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(a) Isotope structure of the 583.9 nm 
transition in Th II ion.
 
(b) High resolution hyperfine structure 
for 229Th (Iπ=5/2+)
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 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 229Th. 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 229mTh2+. More precise determinations appear in 
reach and will pave the way for the development of a nuclear frequency standard.
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IP(Th III) = 18.3 eV > E(229mTh)
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233U → 229(m)Th + He
(recoil energy 84 keV)
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 The isotope 229Th is the only nucleus known to possess an excited state 229mTh 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
229mTh2+, 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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Свойства изомерного состояния

Am/A = -1.73(25)  ==> μm = μ (AmIm)/(AI) 

μm/μ = -1.04(15)

μ = 0.360(7) μ
N

      [ СТС 229Th3+ ]

μm = -0.37(6)  μ
N

Bm/B = Qm/Q;  Q = Q
0
 (3K2-I(I+1))/((I+1)(2I+3)) 

Qm/Q = 0.555(19)

Q = 3.15(3) eb         [Q
0 
= 8.82(8) eb]

Qm = 1.74(6) eb       [Q
0

m

 
= 8.7(3) eb]

Зарядовый радиус:

Изотоп. сдвиг между изотопами 229 и 232:      8.2(2) ГГц
Изотоп. сдвиг между изомерами 229m и 229:  0.29(3) ГГц 
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Чувствительность к вариации фундаментальных постоянных 
[Berengut, Dzuba, Flambaum, and Porsev, Phys. Rev. Lett. 102, 210801 (2009)] 

ω = ΔE
N
+ΔV

C
 ≈ 7 eV
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-0.16(2)-0.16(2) -0.2(7) <<1
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