Development of a surface
lonizer for the first ionization
potential measurement of Lr

N. Sato?!, T. K. Sato!, M. Asait, K. Tsukada?,
A. Toyoshimal, Z. J. Lit, M. Schadel'~,
Y. Nagamel, and S. Ichikawa?

LJAEA, 2GSl, *RIKEN

The 4™ International Conference on the Chemistry and Physics of the Transactinide Elements (TAN 11)
Sochi, Russia, 5-11 September 2011



a & w D F

Contents

Background
Experimental setup
Production of 2°6Lr

lonization of lanthanides

. Summary



Background

The first ionization potential (IP) reflects the stability of an
outermost electron.
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Purpose: determine the first ionization potential of Lr



Experimental technique

Heavy elements with Z > 100

- Low production rates IPs must be measured on
- Short nuclear half-lives an atom-at-a-time scale.
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We employed a surface ionization
comparison technique.

G. R. Hertel, J. Chem. Phys. 48 (1968) 2053, and references therein.



Surface-lonization comparison technique

Saha-Langmuir equation 104

lonization yield F Calculated value -7
q6,_11::14) - IP(Lu) = 5.4 eV N

1035

N, /N, ° = const. _ - 2 N

& =N_§=eXp( KT
CNF ep—1IP
ap =~ = exp (=

N* N9 Number of ions and neutral atoms.
¢. Work function of a surface material.

IP: IP of an atom of interest. k: Boltzmann
constant. T: Surface temperature

N, /N, ratio

Ratio of ionization yields

. ~ (IPB—IPA) ol
ay  Ni/ND O CP\T g 4 5 6 7

Temperature™ / 107 K™
N\ (N IPB—IP]
%5\ NF = log{ o k J
B

Difference between the IPs of the two elements




Experimental setup

JAEA Tandem

Production yield measurement acceleratoriEanley
Catcher — + 0
.................... D Npireet = N* + N
Detector MaSS
éTeron Ay - lonizer (W) separation
capllary [T?ig exractor 1SOL
Skimmer \ |f /
» +/ \ - — F N . N.|_
I ISOL —
Atom lon & Detector
He gas + Cluster (Cdlp) [ I Filament —
Gas-jet transport system Surface ionizer = s -
Implant Tape system
Production and lonization lonic yield

transport Of |SOtOpeS S. Ichikawa et al., Nucl. Inst. and Meth. measu rement

in Phys. Res. B 187 (2002) 548.




Production of 22°Lr
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a-particle from 2°°Lr* ~ 300 events / day



Experimental condition

Beam Targets Produced isotopes
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lonization efficiency measurement
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lonization efficiency
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lon / atom ratio

I\IISOL

NO

10"

Npirect€isor — NisoL

~ MeMEu (1.22 min)

Ap- A

Temperature™ / 10 K

1 R T TR TR E AW S T
4 4.5

— :exp(ﬂj
N KT

Compare with the
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Measured IP vs. B.P.
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Summary

« We have developed a surface ionizer coupled to
a gas-jet transport system at JAEA-ISOL.

« Temperature dependence of ionization
efficiencies for lanthanides was measured.
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