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Outline

§ Landscape of trans-fermium nuclei
§ Experimental program with AGFA and  AGFA/Gammasphere
§ Selected recent results 

– ground-state rotational bands in fissile 254Rf and 250No nuclei
– rapidly decaying K-isomers in 253Lr and 255Lr
– in-beam spectroscopy of odd-Z 255Lr and 249,251Md nuclei (briefly)

§ Summary and Outlook
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Spectroscopy of trans-fermium nuclei

In-beam, K-isomers, a-decay, a-decay fine 
structure, fission near the deformed Z=100, 
N=152 shell gaps

Z=100

N=152

In nuclei with Z>~100, Coulomb repulsion is overcome by shell corrections



Deformation landscape near Z=100, N=152

Higher order deformation 
plays an important role,
in particular, b6 opens 
the N=152 gap

High- and low-K 
proton and neutron 
orbitals near Fermi 
surface leading to
K-isomers

b2~0.25
plateau

½-[521] 
proton orbital
near Fermi surface
at Z=114 gap

b2

b4

b6

protons

Mic-Mac calculations, A. Sobiczewski and K. Pomorski, Prog. in Part. and Nucl. Phys. 58 (2007) 292–349



SHN deformation landscape

P.-H. Heenen et al., NP A944, 415 (2015)

g-unstable 
triaxial rotor

axial-symmetric 
prolate rotor

rigid 
triaxial rotor

J. L. Egido, A. Jungclaus, PRL 126, 192501 (2021)

finite-range density-dependent 
Gogny force

triaxial-symmetry-conserving configuration-mixing approach



Octupole correlations in 252,254No?
F.F. Xu et al., Phys. Rev. Lett. 133, 022501 (2024)
Talk by Pengwei Zhao at 5 pm on Wednesday

Shell-model-like approach in the cranking
covariant density functional theory on a 3D 
lattice, where the pairing correlations, 
deformations, and moments of inertia are 
treated in a microscopic and self-consistent
way were performed in the full deformation 
space for 252No, 254No, 254Rf and 256Rf.

Well defined 
minimum in b3/b6

b6=0

b3=0

Spurious b3 minimum 
at b6=0

b6=0

Early upband in 252No 
compared to 254No 



Recent AGFA and Gammasphere/AGFA campaigns 
Fall 2022 – Spring 2024
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Z=100
N=152

251

255Lr – 200 nb
Odd-Z nucleus in beam

250No – 17 nb, SF T1/2~4 µs
Ground-state band

249 254No – 2 µb
Ge DSSD test

249Md – 300 nb
Odd-Z nucleus  in-beam

Lr

252

252Rf – 100 pb
Search for a rapidly 
fissioning new isotope

255

255Db – 200 pb
Search for a new isotope

OTHER:
136Xe+238U MNT
196,197Fr – proton drip line 

251

258

258Rf 
Search for K-isomers                               

257Db 
Search for K-isomers

Talk by Chris Morse on 251Md

Searches for new isotopes, searches for new K-isomers, in-beam spectroscopy.
We are pushing towards fission limit, heavier elements and N>152.  



Gammasphere+AGFA



Recoil-Decay Tagging

Implant-decay 
spatial and time
correlations
in the DSSD
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Moment of inertia of fissile 254Rf
Gammasphere+AGFA
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Particle-Number-Conserved Cranked Shell Model
Z.-H. Zhang et al., Phys. Rev. C 87, 054308 (2013)

D. Seweryniak, T. Huang et al., Phys. Rev. C 107, L061302 (2023)



250No

23(4) µs 
IT

4.0(0.4) µs 
mostly SF

2qp

~0.7 µs
4qp

HSF>1000

Most fissile nucleus known 250No
Gammasphere+AGFA
Fall 2023

D. Peterson et al. Phys. Rev. C 74, 014316 (2006) – ATLAS, FMA, total of 158 SF events, 2 SF lifetimes
J. Kallunkathariyil et al., Phys. Rev. C 101, 011301(R) (2020)
J. Khuyagbaatar et al., Phys. Rev. C 106, 024309 (2022)

CE g

CE g

40Ca+204Pb, ~20-25 pnA, 9 days
s~15 nb

CE-fission

Implant-fission

SF

~2000 fission events detected



250No ground-state rotational band
Gammasphere+AGFA
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254No and 250No comparison

Gammasphere/AGFA
Cross section ~100 times lower Gammasphere/FMA

The very first in-beam g-ray spectrum
in a transfermium nucleus



Moments of inertia near Z=100, N=152
Harris formula:

early 
alignment?

kinematic MOI

dynamic MOI

MOI at w=0 drops down away from Z=100, N=152



Cranked relativistic HFB calculations 

A. V. Afanasjev and O. Abdurazakov, Phys. Rev. C 88, 014320 (2013)



3-qp K-isomers in odd-Z nuclei near Z=100, N=152

249Md
2.4 ms

251Md
1.36 s

253Lr
?

