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225Ra

Experiment
R.G. Helmer et al., Nucl. Phys. A474 (1987) 77
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b30  =-0.128

b40  =  0.091

Skyrme-Hartree-Fock
J. Dobaczewski, J. Engel,

Phys. Rev. Lett. 94, 232502 (2005) 
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Shapes of Radium isotopes

Skyrme HF+BCS calculations with the SkO’ interaction and 
density-independent zero-range pairing force, axial symmetry

J. Engel et al., Phys. Rev. C68, 025501 (2003)
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Heavy nuclei with octupole deformation
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Nuclear Energy Density Functional 
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Neutron single-particle spectra

223Rn137 (7/2) 225Ra137 (1/2+)
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Proton single-particle spectra

223Fr (3/2–)
87

229Pa (5/2+)
91
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The reduced matrix 
element (RME) 

<I=1/2||S||I=1/2> 
calculated by

(i) projecting the I=1/2 
state from the intrinsic 

state

(ii) using the rotational 
approximation (ROT)
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Nuclear Energy Density Functional 
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Time-odd mean fields and Landau parameters

g0=0.4    g0’=1.2



Jacek Dobaczewski

17/27

-30

-20

-10

0

10

20

30

40
Y

u
k

a
w

a
 e

n
e

rg
ie

s
 [

k
e

V
]

-10

0

10

2.8 3 3.2 3.4 3.6

Octupole moment Q
30

 [(10 fm)
3
]

Landau Time Odd

d (Time Odd)

g0

g1

g2

The time-odd 
terms of the 

energy density 
functional 

included by 
conserving the 

gauge 
invariance and 

reproducing the 
Landau 

parameters

225Ra



Jacek Dobaczewski

18/27

225Ra

J.
D

. 
&

 
J.

 E
n

g
e
l,

 P
h

y
s.

 R
e
v

. 
L

e
tt

. 
9
4
, 
2
3
2
5
0

2
 (

2
0
0
5
)



Jacek Dobaczewski

19/27

Schiff moment in symmetric nuclei

199Hg

Three equivalent methods can be used:
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199Hg
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Error estimates of Schiff moments in 225Ra
Parity-symmetry restoration

Insignificant
Rotational-symmetry restoration

Error ~2% – rotational approximation excellent.
Configurations

Single-particle states not in the correct order, necessity to 
consider excited configurations

Phase space
Error ~1‰ for calculations with N=20 HO shells

Short-range correlations
Error unknown

Pairing
Error 20-30%, for the Schiff moment correlated with the octupole 
deformation

EDF parameterisation, time even
Error ~50%, for the Schiff moment correlated with the octupole 
deformation

EDF parameterisation, time odd
Error ~50%
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Time-dependent fine-structure constant a

Accelerating Universe may imply the time-
dependent fine-structure constant. Some evidence is 

available in astronomical observations.
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Structure of 229Th
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229Th

7.6(5) eV
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NASA/electron beam ion trap x-ray microcalorimeter spectrometer with an 
experimental energy resolution of 26 eV (FWHM) used. A difference technique 
was applied to the gamma ray decay of the 71.83 keV level that populates both 

members of the doublet.

5/2 [633] 3/2 [631]
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Differences of Coulomb energies in 229Th
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Conclusions

 Calculations of the nuclear Schiff moments bring invaluable 
information on the link between the hypothetical T-breaking NN 
interactions and prospective measurements of the atomic electric dipole 
moments.

 Present-day uncertainties in the nuclear-physics interactions and 
methods allow for the determination of the Schiff moments up to a factor 
of about 2.

 Calculation of the charge polarizations in two nuclear configurations of 
229Th allow us to evaluate the possibility of measuring the time-variation 
of the fine-structure constant a.

 Pairing effects are essential in estimating the Coulomb effects in 
configurations close to the Fermi surface – they dramatically decrease the 
differences of the corresponding Coulomb energies.

 Applications of nuclear-structure methods and expertise to fundamental 
problems of physics are important, easy, and rewarding
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Thank you
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Ground-state properties
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Nuclear densities as composite fields
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Complete local energy density

Mean field Pairing
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