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Superheavy Elements - Current Status
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SHE - Shell Correction and Single-Particle Levels

M. Bender, W. Nazarewicz, P.-G. Reinhard, PLB 515, 42 (2001)
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Single-Particle Orbitals in Region of 254No
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R.R. Chasman et al., Rev. Mod. Phys. 49, 833 (1977)
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K-Isomerism in 254No and 250Fm

Isomeric states in 254No and 250Fm first
postulated by Ghiorso et al., PRC7 (1973)
2032

The transfer of the 250Fm atoms from the
wheel onto the movable detectors must then be
caused by the feeble recoil resulting from the
isomeric transition or other accompanying γ
rays and conversion electrons in the cascade
that leads to the ground state. For a 500 keV γ
ray the recoil energy of a 250Fm atom is about
0.5 eV.
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Studies of K-Isomerism - Calorimetric Method

Powerful method proposed by Jones, NIM
A488 (2002) 471

Low-energy transitions highly converted, look
for Recoil-electron-α correlated chains in
DSSSD

Information on pairing gap, ∆ and
single-particle energies, εi, εj

E =
√

(εi − λ)2 + ∆2 +
√

(εj − λ)2 + ∆2

Correlated Electron Energy
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K-Isomerism in 252No
48Ca + 206Pb⇒ 252No + 2n JUROGAM/RITU/GREAT B.Sulignano et al., PRC , 044318 (2012)
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K-Isomerism in 252No

B.Sulignano et al., PRC , 044318 (2012)

Configuration Assignment:
8− - ν[624]7/2+⊗ν[734]9/2−
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Systematics of 2 quasi-particle states: N=150

A.Robinson et al., PRC 78, 034308 (2008)
B.Sulignano et al., PRC , 044318 (2012)
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Systematics of 2 quasi-particle states: N=150/152

N=150/152: P.T.Greenlees et al., PRC 78, 021303(R) (2008)
N=152: R.-D. Herzberg et al., Nature 442, 896-899 (2006)
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Systematics of 2 quasi-particle states: N=152, 254No

R.-D. Herzberg et al., Nature 442, 896-899 (2006)
S.K. Tandel et al., PRL 97, 082502 (2006)
F.P. Hessberger et al., EPJA 43, 55 (2010)

Assigned Configurations:

3+ - (π[514]7/2−⊗π[521]1/2−)
8− - (π[514]7/2−⊗π[624]9/2+)
53keV E1 ∆K=5: fν = 804

R.M.Clark et al., PLB 690, 19 (2010)

Assigned Configurations:

3+ - (π[514]7/2−⊗π[521]1/2−)
8− - (ν[734]9/2−⊗ν[624]7/2+)
or 8− - (ν[734]9/2−⊗ν[613]7/2+)
10+ - (ν[734]9/2−⊗ν[725]11/2−)
16+ - (π[514]7/2−⊗π[624]9/2+) +
(ν[734]9/2−⊗ν[613]7/2+)

S.K. Tandel et al., PRL 97, 082502 (2006)
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Systematics of 2 quasi-particle states: N=152, 256Rf

H.B.Jeppesen et al., PRC 79, 031303(R) (2009)

Assigned Configurations:

Lowest isomer 2QP K=6,7
Second isomer 2QP K=10-12:
possibly 10+ - ν[734]9/2−⊗ν[725]11/2−

Highest isomer? - not discussed
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FIG. 3. Proposed decay scheme for 256Rf. Energies are given in

keV. Half-lives are written beneath each isomer.

Observation of 3 isomeric states confirmed JYFL

J.Rissanen et al., PRC 88, 044313 (2013)

(Re-) Assigned Configurations:

5− - (π[521]1/2−⊗π[624]9/2+)
8− - (π[514]7/2−⊗π[624]9/2+)
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Interesting case: N=148 250No

Previous studies:

Oganessian DGFRS 2001
204Pb(48Ca,2n) t1/2=46µs
206Pb(48Ca,4n) t1/2=26µs

Belozerov VASSILISSA 2003
204Pb(48Ca,2n) t1/2=5.9µs 42 events
206Pb(48Ca,4n) t1/2=54µs 22 events (249No?)
Possible isomeric state in 250No

Peterson FMA 2006
Mass Selection
204Pb(48Ca,2n) A=250
t1/2=3.7µs g.s.
t1/2=43µs isomeric state
Assigned as 6+ - (ν[622]5/2−⊗ν[624]7/2+)
Direct fission or electromagnetic branch to g.s.?

D. Peterson et al., PRC 74, 014316 (2006)
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Latest study in JYFL (RITU + GREAT)

Experimental Details:

Spokespersons:
B. Sulignano (CEA), P.T. Greenlees (JYFL)

204Pb(48Ca,2n) Ebeam=220 MeV
Typical Ibeam '100 pnA
Around 6 days beam on target

DSSD-Y (80 strips) "digital" electronics
DSSD-X (120 strips) "analogue" electronics
3 Clovers + Planar Ge
Low thresholds (80-100 keV)

Search for electromagnetic branch

4.5
DSSD−X "Analogue"

DSSD−Y "Digital"
8

Trace Length

ADC

3.5

ADC
readoutgate

Signals separated by more than 8µs in different events
Pile-up marker in data for first 3.5µs of analogue
Traces cover "dead" readout period in analogue
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K-isomerism in 254Rf
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Theory - Skyrme UNEDF1SO

Based on Skyrme UNEDF1
functional (Kortelainen et al., PRC
85, 024304 (2012))

Re-adjustment of pairing strengths
and spin-orbit coupling constants

Pairing first adjusted to experimental
3-point mass differences of 249Bk and
251Cf

Second adjustment to reproduce
low-frequency MoI of 252No

Spin-orbit coupling constants
adjusted to better reproduce 249Bk
and 251Cf spectra

Increased pairing strength needed to
reproduce MoI

Cannot simultaneously reproduce
3-point mass differences and MoI

Yue Shi et al., PRC 89, 034309 (2014)
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Theory - Skyrme UNEDF1SO

Yue Shi et al., PRC 89, 034309 (2014)Paul Greenlees (JYFL, Finland) Isomerism in Heavy Elements SSNET17 18 / 23
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Future - in-gas jet laser spectroscopy

R. Ferrer et al., Nature Comm. 8, 14520 (2017)

Paul Greenlees (JYFL, Finland) Isomerism in Heavy Elements SSNET17 19 / 23



Introduction High-K Theory Future Summary

Future - in-gas jet laser spectroscopy

R. Ferrer et al., Nature Comm. 8, 14520 (2017)
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Future - 254No at GSI-FAIR

M. Laatiaoui et al., Nature 538, 495 (2016
R. Ferrer, S. Raeder, G-PAC proposal U314

Paul Greenlees (JYFL, Finland) Isomerism in Heavy Elements SSNET17 21 / 23



Introduction High-K Theory Future Summary

Summary

K-isomers provide powerful tool to locate single-particle states in heavy nuclei

Interpretation of N=150 K-isomers seems clear
256Rf K-isomer data from JYFL seems to be consistent with data from Berkeley

Interpretation of N=152 K-isomers still open

Upgraded electronics enabled new studies of isomerism in 250No, 254Rf

Large body of experimental data has highlighted deficiencies in modern-mean
field calculations

May have consequences for the prediction of properties of SHE

Attempts to understand these deficiencies have been started

High-resolution laser spectroscopy studies will be a powerful tool in the future
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Collaboration
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