
Symmetry breaking: 
spurious and spontaneous

Ragnar Stroberg

1

TRIUMF PAINT25 
Vancouver 
February 26 2025



Ragnar Stroberg University of Notre Dame 2

Part 1: The Spontaneous

How should we treat 
deformed nuclei, from an 
ab initio point of view?
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Use a deformed 
reference!!!!
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…
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PRC 110 044316 (2024)



Ragnar Stroberg University of Notre Dame 5

IMSRG

H → H(s) = U(s)HU†(s)

U(s) = eΩ(s)

H(s) = H + [Ω, H]+ 1
2! [Ω, [Ω, H]] + …

H(0)

H(s)

Space of all 
possible 

Hamiltonians

Truncate all operators at NO2B level

𝒪(s) = 𝒪 + [Ω, 𝒪]+ 1
2! [Ω, [Ω, 𝒪]] + …
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VS-IMSRG in sd shell 
underpredicts E2 transition 
strength by a factor ~2. 

Phenomenologically, this is 
fixed by using effective 
charges , . 

Effective charges should 
emerge from the VS-IMSRG 
transformation.

ep ∼1.5 en ∼0.5

PRC 105 034333 (2022)
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Effective charges: the lore

17O ground state electric 
quadrupole moment: 

Experiment:  -2.558 e fm2 

VS-IMSRG:  -1.40 e fm2
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Going beyond IMSRG(2) with IMSRG(3f2)

Bingcheng He 
Notre Dame

[Ω, [Ω, H]3b]1b,2b

H

Ω

Ω

Will it work for E2s as well?
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76Ge

different many-body methods, 
 same input force

Better calculation, 
better agreement![Preliminary]
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Good spectra  good deformation≠

B(E2; 2+
1 → 0+

1 )

20Ne

Experiment: 66 e2fm4 = 20 wu 

R(4/2)=2.6 

IMSRG(2):   29 e2fm4 = 9 wu 
R(4/2) = 2.0 (with EM1.8/2.0)

PRC 93, 051301(R) (2016)
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17O
x

IMSRG(3n7) for , then 
IMSRG(2) for 

Ω
eΩ𝒪e−Ω

🤷

EM 1.8/2.0 
=16 MeVℏω
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x x
x

[Ω3, [Ω3, 𝒪]3]2]1[Ω, 𝒪]1
[Ω, [Ω, 𝒪]2]1

Where is the extra collectivity hiding??
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Part 2: The spurious

Isospin breaking relevant for 
calculations of the  correction 
for superallowed  decays

δC
β

Alex Farren 
REU student

arXiv 2412.10693
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 with the VS-IMSRGδC

SRS, Particles 4 521 (2021)
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Spurious isospin breaking
Toy isospin-conserving H
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Hartree-Fock 
spuriously breaks T2. 

Correlations from 
IMSRG tend to 

restore it.
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Spurious (spontaneous?) isospin 
breaking at the Hartree-Fock level
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Spurious isospin breaking from IMSRG(2)
d
ds

[H, T2] = [η, [H, T2]]
= [[η, H ], T2] + [H, [η, T2]]

if initially , these 
should cancel.

[H, T2] = 0

Terms that need to cancel 
show up on opposite sides of 
the IMSRG(2) truncation. 😥
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H = Hd + Hod η =
Hod

Δ

For a reference with  
we can have

N ≠ Z

[T2, H] = 0 [T2, Hd] ≠ 0 [T2, Hod] ≠ 0

What can spoil  ?[η, T2] = 0

This is remediated by using the same valence space for protons and neutrons.
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|MF |2 = |M iso
F |2 (1 − δC)

Isospin conserving interaction, plus Coulomb

Possible solution: 
compute with and 
without Coulomb and 
take the difference?
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Summary

PHY-2340834

• Quantitative derivation of effective charges remains 
elusive. 

• The standard core-polarization/PV coupling term is 
dominant, but doesn’t seem to be enough. 

• IMSRG(3) contributions don’t seem to improve things 
significantly. 

• There are multiple sources of spurious isospin breaking 
in the IMSRG workflow; many can be eliminated. 

• Optimal procedure for  is not yet clear.δC

@NDB 
Advancing Theory for 
Nuclear Double-Beta Decay
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Additional slides
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17O

psd interaction, 
decouple sd 
valence space
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Don’t blame the forces!

VS-IMSRG spectrum is improved by 
incorporating intermediate 3-body 
operators. Will that also fix the E2s? 
(Probably not completely).

Belley+ PRL 132, 182502 (2024)

IM-GCM with 
same interaction 

beautifully 
reproduces E2s.


