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The distinctive property of 229Th
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Adapted from Wikimedia Commons

t1/2 ≈ 29 min 
in vacuum 

Dominant M1 
multipole radiation 

Eγ = 8.35574(3) eV
 ν =  148.3821(5) nm

 



229Th as a tool for precise chronometry
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229Th as a probe for new physics
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M

Searches for time variation of the fine 
structure constant and its mechanism

PT violating interactions and the 
permanent electric dipole moment

arXiv:2602.16804

Octupole 
enhancement

Schiff 
moment

JPS Conf. Proc. 012034 (2018)
Nature 648 (2025) 562–568

https://www.nature.com/


The DFT approach
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One-to-one 
correspondence

The nuclear energy 
density functional 

Self-consistency



The Skyrme EDF
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Time-even terms

Time-odd terms
Coupling
constants

Popular 
parametrizations

- SIII      - SKM*
- SKO’     - SKXc

- SLYO   - UNEDF0
- UNEDF1



Mean-field calculation
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228Th 229Th

Symmetry breaking 
even-even core

Symmetry breaking 
odd mass nucleus

Blocking

Quasi-particle Nilsson 
orbitals [NnzΛ]Ω



Restoration of symmetries and mixing

8

Parity and angular 
momentum projection

The generator coordinate 
method (GCM)

Configuration mixing
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Ingredients of our calculations
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J. Phys. G 48 102001 (2021)

Time-even
+

Time-odd

Config.
mixing

Symmetry 
restoration

Self 
consistent

Symmetry 
breaking

Seven
models Pairing volume strengths 

fitted from mass staggering 
and Landau parameters 
from dipole moments  
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The “committee of models”

~

 

Phys. Rev. Lett. 121 232501



M1 transition strength
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3/2+ → 5/2+ (μ²
N
)

226Ra reg.  0.04(3)

230Th reg. 0.03(2)

Average 0.04(3)

Exp. 0.0388(12)

arXiv:2602.02429



Electric quadrupole moment Q
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5/2+ (eb) 3/2+ (eb)

226Ra reg.  3.01(7) 1.69(6)

230Th reg.  2.96(6) 1.729(12)

Average  2.96(9) 1.66(6)

Exp. 3.11(2) 1.77(1)

arXiv:2602.02429



Magnetic dipole moment μ
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μ
Schmidt

(5/2) = [1.366, -1.913] μ
N

μ
Schmidt

(3/2) = [1.148, -1.913] μ
N

5/2+ (μ
N
) 3/2+ (μ

N
)

226Ra reg. 0.4(3) −0.15(10)

230Th reg. 0.2(2) −0.21(9)

Average 0.4(3) -0.20(11)

Exp. 0.366(6) −0.378(8)

arXiv:2602.02429



Magnetic octupole moment Ω
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Ω
Schwartz

(5/2) = [-0.530,  0.177] μ
N
b

Ω
Schwartz

(3/2) = [-0.371,  0.053] μ
N
b <r²> = ⅗ R²A2/3

5/2+ (μ
N
b) 3/2+ (μ

N
b)

226Ra reg. −0.06(2) 0.128(11)

230Th reg. −0.052(11)  0.129(8)

Average -0.07(2) 0.124(11)

Exp. ? ?

arXiv:2602.02429



Coulomb energies
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ΔVc  (MeV)

Projected -0.08(18)

Unprojected -0.08(15)

+
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Conclusions
1. We performed state-of-the-art DFT calculations to obtain nuclear observables 

that compare favourably with experimental data.

2. We addressed three fundamental questions in describing these observables: 
the role of configuration interaction, time-odd core polarization, and 
octupole correlations within a fully symmetry conserving approach.

3. The need to fine-tune functional’s octupole polarizability within global 
adjustments to experimental data is the most essential way to improve our 
predictive power.

4. A more rigorous method to reduce the spread of the models implemented is 
required.
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Thank you!
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The distinctive property of 229Th
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The distinctive property of 229Th
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Angular momentum and parity projection
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No particle-number 
projection is performed



Schmidt and Schwartz lines

23arXiv:2511.04632



Hellmann-Feynman theorem and α(t) 

Physics Letters B 650 4 (2007) 24

The 
HF-Theorem

Application to the 
excited and ground 

states of 229Th



Multipole operators
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General 
formulas

Electric quadrupole, 
magnetic dipole and 
magnetic octupole

arXiv:2511.04632



The Schiff moment

Nature 648, 562–568 (2025)
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ED
M

Definition

Observable

PT violating 
potential

227Ac

https://www.nature.com/


The reduced transition probability
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Fermi’s 
golden rule

Average over initial 
states, sum over final 

states and apply 
Wigner-Eckart 

theorem

Reduced 
transition probability

From Nucleons to Nucleus, 
J. Suhonen

 



Landau parameters
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= 1

= 1

= 0.4

= 1.20  (SkXc, SkM*, SIII, UNEDF0),  
   1.0    (SkO’), 
   1.3    (SLy4),
   1.7    (UNEDF1)

J. Phys. G 49 11LT01

Unconstrained. Values given 
from the global fit 



Mixing and matrix elements
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Collective
wavefunction

Hill-Wheeler
equation

Transition
calculation

Moments
calculation

<3/2|H|5/2>

<5/2|H|5/2><5/2|H|3/2>( )<3/2|H|3/2>



Nilsson labels and configurations
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Ω Configurations

5/2+
(642)3/2 
(741)3/2 
(631)3/2

3/2+
(633)5/2
 (752)5/2
(622)5/2



Error bars of regressions
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Skyrme coupling constants
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Local parameters
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