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Status of FAIR construction F-\'R I="= 1l

— — —_ — S — — :

#UniverselnThelLab https://youtu.be/wSN7jloV5nM

O S— e -
~ M sy
= . e R - by

S



https://www.youtube.com/results?search_query=#UniverseInTheLab
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Highly Charged lon Storage at GSI

(“low energy”)
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CRYRING in Stockholm (MSL)

Singly charged positive atomic ions:
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Mult]p]¥ charged atomic ions:
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Positive molecular ions:

FAR m=x

P TS a4 a M Ea. ange.. £34
‘ ]_9}(636 ‘ l;f)xe_w‘f‘ |JfJXejg+‘ IJﬁXe-i-lf‘ _ﬂ?Pb.J ‘ _thb..‘l ,

~200 different ion species

singly charged (pos. & neg.)
multiply charged
molecular (pos. & neg.)

H,", HD',H;", D", H,D", *He
NH.", OH', CHs", NH;", H,O'|
C:H,", HCN', C;H:", HCNH',
NO", D”co*. CH:0", CF*. 03
N-H;", D,*S", (LDOH ., CD;
DS’ CiHs', D' CLY, DO, crmenr ey

« Successful operated from 1992 to 2010
. Dlsmantled and shlpped to FAIR/GSI

In 2012/13

» IN3 > |
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Negative atomic ions: S——— — =
H,Li, F,Si, S, CI, Se’, Te’

Negative molecular ions:
CN, Cy4, S12 Cly

GSI(FAIR): + heavy, highly charged ions!
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CRYRING@ESR S

Special Topics

FAIR Research & Development

Detectors and diagnostic systems

FAIR type control system

Training of operators on FAIR type s
with real beam (standalone operation d

Physics book: CRYRING@ESR
M. Lestinsky, Y. Litvinov and T. Stéhlker (Eds.)

Scientific Opportunities

Heavy, highly-charged ions available at GSI (up to U%",
fragmentation products) at low energy 100 keV/u .. 10

MeV/u — bridge the energy gap between the ESR (> 4
MeV/u) and HITRAP (<10 keV/u)
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Scientific Opportunities — FAIR Phase O

Atomic and molecular structure, slow collision dynamics,
elementary processes

Nuclear structure, astrophysically relevant rates in the
Gamov window of p-process, (p,y), nuclear collisions at
the Coulomb barrier

Intersections of atomic and nuclear physics (nuclear

magnetic moments, isotope shifts and charge radii, NEEC,

nuclear Polarization ...)

HCI and surfaces/bulk material

3 PAC proposals granted
17 Letters of intent
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/

already using the
present GSI
accelerator chain
~2018++

1 by Europaan Physical Society

Special Topics

Physics book: CRYRING@ESR

M. Lestinsky, Y. Litvinov and T. Stoéhlker (Eds.)




Timeline CRYRING@ESR FAR ==

We are here

Idea, Study

Group p» Restart of

Report| SIS/ESR
2012 2013 | 2014 2015 2016 2017 | 2018 2019/20

Transport D

to GSI

New, FAIR controls, first integration of ... databases, machine:_

FAIR GmbH | GSI GmbH F. Herfurth "CRYRING@ESR Commissioning and Performance"



2012-2013
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Timeline CRYRING@ESR FAR ==

We are here

Idea, Study

Group p» Restart of

Report| SIS/ESR
2012 2013 | 2014 2015 | 2016 2017 | 2018 2019/20

Transport - Firstions
to GS from source
Reconstruction (D First ions @
Cave B New Cave Topping Out 300 keV/u
Infrastructure, Setup, .
cables etc. .

New, FAIR controls, first integration of ... databases, machin_e_
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Local lon Source F-\|R == 1I

Typical ions so far — H,, D,, Ar, Mg

Typical intensities of beam for injection — 40 uA for gases, 4 uA for Mg,
has been improved from the initial 1 pA

Uninterrupted operation time — improved from a few days to weeks

Second and third version built for fast change over and development
work

Other source types (e.g. EBIT) and upgrade of RF Power discussed or
already scheduled

probes "Triplet™
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Timeline CRYRING@ESR FAR ==

We are here

Idea, Study

Group p» Restart of
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ESR — From 400 to 4 MeV/u FAIR ==

ESR — Experimental Storage Ring at GSI with stochastic and electron cooling

Ni?%* 400 —> 30 > 4 MeV/u

w ESR cycle during g . signal:
= recent experiment |

5..20 injection, stoch. cooling T
3.10  deceleration 400 — 30 MeV/u I\ g
2..6 e cooling, rebunching | \"‘j %
2.5  deceleration 30 — 4 MeV/u | | =
2.5 e cooling, ejection ;
3 reset magnets v !

