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Motivation: Low Energy Branch of the lehr-'l;

LEB: High-precision experiments with in-flight separated exotic nuclei
almost at rest, (production by projectile fragmentation / fission)

* universal and fast production

* high selectivity

* cooled exotic nuclei

100...1500 MeV/u ~ MeV/u ~eV ~ keV
| e E—
Fragment Buncher / Stopping E i t
 ————— Target | i — — CXPeriments
Primary Separator Degrader Cell (Trap, Laser,..)
Beam In-flight In-flight Momentum Stopping /
Production Separation Compression  Thermalization

MATS (Precision Measurements of very short-lived nuclei
using an Advanced Trapping System for highly charged ions)

MR * High accuracy mass measurements

: ‘ * In-trap conversion electron and alpha spectroscopy

* Trap assisted spectroscopy

LaSpec (Laser Spectroscopy)

* Collinear laser spectroscopy of ions and atoms
* B-NMR

* Resonance ionization spectroscopy
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~ MeV/u o RF structure:
Arrows show direction of force funnel or carpet
 High-energy ions stopped in noble gas
» Stopped ions transported using DC and RF fields to exit-hole
* Extraction by gas flow
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First Generation Stopping Cell Second Generation Stopping Cell
(S258) (S411)

Successful proof-of-principle

Suffered from: Solu.tions nO\{v implem.ented:
1. Poor stopping efficiency 1. High-density operation

2. Presence of impurities 2. Cryogenic operation

G. Savard et al., NIM B 204 (2003) 582
M. Petrick et al., NIM B 266 (2008) 4493
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Stopping Cell: Cryogenic O[{

New concept: Operate He-filled stopping cell at cryogenic temperature (~70 K)

Advantages

* Ultra-pure helium (freezing-out of contaminants)
- Ideal for ion survival

- No formation of molecules/adducts
* Reduced radial ion diffusion

« 2+ charge state (?) — shorter extraction times
» Reduced requirements for cleanliness — easier, more flexible construction
» Operational reliability
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Transport efficiency
of a-decay recoil ions
in a closed gas cell

P. Dendooven et al., NIM A 558 (2006) 580
S. Purushothaman et al., NIM B 266 (2008) 4488
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' ~ GeV/u ~ MeV/u ~ eV
L IS T

~ FRS - Cryogenic stopping cell - MR-TOF '

Fragment Separator FRS
Production, separation and
range-bunching

Cryogenic Stopping Cell
Stopping, thermalization,
extraction

RFQ Beam Line
lon cooling, transmission,
differential pumping,
isotope separation,
diagnosis, beam distribution
introduction of reference ions

Multiple-reflection TOF-MS
lon identification,
isobar separation

direct mass measurements

Degrader
System

Scintillators

M. P. Reiter, Master Thesis (2011), Justus-Liebig-Universitat GieRen

. Reference
Si-Detector 1¢ lon Source

DC Cage RF Carpet
Cryogenic RFQ
Stopping Cell

(Helium, 250 mbar, ~ 70 K)

W.R. Plal} et al., NIMB 266 (2008) 4560

Extraction

Experimental

Channeltron Station

Diagnosis RFQ Beam
Unit Switchyard

Multiple-Reflection
Time-of-Flight
Mass Spectrometer

Isobarically
Clean Beam

»

i

Detector and
lon Gate System
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M. Ranjan et al. EPL 2011 (accepted)
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Al foil - Si detector

agsembly

DC cage
223Ra source ? RF carpet

M. Ranjan PhD Thesis, University of Groningen (in preparation)

M. P. Reiter, Master Thesis (2011), Justus-Liebig-Universitat Giel3en
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Offline test

Survival and extraction efficiency Peak-to-peak RF voltage
measurement with a 223Ra source required to achieve
the half value of the
40 | | | | ' s maximum efficiency
Systematic error ~ 20 %
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Performance Characteristics of the MR-

Universal mass spectrometer and mass separator
(works for all elements, stable and unstable ions)

Mass Resolving Power Mass Range
600,000 ~% - full
Mass Measurement Accuracy Transmission efficiency
~10-7 up to 70%
Measurement Duration lon Capacity
~10 ms >10%ions /s
Sensitivity Calibration
~10 ions external / internal

World-wide unique combination of performance characteristics!

T. Dickel, PhD Thesis (2010), Justus-Liebig-Universitat Giel3en
I=5=1I—
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FRS range bunching

S4 degrader thickness scan for 223Th
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2381 projectile fragments
produced at 1 GeV/u and
separated and range-bunched
in the FRS

Helium areal density used
4.8 mg cm
100 mbar at 100 K
300 mbar at 300K

Stopping efficiency
~ 15%
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counts/channel
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First on-line operation of a cryogenic stopping cell!
223Th: total efficiency (stopping + extraction)
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Mass scan with MR-TO
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J. Ebert, Master Thesis, Justus-Liebig-Universitat Gielden (2011)
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Plans for next beam time (Sprir@{?()’ﬁd

e Systematic study of
— Intensity limitations
— temperature/cleanliness

e Test mass measurement
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219Ra — Online measurem

| 21 9Rn
— Spectra
60 4 — fitted with Gaussian with low energy exponential tail — o
219
] Rn
sy
50 4 —2'1g; ‘ i 215P
i
i
0}

_ 40- / u
o |
c | 211Pp
S /
£ 30+ f — o
W

2o | }/ ] 211Bj

i
| | Hm *
o ﬂ"niﬁ!’ﬂ‘\. ll |/ o MJ\ _
J |||A |‘ "I}'W'f I |'H k|l H 207T|
- |."| 1 '11 ! 1 1 LI L I‘ uL,.Jm.'ILIr ’k JLl 11111
0" | | | L |
1800 1900 2000 2100 2200 2300
shannel I=5=Il—

Sivaji Purushothaman

FRS-User meeting 2011, 28-29 November 2011



Ofﬂme test 23Ra
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