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Operatlonal Experience CRYRING@ESR
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(a short) history (of a low energy storage ring)

Operation : how does it look like?
typical pattern, general approach
beams in CRYRING@ESR: local and via HEST from ESR
(local) archiving and monitoring

beam life time and vacuum
electron cooling

Beam instrumentation (low energy, low charge, low
intensity)

Machine Studies
Do we need a compensation solenoid?
Chromaticity (correction) and tune diagram
Multiturninjection, Fast and synchronized (B2B)
fast extraction

Experiments, Outlook
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Slow, Heavy, Highly Charged lons @ GSI/FAIR F-“R iI= 5= 1l
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o Linear Decelerator and Trap as a source for
heavy, highly-charged ions at keV HITRAP _
0 up to 108 of ions alike U+, Big2+ |, ' S-EBIT

Stripper

CRYRING@ESR CRYRING |
o0 Low energy storage ring for heavy, highly- | ECR
charged ions at 100s of keV/u .. 10 MeV/u
o local injector for lighter, lower charged ions
o0 Modernized and Reinstalled at ESR
(GSI/FAIR)
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CRYRING@ESR
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A Max. rigidity 1.44 Tm
o 15 MeV/u U%*

A Min. rigidity ~ 0.054 Tm
o 150 keV/u protons

FAIR Research & Development
Detectors and diagnostic systems

FAIR type control system

Training of operators on FAIR type system

FAIR type safety and radiation
monitoring/access system

with real beam (since standalone operation during

commissioning possible)

Scientific Opportunities

Heavy, highly-charged ions as available at GSI
(up to U%*, fragmentation products) at low
energy 100 keV/u .. 10 MeV/u i bridge the
energy gap between the ESR (> 4 MeV/u) and
HITRAP (<10 keV/u)



CRYRING in Stockholm (MSL) F-\lR I=5= 1L

Smg]y charged positive atomic ions:
H D JHE+, 4H + ?Ll+. ‘}Be— l]B+ 12+ L4N+ |r,0 40Ar+, 40Ca SC+ 42<Tl+. Sf)Fe

R3ps + 84yt 86y 88 129+, + 130 1321 138 1397 _+ ]4, 151 197 4+ . . .
m{?’rb Kr', “Kr', ¥St', "PXe', Xe . Xe, Ba La Nd', "'Eu’, ""Au", ~200 dlﬂ:erent ion SpeCIeS
LA R T L singly charged (pos. & neg.)

]E105+ It:OzH- I‘)F(,-v- IDFG— "UNe‘-v- ONBS+, 30Nefs+ ‘ON T+ ONeIO-r ‘hS]h, ‘%S 1+ "KS I4+! multiply Charged

] 2 5 +
32g5+ 3&A o+ JE:ArIO-r 3&A 12+ )ﬁA 13+ 40Ar? 40A 9+ 4{)A 1+ 40Ar13 40Ar] + 4“4T]ll ,

SKN ]7+ <‘€N N ‘64]{_ 3+ 121 l’X 3(* 12 ()X 3(* 12 UX 37+ 13 EX J‘}f 13 (X 44+ 1E]'.-‘Pbl‘- + ’thb* +
gyt e e e e molecular (pos. & neg.)

Positive molecular 1ons:
H,,HD',H;", D;", H:D", “*He

o aic e ol A Successful operated from 1992 to 2010

CyH>, HCN", C;Hs', HCNH",

Mo (bt en; A Dismantled and shipped to FAIR/GSI in 2012/13

D;™'S", C3Ha', Dy 'CL, DsO’ s s sy s s - —r—— —xT T
HCS', CH:.O DN;O', C;HsOH', CO,D', CD;CDO’, NO ™ qﬂ'\n A r A1

CDJOCD C3D7,CF: NO'D,0, DCN , CD;0CDy", NJHm,p ND)
CD;ODCD;. H;0;", COS™, N,O, ", CH;OCOHg ,D;0,", NiDyf's
H,0.", CD;COHNHCH; ", CDy;CONHDCH;, CgDy", POYCI )
C:S:H; , H30;, PO*CL"

i e

Negative atomic ions:
H,Li, F, 51,5, CI, Se’, Te’

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

CN’, C4, Six Cly’
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some documents later

