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1. Motivation

208Pb(3He,d) 209Bi

N= 126 Isotones



Two approaches can be followed:

Untruncated numerical full shell model calculations with the modified
Kuo-Herling Particle (KHP) interactions and all proton orbits between Z= 82 
and Z=126. 

Analytical single-j calculations with a seniority conserving interaction or with
empirical two-body matrix elements.
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A de Shalit and I. Talmi, The Nuclear Shell Model (1963)



First detailed study of 211At at ISOLDE and the Stockholm cyclotron. 

Bergström et al. Phys Lett. B 32 (1970)476
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Recently, this approach was extended to electromagnetic quadrupole transition
rates by Piet Van Isacker.

Assumptions:
Seniority is conserved.
The effective charges in one-body E2 operator of the two-j nucleus can be state 
dependent.
The effective charges in the quadrupole moment of the state with spin R are the
same as those for B(E2;R→R-2) = BR  in the two-particle nucleus. 

Then the following relation can be obtained:

First application to 135I as Spagnoletti et al. Phys. Rev. C 95 (2017) 021302   (p1g7/2)3



State dependent effective charges are needed in 210Po.

D. Kocheva et al., Eur. Phys. Journ. A 53 (2017) 175 



2. Studies of 211-At

2.1 Fast timing results 







2.2 Recoil Distance Doppler Shift (RDDS) experiment at the 
Cologne Tandem.

209Bi(16O, 14C) 211At two-proton transfer
reaction with 84 MeV 16O beam and 14C  
detection with solar cells mounted
in the Cologne plunger. Eleven HpGe
detectors were mounted in two rings 
at 45 and 142 degrees.
Target 1.1mg/cm2 209Bi on 0.4 mg/cm2

Mg backing. Stopper was  1.1 mg/cm2

Mg. 

V. Karayonchev et al., Phys. Rev. C 106, (2022) 044321



Particle gate

Gated single spectrum

The low-spin states are much more 
populated in the (16O, 14C) two-proton 
transfer reaction than in the (6Li,3n)
fusion evaporation reaction.

A



Results for forwards ring:



2.3 Doppler Shift Attenuation Method experiment at the Cologne Tandem 

209Bi(16O, 14C) 211At two-proton transfer reaction with  84 MeV 16O beam and 14C  
detection with solar cells mounted in the Cologne plunger set up. 
Target 0.5 mg/cm2 209Bi on 1.5 mg/cm2 Mg backing. 

Results:Analyse with APCAD
code of Christian Stahl:

V. Karayonchev et al., Phys. Rev. C 106, (2022) 044321



Using the new lifetimes

The B(E2) values can be
compared to the 
theoretical predictions.

single-j

KHP* with

changed from -0.0235
to -0.2 MeV

d: EXP2
e: EXP1



3. Ongoing experiments on N = 50 isotones
After the success in the N = 126 isotones, 
it would be interesting to study similar isotones.

Candidates could be the N= 50 isotones above 
Z= 40 where the p(1g9/2) orbit gets filled.
Also here the knowledge on lifetimes and B(E2) 
values is limited and often contradictory or 
unprecise.

Z = 40

N = 50

Z = 50

The problem is to populate the isotones above
92Mo using stable or radioactive ion beams.

RIB

Here we report on the stable beam experiments 
performed recently in Cologne.



92Mo:
The main problem is the lifetime of the first 4+ state is needed for the prediction of all 
other B(E2) values. Note B(E2) to first 2+ known via Coulex.

Recently, the lifetime of the 2+  and 4+ states was measured for the first time as 0.8(4) ps
and 35.5(24) or 36.6(13) depending on the analysis method of a recoil distance experiment 
at GANIL.  R. M. Pérez-Vidal et al. Phys. Rev. Lett. 129 (2022) 112501.

To clarify the situation and reduce the statistical and systematic error two fusion evaporation 
reactions were used at the 10MV Tandem accelerator in Cologne.

EXP1: 90Zr(a,2n) 92Mo @ 27 MeV on a 5.3mg cm-2 97.62% enriched target.

EXP2: 93Nb(p,2n) 92Mo @ 18 MeV on a 5.4mg cm-2 monoisotopic target.

New: 
Completely digital acquisition system (CAEN 500MHz digitisers) with digital CFD algorithm 

to reach timestamps with ps resolution. A. Harter et al. NIM A 1053 (2023) 168279.
Symmetrized Analysis. J. M. Régis et al. NIM A 897 (2018) 3.
Remeasurement of PRD relevant lifetime in 152Gd. L. Knafla et al. NIM A 1052 (2023), 168279. 
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Exp1: t = 22.5(11) ps

Exp2: t = 23(2) ps

EXP1



M. Ley,∗L. Knafla, A. Esmaylzadeh, A. Harter, J.-M. Regis, A. Blazhev, C. Fransen, J. Jolie and P. Van Isacker, to be subm. to PRC



93Tc:
Very few absolute transition rates are known in this three valence proton nucleus:

the B(E2; 17/21
+
→ 13/21

+)= 88(18) e2fm4 and the B(E2; 21/21
+
→ 17/21

+)= 73(5) e2fm4 

A fast timing experiment was performed in Cologne
using the 90Zr(6Li, 3n)93Tc @ 31MeV reaction 
on a : 5.3mg/cm² 90Zr (98% enriched) target.

Results (preliminary!):

M. Ley et al. to be publ.• 1 Nuclear Data Sheets Update for A = 93



94Ru (preliminary):
Also here the main problem is the lifetime of the first 4+

state. Two recent RIB experiments at FAIR Phase 0 and 
GANIL yielded contradictory results:

t = 32(11) ps 1

t = 87(8) ps 2

1 B. Das et al. Phys. Rev. C 105, L031304 (2022) Fast Timing

2 R. M. Pérez-Vidal et al. Phys. Rev. Let. 129, 112501 (2022) RDDM

Fast Timing experiment at Cologne Tandem
92Mo(4He, 2n)94Ru @ 28MeV on 5.5mg/cm² 
92Mo (98% enriched)

yielded: t = 66(2) ps or B(E2; 4+
→ 2+)= 50(2) e2fm4

single-j prediction: B(E2; 4+
→ 2+)= 7.7(7) e2fm4

M. Ley et al. to be publ.



5. Conclusions

Nine lifetimes in 211At were measured in three different experiments.

Excellent agreement with the single-j predictions for the B(E2) values in 211At was obtained 
when using the ones in 210Po as input.

THANKS FOR YOUR ATTENTION

In order to perform the same for the N= 50 isotones, precise lifetimes in 92Mo were 
determined to serve as input for the calculations with more than two protons. 

A fast timing experiment in 93Tc yields promising results but more B(E2) values are needed.

The B(E2; 4+
→ 2+) in 94Ru was measured to solve contradictory results from RIB experiments,

but it still disagrees with the single-j predictions.

Much more stable and RIB experiments are needed.


