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lon energy
/v Rigidity for ions

Magnet ramping

. |Stand-alone
operation

1

V.. Beam injection

Beam extraction

| S

54.17 m (ESR/2)
10-11-10-12 mbar

< 300 keV/u - 14 MeV/u
0.054 - 1.44 Tm
1T/s(4T/s, 7Tls)

local ion beam
(300 keV/u, g/A> 0.25)

multiturn and fast

slow and fast



Informationen F-\lR === 1I

Allgemeines

gsi.de/cryring
CRYRING: praktisches Handbuch

Handbuch zum Betrieb = zcnsnceo
Auf der Wiki Seite hier (unter ,CRYRING Operation®)
Technische Details (viele ...)
CRYRING@ESR Wiki
link auf gsi.de/cryring rechts oben
Login mit Campus Daten (i.e. Windows)

Nur innerhalb der GSI erreichbar
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http://gsi.de/cryring
https://sps2013.gsi.de/websites/cryring/CryringWiki/CryringDocs/Sharepoint%20CRYRING/Operations/WorkInstructions/CRYRING%20Praktisches%20Handbuch.pdf
http://gsi.de/cryring
http://gsi.de/cryring
https://sps2013.gsi.de/websites/cryring/CryringWiki/CryringDocs/Sharepoint%20CRYRING/Operations/WorkInstructions/CRYRING%20Praktisches%20Handbuch.pdf
http://gsi.de/cryring
https://sps2013.gsi.de/websites/cryring/CryringWiki/CryringDocs/Sharepoint%20CRYRING/Operations/WorkInstructions/CRYRING%20Praktisches%20Handbuch.pdf

CRYRING@ESR Betriebsmodi FAR ==

Setup Run Change

= Beam from

ESR = monitor

= Beam from
local
source

= maintain

FAIR GmbH | GSI GmbH



Aufgaben Schichtteam F-\'R =51

ESR Strahl nach Transport durch
Setu D HEST

Einstellen erster Umlauf (YRO7 und
YR11 Leuchtschirme)

Einstellen gespeicherter Strahl (bis
= Beam from Signal auf Zero Span Schottky)

ESR

lokaler Strahl

nach YRT1DKY7 (d.h. nach dem RFQ)

Einstellen erster Umlauf (YRO7 und YR11
Leuchtschirme)

Einstellen gespeicherter Strahl (bis Signal

= Beam from

local
source auf Zero Span Schottky)

FAIR GmbH | GSI GmbH



3V I YRT1DF6V I YRT1DF7V I GHTYDF3V l YRO1DF3V I YRO7DF2V I YR11DF3V I YRE1DF1V

Acq Time: 2020-05-19 13:48:00.563

Aufgaben Schichtteam : |
ESR Strahl nach Transport durch
HEST -

Einstellen erster Umlauf (YRO7 und
YR11 Leuchtschirme)

Einstellen gespeicherter Strahl (bis
Signal auf Zero Span Schottky)

id v/ Show Marker @ Center

: =ryring scn...Freseiection DDD !

ilent S, r - Swept SA '
L RF \'Q‘DC [ ENSE:INT. SChOttky Signals
T YR11DX1S
PNO: Wide () T1rig: Externall
IOkaIer Strah I PPPPPP IFGain:Low Atten: 6 dB
AX

nach YRT1DKY (d.h. nach dem RFQ)

Einstellen erster Umlauf (YRO7 und YR11
Leuchtschirme)

Einstellen gespeicherter Strahl (bis Signal
auf Zero Span Schottky)

AY

Center 809.900 kHz Span 0 Hz
Res BW 2.0 kHz VBW 2.0 kHz Sweep 50.00 s (1001 pts)

Setup needs a little care (freq, span, amplitude ... )

FAIR GmbH | GSI GmbH



Aufgaben Schichtteam F-\'R =51

,monitor‘ durch Uberwachung der
R Strahlintensitat im Ring
un L ASSIE Monitor
Spectrum Analyser
Tektronix RSA
Grafana (lons Source, Cooler etc.)

monitor

,maintain” d.h. Erhaltung des
Betriebszustands durch beseitigen
,offensichtlicher” Fehler

Gerate wieder einschalten
o Ventile wieder offnen
= maintain Wiederherstellen nach Cave Access

Beseitigung von Geratefehlern mit der
Rufbereitschaft der Fachgruppen

FAIR GmbH | GSI GmbH



Aufgaben Schichtteam F-\lR =51

& | il | Le ’ £1% English 2020-05-01 07:42:59

eeeeeeeeeee

,monitor* durch Uberwachung der | ; gore = [ [[[[1]]]
Strahlintensitat im Ring e T
LASSIE Monitor ~1.55E6 | ™ RUUUMNUAY

ppppppppp

EO 984 - T=340:C=4:5S=11:P=29 .
YROS8DT1IML |Mode: | Calibrated - e
Spectrum Analyser e
‘1.6
2020-05-01 07:42:58.