CRYRING@ESR:
A study group report

Accepted by

-GSl Science Councill

-  FAIR ECE, AFl,
Supervisory Board

- SFAIR, Swedish Science
Council

Drarmstad, July 26, 2012
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Theomas Stéhlker %, Wolfgang Vinzere!, and Horst Welker!
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“He hnholte- Institat fena, (7743 Jera, Germany
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FACILITY FOR ANTIPROTON AND ION RESEARCH

SPARC Collaboration

spare -

Technical Design Report:

Experi I Instr

of CRYRING@ESR

Z. Andelkovic,' C. Brandau,'? M. Dumchev,® A. Ehresmann,* W. Geithner,! A. Georgiadis,”
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* Contact person for this TDR

Physics book:
CRYRING@ESR
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Atomic Physics Division
GSIE fidr Scl
D-64291 Darmstadt

April 13,2016
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-

Coazons

FAIR GmbH | ¢



FAIR GmbH | ¢



FAIR GmbH | ¢ o ; \..,\



First Turn and First beam from ESR F'\lR === I

Wuww »umm MM

first pass
(after ] m 1'”
m=s | Injection) | second pass = first turn! |
I d beam shape




CRYRING@ESR
Rough Timeline

Nov. 2012:  KickOff Meeting Controls@GSI

Andreas Reiter 2013 — 2015: Transport & delivery to GSI, system development, tests and i
ACC Seminar Jan. — Aug. 2016: Commissioning of local injector
Ap” |’ 2022 July 2016: 1sttransport ESR to section YR01
Oct. 2016:  1stturn (H,* beam from local injector)
May 2017: 15t electron beam in eCooler
Beam Aug. 2017: 1st stored beam (H,*, local injector)
Instrumentation at Nov. 2017: 1stcooled beam (H,*, local injector)
CRYRI NG@E SR 201s: Commissioning with H,*, D*, Mg*, Ar*

Setup of laser laboratory

2019: 1ststored ESR beam (Ar'8*, 13 MeV/u)
Comm. with Mg*, C*, D*; 1st experiments
2020: Comm. & Experiments with Ne”*, Pb78* Ph82*

2021: Comm. & Experiments with D*, Pb%7+, U%1* Ne23* Q6+, 24/25\|g*, Ag*’* C* E
E131 Schippers; 208-Pb; ESR->CRY '5

E148 Sanchez; 24-Mg; LOC-CRY E153 Biela; O6+; LOC-CRY (D

E138 Weber; 238-U; ESR-CRY CMAT; 107-Ag; ESR-CRY s ;

E140 Lestinsky; Ne3+; LOC-CRY E129 Rothhardt; 12-C; LOC-CRY f ( 8

2022: GSI@WORK: Beam Time Schedule ‘ :;Cé-
(o)

CRYRING@ESR is a scientific instrument, fully integrated into the existing facility
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Operatlonal Experience CRYRING@ESR
HiNw Ty e

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

Operation : how does it look like?
typical pattern, general approach
beams in CRYRING@ESR: local and via HEST from ESR
(local) archiving and monitoring

beam life time and vacuum
electron cooling

Beam instrumentation (low energy, low charge, low
intensity)

Machine Studies
Do we need a compensation solenoid?
Chromaticity (correction) and tune diagram
Multiturninjection, Fast and synchronized (B2B)
fast extraction

Experiments, Outlook
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Organization of Operation F'\lR iI= 5= 1l

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

LASSIE Mon.
: (Radio, LASSIE Spill.
lonSource GRAFANA FC's UHV Trafos. IPM (SIS/ESRIYR)
Magn.)
CryPneuDrive
DeviceControl PARMMODI CUPID OLOG Storage Ring PARMMODI DeviceControl
App

CRYRING-Meeting every Tuesday @ 10:30

FAIR GmbH | GSI GmbH



AControl so
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A CRY R lad\aG-AIR 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
CRY R slu@y@oSpReport, 2812

coupling of accel- erators and storage

rings, software developmentet ¢ . A,

inject_ramp

mani- repete extract_ramp

Sub chain pulate
Beam process
DESRARE intermediate beamout
BUNCHING —
with new DE- RE- _reset
h BUNCHING BUNCHING
harmonic ramp ramp
j=l8] number ¢ A e . .
=) beamout , & | . ramp intermediate intermediate pre- extraction
=~ _init _ Ijection b““Chmg/rf_manjpu]ation extraction
I
=i beamout beamout
| _init injection ¢———— static ——p -t static »  reset
=
beamout beamout
E _init - static = static injection static _reset
beam-out
f - : oy
= beam-out ramp - = static > beamout
) beamout beam proc ramp —— beam proc Jese
8 _init__ cooling _____ " beam proc cooling
static cooling
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Ingrid Kraus et al.

