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Origin and location of CRYRING@ESR.

Heavy ion storage ring:
Stores, cooles, accelerates and decelerates heavy HCI.

Manne-Siegbahn
Laboratory (MSL),
Stockholm
1992-2010

GSI, Darmstadt
2013- present
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Main CRYRING@ESR characteristics ==L
Origin and location of CRYRING@ESR.

Circumference 54.17 m (ESR/2) 4

Vacuum 10-11-10-12 mbar

pressure —
lon energy < 300 keV/u - 14 MeV/u

Rigidity for ions | 0.054 - 1.44 Tm

Magnet ramping | 1 T/s (4 T/s, 7 TIs)

: 11 MeV/
Stand-alone local ion beam
operation (300 keV/u, g/A>0.25) |/ / /7 /
Beam injection | multiturn and fast / /

Beam extraction @ slow and fast

-,

“
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Purposes of CRYRING@ESR facility

CRYRING@ESR is a prototype for FAIR
 Tests of novel detectors and beam diagnostics systems

 Tests of FAIR accelerator control system
» Tests of FAIR safety and radiation protection access systems
« Standalone operation during commissioning

 Training of personnel on new control system

Scientific Opportunities
« Heavy HCI (up to U%") at low energy 100 keV/u -10 MeV/u: covers the energy gap between the
ESR (> 4 MeV/u) and HITRAP (<10 keV/u)
» Exotic short-lived ions: Fast ramping (~1s)
» Atomic, nuclear, biophysics, materials research
» Photonic, electronic and atomic collisions, extraction towards downstream experiments

* Research may continue even during major shutdowns (at limited ion ranges).
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Experiments with CRYRING

* Dielectronic recombination- Laser
spectroscopy

Injection
« Atomic and nuclear tests at ,,near 0“ ﬁsﬂ‘zﬁi'*°“f.~’,"m%-
relative energies gﬁ”‘ TR

« Strong field QED in HCE,

%
j
o

E-cooler

(\\ RF-cavity | ? - _
Targets Q « Polarization of ion beams

» Collision spectroscopy

« MOTReMi (HCI structure,
reaction dynamics)

» Experiments with an extracted beam
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Injection into CRYRING@ESR

Injection

" . RF-cavity

Extraction

%o
g
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Injection into CRYRING@ESR == Il

Transfer line from ESR towards CRYRING: Injection line up to CRYRING ring:
GTT1VV1T - GHTBMUL1 GHTBMU1 - YRO1MP1I
Strahirichtung :
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» ESRion 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
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Injection into CRYRING@ESR == I

Local injection line from the ion source up to the ring:
YRT1IN — YRO1IMP1

Phase El.stat. Quad.
probes Triplet *
//‘\ YRT1LT41,42,43
35° magnet Steerer » El. Doublet®* | RFQ StROror ‘
YRTIMH2 YRTlKHZ'lfVZ YRTlILD5‘1,52 YRT1BR1 YRT1KHLKV1 \ 90° magnet
- PR : y YRT1IMH1

Jiad-boublet P& I g ] e e 4 i El.stat. Quad
GHTYQD41,42 : — e B = b El.stat. Quad.
- ] ’];3‘:‘ -St?t. Suad. Houblat
Screen Doublet Doublet Iplet incl. Chopper*
YRTIQD71,72  YRT1IQD61,62 IETIEESL Be oo YRTILD21,22
Steerer Screen &
GHTYKV3 Faraday cup YRTILC1_V

s = Bender
Magn. Septum YRT1LQ1
YRO1MP1

EL stat. Septa* Local ion beams after RFQ: g/A > 0.25: 2H,*, D1* 18Arl+ Ion source

YRo1LP1, LP2 Injection energy: 300 keV/u YRT1IC/IN/IP/IT

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

YVVVVY
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CRYRING ring assembly

LY .
YROTMH| *. Extraction

YROBKS1 - ' [YROZMP1E
T~ . N ~ YROTKV

. \\;,‘HD' oy

| YRO7DX1H] / _ U’

/ y _YRUTDKS%
'YROBDX2v| /"
/
YR10QS1 a)\
i o oy,
[YRIOKV \~ /g
YRIOKS1, @Q d’
R ~{YR10DX1H ‘f
[vRtoass| ~ YRioDx2v
[Rioks2|\ __YR10EK3 ~ 0
U e
~ m
YRIOMH| S 3
= g S
> &
_YR11MO1P| =
3. [YRIiDX1Sseh }__
O oy 2 Q‘b
—
7.

