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In‐flight Recoil Separators (@ barrier energies)
‐Gas‐filled recoil separators

‐ TASCA, GARIS, DGRS, RITU, BGS 
‐  GARISII, AGFA, VAMOS (gas‐filled mode), SHANS
‐ helium cooling, beam spot size~ 100 mm Ø 

‐ Vacuum‐mode separators
‐ Velocity filters

‐ SHIP
‐ VASSILISSA (upgraded)
‐ beam spot size~ 100 mm Ø 

‐ Mass separators
‐ FMA, EMMA, JAERI‐RMS 
‐ S3, MARA
‐ beam spot size ~ 2mm dispersive plane

‐ Non‐zero angle magne_c separators
‐ mul_‐nucleon transfer, deep‐inelas_c…. 
‐ VAMOS, PRISMA
‐ IRiS



Gas‐filled separator RITU



Vacuum‐mode mass separator MARA 



208Pb(48Ca,2n)254No
‐ Only 2n channel, 2 µb, very strong fission compe__on
‐ Total rate ~ 1Hz/10 pnA

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

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

‐Target posi_on Ge detectors 5‐10 kHz/crystal/ 10 pnA



Sarah Eeckhaudt et al.,

208Pb(48Ca,2n)254No
‐ Only 2n channel, 2 µb, very strong fission compe__on
‐ σ2n ≈ σER << σf
‐ Total focal plane rate ~ 1Hz/10 pnA
‐ at the target posi_on single detector Ge rate 5‐10 kHz / 10 pnA
‐ with digital electronics Ge‐detectors could be used at 50 kHz
‐ Recoil ga_ng



96Ru(78Kr,p3n)170Au
‐Total rate 2‐3 kHz/ 10 pnA
‐ Recoil ga_ng and α (or proton tagging)
‐ maximum beam intensity limited by random correla_ons

Heikki Kenunen et. al.,

σ3n ~ 2 nb 
σp3n ~ 90 nb
σf ~ 100 mb 



Mikael Sandzelius et. al.,

58Ni(54Fe,2n)110Xe
‐Total rate 1 kHz/ 1 pnA
‐ σ2n ~ 20 nb << σf = n x 100 mb
‐ Recoil ga_ng and α‐α tagging
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Availability of largea area posi_on
sensi_ve MCPs ?



‐Two mylar foils
  needed
‐Transmission losses
   due to wires

+ linle space needed
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FMA implanta_on sta_on
Ge clovers

160X160 DSSD

Large area Si

Si/PiN  box

plas_c β dets







~ 80 ns ~ 200 ns

αtot = 0.36, αk = 0.27   αtot = 0.74, αk = 0.56 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•   N=Z-2 (Tz=-1) nucleus 48Mn: Z=23, N=21

•   Mirror of 44Sc: Z=21, N=23

•   Gammasphere + Fragment Mass Analyser (Argonne N.L.)

Ion Ch.

Foc.Pl

GS

Odd-odd T=1 IAS - Odd-odd T=1 IAS - 4444V new dataV new data

•   40Ca + 10B, 105 MeV, v/c ~ 6 %, Erec ~ 70 MeV

•   A/Q from dispersion,  Z from Ion Chamber

•   Z‐selec_on essen_al….



Two MWPC:s and catcher foil
TOF and Isomer tagging
University of Manchester







160X160 DSSD 64 mm * 64 mm
FMA ANL, strip pitch = 400 µm

GREAT  2 x 60 mm x 40 mm 60X40 DSSD
strip pitch = 1000 µm

AIDA Design
“standard” configura_on “compact”
configura_on
24 cm x 8 cm (or 3 x 8 cm x 8 cm)
Si thickness = 1 mm, strip pitch = 625 µm,
3 x 128 x 128
>5000 channels

www2.ph.ed.ac.uk/~td/AIDA



DSSD for MARA
128 mm x  48 mm
1 mm strip pitch
In total 176 channels

GREAT @ RITU
DSSD 120 mm x 40 mm
2 x 40 x 60 = 200 channels



University of York Talk by Panu Ruotsalainen







UoYTube, University of York











48Ca + 175Lu  223Pa*  220Pa + 3n


