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Pinchos en el menú del dia

- “Unexpected” appearance and disappearance of  seniority symmetry

- pairing isospin modes at intermediate angular momentum in heavy 
N~Z systems 

- What is the role of  pairing on proton-decay rates?

- Shape coexistence and alpha-decay fine structure
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- Tests of 2N ⇢ 3N?  

- Isoscalar-isovector pairing

- Seniority symmetry

- Emergence of collectivity; B(E2), 
B(E3) strength when departing
from closed shells

Unknown proton emitter

Unknown 

Interplay of  seniority symmetry, isoscalar correlations and emergence of  collectivity 

Chart from M. Górska



Seniority symmetry
– manifestation of (isovector) 2N interactions in the nucleus

J. J. Ressler, R. F. Casten et al., Phys. Rev. C 69, 034317 (2004)
G. Racah, Phys. Rev. 63, 367 (1943).
G. Racah, I. Talmi, Physica 18, 1097 (1952)
P Van Isacker J. Phys.: Conf. Ser. 322 012003 (2011)
J.J.Valiente-Dobón et al., Physics Letters B 816, 136183 (2021)
R.M. Pérez-Vidal et al., Physical Review Letters 129, 112501 (2022)

energy level multiplets E2 transition strengths
(even-tensor operators)
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AGATA-VAMOS GANIL

Seniority Symmetry in the g9/2 subshell



A.K.Mistry et al. NIM A1033, 166662 (2022) 

DESPEC-FATIMA FAIR-0 experiment S480
Structure of the heaviest N=Z nuclei:

Seniority Transitions and EM Transition Rates in 94Pd

M. Górska, P.H. Regan, B. C., J. Jolie et al.

Primary objective, tagged (isomer) fast-timing spectroscopy: 
Measure the B(E2:8+ → 6+) in 94Pd48 (Tz=+1) as test for p-n pairing vs seniority coupling
Here: b-p delayed and b delayed 𝛾𝛾 (FATIMA) for  95Pd -> 94Ru50,

95Rh50



• 124Xe primary beam (982 MeV/u) on a 9Be
target (4 g/cm2)

• Secondary beam - separated by magnets
and identified by FRS detectors
• TPCs - Position
• Scintillators - Time of flight
• MUSIC - Energy loss

FRS (Fragment separator)



H. Mach, A. Korgul,, M. Górska, H. Grawe,  et al.,
Ultra fast timing lifetime measurements in 94Ru and 96Pd;

the breakdown of the seniority scheme in N=50 isotones
Phys. Rev. C 95, 014313 (2017)

Seniority Symmetry in the 𝜋g9/2 shell

LISE @ GANIL

test of 2-body interactions (and if they are sufficient …)



S480 (FAIR-0)

Seniority symmmetry breaking from subtle in-shell (fpg) mixing effects 96Pd and 94Ru?



S480:  95Rh (exactly at the 𝜋g9/2 midshell)  
B. Das  et al., in prep.

F. Nowacki, C. Qi

The observation of a strongly suppressed E2 strength
for the 13/2+ ➝ 9/2+ ground-state transition cannot be 
explained by SM calculations employing standard 
interactions and model spaces



JUROGAM-RITU@JYFL - Recent highlights



Phase transition between (unexpected) seniority-like and collective structure? SM calculations run out of steam.
Can can we find a solution within the IBA approach (beyond Casten’s simple formula)? See talk by Chong Qi



𝛽



𝜶-decay fine structure in the ”classical” region of shape coexistence



HFs seem to correlate qualitatively with
predicted shape changes
Calculations of NME ?
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MARA@JYFL (K130 cyclotron) 



Identification of 116La

Tcorr max (recoil – ptoton)  = 100 ms

Tcorr max (recoil – ptoton)  = 10 s

116 
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Xe
(TZ=1    22 neutrons from stability)
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𝛾-ray energies detected within 8 𝜇s of a recoil implantation into the DSSD and followed by a proton 
decay (117La/116La) in the same quasipixel. 
Insets: logarithmic time distributioons and  lifetime determination using the maximum likelihood
method



”Microscopic” description of proton decay*

where Fl (R) is the formation amplitude
and the penetrability can be written

* D. S. Delion and A. Dumitrescu, Universal proton emission systematics, Phys. Rev. C 103, 054325 (2021) 
D. S. Delion., R.J. Liotta and R. Wyss, Effects of formation properties in one-proton radioactivity,
Phys. Rev. C 85, 011303(R) (2012)
D. S. Delion., R.J. Liotta and R. Wyss, Systematics of proton emission, Phys. Rev. Lett. 96, 072501 (2006)
C. Qi, F.R. Xu, R.J.  Liotta and R. Wyss, Universal decay law in charged-particle emission and exotic
cluster radioactivity. Phys. Rev. Lett. 103, 072501 (2009).

spherical prolate oblate spherical

Deformation parameters taken from 
P. Möller, R. J. Nix, W. D. Myers, and W. Swiatecki, At. Data Nucl. Data Tables 59, 185 (1995) 
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Two seemingly conflicting observations 
• The emission probabilities in the odd-odd proton emitters 112Cs, 116La, 140Ho appear to  be 

enhanced compared with the respective neighboring isotopes 113Cs, 117La, 141Ho closer to 
stability

At the same time:
• Proton-decay Q value differences:

Q(112Cs) – Q(113Cs) = -153(8) keV
Q(116La) – Q(117La) = -90(10) keV
Q(140Ho) – Q(141Ho) = -83(11) keV

D. S. Delion and A. Dumitrescu, Universal proton emission systematics, 
Phys. Rev. C 103, 054325 (2021) 
D. S. Delion., R.J. Liotta and R. Wyss, Effects of formation properties in one-proton radioactivity,
Phys. Rev. C 85, 011303(R) (2012)
D. S. Delion., R.J. Liotta and R. Wyss, Systematics of proton emission,
Phys. Rev. Lett. 96, 072501 (2006)
C. Qi, F.R. Xu, R.J.  Liotta and R. Wyss, Universal decay law in charged-particle emission and exotic
cluster radioactivity.
Phys. Rev. Lett. 103, 072501 (2009).



HFB
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HF + RPA
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RAE2021 Nuclear Physics Division

AGATA Phase I @ GANIL, Caen, France

AGATA - Recent highlights



N=43

Even-Even N=44 Odd-Mass N=44

B. Cederwall et al, PRL 124 062501 (2020) X. Liu et al, PRC 104 L021302 (2021)

Pairing isospin modes in deformed N~Z nuclei at intermediate angular momentum – odd-even vs even-even



Odd-Mass N=43

Even-Even N=44 Odd-Mass N=44

X. Liu et al, PRC 104 L021302 (2021)

Pairing isospin modes in deformed N~Z nuclei at intermediate angular momentum - odd-even (TZ=1/2) nuclei

Odd-mass N~Z (TZ=1/2) nuclei:
• Spin-dependent ”effective 3-N” interaction favors T=0 np pairs after alignment of first (isovector) pair? 
• Increase of structural difference between 1qp and 3qp configuration reduces interaction strength in the band crossing? 



Thank You


