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FAIR Nuclear Physics at Storage Rings

RSN Storage Rings stand for:

Single-particle sensitivity
High revolution frequencies
Broad-band measurements
High atomic charge states
High resolving power
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FAIR Why storage rings? - Versatile Capabilities

Large Acceptance Beam Accumulation

Acceleration/ Beam Cooling:

. - Stochastic
Deceleration
Storage - efficient use of rare species - Electron
UHV - (Laser)

Cooling - high quality beams

Beam Bunching

Recirculation - high luminocities though thin targets
Various targets:

Removing of contaminants

< Detection: - Electrons
Ultra-high vacuum — preserving atomic charge state - Electrons - Photons
s Various targets 1 Photolns - Atoms
. . — . - Recoils - (lons
\ High detection efficiencies for recoils ( )
- (Neutrons)

Numerous dedicated detectors Internal Gas-Jet Target

Non-destructive
particle detection
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Experimental Storage
Ring (ESR)

In operation since 1990
Circumference =108.3 m

UH Vacuum = 10-19—10-12 mbar
Electron, stochastic cooling
Energy range = 3 — 400 MeV/u
Slow and fast extraction

Linear \
Fragment Accelerator
Separator UNILAC
FRS
Production \ Heavy-lon
target \' Synchrotron
SIS
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F-\'R Schottky and Isochronous Storage Ring Mass Spectrometry

ISOCHRONOUS MASS SPECTROMETRY______
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FAIR Frequency Spectrum
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«——recording time / seconds
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- Longitudinal changes of momenta
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Non-Destructive Particle Detection

sl M. S. Sanjari et al.,
7RSI 91 (2020) 083303

. .
_ 10 ms/spectrum
o CF 24Tz.9u70MHz = © Span: iz
k) (€1 3) 5] (®)

* Intra-beam scattering =

o Pos:




FAIR Non-Destructive Particle Detection
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FAIR

B+ =76.8 %
€ =197 %
stable
0+ 0 96.4%

Three Parent He-Like '*2Pm lons

40.5s

1+

Time-resolved Schotky Spectrum

142
e1Pm

Qg= 4870 keV

Courtesy: N. Winckler
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FAIR  combined Isochronous+Schottky Mass Spectrometry
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Schottky spectra of single events
Separation of the 101 keV isomer in "2Br
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FAIR Isochronous+Schottky Mass Spectrometry

ighly-char ion
Highly-charged ions Nuclear two-photon decay and

+ - - .
Mass Measurements I bound-state e*- e~ pair conversion

Exotic decay modes E143 Experiment

Spokesperson Wolfram Korten
Half-life measurements
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FAIR Nuclear two-photon or double-gamma decay

O+
Y Single photon de-excitation is forbidden
O+
0 0 0’
S v
e e -¢e
0 0 0" Y
conversion electron electron-positron pair two-photon emission

(E*> 1.022 MeV)

First observation in 1985 with the
HD-DA Crystal Ball (Nal array)
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FAIR Comparison of Two-Photon Decay Half Lives
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FAIR Combined Isochronous+Schottky Mass Spectrometry

0.35 Joint PhD Position
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New tool to search for 0* isomers in exotic nuclei

0* —» 0* decays as laboratory for BSM physics
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FAIR Comparison of Two-Photon Decay Half Lives
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FAIR Bound state electron-positron pair decay in °*Pb

0* 930.67 B(K)=101.336 keV
o E(0*,)=930.67 keV
v 2y 1032 keV §  \
O+ O \
L |
Fritz Bosch
196Pb82+ 1940-2016

EPJ Web of Conferences 123, 04003 (2016)
Heavy Ion Accelerator Symposium 2015
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FAIR lon Beam Facilities / Trapping & Storage

Stored and Cooled Control of atomic charge states
Worldwide Highly-Charged lons (e.g. U%2*) and Exotic Nuclei Elr‘or:ont, eleclﬁ:o':; ato"(" ('OI'_‘) t‘;lrgets
) o : ighest quality beam (cooling
Un ique | From Rest to Relativistic Energies (up to 4.9 GeV/u) Variation of kinetic energies

_Cooling: The Key for Precision

uncooled beam ]
electron cooled beam

Ap/p ~ 10-5
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