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Menu:
• aim of experiment
• experimental details
• digging useful information
• preliminary results on Pb isotopes

To be continued A.Gottardo:
• results on Pb isotopes, gamma energies 

and lifetimes
• shell model calculations
• comparison



Search for exotic Pb isotopes “east of 208Pb”

Need to test stability of shell structure in this region (N=126, Z=82)
Indications of a weakening of Z=82 when approaching drip-line
Drip-line is far away and not at all possible to approach

Neutron-rich lead
isotopes known up to 212Pb

M. Pfutzner PLB444 (1998) 32.

• 5x106  pps
• 2 HPGe detectors (Eff γ=1%)
• 350 ions implanted

GSI



238U fragmentation at 1 GeV/u allows to reach 
heavy Pb isotopes with reasonable cross section

(212Pb up to 220Pb).
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M. Pfutzner PLB444 (1998) 32.

The GSI UNILAC-SIS accelerator system 
combined with the FRS and RISING setup
provide a UNIQUE worldwide facility to
populate and study the neutron-rich lead

isotopes.

Experimental approach:

Epax

Abrabla



Experimental details:

2.5 g/cm2 Be

Deg. S1: 2.4 g/cm2

Experiment performed at the end of September 2009
5 days data taking
Beam current 1-2 x 109 pps
3 FRS settings: 
205Pb : ID confirmation
215-217Pb: “production” settings:

populated nuclei ranging from 212-218Pb

MONOCHROMATIC
Deg S2: 758 mg/cm2

Deg S4: ~2.4 g/cm2



Fission fragments+high Z products + 
charge states of primary beam coming 

through
(A/Q)212Pb == (A/Q)238U == 2.583

238U

212Pb

S2

92+

91+

90+

Fission 
fragments

Heavy 
products

Pb
Formation of many charge states 
owing to interactions with 
materials
Ł Isotope identification is 

complicated
Ł Need to disentangle nuclei 
that change their charge state 
after S2 deg.

(Bρ)Ta-S2 – (Bρ)S2-S4

Experimental challenges:
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Application of charge 
state selection

Pb

Clear ID plot, well resolved 



Populated nuclei in 215Pb setting with ∆Q=0

206Hg 210Hg
209Tl 213Tl

212Pb 216Pb
215Bi 219Bi

21921583

21721282

21320981

21020680

MaxAminAZ



6+ -> 4+: 
160 keV

4+ -> 2+: 
312 keV

2+ -> 0+: 
805 keV

T1/2 = 5.0 (3) 
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212Pb comparison btw us and M.Pfutzner...

narrower slits to cut primary beam and 
heavier nuclei (increased beam intensity)
Higher γ efficieny (~12%)

Number of isotopes:350

Number of isotopes:453
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Isomers in µs range found in all measured Pb isotopes, 212-218Pb

Time (25 ns)
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214Pb

Example of Eγ vs. Time matrix to identify long-living isomers

Energy (keV)

Projection on Energy axis

185 339

834
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Still to do

• study other charge states
• study short/long living isomers with other TAC signals
• extract isomeric ratios
• study beta decay
• detailed study of isomers in species (Hg, Tl, Bi,Po)
• ......... (suggestions ???)
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