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Mass measurements of SHEs

e With mass measurements of SuperHeavy Elements (SHEs):
— Benchmark nucl. structure models at extreme conditions

— Study isomers (if enough resolution) S tatus as of 2016
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Mass measurements of SHEs

Anchor points: Shell closure position and strength:
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Penning Trap Mass Spectrometry
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Penning Trap Mass Spectrometry

Penning trap Resulting motion
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Phase-Imaging lon-Cyclotron-Resonance

Several ways to measure motional frequencies in Penning traps. Here
we project radial motions onto pos. sensitive detector:
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Cooling & centering :: Manipulation of the
radial motions

More details*:

S. Eliseev et al,
Appl. Phys. B 114 (2014)
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Figure adapted from:
P. Filianin et al,

Physics Letters B 758 (2016)

Then, freq = angle / time. Also, v. = v + v_ directly is possible!*



Phase-Imaging lon-Cyclotron-Resonance

Furthermore, difference in v, allows to separating isomers & measuring
their exc. energy and half life. Resolving power = 11,000,000!
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The setup

SHIPTRAP
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BTRT isomer

Isomer at = 80 keV resolved with = keV resolution. o = 10 nb!
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25| r Isomer

Resolving power can be even higher — a look back at 2018:
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241Cf isomer

Proposed isomer™ directly detected. Weisskopf estimation T1,, = 0.2 ms,

but it must be = 100s of ms to be detected here!
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Fr-At-Bi decay chains

Extending SHIPTRAP's range: complementing decay spectroscopy of
lighter elements. Studied: 2%Fr — 22At — 198Bj and 2%Fr — %At — 1%°B;
(double odd). Done with parasitic beam!
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Two long-lived, low-lying (112 and 344 keV) isomers are resolved:
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2021 online campaign

e Pushed the limit on SHEs even further:
- First direct measurement of *¢Db (0.00002/s!)
— Resolved isomeric state of 2'Rf

e Study of isomeric states of other interesting cases:
- Californium-241
— Francium-206 and -204 decay chains

14



Recent developments

e Next candidates involve even longer measurement times (weeks).

e From recent campaigns it became clear that the CGC stopping
power changes with time.

e (Cause has been found to be cryopumping by the entrance window.
Window is at 40 K, but exposed to room temperature vacuum of
SHIP — freezing of residual gases.

15



Thickness measurement

|dea: track the difference in oo energy from inside and outside the cell:
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Thickness measurement

During warm up:
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Thickness measurement

During cool down:
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Thickness measurement

With heating (light bulb on SHIP side):
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Summary

The SHIPTRAP setup continues to progress in the SHE region:
»8Db measured for the first time, improved *'Rf (incl. isomer!)

PTMS (especially with PI-ICR) established as a powerful technique

— (Can also complement decay spectroscopy!

Improvements are being made to enable longer campaigns with
lower cross-sections

Next candidates: 2°Rf, 2’Db, ?*°Sg & 2%'Sg
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Proton number

Summary
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