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Direct detection of the ?*Th nuclear clock transition
L von der Wense, B Seiferle, M Laatiaoui, J B Neumayr, H Maier, H Wirth, C Mokry, J Runke,
K Eberhardt, C E Diillmann, N G Trautmann & P G Thirolf. Nature, 533, 47 (2016)

Today’s most precise time and frequency measurements are performed with optical atomic clocks.
However, it has been proposed that they could potentially be outperformed by a nuclear clock,
which employs a nuclear transition instead of the atomic shell transitions used so far. By today
there is only one nuclear state known which could serve for a nuclear clock using currently
available technology, which is the isomeric first excited state in #°Th. Here we report the direct
detection of this nuclear state, which is a further confirmation of the isomer’s existence and
lays the foundation for precise studies of the isomer’s decay parameters. Based on this
direct detection the isomeric energy is constrained to lie between 6.3 and 18.3 eV, and the
half-life is found to be longer than 60 s for **"Th*". More precise determinations appear in
reach and will pave the way for the development of a nuclear frequency standard.

IP(Th 1) = 6.3 eV < E(**™Th)
IP(Th Ill) = 18.3 eV > E(**"Th)
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Laser spectroscopic characterization of the nuclear clock isomer **™Th
J Thielking, M V Okhapkin, P Gtowacki, D M Meier, L von der Wense, B Seiferle,

C E Diillmann, P G Thirolf, & E Peik. Nature, 556, 321 (2018)

The isotope **’Th is the only nucleus known to possess an excited state #*"Th in the
energy range of a few electron volts, a transition energy typical for electrons in the

valence shell of atoms, but about four orders of magnitude lower than common nuclear
excitation energies. A number of applications of this unique nuclear system, which is
accessible by optical methods, have been proposed. Most promising among them

appears a highly precise nuclear clock that outperforms existing atomic timekeepers.

Here we present the laser spectroscopic investigation of the hyperfine structure of
22mTh# | yielding values of fundamental nuclear properties, namely the magnetic dipole
and electric quadrupole moments as well as the nuclear charge radius. After the recent
direct detection of this long-searched-for isomer, our results now provide detailed

insight into its nuclear structure and present a method for its non-destructive optical
detection, an important step towards the development of a nuclear clock
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Hyperfine interaction with the *>Th nucleus and its low lying isomeric state

Robert A. Miiller,!:2:[*| Anna V. Maiorova,® Stephan Fritzsche,*® Andrey V.
Volotka,? Randolf Beerwerth,?® Przemyslaw Glowacki,’ EI Johannes Thielking,!
David-Marcel Meier,! Maksim Okhapkin,! Ekkehard Peik,! and Andrey Surzhykov':?

[arXiv:1801.10470]
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Nuclear charge radii of ?*Th from isotope and isomer shifts

M. S. Safronova''?, S. G. Porsev!?, M. G. Kozlov®*, J. Thielking®,

M. V. Okhﬁpklﬂﬁ P. G}DWEl.Cklb., 7 M. P»*Ieier5, E. Peik® [arX|V180603525]
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Excitation of **Th nuclei in laser plasma: the energy and half-life of the low-lying
isomeric state

P Y Barisyuk,l*ﬁ E. V. Chubunova,! N. N. Kolachevsky,?!
Yu. Yu. Lebedinskii,! O. S. Vasiliev,! and E. V. Tkalvva:*--laﬁl-ﬁ

[arXiv:1804.00299]

The results of experimental studies of the low-energy isomeric state in the ***Th nucleus are
presented. The work is consisted of several stages. During the first stage 2 Th nuclei were excited
with the inverse internal conversion to the low-lying isomeric level in plasma that was formed by laser
pulse at the 22? Th-containing target surface. Then thorium ions having excited nuclei were extracted
from the plasma by an external electrical field and implanted into thin SiO:2 film grown on a silicon
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Shyrh eIt Y d s dete ¥ tHeenerfy 0f Photony, MYorder YorProve thAt Y he et siEna
is caused by isomeric *?? Th nuclei decay a series of experiments was carried. The analysis of electron
spectra gives the following results: the energy of the nuclear transition is Eis = 7.1 t?};) eV, the

half-life of the isomeric level in bare nucleus in vacuum is Tj ; = 1880+170 s, the reduced probability
of the isomeric nuclear transition is Bw...(M1;3/27 — 5/27) = (3.3 4+ 0.3) x 1072,
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Figure 1: Excitation of ?2°Th nucleus via inverse internal

conversion to the 7s electron shell.
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Table I: Spectral lines of xenon discharge lamp and corre-
sponding K E.,a.x energies for the photoelectron spectra pre-
sented in Fig.[[0l The last raw shows deduced K Ey,ax energy
for ***Th:SiO2/Si sample with decaying isomeric ***Th nu-
clei.
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L'|yBCTBI/ITeJ'IbHOCTb K Baphnaun beHﬂ,aMeHTaJ'lebIX MOCTOAHHbIX
[Berengut, Dzuba, Flambaum, and Porsev, Phys. Rev. Lett. 102, 210801 (2009)]
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