< 40 s >

FAIR GmbH | GSI GmbH F. Herfurth "CRYRING@ESR Commissioning and Performance”



X [mm]

Fast Extraction from ESR to CRYRING F-\'R I="= 1l
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Decelerate, Extract, Transfer F-\lR I="= 1l

> 60%

ESR * CRYRING@ESR
Y

Juli 2016
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Timeline CRYRING@ESR FAR ==
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Idea, Study
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YRT1DF7/DC7

First Turn — Oct. 2016
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Successful testbed for FAIR type control system stack
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Timeline CRYRING@ESR FAR ==

We are here

Idea, Study
Group p» Restart of
Report| SIS/ESR
2012 2013 | 2014 2015 | 2016 | 2017 _ | 2018 2019/20
Transport - . : L
to GsllO frEIr;Stsljouance — commissioning
Reconstruction (D First ions @ ——
Cave B New Cave Topping Out 300 keV/u first electron
Infrastructure, Setup, T Transport test cooler test
cables etc. ith ESR beam
Firstions in

ring = first turn

UHV, bake out, -

e-Cooler

New, FAIR controls, first integration of ... databases, mact_
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Ultra High Vacuum & Beam Life Time F-\|R == 1

LIFETIMES OF BARE NUCLEUS

73 ] < lon pumps
10
= ~ 10
6 Z + rest gas: Cu \,///
10" =z & « Cryopumps
. Y(H2) = 90 % Kr /
10°4—— Y(N2)=9.5% c s~ | + NEG pumps
VIAr)\ = N 5 O/ Xe =2 /% U ~ 100
10 P=10"" mbar S
ot i Dy p
2 min | = ! e P
e First bake out cycle finished
1 Mean pressure along the ring 1 x 1019 mbar
10 _
Gpdscll el oo | Several changes require more bake out —
10°f¥—— ———+————  oOngoing
0.1 03 1 * Incidents made continuous pumping difficult

E [MeV/u] 'VW
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Vacuum Conditions F-\lR I="= 1l
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Some results of Commissioning

* Legend

_|=#= Channel 3
—& Channel 4
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Okt. 2017
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FAR m=x
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Electron Cooler F-\lR I="= 1l

Superconducting magnet for
Electron Gun 5% e 1 Im
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Electron Cooling ESR

- CRYRING FAR ==

« cathode replaced

* superconducting magnet tested

« bake out done

« Set backs: Water leak, LHe filling issues
¢ commissioning ongoing

o ESR electron cooler
€ [ kgTj=120meV
R
Q
g - [
g 02 CRYRINGelectron~, 25t
& F = I
L o
~ @ 20
- 2
/ E 15 I
0% - =
= kgT|=1.5meV Q0
B | IIIIII\| | I\\IIH‘ | I\Il\g 10-
107 107 1073 19
Rel 3
L 5p
©
4
0

DR of Li-like "*Nd*™

——DR-ESR electron cooler
I ——DR-CRYRING electron cooler

C. Brandau priv. comm.

1.0 1.5 2.0 2.5 3.0
Electron-lon Collision Energy [eV]
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Timeline CRYRING@ESR FAR ==

We are here

Idea, Study

Group p» Restart of

Report| SIS/ESR
2012 2013 | 2014 2015 | 2016 | 2017 _ | 2018 2019/20

Transport (D

Firstions &G @ @ comnissioning

o &Sl , from source
Reconstruction (D First ions @ e
Cave B New Cave Topping Out 300 keV/u first electron
Infrastructure, Setup, s Transport test cooler test
cables etc. ith ESR beam

Firstions in
ring = first turn

UHV, bake out, 4 p
o Coolor —_—
Installation o

and Test of 15t (D

Experiments

New, FAIR controls, first integration of ... databases, mai_
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_ Cooling in CRYRING@ESR FAR ==t

time

22nd of November, 2017
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lonization Profile Monitor F-\'R == 1I
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Cooling in CRYRING@ESR FAR ==t

Vertical beam profile recorded on the lonization Profile Monitor

22nd of November, 2017
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Injection and Storage of Mg* F-\|R =1

Lifetime at injection energy (40 keV)
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Time /s

T ~ 10 seconds = sufficient for laser experiments!
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Acceleration of Mg+ F-\'R =51

Mg* from injection energy (2 keV/u - Bp 0.14) to (32 keV/u, Bp 0.62)

= | dump beam, restart
/ | end of acceleration

/

start of acceleration :

0,5MHz
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CRYRING@ESR Status Summary F-\|R =51

Both ion paths towards CRYRING@ESR are operating, from
ESR and from the local injector.

Assembly and alignment of the ring is complete.
System is fully baked (p < 1e-10 mbar |).

lon beam storage accomplished (H?* at 300 keV/u, ~108
particles, ~5 s lifetime).

ECOOL showed first signs of ion beam cooling.
Installations for first experiments will be ready end of 2018
Multiturn injection: n = 3...4.

Beam acceleration achieved (0.3 — 24 MeV for H,*)

Beam from ESR ~ 2018-19 (depending on GSI/FAIR)
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