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Motivation
The doubly magic 208Pb region 
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Shell model reproduces 3– octupole strength.
▸Van Isacker and Rejmund, Phys. Rev. Res. 4, 2022

B(E3) = 34.0(5) W.u.
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Motivation
Proton hole-octupole phonon coupling in 207Tl
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πs–11/2 × 3–

πd–13/2 × 3–

πh–111/2 × 3–

?

Van Isacker and Rejmund, Phys. Rev. Res. 4, 2022

νj15/2 × 3–

E3

Multiplets of states from coupling of 208Pb 3– × valence particle/hole.



Motivation
Proton hole-octupole phonon coupling in 207Tl
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Ralet et al., PLB 797, 134797 (2019)
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νj15/2 × 3–
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Motivation
Proton hole-neutron particle coupling in 208Tl
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realistic effective Hamiltonian Vlow-k 
derived from CD-Bonn nucleon-nucleon potential 

▸Fornal et  al., Journal of Physics 267, 2011

Multiplets of states from coupling of valence particles.



Goal of the experiment:

• Investigate octupole nature of 17/2+ state 
(πh −1 11/2 × 3−) in 207Tl

• Probe the microscopic character of 
members of πs −1 1/2 × 3− and 
πd −1 3/2 × 3− multiplets in 207Tl

• Search for proton hole-neutron particle 
coupled states in 208Tl

Proposed Experiment
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206Hg 7Li 207Tl n

n
α

γ

triton-transfer reaction

Proposed Measurement:

• Population of 207,208Tl via cluster transfer reaction 
7Li(206Hg,αxn)  
technique successfully employed in IS536 and IS595

• Lifetime measurement of 17/2+ state in 207Tl:
B(E3; 17/2+→11/2–) and upper limits on lifetimes 
of other multiplet member candidates

• Spectroscopic study to identify short-lived states 
belonging to other multiplets in 207Tl and 208Tl

▸Bottoni et al., PRC 92, 2015



Experimental Setup
Detectors
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Online analyis - " rays
Simone Bottoni

7

ISOLDE workshop 
30 November 2023
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Experimental Setup
The Miniball plunger for half-life measurements
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• 3 distances (200 μm-2 mm): 
for half-life measurement
expecting T1/2~25 ps 
from B(E3; 3–→0+) in 208Pb

• 1 long distance (~5 mm): 
for systematic error estimate and 
identification of short-lived states

LiF
target

1.5 mg/cm2

Au
backing

Au
degrader

206Hg
6.1 MeV/u

5.7 MeV/u
at mid target

10% above 
Coulomb barrier

β = 0.1 β = 0.069

fixed distance
referee’s question

4 distances



Shift request
• 206Hg beam at 6.1 MeV/u, 4 × 105 ions/s at Miniball

already successfully delivered from molten Pb target with VADIS+RILIS in IS547 and IS631; 
operation at 0.6 μA p+ current 

• Population of states in 207Tl with ~8ħ and up to 6 MeV excitation energy

Total σ σα2n 
207Tl total 

production 
rate

CD count 
rate for α2n 

channel

Population 
probability 
17/2+ state 

in 207Tl

εγ(2.5 MeV) 
with one 
Miniball 

ring

2.5 MeV 
γ rays 

observed in 1 
8-hour shift 

2.5 MeV 
γ rays 

observed in 5 
8-hour shifts 

100 mb 80 mb 1 pps 0.3 pps 20% 2% 40 200
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To ensure clear identification of the two peak 
components in the γ-ray spectrum. Minimum 
~30-40 counts per component required.

referee’s question

▸Tang et al., PRL 124, 2020
▸Morrison et al., PLB 838, 2023



Shift request
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→ 4 plunger distances × 5 shifts = 20 shifts
→ 1 shift for beam tuning optimization

21 shifts in total

Total σ σα2n 
207Tl total 

production 
rate

CD count 
rate for α2n 

channel

Population 
probability 
17/2+ state 

in 207Tl

εγ(2.5 MeV) 
with one 
Miniball 

ring

2.5 MeV 
γ rays 

observed in 1 
8-hour shift 

2.5 MeV 
γ rays 

observed in 5 
8-hour shifts 

100 mb 80 mb 1 pps 0.3 pps 20% 2% 40 200

• 206Hg beam at 6.1 MeV/u, 4 × 105 ions/s at Miniball
already successfully delivered from molten Pb target with VADIS+RILIS in IS547 and IS631; 
operation at 0.6 μA p+ current 

• Population of states in 207Tl with ~8ħ and up to 6 MeV excitation energy

▸Tang et al., PRL 124, 2020
▸Morrison et al., PLB 838, 2023



Motivation

• Investigate particle-phonon coupled 
states in 207Tl → B(E3)

• Investigate proton hole-neutron 
particle coupled states in 208Tl
→ probe shell model description

Summary
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Proposed experiment

• Cluster transfer reaction 7Li(206Hg,αxn) 
at Miniball

• Lifetime measurement of 17/2+ state in 
207Tl and upper limits for other multiplet 
member candidates

• Identification of other multiplet 
members in 207,208Tl

→ 21 shifts requested
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~100 counts
Spectrum from IS595 (under analysis).