Tektronix RSA e . .
Grafana (lons Source, Cooler etc.) 1.38E4 ™ A\J\H\MM

PPPPPPPP

ccccccccc

,maintain” d.h. Erhaltung des
Betriebszustands durch beseitige
Joffensichtlicher” Fehler

Gerate wieder einschalten

Ventile wieder offnen

Wiederherstellen nach Cave Access

Beseitigung von Geratefehlern mit der
Rufbereitschaft der Fachgruppen
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Aufgaben Schichtteam

Change

Energy

FAIR GmbH | GSI GmbH

FAR z=x

Energieanderung

ohne Anderung der Kiihlung (reines
skalieren)

Abschwachungen
Lange von Subcycles, Wiederholungen
etc.

Rufbereitschaft Maschine:

Orbit, Kuhlung, Target, ...




Informationen F-\lR === 1I

Allgemeines

gsi.de/cryring
CRYRING: praktisches Handbuch

Handbuch zum Betrieb = zcnsnceo
Auf der Wiki Seite hier (unter ,CRYRING Operation®)
Technische Details (viele ...)
CRYRING@ESR Wiki
link auf gsi.de/cryring rechts oben
Login mit Campus Daten (i.e. Windows)

Nur innerhalb der GSI erreichbar
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http://gsi.de/cryring
https://sps2013.gsi.de/websites/cryring/CryringWiki/CryringDocs/Sharepoint%20CRYRING/Operations/WorkInstructions/CRYRING%20Praktisches%20Handbuch.pdf
http://gsi.de/cryring
http://gsi.de/cryring
https://sps2013.gsi.de/websites/cryring/CryringWiki/CryringDocs/Sharepoint%20CRYRING/Operations/WorkInstructions/CRYRING%20Praktisches%20Handbuch.pdf
http://gsi.de/cryring
https://sps2013.gsi.de/websites/cryring/CryringWiki/CryringDocs/Sharepoint%20CRYRING/Operations/WorkInstructions/CRYRING%20Praktisches%20Handbuch.pdf

Injection into CRYRING@ESR =55 I

Transfer line from ESR towards CRYRING: Injection line up to CRYRING ring:
GTT1VVAT - GHTBMU1 GHTBMU1 - YRO1MP1I
Strahlrichtung
-
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> ESR ion beams: from He (Z=1) to U (Z=92)

> Injection energy at CRYRING: from 4 MeV/u to 14 MeV/u
> Repetition rate: 1 per 60 s

> Pulse length: 4 us

> Beam intensity: 107 -108 particle per pulse

GSI| Helmholtzzentrum fiir Schwerionenforschung GmbH S. Fedotova, 2017



Injection into CRYRING@ESR =55 00

Injection from ESR

Fast injection mode: pulsed injection septum magnet + pulsed kicker magnet

*  Esr
a0 =

Injection kicker  Injection septum
magnet magnet
PULSED PULSED

GSI| Helmholtzzentrum fiir Schwerionenforschung GmbH S. Fedotova, 2017



Injection into CRYRING@ESR =51

Local injection line from the ion source up to the ring:
YRT1IN - YR01MP1

Phase El.stat. Quad.
probes Triplet *
A1 YRTILT41,42,43
35° magnet Steerer / ElL. Doublet* | RFQ S
YRT1MH2 YR“KHZ'IEVZ YRT1LD51,52 90° magnet

YRT1BR1 YRT1KH1,KV1 |
, y YRTIMH1

Quad. Doublet U el ) R ‘ g__--,‘_.w C 7E1 —r—
GHTYQD41,42 | — Tt - ~ p Elstat. Quad.
! $1.§tft. Suad. DR
Screen Doublet Doublet riplet incl. Chopper*
WTIQD7172  |YRTQD6162 oo EEREIES YRTILD21,22

w . GHTYKV3 Faraday cup YRT1LC1_V
‘»‘T’ Bender
Magn. Septum YRT1LQ1
YRO1IMP1

El. stat. Septa* Local ion beams after RFQ: g/A > 0.25: 2H,1+, D1+,18Ar1+ lon source

YRO1LP1, LP2 Injection energy: 300 keV/u YRTLIC/IN/IP/IT

Repetition rate: 1 Hz
Pulse length: 1 uys— 1 ms
Beam intensity: max 10 pA (6*107 part per 1us pulse)

