

operation

ÁSystem maintenance & support by 1 Person from 

Decelerators team

Decelerators/YR Data-Logging and Visualization

5th Beam Time Retreat | CRYRING@ESR | 07.09.2022 26

InfluxDB

FAIR CS / 

Archiving

Grafana

El. 

Cooler

Data Science, 

ML, AI

Å Organisational setup does not scale for whole GSI/FAIR

Å InfluxDB open source version has limitations inacceptable for 

standard/GSI wide operation

Å Non-standard / Non-CS compliant system

Wolfgang Geithner et al.
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Average Pressure

using GRAFANA allows for

simple combination of values (no

programming, only configuration)

in this example: 24h 

period on May 2nd, 2022

Pressure Monitoring

Wolfgang Geithner et al.
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Vacuum Conditions

Main effort in 2020 went into sections 05 ï08:

Á addition of new ion getter pumps

Á NEG coating of some easily accessible parts

Next big improvement in the e-cooler section this shutdown (2022 ï2023)

life time about 10s

U91+ @10 MeV/u
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Ultra High Vacuum & Beam Life Time

V. Shevelko, priv. comm.

0.3 15

3 s

15 min

Electron 

Current

Lifetime 

Measured / s

Lifetime
Ăbeamcalcñ / s

@10 MeV/u

12 mA 24(1) 33 Pb78+

22 mA 8(1) 28 Pb78+

12 mA 19(1) 28 Pb82+

22 mA 12(1) 23 Pb82+

@7 MeV/u

12 mA 12(1) 18 Pb78+

@4 MeV/u

12 mA 5(1) 7.5 Pb78+

M. Lestinsky et al.
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Electron Cooler 

Operational Experience CRYRING@ESR, Frank Herfurth

Superconducting magnet for 

Electron Gun

ions
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Electron Cooling ESR - CRYRING

C. Brandau priv. comm.

Operational Experience CRYRING@ESR, Frank Herfurth
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E-Cooler is now (2020) operational

RR

Ne7+ (2s) + e- -> Ne6+ (2pj nl)

n=789é

0eV20 eV

E. Menz, M. Lestinsky et al.S. Böhm et al., Astronom. & Astrophys. 437 (2005) 1151

Dielectronic Recombination of Li-like Ne:

Å LHe filling procedure works now reliable

Å EGun perveance close to design value

Å EGun alignment done - Expansion up to 100 available