= !J_V_,,.—-YRHDKSFC

300 keV/u (local source) :
~_‘. YR1IMH] 4“’

) o YRI2DX2V

N

YROBDX2V -
YROGDX1H|—

YRO3DX3H

YRO6MH

__[YRoBKS2
_|YRO6QS3
-|YROBLPAE

~ vRocasz,

- __|Yrosas1
_ YROBKH

Deceleration

. 4 YR12DTAC T YRO3DX2V|
- [vrizas1] - \; [¥RoSDEH ™
YRizkH| 7 [YRO2DX1H| N .
YRRV {/?o YRO0ZDCG1JFG . - S
L A AN -cooler
10 MeV/u (ESR) YR1282[* .~ O YROIDK3O\ :
Pl YRIZKS1] ; ﬂ \ . . Coohng
VRiZa8a] T T AL - A o 1 (1
YRI2KS2} yRizmHl S : \ \tlst
YROLBIR2) 1 ’ 74 YROZMH
Injection YROTMPUL ) e
YROILPI2) vrozast / / " Ivrozas3
,WBJH)’/ YROZKH / 2
L\ [YROZMK1I
* [YRO2KS1
|YR02QS2|
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CRYRING ring assembly: magnet straight sectionss —= 1L

[ 12 Dipoles: ramped " .
Bending angle 30° w RN
Max field 1.2T "“
Nom current 1097A

0 18 Quadrupoles: ramped
12 Focusing

6 Defocusing

Max field 5 T/m

Nom current 336 A

0 12 Sextupoles:
6 Focusing

6 Defocusing

Max field 27 T/m?
Nom current 10 A

O 12 Correction dipoles:
6 Vertical

6 Horizontal

Max field 0.03 T

Nom current 10 A
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CRYRING ring assembly

" Extraction

O E-cooler:
~20 voltage and current supplies:

7 Guiding magnets for e- beam
Superconducting gun solenoid

Compensation solenoid

2 Correctors + 2 dipols backleg
10 Steering coils

Target Aﬁ:
WiMs 405’/( "

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)
»

¥ ) RF
Q)Q.b 6’1 Acceleration/
5 Deceleration
o |
A
\ pad
\ ) :
$o,
P

..................... S T

Injection
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CRYRING ring assembly: Diagnostics

= Faraday cups
= Screens (MCP, Cromox) ‘ “ \

YRO8DTIML T

= Beam position monitors (BPM) Targat %

YRO8DX1H

% Extraction

\ ' Jig

\ “ 1l M
YRO7DX1H '
YRO7DX2V

YRO7DK3 .

= Schottky pickup wrioR2y
4 g0ah <0y
= |onization profile monitors (IPM) Q_b\‘ %dr
= Current transformers (AC, DC) N © =
> g
=~ o
- = z
Q YR11DX1H ,% 8‘
= £
YR11DX1S Sch
YR11DX2V }‘ ('b
Q YR110K3'9c /97 Q‘Q
300 keV/u (local source) 2 Lo < Vo
% RS . '/ YR12DX1H YR07 \(RO’Z
d A :igg:f::/r ROEDR YRO3DX2V

10 MeV/u (ESR) '
o ¢ e« ¢ e o B, -

YRO2DX1H

YRO02DCA FC X

YRO1DK3 /O N
\

apnt'

» » For details about the diagnostics see presentation of H.

Brauning
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CRYRING ring assembly

