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EFFECTIVE CHARGES
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No new parameters are 

introduced into the model!

Alternative formula for interband transitions →

• VBM intra- and interband B(E2) transition values depart 

from those in the favored SU(3)-irrep (λ0, µ0);
• After the determination of (λ0, µ0) the VBM calculations 

are repeated for various SU(3)-irreps by scaling the 

theoretical B(E2) values with effective charges.

Ref: Vector boson model application with SU(3)-irrep dependent effective charges, Minkov, N., Grigorova, D., & Bonatsos, D. (2025), Nuclear 

Theory (Vol. 42), p. p. 111-121



ALGORITHM AND PRECISION EVALUATION
• Step 1: Calculations without effective charges → determination of (λ0, µ0);

• Step 2: Inclusion of the (λ0, µ0)-values into the effective charge expressions and (re-)calculation 

of the energy spectrum and transition probabilities for the irrep(s) of interest with the effective 

charges.
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Ref: Vector boson model application with SU(3)-irrep dependent effective charges, Minkov, N., Grigorova, D., & Bonatsos, D. (2025), Nuclear 

Theory (Vol. 42), p. 111-121



ENERGY SPLITTING
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Ref: Minkov, N., Drenska, S. B., Raychev, P. P., Roussev, R. P., & Bonatsos, D. (1997). Broken 

SU(3) symmetry in deformed even-even nuclei. Physical Review C, 55(5), 2345-2360 

The splitting ΔE2 is the relative energy difference between the first excited states of the ground g- and γ-bands,

which measures how strongly the g- and γ-band are coupled with respect to the VBM framework.
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NUCLEI WITH WEAK ENERGY

SPLITTING – 166ER AND 168ER



NUCLEI WITH WEAK ENERGY SPLITTING – 166ER 
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(λ0, µ0) = (16, 2)

(λf, µf) = (20, 4)



HAMILTONIAN PARAMETERS FOR 166ER 
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COMAPRISON WITH PAST RESEARCH – 166ER

• PRC97: (λ, µ) = (16, 2)

Current results: (λf, µf) = (20, 4)
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● → µ=2

■ → µ=4

▲→ µ=6

⁕ → µ=8



168ER – WEAK ENERGY SPLITTING
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• (λ0, µ0) = (16, 2)

• (λf, µf) = (22, 8)



COMPARISON WITH PAST RESEARCH – 168ER
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● → µ=2

■ → µ=4

▲→ µ=6

⁕ → µ=8

• PRC97: (λ, µ) = (20, 2)

Current results: (λf, µf) = (22, 8)



COMPARISON WITH PAST RESEARCH – 168ER. 

BEHAVIOR OF THE HAMILTONIAN PARAMETERS
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166ER AND 168ER – COMPARISON WITH PROXY 

SU(3)
Favored irreps 166Er:

Current results:

(λf, µf) =(20, 4)

λ/µ = 5

Proxy SU(3):

(λ, µ) =(52, 14)

λ/µ = 3.7

Favored irreps 168Er:

Current results:

(λf, µf) =(22, 8)

λ/µ = 2.75

Proxy SU(3):

(λ, µ) =(54, 12)

λ/µ = 4.5
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NUCLEI WITH INTERMEDIATE AND 

STRONG ENERGY SPLITTING – 178HF

AND 238U



178HF – INTERMEDIATE ENERGY SPLITTING
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(λ0, µ0) = (14, 2)

(λf, µf) = (46, 20)

gg



COMPARISON WITH PAST RESEARCH – 178HF
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μ=2

• PRC97: (λ, µ) = (30-36, 2)

Current results: (λf, µf) = (46, 20)

Note: 

-     Good match with the RMS plot for the energy!

- New favored irrep due to modifications of the algorithm.



COMPARISON WITH PROXY SU(3) – 178HF

Favored irreps 178Hf:

Current results:

(λf, µf) = (46, 20)

λ/µ = 2.3

Proxy SU(3):

(λ, µ) = (42, 20)

λ/µ = 2.1
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238U – STRONG ENERGY SPLITTING
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(λ0, µ0) = (16, 2)

(λf, µf) = (86, 6)

gg



COMPARISON WITH PAST RESEARCH – 238U
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μ=2 • PRC97: (λ, µ) = (54-60, 2)

Current results: (λf, µf) = (86, 6)



COMPARISON WITH PROXY SU(3) – 238U

Favored irreps 238U:

Current results:

(λf, µf)  =(86, 6)

λ/µ= 14.3

Proxy SU(3):

(λ, µ) =(90, 4)

λ/µ= 22.5
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SUMMARY - COMPARISON WITH PRC97

• Quantitative differences and qualitative similarities.

• Same characteristic behavior of the curves.

• Same range for the values of the Hamiltonian 

parameters for 168Er.
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We see a definitive consistency in the description despite the significant 

differences in the approach now vs. PRC97.



SUMMARY - COMPARISON WITH PROXY SU(3)

SU(3) VBM with effective charges:

166Er: (λf, µf) = (20, 4)

168Er: (λf, µf) = (22, 8)

178Hf: (λf, µf) = (46, 20)

238U: (λf, µf) = (86, 6)
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Proxy SU(3):

166Er: (λ, µ) = (52, 14)

168Er: (λ, µ) = (54, 12)

178Hf: (λ, µ) = (42, 20)

238U: (λ, µ) = (90, 4)

The results are very similar for the nuclei with intermediate and strong 

energy splitting. Significant deviations between the two models are 

observed for nuclei with weak energy splitting. 



DISCUSSION

• Independent validity check without effective charges

• Suggested algorithms with B(E2) normalization

• Preliminary results

• Open questions

• Alternative way of  determination of  the best description? Alternative criteria, other than minimal σT

• Further tests with algorithms with B(E2) normalization
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THANK YOU FOR YOUR ATTENTION!
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