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




Beams in CRYRING@ESR F-\lR I=5= 1

ions from ESR local injector GSI complex (from
- ESR
transfer efficiency (2022) ~ 50%! )

H,*, D* Arist

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

ions in YR C* 7Li*, 05, Ne2™, Mg*  Pb78*, Au78*, U9i+

example: up to 2e6 U°* ions in YR
lons from local injector

intensity limited by ion source and
physics at low energy

independence allows for more flexibility

S3+, 6L, W?*

new ions species from local source

being developed are Li and S. Tests for
W planned.

FAIR GmbH | GSI GmbH 5th Beam Time Retreat | CRYRING@ESR | 09.09.2022 17



Decelerate, Extract, Transfer F'\lR === I

ESR———— CRYRING@ESR

y .

S———

Juli 2016

FAIR GmbH | GSI GmbH Operational Experience CRYRING@ESR, Frank Herfurth



Intensities ESR - CRYRING@ESR F'\lR I= 5= 1l

h

x10°8

108 4

107 -

10° 5

o _ . 0 ? 2.9e+08 pb67+ %
- 2_
| 1T
0 100 200 300 400 %107 ' ' ' ' ' ' ' 12%
seconds
17%
.2¢+006

Add diagnostics to identify losses ' ' ' ' - »
0
Invest time to tune HEST « S >

Rebunch in the ESR , , j : , | |

Synchronize RF and Kicker in seconds
ESR

FAIR GmbH | GSI GmbH https://sps2013.gsi.de/websites/cryring/CryringWiki/....Intensities.pdf

Proposed Measures:

Efficiency from step to step



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

Transfer Efficiency ESR - CRYRING@ESR F'\lR I= 5= 1l

Loss per Restilting beam
step i % m@ﬁ.{,ﬂm
i One out of two bunches 50 % 50 %
l HEST GHTYDC1-DCZ 45 % 27.5%
Injection/bunching 20 % 22 %
Unidentified Loss Factors P _BZTA; ot 4_%_
so=a A
4%
: A
# of particles” 9O
x107 &

A Add diagnostics to identify
Iosses 1 . , | ‘I‘Ue+07

A Invest time to tune HEST

To I

(helped very much by ByPassTrim N

feature) %31

Rebunch in the ESR N

Synchronize RF and Kicker in I

ESR Q/ Varying external fields hamper transfer efficiency

FAIR GmbH | GSI GmbH



Local Injector

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

Typical intensities of beam for injectioni 1 .. 100 mA
Uninterrupted operation time depends on ion species and supply
lons produced so far H,*, D*, C*, Li*, O%, Ne?*, Ne’*, Mg*, Ar*