T Measurements transformer
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vRosas?| " Extraction
H YROBKS1 - N | YRO7MP1E
- Dipole magnet (m) [vRos@s3| o YROTKV|  [YROGMH [VROGKSZ|
[ | Focusing quadrupole (m) :Tl [ \ Vg / ~_ YRosas3
EW®  Defocusing quadrupole (m) YROBMH} / L/ | YROBLP1E]
: b (VROTOXHH I vROsKs1
== Focusing sextupole (m) Taraet y vRoToxav|
i arge / YrRoroks O,
=~ Defocusing sextupole (m) — 9 / 2“"““ :
V4 _VRD?EKA
= Horizontal correction (m) 4 . %I
. . yd [YROSDIPH Ipm [YROBDX2V' =
==  Vertical correction (m) FRI0GST 0 \d )\ Z 0 [YROGDX1H]
[ |Septum for injection/extraction (m) [YR1OKH . : 3 &i,(
. X . [YR10KV| Q \_ 0
. Injection kicker (m) vrioasz sl > (#)
- vaioks 3 S <
B Extraction kicker (m) EEYRIoDXMH ~
[YrR10GS3| S~ yRiopxav .
YRioks2 | & L i) ~ O Deceleration
u Electron cooler Ny o 57 c& 1)
— c . f | - = o >
— ompensation magnet for e-cooler - - e - YRO4MH
e |RF cavity o < S L
== R @ -
Injection bumper electrostatic (e) (RITMOTP] \ > p . [YRo4as3|
A, |YR1IDX1S sch  [YRo4ky
. Injection septum (e) o __[YR11DX2v| }“ Qrb ~[YRoaks1
= [YRTDK3Q, ’97 Q. ~{YRoas2
_ , 300 keV/u (local source) (o8 gl < VRGGDHV] YRO4KH
Diagnostics chamber *. YR P\O'z YROIDX3H| 4 [YRosas1
D 1 . YR1IMH| ‘% R 01 \(
Experiment chamber ) e - YRIZDX2V|
. ~ e -_YR(]3MH
s yRizast "’)& ,»'\MT l%[\
% Beam position monitor, horizontal YRizkH] 0’ [YROZDXTH AN
[yRidwy| > (YROZDC1FC N A rmEce
I Beam position monitor, vertical 10 MeV/u (ESR) [YR12Qs2 ~ ‘5 YROTDKZIO' . N o
I Beee ] YRI2KS1 T M | N “' Cooling
FC DC Faraday cup VRiZass - AL L AR . . ; "‘\\l‘\‘ - y
YRI2KS2 [YRiaMH| S LD\ /2 N
DF Multi-channel plate Injection v»% 1I s 7 D o
Fluorescent screen YROILPAIZ) [YRo2s1 / / _;:;;::z
YRO2KH AR
Sch Schottky detector YROILB3(4) L YRozMK1I]
" [YRO2KS1
IPM IPH / IPV lonization profile monitor YR02QS2



CRYRING@ESR Control room == 1K

Cave B /7‘ |

Entrance
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CRYRING@ESR Control room
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CRYRING control system

e |EEEnglish Movember 4, 2016 4,35 PM

Beam Selector Display 42016-11-04 15:37:29,392 ]

4
Frocess: | = ] sverage Data 4E| || Display Raw Data Mode: Current Ranges: l:D ‘| FAIR, SELECTOR.C=0:T=201,S=1:FP=1

: Hardware Status
Device = legend [ | T

=== YRT1D: 1

Operation | Integration | Expart | Acquisition Status

Amplifier

T

I

|

1

1

| [Range of Interest]
1 :| Mean current
| i

|

!

|

I

current [ A

2.792559E-7
A

Max, Current

T
0.6
Time / ms

Trand: 3.645006E-7

A

[Eeam On - Beam Off]
Mean Current

1.474593E-7
A

Max. Current

3.645006E-7

T T T T T T T T T B
16:36:10 16:36:20 16:36:30 16:36:40 16:38:50 16:37:00 16:37:10 16:37:20 16:37:30 A
Baseline: slope = -7.103e-08 intercept = 2.674 B

Status
Status Power State [On | Op Ready [VES | Modules Ready [fES | Interlack MO | control Remote
Detailed Status Module Status Error Messages

‘ Label | Status I | Label Status I | Timestamp | Code ‘ Message | Cycle
FFileout [false | |aDc oK | |2016-08-20 14:33:38.320 |0 larmpon command returnad: -2 |
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CRYRING@ESR commissioning:
current status
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Commissioning Iin Mai-June, 2017

Kkwig | kw19 | kw20 | kw21 | Kw22

E-cooler stand

alone test —
Injection optlmlzatlon/ —

bunchlng

Stored beamg*'
opti mization/acceleration :

E- cooler operatlon —
U Operators training _

Ring bakeout Bakeout paused Resume bakeout
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— CRYRING operations in 2017-2019

AUGUST-SEPTEMBER, 2017

Commissioning with UHV

NOVEMBER-DECEMBER, 2017
Commissioning with UHV

First experiment

PAONRSEVAONRS
Ready to accept ESR beam
For dates, look into plan of accelerator operations and a beam time schedule by S. Reimann
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