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Bound-state β decay (βb) of 205Tl81+

• 205Tl81+ ------------ 1/2+ g.s.
•
• Qβb (K) = 31.1 keV       
• T1/2(βb)  ≈ 120 d (?)
• - ------------- 1/2- 2.3 keV
• 205Pb0_________  5/2- g.s.
•
• EC     T1/2(EC) =  17.3(4) · 106 y
• QEC =  50.5(5)  keV
• 205Tl0 _______1/2+ g.s.
•

βb



C B

Qβb(bare) = - QEC - │∆ Be│ + │EB (K,L...)│
Qβb(K) = - 50.5 keV   - 19.5 keV  +  101 keV = +31 keV



Physics case 1
205Tl in lorandite (TlAsS2) at the Allchar mine is a     

long-time detector of solar pp neutrinos with the
lowest threshold of 52.8 keV (GALLEX ≈ 232 keV):

205Tl +νe(Eνe≥ 53 keV) → 205Pb* (2.3 keV) + e- (>93%)
The ratio 205Pb/205Tl (background-corrected) provides

the product of the mean solar pp neutrino flux Фνe and  
the capture cross section σνe within 4.3 · 106 y [1]

< Фνe · σνe >
The βb decay-probability of bare 205Tl81+ provides the
unknown nuclear matrix element for the νe capture [2]

(M.K. Pavicevic, P. Kienle, W.F. Henning, 1990)



●
205Tl



Physics case 2
205Pb is the only purely s-process "short-lived" (107 y)

radioactivity (SLR) alive in the early solar system

It provides insight on s-nucleosynthesis just 
after decoupling and prior to the Sun's birth

N(205Pb)/N(204Pb)=(k+2) P(205Pb)/P204Pb) ·τPb-205/TG [3]
abundances in ISM s-production rates 2·107 y/8·109 y

≈ 10-3 (measured) [4] ≈ 1 (assumed)           ≈ 3 ·10-3

(K. Takahashi, B.S. Meyer)



205Pb strongly reduced by free EC from 2.3 keV state [5]
→ injection of s-matter from a (AGB) star needed [6]

Counter-balanced
by the βb decay of
highly ionized 205Tl?

[7]

→ λβb of bare 205Tl 
provides the mean
lifetime of 205Tl in

the s-process
environment



Why is the old E019 proposal from 1992 now feasible?
(We were and still are not allowed to accelerate 205Tl)  
Estimated βb half-life of bare 205Tl81+: 120 d [7] (...1 y...)

For 30...100 βb daughters 205Pb81+ /hour in the ESR 
≈ 2...6 · 105 stored and cooled 205Tl81+ ions needed

1. Improvements of ion source, stripping, mult-multi inj. and 
cooling in SIS yielded 2·109 208Pb at FRS (S 312, 2007 [8])

→ 1·109 206Pb can be expected at FRS 
→ 1·105 205Tl81+ in ESR (σ = 17 mb, 3% transmission) 

2. Accumulation by rf-stacking (bucket transfer) 
and stochastic cooling (2000, [9]) 

→ 2...6·105 205Tl81+ stored and cooled in ESR





1. Inject 105 205Tl81+/shot from FRS

2. Accumulate in ESR to about 5 · 105

3. Store at different times (few hours)

4. Parent- (205Tl81+)- and βb-daughter
(205Pb81+)-line not separated in

the Schottky spectrum

5. Turn on a gas jet (Argon)  for
about 2 minutes

→K electron of 205Pb81+ stripped-off

6.       Get resolved bare 205Pb82+

Number measured via Schottky-noise
or by means of an in-ring detector

Same technique as applied for 163Dy and 187Re [10,11]



PRL 77, 5190 (1996) [11]



[11]  PRL 77 (1996) 5190



Summary: Preparation and status of E100
For ≥ 1 ·109 206Pb ions/extraction in the FRS ( S 312, 2007 [8])

N(205Tl81+) ≈ 1 · 105/injection expected in the ESR
After accumulation by rf-stacking→ 2...6 ·105 205Tl81+ stored

→ After 1 h storage ≈ 30....100 bare 205Pb82+ (ε = 0.75)
→ No enrichment of 206Pb (25%) in a Penning source needed

8 shifts for tuning of ion source, FRS and ESR,
In-flight fragmentation, multi-injection from FRS
Stoch. cooling and bucket transfer (rf-stacking)
8 shifts to get 2...6 · 103 βb decays in the ESR

2 shifts for the capture-to-ionization ratio at gas jet

Approved for E100 in April 2010: 18 shifts ("A")
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