[Status | I ROWERONN | reset|[|status | IR BOWSRGRM | reset| ||| status ||
6.446 V. - 34796 V O - 0.000 sccm
17.64A 0.012 mA
Phase El.stat. Quad. 0
1 * Electro-Magnetic coil (YRT1IN1M) Lens (YRTLLE1)
probes Triplet . resct| || [status | INMFOWERGRIM <<t
A YRT1LT41,42,43 2’-504" . ||]-22472v o N
o Steerer * 05614 0.016 ma
35° magnet El Doublet* | RFQ Steerer :
YRT1IMH2 YRTlKHZ‘lfVZ YRT1LD51,52 | YRT1iBR1 90° MAG pischarge (vRTINIE) Oven (YRT1IN10)
o : —1 YRT1KH1,KV1 Cotorus | I << |tz | I
A T ¢ _“ s He 4 YRT1IMH1 2383V N 3.977V
Quad. Doublet ¢ et L = v en L] I ‘g
GHTYQD41,42 —— ' —— = b Elstat.| O -
Quad. - Quad. | Elstat. guad. Doublg* :
Screen DOUblet : Doublet 'I\rlp]et incl. Ch [E] i Currently YRTLIN
S w®TIQD7172  YRTQD6162 o S= R YRTILDZ [ cummna [+
ontext: [ 5> >> march. C1. . -
GHTYKV3 Faraday cup YRT1LC 1fcontext: [ Mg 2019 h.CL.YRT1IN TO YRTLLQL.TRANSFER INJECTION.L
N o ’ B Hardw..| | properties for Crylqes Hardware list YRTLI
&\ e fovice 1 | _Property | comments Filter: [ €]
L =[] AcquisitionFESAS [ [yrriNaE =
YRT1f Y95 o 3 acquisition O
Magn. Septum o Clncqamronreots [ | ot :
o [ AcquisitionFESA3 O Select All
YRO1MP1 C = ClAcquisitionFEsAz [ Subscribe q
* a Ion sou :g:z:j::t:z:i::; E Subscribe devices in same panel
EL stat. Septa /}b ic/ > ] AcquisitionFESA3 Get value
YRT1 ax
YRO1LP1, LP2 §/} [Display the graphs on |2 column(s) for 150] points | Minimum graph width | |
060 monitoring Acquisition for 1 device ; YRTLINL isition. Fixed Graph|Close|
2E-5
1.5E-57
1E-5
[ I
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Quad. Doublet
GHTYQD41,42

Screen

Magn. Septum
YRO1IMP1

Local Injector

35° magnet
YRTIMH2

Steerer
GHTYKV3

EL stat. Septa*
YRO1LP1, LP2

FAIR GmbH | GSI GmbH

Steerer
'YRT1KH2,KV2]
. e

Quad.f -
Doublet
YRT1QD71,72

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

Typical intensities of beam for injectioni 1 .. 100 mA
Uninterrupted operation time depends on ion species and supply

lons produced so far H,*, D*, C*, Li*, O%, Ne?*, Ne’*, Mg*, Ar*

\\ Qu{
’Dm

| YRTY

[~

lon Source Application @ PRO

[=I[E]
CRYRING
Kein | Mittel | GroB Experteneinstellungen | | Sequenzen v | | de v | | Uber
MINIS - YRT1IN 4 5 9
Kathode (YRTTINTK) Beschleunigungsspannung (YRT1IQ1H) Gasfluss (YRT1IN1G) lonensorte  7Li*
S | T R || (s ) N | ==
YRT1INTKAcquisitionvoltage  3.445 V (6,000 V) YRT1IQ1H,Acquisitionvoltage 35035 V (35000 V) YRT1IN1GAcquisition,flow 0.3001 scem (03000 sccm)
d -+ — =]+
0 35 0 40000 0 05
YRT1IN1KAcquisitioncurrent 11,145 A (11100 Ay YRT1IQ1H,Acquisitioncurrent 0.726 mA (12,000 mA)
=+
0 2 [ 15
Magnetspule (YRT1INTM) Einzellinse (YRTILE1) Vakuum-Druck (YRT11Q1D)
YRT1IN1MAcquisition,voltage  19.02 V. (80.00 V) YRTILE1,Acquisitionvoltage 21170 V (21200 V) 'YRT11Q1D,Acquisition, PressureValue 2534E05 mbar
=+
0 350 0 26000 1.000E-06 2.000E-04
YRT1IN1MAcquisition,current  0.403 A (0.400 A) YRT1LE1Acquisitioncurrent  0.005 mA (0.800 mA)
=+
0 16 [} 2
Anode - Entladung (YRT1IN1E) Ofen (YRT11Q10) Interlock - Kiihlwasser (YRT1IQTWW)
YRT1IN1EAcquisition,voltage  267.40 V (26700 V) YRT11Q10,Acquisitionvoltage  7.603 V (9.000 V)
| ks
0 EL] 0 il Interlock - Druck (YRT11Q1WP)
YRT1IN1EAcquisition,current  0.013 A (0,300 A) YRT1IQ10,Acquisition.current  3.500 A (3500 A) Stats _
T atus
{ =+
0 1 [ 4
0.0000010 0.0020000 0.0000500
0.0017500
0.0000400
0.0000008 0.0015000
-3 = 0.0012500 & T
0.0000005 0.0010000
0.0007500 0.0000200
0.0000002 0.0005000
0.0000100
0.0002500
5 0.0000000 5 0.0000000 5
-00:07 00:03 00! -00:07 -00:03 00! 00:07 -00:03 00:
s YRTIOT2E s RTIQIH s YRTIQID
5 0.000A % 0.001A % 0,000 mbar




