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The distinctive property of ??Th
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229Th as a tool for precise chronometry
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Elusive ‘nuclear clocks’ tick closer to
reality — after decades in the
making

Super-precise timekeepers based on atomic nuclei could be tested as soon as this xear.




229Th as a probe for new physics
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The DFT approach
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The Skyrme EDF

r Time-even terms

Esclfiy:rme [P] = /dV Z Otpp/)? + CtpAthAPt + OtpT(ptTt —J; - Jt) = u.Iar .
; arametrlzatlons

+ 0588;2 G CtSASSz - As; + Ctpv'](/)tv : jt +7:- VX St‘) -Sll - SKM*

| _SKO’ - SKXc
+ VIV 8+ C (D 3 — - T) _SLYO - UNEDFO

} - UNEDF1

r g Cg]j[(Tr(Jt))Q 3, 37— 2s, - F,]
Coupling 1

constants Time-odd terms




Mean-field calculation
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Restoration of symmetries and mixing
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Ingredients of our calculations
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Pairing volume strengths
fitted from mass staggering

and Landau parameters
from dipole moments




The “committee of models”
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M1 transition strength

arXiv:2602.02429

] ] ® 9
@ e
] ] A SKXc
c\:; 0'20_3 ] & UNEDF1
3 1 ] v skm*
~ 015‘ _ = SkO'
- ! 1 % UNEDFO
2 0.10‘_ ] (32)
0.05- 1le . &1l
] 12) ] (1,1 12)
0.001 AT AR, ) * %
0.8 1.0 1.2 1.0 15 2.0

226Ra Q3 intr. (1000 efm?)

B(M1;1; — I;) =

oI + 1

(Ll | M| 1)

230Th Q3 intr. (1000 efm?)

32+ 0.0084
52+ 0.0 \I/Ml
312" — 5/2% (u*))
226R3 reg. 0.04(3)
230Th reg. 0.03(2)
Average 0.04(3)
Exp. 0.0388(12)

11




Electric quadrupole moment Q
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M (M)

Magnetic dipole moment p
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Magnetic octupole moment Q
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Coulomb energies
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Conclusions

1. We performed state-of-the-art DF T 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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The distinctive property of ??Th
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The distinctive property of ??Th
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Angular momentum and parity projection
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Schmidt and Schwartz lines
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Hellmann-Feynman theorem and a(t)
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Multipole operators

General
formulas

Electric quadrupole,
magnetic dipole and

magnetic octupole
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The Schiff moment Yy |
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The reduced transition probability
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Landau parameters
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Mixing and matrix elements
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Nilsson labels and configurations
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Error bars of regressions
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Skyrme coupling constants
SkX.[66] SKM*[67] UNEDF1[68] STII[69] SKO70] SLy4[71] UNEDFO[72]
a7 —539.250000 —991.875000 —779.373009 —423.281250 —787.282125 —933.341250 —706.382929
C? 283.286000  390.137500  287.722131 268.078125  246.942585  830.051485  240.049522
s 44.138239 38.905862 30.554818 41.584341 219.237417 44.243392 34.079267
¥4 135.000706 116.717587 129.857975 124.753022 101.970111 143.791024 102.237800
59 —0.821625 34.687500 —0.989914 44.375000 15.000072 57.129375  —12.917242
Cy —44.706725  —34.062500  —33.632096  —30.625000 —4.156240 24.656385  —45.189417
o —7.389900 0.000000 0.000000 0.000000  —104.093563 0.000000 0.000000
oy —23.625000 0.000000 0.000000 0.000000 —9.171875 0.000000 0.000000
C3 0.821625  —34.687500 0.989914  —44.375000  —15.000072  —57.129375 12.917242
q 44.706725 34.062500 33.632096 30.625000 4156240  —24.656385 45.189417
€5 7.389900 0.000000 0.000000 0.000000 104.093563 0.000000 0.000000
%4 23.625000 0.000000 0.000000 0.000000 9.171875 0.000000 0.000000
G —46.011656 ~ —68.203125  —45.135131  —62.968750  —52.787044  —76.996406  —55.260600
e 22.750481 17.109375 —145.382168 17.031250  —32.162034 15.657086  —55.622600
Sl S 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
Cy’=cCy7|  —72.850000  —97.500000  —74.026333  —90.000000 —102.450600  —92.250000  —79.530800
=00 0.000000  —32.500000  —35.658261  —30.000000 41.444400  —30.750000 45.630200
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Local parameters

Skyrme g5 Von Voo

Q3™ Ra) Q3("Th)

SkX. 1.2 139.02 173.63
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UNEDF1 1.7 145.35 169.79
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SkO’ 1.0 163.82 184.34
SLy4 1.3 207.76 231.89
UNEDFO 1.2 130.61 158.39
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