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Heavy Element Science Questions

Where does the Periodic Table End?
How does electronic structure change because of relativistic effects?

When does it no longer make sense to talk of electronic shell structure?

(One scenario —
The electrons form a Fermi gas;

no discernable valence properties;
the end of Chemistry)
What combinations of protons and neutrons form a nucleus?

How do we describe the forces between nucleons?

What shapes (high order?), topologies (bubbles?), structures (isomerism?)
can the nucleus display?

How does a nucleus decay and what are the timescales?
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Structure of Deformed Trans-fermium Nuclei
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Shapes and Shells

* Single-particle levels — shell structure
* Next major spherical gaps
» Deformed gaps

» Deformation and collectivity
» K-isomerism

A 4

K.
» Rotational structur'es
* Low-lying vibrations
* Pairing properties
« Multi-quasiparticle states
 Rotation, a-decay, fission
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Spectroscopy Experiments

: X-A
Experiments at Argonne National Lab /l clovr;?g

* AGFA : gas-filled separator for recoils
Gammasphere around target

(prompt gamma-ray spectroscopy) S deteCtOQ\/ \;j
(

X-Array at the focal plane
delayed spectroscopy of decays)

Unreacted PPAC
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Isomer Spectroscopy
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The Case of 2°1Md
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The Case of 2°1Md
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Indirectly Testing Models of SHE
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Directly Making the Heaviest Elements
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Cross Sections

Total EVR cross section (pb)
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Theory Reproducing Experiment
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Some theories have been able to reproduce experimental cross-sections near “the
bump” of SHE productlon What WI|| they say about the next elements?
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V.l. Zagrabaev and W. Greiner, Nucl. Phys. A 944 257 (2015).
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Testing the models for >°Ti-induced reactions
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« Testing the calculations with a measurement of %0Ti+244Pu, which makes the known
isotopes of 290291 y,
« We could then try to make E120 with the 9°Ti+24°Cf reaction?!
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High-Intensity °°Ti Beam at the 88-Inch Cyclotron
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SuperHeavy RECoil (SHREC) Detector

Source Characterization of a Detector for Heavy and Superheavy Nuclei

P. Golubev®*, R. Orford®, FE.H. Garcia®™!, D. Rudolpha'b, L.G. Sarmiento?®, R.M. Clark®, J.M. Gates®, J.A. Goodingb’c,
M. Grebo®®, Y. Hrabar?, T.D. Kramasz®, M. McCarthyb’d, M.A. Mohamed?, J.L. Pore®, D.M. Cox?®

“Department of Physics, Lund University, SE-22100 Lund, Sweden

Y Nuclear Science Division, Lawrence Berkeley National Laboratory, Berkeley, CA 94720, United States

¢Department of Nuclear Engineering, University of California, Berkeley, CA 94720, United States i

4 Chemical Sciences Division, Lawrence Berkeley National Laboratory, Berkeley, CA 94720, United States Submitted to NIMA

6|0 8|0 l(l)O 12|0 14|10 160
X
6 cm x 18 cm implantation detector
surrounded by upstream tunnel and
downstream veto detector.
Commissioned using reactions:

208Pb(48Ca,2n)254No
244PU(48C3,3-4I’))289'288F| LUND
ZOQBi(SOTi,Xn)259—xDb UNIVERSITET
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244Py(59Ti, xn)2924*Lv: Results

Two events during 22 days of beam on target! J.M. Gates et al., PRL 133 172502 (2024).
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~Status for New Element Experiments

Other Experiments Testing Cross Sections

Dubna Russia SOTj + 242Ppy == 292 y*

Events seen

Ongoing/Planned Experiments for New Element Discovery

China S4Cr + 23Am=—>297119*
Dubna Russia S4Cr + 248Cm =—»302120*
Berkeley = USA S0Tj + 249Cf == 299120*
GSI Germany ?
Ganil France ?
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