lon Source Challenges F'\lR iI= 5= 1l
Beam TiME RETREAT 2022

Original purpose: commissioning using easy ions (H2+, D+)
Developed MINIS for operational stability, also included oven for Mg*

ECR Source (modified source from Uni Giessen, S. Schippers et al.)
more stable, less interventions, more intense beams
on loan from Uni. Giel3en
old device (plasma chamber, magnet, MW generator)

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

operational challenges
complex local injector including source, linac i same FTEs for all components
many short term changes due to failures and experiment requirements

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

FAIR GmbH | GSI GmbH Operational Experience CRYRING@ESR, Frank Herfurth



DC3 [uA]

lon Source i some Elements

Li* T MINIS

O%* - ECR
8 15°G+ 505+ 16041- 1603+ 160 +
6 12C4+ 1203+ 1ZCZ+

+ ——CO,

44
2
Lol i

2 3 4 5 6 7 8

Alq
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DC3 currnet [UA]

FAR ==

*He*

| — LiIF@He

oLt it
_ P |
5 6 7
Alq

Gleb Vorobjev et al.

Spectra created with DeviceAutomator



lon Source Monitoring i Operation for Li* F'“R iI= 5= 1l

88 CRYRING: local ion source, local injector / YRT1IN - MINIS lon Source & =& ) 3 Q 2:10:01 to 2022-03-31 03:53:05

YRTIDT2F YRT1DT1

0
03/2916:00 03/29 20:00 03/30 00:00 03/30 04:00 03/30 08:00 03/3012:00 03/30 1600 03/30 20:00 03/3100:00 015 0300 0750 120
= YRTIDT2Fmeancurrent Avg: 1.14 = YRTIDT.

Oven Heating

Al

=

g
g

[ —— =¥
03/29 16:00 03/29 20:00 03/30 00:00 03/30 04:00 03/30 08:00 03/30 12:00 03/30 16:00 03/3020:00 03/3100:00
YRT1INIM.current — YRT1INIM.voltage = YRT1INIM.power — YRTTINTM.currentset — YRTTINIMyoltageset — YRT1INIMuresistance

03/20 16:00 03/29 20:00 03/30 00:00 03/30 04:00 03/30 08:00 03/3012:00 03/3016:00 03/3020:00 03/3100:00
— Oven Current = Heating Power

E
3
=
S
H]
£
==
E
g

YRT1IN1G - gas flow - pressure YRT1IN1K - Cathode

|

Gas flow [sccm]
Uequ] ainssaid

Wolfgang Geithner et al.

020
03/29 16:00 03/2920:00 03/30 00:00 03/3004:00 03/30 08:00 03/301200  03/3016:00 03/3020:00 03/3100:00

— YRTINIGflow = VRTTINIG flowset = YRT1IQ1D.

Cathode Current, Voltage [A, V]

TACTE-Cr 03/29 16:00 03/29 20:00 03/30 00:00 03/3004:00 03/30 08:00 03/30 12:00 10000

== YRTIINIKcurrent mm YRT1INIKvOltage == YRTTINTK currentset == YRTTINTK.voltageset 100 = YRTTINTK power

YRT1INTX - Acceleration Voltage

3 B8
8 8
[Al20YCA - ILNILLYA

YRT1INTE - Current

C

03/291600  03/2920:00  03/3000:00  03/300400  03/300800  03/301200 03301600  03/302000  03/3100:00
— YRTINIE.current — YRTIINIE.currentset — YRTIINIEvOHtageset — (VRTTINIZwltage

voirage [V], current [uA]



Decelerators/YR Data-Logging and Visualization F-\lR iI= =1L

Since 2019, now with server hosted by central IT

short-term and mid-term (hours-weeks) monitoring of data
relevant for CRYRING & UNILAC lon Source operation:

Cryo system of electron cooler: LHe level, temperatures

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

I Precision measurements of electron cooler high voltage

Disk space is sufficient for ¥2 year of CRYRING@ESR
InﬂUXDB Operation

1

System maintenance & support by 1 Person from
Decelerators team

A Organisational setup does not scale for whole GSI/FAIR

FAIR CS El.
Archiving [§ Cooler _ e for whole
A InfluxDB open source version has limitations inacceptable for

Wolfgang Geithner et al. standard/GSI wide operation
e ke A Non-standard / Non-CS compliant system




Pressure Monitoring

8 General / CRYRING@ESR vacuum pressures # g ) - :59:59 to 2022-05-03 11:59:58

YR1IVWIT YR12 VM1G, YR02 VM1G YROSWIT 'YRO3VM1G (Gun) YRO3VM3G (Collector)

5e-10
-

1210 g o PPN PN parr P A s i inf ot e o

3e10

open ﬁ"*ff* ffhmﬁw.wWﬂ, doaia open .

0
12:00 14:00 16:00 18:00 20:00 22:00 00:00 02:00 04:00 06:00 08:00 i 12:00 14:00 16:00 18:00 20:00 22:00 00:00 02:00 04:00 06:00 08:00
== YROZYM1G.pressure Avg:2e-11 == YR12VM1G.pressure Avg: 3e-11 == YRO3VM1G.pressure Avg: 4e-10 == YRO3VM3G.pressure Avg: 1e-10

YRO3VV2T YRO4VM1G YROSWIT YRO7 VM1G, YR08 VM3G

open =PIVt open

5611
14:00 16:00 18:00 20:00 22:00 00:00 02:00 04:00 06:00 08:00 10:00 12:00 14:00 16:00 18:00 20:00 22:00 00:00 i 04:00 06:00 08:00

== YRO4VM1G.pressure Avg: 2e-11 == YRO7VM1G.pressure Avg: Be-11 == YROBVM3G.pressure Avg: 2e-10

210

PP A g 5
" o

YROOVVIT 'YRO9 VM1G, VM3G YRO9VV2T YR10VM1G

6e-11

open TRErrene open - NPT as e

04:00 : 08:00 i 12:00 14:00 16:00 18:00 20:00 22:00 00:00 02:00 04:00 06:00 08:00 10:00
== YR10VM1G pressure Avg:3e-11

Average Ring Pressure (mbar) Injector Valves Injector Pressures

1.085 ——nu

YRTIWIT YRTIVVZT YRTIVV3T YRT1VM1G pressure

open open open N —

YRT1VM3G_pressure

YRT1VMA4G pressure
YRT1WAT GHTYW1T GHTYVV2T
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Vacuum Conditions F'\lR === I

Main effort in 2020 went into sections 05 1 08:
addition of new ion getter pumps
NEG coating of some easily accessible parts
Next big improvement in the e-cooler section this shutdown (2022 i 2023)

CRYRING: Transformer YROSDT1ML

1.5e+6
Us* @10 MeV/u

1.0e+6 life time about 10s

5.0e+5

0.0e+0 ﬂ

Normalized (Particles)

13:36:30 13:37:00 13:37:30
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Ultra High Vacuum & Beam Life Time

M. Lestinsky et al.
Electron Lifetime @10 MeV/u
Current Measured / s

FAR ==

LIFETIMES OF BARE NUCLEUS

Z + rest gas: Cu
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|V. Shevelko, priv. comm.
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Electron Cooler F'\lR === I

Superconducting magnet for
Electron Gun a1 =

FAIR GmbH | GSI GmbH Operational Experience CRYRING@ESR, Frank Herfurth



Electron Cooling ESR - CRYRING F-\lR iI= 5= 1l

ESR electron cooler
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E-Cooler is now (2020) operational F-“R iI= 5= 1l

A LHe filling procedure works now reliable
A EGun perveance close to design value
A EGun alignment done - Expansion up to 100 available

Dielectronic Recombination of Li-like Ne: Ne’™ (2s) + e -> Ne®* (2p, nl)
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S. Béhm et al., Astronom. & Astrophys. 437 (2005) 1151 E. Menz, M. Lestinsky et al.

FAIR GmbH | GSI GmbH