VYVYVYY

GSI| Helmholtzzentrum fiir Schwerionenforschung GmbH S. Fedotova, 2017



Injection into CRYRING@ESR

Injection from the local ion source

Multiturn injection mode: pulsed electrostatic bumper

Injection septum magnet
DC

yMW

Injection bumper
PULSED

GSI Helmholtzzentrum fur Schwerionenforschung GmbH

lon source

S. Fedotova, 2017



CRYRING ring assembly

v [YR08QS1| * .
. . YRO7MH|
'YR08QS2| YROBKH .Extraction _
'YRO8KS1 'YROBKV [YROTMPIE| S—
YR08QS3 YROZKV| | . [YRO6KS2
| YRO8KS2| oorrcal
' \\ ™ f [ _|YR06QS3|
YRO8MH|— ' , [YRO6LP1E
|YRO7DX1H| | YRO6KS1]
o |YRO7DX2V | ~|YR06QS2]
Target (YROSDTIML T YRO7DK3 YROGMKIE|
. . 'YRO8DX2V | R B
YRO9MH * 'YROSDX1H| YRO7EKA | | YRo6QS1
: YROSDIPH 1pM YROSDX2V {YROGKH|
YR10QS1| | )\ 4 [YROGDX1H|— ——YRO5MH]
'YR10KH, ~ 803 0&' A
YR10KV | Q ¥ % \
'YR10QS2| -b
YR10KS1 NJ | YR10EK1| Q &
S &= YR10DX1H © "f YRO5BE RF cavity |
YR10QS3 N '
, ‘ ' YR10DX2V :
VR10KS2 I . T ~< "8 Deceleration
&5 ~ o . s
[YR10MH| ] () 7 'YROSEK1
: [YRO4MH|
- [YR11DIPV IPM -
‘ 'YR11DX1H| 4 AV YRO4EK2|
ﬁ S 'YRO4EK1| [' ROaKS2
'YR11MO1P| - >~ YRO4GS3
—S=0h [YRO4KV |
[YR11DX1S Sch , »
[YR11DX2V J‘ Qrb !\' - YRO4KS1
ey MIO p; ~f?. ' [YR04QS2
300 keV/u (local source) Q o YRoIDXSY. 3 YROIKH
.. ' YR 0‘2 YRO3DX3H 1 YR04QS1
XR1ThE » [ YR12DX1H 07 \( l
. Q/} e 'YRO3DX2V 'YRO3MH
. : 9 YR12DT1C T ! .
* [YR12QS1 ¢ "” | YRO2DX2V | 'YRO3DX1H
NR12KH < YRO2DX1H| ‘
[YR12KV | . mipc .
: s 7 YRO03 E-cooler
10 MeVIu (ESR) YR12QS2 ", - - ! YRO1DK3O .
________________ YRI2KS1 o ' ﬂ - Cooling
YRIZQ83 T T - e .. F\‘\\ ‘\z
YR12KS2 YR12MH v ' ,
[YR12MH| YRO1LB1(2) ) Ve YRO2MH|
|njectI0n YR01MP1I‘. ‘ [YR0O2KS2
'YRO1LP1I(2]) 'YROTMH| |YR02Qs1| [YRo2GS3|
, ~ YRO2KH — :
YRO1LB3(4) - _
e e
[YR02QS2|

GSI Helmholtzzentrum fur Schwerionenforschung GmbH

S. Fedotova, 2017



CRYRING ring assembly: magnet straight section\!,:'= —= I

3 12 Dipoles: ramped - .
Bending angle 30° P w1
Max field 1.2T “‘
Nom current 1097A
&

d 18 Quadrupoles: ramped
12 Focusing

6 Defocusing

Max field 5 T/m

Nom current 336 A

d 12 Sextupoles:

6 Focusing

6 Defocusing

Max field 27 T/mz2

Nom current 10 A "753
7

A
iy
by
3 12 Correction dipoles: '\ YRo; ~ROZ ~
6 Vertical s

6 Horizontal ¢
Max field 0.03 T »

N
Nom current 10 A '

GSI| Helmholtzzentrum fiir Schwerionenforschung GmbH . S. Fedotova, 2017




CRYRING ring assembly

d E-cooler:

~20 voltage and current supplies:

« 7 Guiding magnets for e- beam
« Superconducting gun solenoid

 Compensation solenoid

« 2 Correctors + 2 dipols backleg wind~
« 10 Steering coils

Target

RF driven drift tube:

Slow ramping mode (1 T/s)
 RF frequency 40 kHz- 2.4 MHz
- RF voltage 0-1000V,,_,

300 keV/u (Iocal‘source)

10 MeV/u (ESR)
»

-~
...... -~
___________ -~

Injection

GSI Helmholtzzentrum fur Schwerionenforschung GmbH

" Extraction
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S ¢ . \ Acceleration/
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S. Fedotova, 2017



CRYRING ring assembly: Diagnostics

Faraday cups
Screens (MCP, Cromox)