255Lr
1.4 ms

254No
256 ms

{ π7/2- [514]⊗	ν7/2+ [624]⊗	ν9/2- [734] } 23/2+

252No
109 ms

{ ν7/2+ [624]⊗	ν9/2- [734] } 8-

{ p7/2- [514]⊗	p9/2+ [624] } 8-

{p1/2− [521] ⊗ p7/2− [514]⊗ p9/2+ [624] } 15/2+
{p7/2− [514]⊗ p11/2− [725] ⊗ p9/2+ [624] } (25/2+)

252Fm

N=152

Z=100



Evidence for two fast (<1 µs) isomers in 253Lr

Two fast T1/2<1µs isomers 
followed by 253Lr a decay

front strip back strip

DSSD traces
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fast EC events ~ 1µs

Isomer feeds 7/2- state 

Fast isomer also found in 255Lr 
feeding both ½- and 7/2- levels



Particle-Number Conserving Cranked Shell Model

{ π1/2- [521]⊗	π7/2- [514]⊗	π9/2+ [624] } 15/2+

23/2+ isomer same as in 251Md
but much shorter lifetime 
due to intermediate p3 isomer 
at lower excitation energy 

253Lr251Md
X.-T. He, of Materials Science and Technology, 
Nanjing University of Aeronautics and 
Astronautics, private communication

SPE

3qp

{ π7/2- [514]⊗	ν7/2+ [624]⊗	ν9/2- [734] } 23/2+
Based on calculations:

255Lr
1.70(3) ms

226(17) ms



Rotational bands in odd-Z nuclei

251Md isomer251Md gs

249Md gs

249,251Md, R.M. Clark, C. Morse, C. J. Appleton et al.
255Lr, A. Korichi et al.

255Lr gs

Properties of bands feeding isomers can constrain their configurations 
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Claus Tianheng Huang



Summary and Outlook

§ New in-beam results on trans-fermium nuclei obtained with 
Gammasphere/ AGFA
– ground-state rotational bands observed in the most fissile 

nuclei known 254Rf and 250No
– observation of rapidly-decaying isomers in 253Lr and 255Lr
– rotational bands in odd-Z nuclei 249,251Md and 255Lr were 

observed including bands feeding isomers
§ Outlook

– N>152 nucleus 256No
– 253No HK distributions
– detailed decay spectroscopy of 251Md
– new implantation-decay station

§ Dream
– coupling of GRETA to AGFA





3-qp K-isomer in 251Md
C. Morse, R.M. Clark at al,



Particle-Number Conserving Cranked Shell Model

{ π1/2- [521]⊗	π7/2- [514]⊗	π9/2+ [624] } 15/2+

23/2+ isomer same as in 251Md
but much shorter lifetime 
due to intermediate p3 isomer 
at lower excitation energy 

253Lr251Md
X.-T. He, of Materials Science and Technology, 
Nanjing University of Aeronautics and 
Astronautics, private communication

SPE

3qp

{ π7/2- [514]⊗	ν7/2+ [624]⊗	ν9/2- [734] } 23/2+
Based on calculations:



Particle-Number Conserving Cranked Shell Model

{ π1/2- [521]⊗	π7/2- [514]⊗	π9/2+ [624] } 15/2+

23/2+ isomer same as in 251Md
but much shorter lifetime 
due to intermediate p3 isomer 
at lower excitation energy 

253Lr251Md
X.-T. He, of Materials Science and Technology, 
Nanjing University of Aeronautics and 
Astronautics, private communication

SPE

3qp

{ π7/2- [514]⊗	ν7/2+ [624]⊗	ν9/2- [734] } 23/2+
Based on calculations:

255Lr



255Lr
1.70(3) ms

226(17) ms



Moment of inertia of fissile 254Rf
Gammasphere+AGFA
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Particle-Number-Conserved Cranked Shell Model
Z.-H. Zhang et al., Phys. Rev. C 87, 054308 (2013)

D. Seweryniak, T. Huang et al., Phys. Rev. C 107, L061302 (2023)




