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Experlmental Storage Ring (ESR) at GSI

other on-line rings:

CSRe at Lanzhou
Rare RI-Ring at RIKEN

ILIMA at FAIR




GSI accelerator complex

Experimental Storage Ring (ESR)
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iIsomers, lifetimes and masses —» e

Main programme:

Mass measurements

in the CR for short-lived
exotic nuclei.

Walker, Litvinov and Geissel,
Int. J. Mass Spec. 349-350 (2013) 247
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2-neutron separation energies
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/ masses measured at the
{ FRS-ESR
i
- r-process
., path
50 T
rp-process 8 g
path - _'!-! = Will be measured with
T - SUPER-FRS-CR-
28 developments include:
o 50 stable nuclei * higher primary beam currents
| « improved transport efficiency
« enhanced detector capabilities
8 o8 nuclides with

known masses

potential for new masses with ILIMA

Walker, Litvinov and Geissel,
Int. J. Mass Spec. 349-350 (2013) 247



SMS and IMS

Mass measurements

both methods have single-ion sensitivity
resolving power ~10%  accuracy ~ 30 uu, i.e. ~ 30 keV

Schottky Mass Spectrometry Isochronous Mass
(with cooling): T,, > 1s Spectrometry: T,, > 10 us

time-of-flight
ctors

M2
Schottky

pick-ups|_|

Stored ion beam é W2 -




149m*9Dy in the ESR

bare ions

| =27/2

Ty, =155
I | | 1 I ] | ] I ] | ] 1
(0.5s for 77400 77600 77800
neutral atom) Frequency / Hz - 60080000

Schottky mass spectrometry

. [isomers up to | = 55/2 seen in fragmentation:
Litvinov et al., Phys. Lett. B573 (2003) 80 Denis Bacelar et al., Phys. Lett. B723 (2013) 302]
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Noise power density [arb. u.]
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Shell-model isomer in n-rich 133Sh

238 el
e first direct observation of this isomer _ U fission
e shortest-lived stored ion isochronous mass spectrometry
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Sun et al., Phys. Lett. B688 (2010) 294



Shell-model isomer in n-rich 133Sh
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New Isotopes (SMS)

isotopes with well-known masses

known isotopes, mass values improved
known isotopes, first mass measurements
new isotopes, first mass measurements
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New masses (IMS)
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New isomers (e.g. *%4M<Hf)

e first observation of m2 isomer
e long-lived pB-decaying isomer

23

10-second snapshots
Schottky Noise Power (arb. units)
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Preparations for ILIMA at FAIR



Design of a Dual TOF Detector System for the CR

Main challenges for new detector:
» Active area x 4 required
» Very limited space in the ring
— scaling up the detector not possible

\
\\ /
| WS

Achievements:
e Simulations for the CR and the TOF detector

(M.Diwisch PhD Thesis, University Giel3en, in preparation; GSI Scientific Report 2012, p. 212)
« Simulated performance of the TOF detector even surpasses the performance

« parameters of the existing detector
« CAD drawings exist

2 detectors
for velocity
measurement

Dimensions: 562 mm x 180 mm X 236 mm
Electron transport efficiency = 98%
Timing accuracy = 35 ps
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slide from Marcel Diwisch (Giessen)

see Diwisch et al., Phys. Scripta T166 (2015) 014058



Design of a Dual TOF Detector System for the CR

Main challenges for new detector:

Active area x 4 required
Very limited space in the ring
— scaling up the detector not possible

Achievements:

Simulations for the CR and the TOF detgs
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ILIMA

@@ ToF detector optimisation

—
1 paaal 1
L |

Average Number of Detected lons
S o

10 um MCPs, Thick Foil
5 um MCPs, Thin Foil

1 10 100 1000
Number of Turns

Kuzminchuk et al., Nucl. Inst. Meth. A821 (2016) 160



Schottky Mass Spectrometry: resonant pickup
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ILIMA

OICR Schottky Mass Spectrometry

Isochronous mode in CR: need position information

front view

side view

Design off-set elliptical
(or rectangular) cavity

A

Chen et al. NIM A826 (2016) 39



detector for In-ring decay

ions ~400 MeV/u from FRS
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Counts

CsISIPHOS detector for In-ring decay

DSSD stack for AE-E
active area 40mm x 60mm
also with Csl calorimeter

45
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B* decay: 142Pmo0+ - 142Nd>%*  atomic electron capture - 14°Pm>+

—| Integral 595
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Prototype tested in the ESR:
Najafi et al., NIM A836 (2016) 1
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Possibility to prepare <100 keV bare ions

¢ Fast Extracted
g Beams

Slowed-Down
Highly-Charged lons _ . - = = =~ «

GSI Experimental Storage Ring g i ST sl
(ESR) .’
Injection -

Channel
\ qﬁ,@i
{ x

Electron Cooler
Schottky

~

now installed

Pick-ups
\\Lerf"'
= Resonant
Time-of-Flight Schottky Detector
Detectaor

Walker, Litvinov and Geissel, Int. J. Mass Spec. 349-350 (2013) 247
Lestinsky et al., Eur. Phys. J. Special Topics 225 (2016) 797



& @ Possibility to prepare <100 keV bare ions
=> NEEC™* opportunities ™o

Beams
3

‘9
92
(15/2) A> 1861 ,, = = _.-=="

2.2 us
(19/2) 17.7 min

722 keV possible 10 keV
transition to

Slowed-Down

(11/2%)

1128 keV
-+
Jz oy 0 s40n

1295b

Walker, Litvinov and Geissel, Int. J. Mass Spec. 349-350 (2013) 247
Lestinsky et al., Eur. Phys. J. Special Topics 225 (2016) 797

x* L
NEEC: Nuclear Excitation by Electron Capture



Highly-charged exotic nuclel in storage rings

Current:
ESR at GSI
CSRe at Lanzhou

Commissioning:
Rare-RI ring at RIBF

Installation:
CRYRING at GSI (very low energies)

ILIMA collaboration:

Preparation: isomers, lifetimes and masses
Ring Branch at FAIR

accuracy ~30 keV, half-life limit ~20 us, sensitivity to one ion per week