Beam position monitors (BPM)
Schottky pickup

lonization profile monitors (IPM)
Current transformers (AC, DC)

T t
arge v
%

~~

300 keV/u (local source)

10 MeV/u (ESR)

/ YR08DT1MLT / /

vrospxav| /.
YROSDX1H| /

% YRO8DIPH ipm

\~
Q;b R Od'

" .Extraction

S Ql
/ YR07DX1H

YR07DX2V /'”
'YRO7DK3|Q 4

qoah < 0&’,(

l

YRO6DX2V -

N
AN
YR06DX1H} — }<\ '

Cooling

- ‘( Yo Deceleration
| 0 )
~ o
- ) ”
YRTIDIPV pm I I -
g YR11DX1H L. e
i 3 S f
>
YRiXISSh ) |
Q @ $H
= < ‘ < ]
‘ YR 02 e
>{ - RIDKIH 071 \(
N ; N
YR12DT1C|T - m Y4
\\ ﬁ \wt\ @ . e
0 ! {m\\ Y N
N A \ N
\ hY
' YRO1DK3O :

Injection

GSI Helmholtzzentrum fur Schwerionenforschung GmbH

S. Fedotova, 2017



CRYRING ring assembly

Dipole magnet (m)

Ex :Focusing quadrupole (m)
Ex Defocusing quadrupole (m)

Focusing sextupole (m)
- Defocusing sextupole (m)
iHorizontaI correction (m)
= Vertical correction (m (m)

GSI Helmholtzzentrum fur Schwerionenforschung GmbH

Target
[YRO9MH| *

[YR08QS1] »
' . YRO7MH
'YR08QS2| YROBKH Extractlon
'YROBKS1 YROBKV [YRO7MP1E]
YR08QS3 “l 'YRO7KV| | YROBMH -
YRO8KS2|
YR
\ \\“ / [ & 06QS3
YRO8MH| YRO6LP1E
| YRO7DX1H| [YRO6KS1|
] ‘YR07DX2V [YRO6QS2|
YRO8DTIML T YROTDIGIC _
’ . i IFc ]
YR08DX2V | LYROGMK1E
'YROBDX1H| YROTEKA| ‘ YR06QS1
| YROBDIPH IPM YRO6DX2V | [YRO6KH

[YRO6DX1H] ’/‘:}’ oS

YR10QS1| )\ 4 0
7 Septum for injection/extraction (m) LYR10KH 303 H/(
T YR10KV
. Injection kicker (m) YR10aS2 | -g &0
' YR10KS1| LYR10EK1| COQ d’ v
. Extraction kicker (m) 3 'YR10DX1H - 'YROSBE RF cavity
ke Mg YRioxev Deceleration
YR10KS2| =3 [YR10EK3 5 \.(03
L_J Electron cooler Q
YR1OMH| '] 8 %_ YROSEKT—— % j
— : _ ‘ ‘
.Compensatlon magnet for e-cooler - RTiBETen ) - 'YRO4MH
— : | YR11DX1H YRO4EK2| el
|ﬁ .RF cavity g ﬁ S YRO4EK1 F ]’
. . . > [r i YR04KS2
8| Injection bumper electrostatic (e) T \ g PN Q YR04QS3
‘ ' 3. [YRIIDX1Ssch == \YRO4KV/|
. Injection septum (e) Q 'YR11DX2V j‘/‘p ng'_) !\\' 'YRO4KS1
—_ NRIDKGIO [YR04QS2
FC T
. . 300 keV/u (local source) Q {3 < 'YRO3DX3V| YRO4KH
Diagnostics chamber .. ' YR R02 YRO3DX3H| [YR04Qs1
1 YR11MH| 'YR12DX1H| 0 7 \(
i YR120X2V
D EXperlment Chamber . / /’ 'YR12DTIC T ‘ ) YRO3DX2V iYR03MH‘
l T N ) ) -~ ,YR120$1 < ~ YROZDXZV‘ YRO3DX1H
| Beam position monitor, horizontal YR12KH] 0 YRO2DX1H
7| YR12KV | 'YR02DC1|FC ,‘
™ . . r A YRO03 E-cooler
l Beam position monitor, vertical 10 MeVIu (ESR) YR12QS2 @ YRO1DK3/O \ .
s YRIKS1 - M e ‘ Cooling
FC DC Faraday cup YRizass Ao S Ly, "\\ \w g
‘ ey YRIZMHT i) YRO2MH|
DF Multi-channel plate Injection ———
[YRO2KS2|
Fluorescent screen 'YROTLP1I(2)) [YROTMH] [YR02QS1 'YR02QS3|
| T T YRO2KH \— -
Sch Schottky detector O YRo2KV] ROz
IPM |PH / IPV lonization profile monitor YRo2as2
T Measurements transformer

S. Fedotova, 2017



