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Introduction

SHE - Shell Correction and Single-Particle Levels
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Introduction

Single-Particle Orbitals in Region of 2*No
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R.R. Chasman et al., Rev. Mod. Phys. 49, 833 (1977)
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Introduction

In-beam Spectroscopy: Principles of RDT

Tagging Techniques
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Introduction

Recent history of JUROGAM

@ Fifth and final campaign ended May 2008

@ 2003 - 2008: 67 experiments, 11000 hours
beam on target

@ 2008: Fully instrumented with TNT2 digital
electronics

@ TNT2 cards in collaboration with
CNRS/IN2P3 GABRIELA

@ Superseded by JUROGAM II

PRL 102, 212501 (2009) PHYSICAL REVIEW LETTERS

y-Ray Spectroscopy at the Limits: First Observation of Rotational Bands in **Lr

U. Jakobsson,' G.D. Jones.* P
J. Lijungvall,' S. Moon.* M. Ny
P. Rahkila,' D. Rostron,"

Ch. Theisen,* J. Uusi




Introduction

The JUROGAM II Germanium Array

@ 24 Clover and 15 Tapered Ge detectors - GAMMAPOOL
resource

@ Total Photopeak Efficiency ~6% @ 1.3 MeV
@ Excellent - efficiency

@ Autofill system built by University of York, part of
GREAT

@ Instrumented with TNT2 / Lyrtech digital electronics
@ Higher counting rates, higher beam intensities

@ 20,000 hours in-beam ~y-ray spectroscopy passed in
2011

PHYSICAL REVIEW C 85, 041301(R) (2012)
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Rotational Properties of Heavy Elements

In-beam studies in region of >*No

P.Reiter et al., PRL 82, 509 (1999)
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Rotational Properties of Heavy Elements

In-beam studies in region of >*No

S. Eeckhaudt, P.T. Greenlees et al., EPJA 26, 227 (2005)
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Rotational Properties of Heavy Elements

Next step - push to Rutherfordium Z=104

Can produce 2°Rf using:
S0Tj + 208pb — 256Rf + 2n

Cross section below 20 nb

0Tj MIVOC beam

development

Need high intensity °Ti beam

Used up to 70 pnA in 246Fm experiment @ Metallic Ions from VOlatile
Compounds

Method developed at JYFL

Synthesis of enriched **Ti compound
led by IPHC Strasbourg

Several years of hard work!
19 pA of Ti''+ from ECR
490 enA on target

Rotating target wheel built at IPHC Strasbourg

Low consumption - 0.2 mg/hr

See J.Rubert et al., NIMB 276, 33
(2012)
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Rotational Properties of He Elements

In-beam spectroscopy of SHE: 2°°Rf
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O 100—
il @ 0T + 208Pb = 236Rf + 2n
a0 @ JUROGAM II, RITU, GREAT
237‘ s A R ‘ @ Enriched **Ti beam from
M'a B " log,, [At(ms)] : MIVOC
:; N « @ 450 hours, 29pnA beam,
16 ;/ 2 i 2210 observed fissions
14 & @ Cross section 17 nb

JRF L Xerays

} Pb X-rays

P.T.Greenlees, J Rubert et al.,
PRL 109, 012501 (2012) J
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In-beam spectroscopy of SHE: 2°°Rf

es of Heavy Elements
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Rotational Properties of Heavy Elements

Anatomy of the SAGE Spectrometer

P. Papadakis et al., AIP Conf. Proc. 1090, 14 (2009)
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Rotational Properties of Heavy Elements

SAGE experiments to date

Campaign 2011/201

@ S11: Commissioning of the SAGE spectrometer through

Campaign 2

in-beam investigation of 177Hg , P.Papadakis

@ S01: Commissioning of the SAGE spectrometer, R.-D. @ S06: Exploring nuclear shapes in the transitional region of
Herzberg N 90: Coulomb excitation of '32:154Sm to study EO

@ S02: Simultaneous conversion-electron and gamma-ray transitions with SAGE, P.Davies, C.Barton
spectroscopy using SAGE; an in-beam study of 253No, R.-D. @ S07: Probing EO transitions in 188pp, using the SAGE
Herzberg spectrometer, J.Pakarinen

@ S04: Exploring shape co-existence in 2°2:2%*Rn, D Jenkins, @ 510: Spectroscopy of the odd-proton *#%-2>'Md, Ch.Theisen
APIRsifinem, PR @ 5S08: Simultaneous conversion-electron and gamma-ray

@ 505: Shape co-existence in 32~ 158Hg, P.A Butler, spectroscopy using SAGE; an in-beam study of 23 No, R.-D.
P.Rahkila, P. Van Duppen Herzberg

@ 509: Complete spectroscopy of the transfermium nucleus
255Lr, M.Sandzelius, K.Hauschild, A.Lopez-Martens
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Rotational Properties of Heavy Elements

Multipolarity Assignments from In-Beam Data

$rAavas

48Ca +295T1 = »'Md + 2n, o ~ 1 ub, F.Dechery, Ch.Theisen to be published
Preliminary data, suggests 390 keV M1 transition
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K-Isomerism in Heavy Nuclei

