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Vacuum mode

mbvb/qb ≈ mfrvfr/qfr

Gas-filled mode

mbvb/qb < mfrvfr/qfr

Magnetic separation
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GREAT
Focal plane

spectrometer

TDR
Total Data Readout

Triggerless data acquisition system

with 10 ns time stamping

+ GRAIN the Analyser

RDT Instrumentation at JYFL in Jyväskylä, Finland
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Window-less operation

Window-mode operation
~ 50 µg/cm2 Carbon foil

- in-beam electron spectroscopy
- plunger experiments
- use of high voltages and the need for a good vacuum < 10-6 torr
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http://npg.dl.ac.uk/GREAT/
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Silicon And Germanium spectrometer
SAGE
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DPUNS plunger

Light Ion Spectrometer Array LISA
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http://ns.ph.liv.ac.uk/~dod/LISA/commissioning_photos.html
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reducing the scattered beam component

Additional
beam stopper
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Further separation
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Recoil gatin RG and Recoil Decay Tagging RDT
Recoil Isomer Tagging RIT
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Absolute transmission measurements
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208Pb(48Ca,2n)254No
- Only 2n channel, 2 µb, very strong fission competition
- Total rate ~ 1Hz/10 pnA

169Tm(40Ar,6n)203Fr
- Total rate 100-300 Hz/ 10 pnA, strong fission competition

96Ru(78Kr,p3n)170Au
- Total rate 2-3 kHz/ 10 pnA

58Ni(54Fe,2n)110Xe
- Total rate > 1 kHz/ 1 pnA

40Ca(28Si,pn)66As
- Total rate > 1 kHz/ 1pnA
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10 pnA ~ 6 x 1010 p/s



Sarah Eeckhaudt et al.,

208Pb(48Ca,2n)254No
- Only 2n channel, 2 µb, very strong fission competition
- σ2n ≈ σER << σf

- Total focal plane rate ~ 1Hz/10 pnA
- at the target position single detector Ge rate 5-10 kHz / 10 pnA
- with digital electronics Ge-detectors can be used at 50 kHz
- Recoil gating
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96Ru(78Kr,p3n)170Au
-Total rate 2-3 kHz/ 10 pnA
- Recoil gating and α (or proton tagging)
- maximum beam intensity limited by random correlations

Heikki Kettunen et. al.,

σ3n ~ 2 nb
σp3n ~ 90 nb
σf ~ 100 mb 

Many fusion evap.
channels open, no
fission
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Detector Pixel size
5 mm x 1 mm



Mikael Sandzelius et. al.,
58Ni(54Fe,2n)110Xe
-Total rate 1 kHz/ 1 pnA
- σ2n ~ 20 nb << σf = n x 100 mb
- additional ”beam stopper” used
- Recoil gating and α-α tagging
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40Ca(28Si,pn)66As
-Total rate > 1 kHz/ 1pnA
-σpn ~ few µb << σf = n x 100 mb
-additional ”beam stopper” used
- Recoil gating and β-decay tagging
- works for fast β-emitters

Panu Ruotsalainen et. al.,
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65Cu + 209Bi
@Ecm=Vc Θgr = 180o

RITU tuned for target-like deep-inelastic products
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Conclusion

RITU is a very effective and reliable separator above mass 150 where alpha or
proton decays (fast isomer decays) can be used for final identification.   

RITU can be used also in the lower mass region.  However a use of vacuum-mode
mass separator will allow to use physical slits to reduce the total counting rates at the 
focal plane. 
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