Studies of K-Isomerism - Calorimetric Method

@ Tsomeric states in 2°Fm and 2>*No first postulated by

Ghiorso et al., PRC7 (1973) 2032
@ Powerful method proposed by Jones, NIM A488
(2002) 471 =3 e
- G
@ Low-energy transitions highly converted, look for % &
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K-Isomerism in Heavy Nuc

K-Isomerism in 2°Fm

48Ca + 204HgS = 2°0Fm + 2n JUROGAM+RITU+GREAT, P.T. Greenlees et al., PRC 78, 021301(R) (2008)]
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K-Isomerism in Heavy Nuc

K-Isomerism in 2°Fm

48Ca + 24HgS = 2Fm + 2n JUROGAM+RITU+GREAT, P.T. Greenlees et al., PRC 78, 021301(R) (2008)
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K-Isomerism in Heavy Nuclei

K-Isomerism in 2°Fm

250Fm: P.T. Greenlees et al. PRC 78, 021301(R) (2008) )
- A = S" T194.5keV
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K-Isomerism in Heavy Nuclei

K-Isomerism in >*No

R.-D. Herzberg et al., Nature 442, 896-899 (2006)
S.K. Tandel et al., PRL 97, 082502 (2006) J
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K-Isomerism in Heavy Nuc

K-Isomerism in 2*No
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K-Isomerism in Heavy Nuclei

K-Isomerism in >*No
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K-Isomerism in Heavy Nuclei

K-isomers in 2°°Rf from Berkeley

H.B.Jeppesen et al., PRC 79, 031303(R) (2009) J
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K-Isomerism in Heavy Nuclei

K-isomers in 2°°Rf from Berkeley

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

>2200
27(5)us
256 Rf Observed Decays
l 04 1 52 Chain No. Events T2
(Parent-Daughter)
RF 5400 6.67(9) ms
R-e-F 985 (18%) 25(2) s
Tom 1400 R-e-e-F 147 (2.7%) 17(2) ps
R-e-e-e-F 7 (0.13%) 27(2) ps
=1120
25(2)us
KK
Interpretation
@ @ Lowest isomer 2QP K=6,7
29 2 @ Second isomer 2QP K=10-12:
@ possibly 10T - 1[734]9/2~ @u[725]11/2~

FIG. 3. Proposed decay scheme for >SRf. Energies are given in
keV. Half-lives are written beneath each isomer.

Paul Greenle

@ Highest isomer? - not discussed




K-Isomerism in Heavy Nuclei

K-isomers in 2°Rf from ANL

A.P.Robinson et al., PRC 83, 064311 (2011) )
4 tus)
10 10* 10% 10* 10° 10°
°
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2 3
g 2 N 1 Chain | No. Events Ti/2
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O 4 = 2 In [t (us)! R-F 1322 6.9(4) ms
’ H ReF | 19(1.4%) 17(5) s
9 00 600 ‘ 7000
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! Interpretation

@ Low population of isomer - similar to 4QP in
254No, etc

@ Conclude isomer is 4QP
@ Non-observation of EM decay from 2QP

suggests direct fission

A A ; J - fission half-life same as g.s.
0 200 400 600 800 1000 1200 1400 1600 >

Counts /2 keV
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K-Isomerism in Heavy Nuclei

K-isomers in 2°Rf from JYFL - PRELIMINARY!!

J.Rubert, P.T.Greenlees et al., to be published J
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K-Isomerism in Heavy Nuclei

K-isomers in 2°Rf from JYFL - PRELIMINARY!!

J.Rubert, P.T.Greenlees et al., to be published J
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K-Isomerism in Heavy Nuclei

K-isomers in 2°Rf from JYFL - PRELIMINARY!!

J.Rubert, P.T.Greenlees et al., to be published )
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Recent Theoretical Work

Theory - N=150 vs. N=152

PHYSICAL REVIEW C 86, 011301(R) (2012)

Understanding the different rotational behaviors of 2*No and >**No

H.L. Liu,""" F.R. Xu, and P. M. Walker**
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Recent Theoretical Work

Theory - Moments of Inertia

PHYSICAL REVIEW C 87, 054308 (2013)

Rotational properties of the superheavy nucleus 2°Rf and its neighboring even-even nuclei
in a particle-number-conserving cranked shell model

Zhen-Hua Zhang (3#RE),' Jie Meng (£7),"** En-Guang Zhao (& )™),"** and Shan-Gui Zhou (&3 5t)**"
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Theory - Skyrme UNEDF15¢
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oretical Work

Theory - Skyrme UNEDF15¢
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Summary

Developments in instrumentation now allow in-beam y-ray
spectroscopy at 10 nb level

First observation of rotational states in the superheavy nucleus
256Rf

Differences in Mol reveal information about underlying shell
structure and pairing

Alignment effects in N=152 isotone >>*No delayed compared to
256Rf

Subtle differences in Mol still not fully reproduced by theory

New 25°Rf K-isomer data from JYFL seems to be consistent
with data from Berkeley

Interpretation still open, better spectroscopic data needed

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 correct these deficiencies have been started

Summary
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Summary

Collaboration
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