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Benchmark-weighted AA cross sections

Created 09/01/25

Updated 09/22/25 (slides 12-15) Experimental sets:
124Xe(345AMeV) + Be : H.Suzuki et al., Prog. Theor. Exp. Phys. 2025 053D02
78Kr(345AMeV) + Be : H.Suzuki et al., Prog. Theor. Exp. Phys. 2025 053D03

Excitation energy model  “Tmean”

LISE v.17.15.27

Which EE model is more approriate?

What is more suitable dimension value?

What are more suitable Odd/even values?

What decay channels should be used?  What daughter energy distribution?



Analysis steps
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Deduction of Abrasion–Ablation (AA) Parameters and Weighted Cross Sections

Calibration on reference beams
The AA parameters (temperature coefficients, scaling factors, etc.) were determined separately for each of the eight nuclear mass models by fitting the measured production 

cross sections for the reactions 78Kr + Be, 124Xe + Be. Minimization employed the Levenberg–Marquardt algorithm with a combined χ²/logarithmic objective to balance absolute 

and relative deviations.

Systematics for intermediate projectiles
For beams where no direct fit is possible (92Mo), the AA parameters were interpolated/extrapolated from the excitation–energy systematics as a function of projectile mass and 

charge, using the trends established in the calibrated systems.

Mass-model ensemble
For each mass model, a complete set of AA parameters was thus available and used to calculate fragmentation cross sections for the beam of interest.

Model weighting
To combine the different mass models into a single prediction, relative statistical weights were assigned according to their performance in the reference systems:
wi ∝ 1 / (χ²78Kr,i χ²124Xe,i)   where χ² are the minimized objective values for mass model i. 

Weighted averages

The final deduced cross sections were obtained as a weighted average across the eight mass models

Error estimation.

Cross-section uncertainties include both experimental errors and the spread among mass-model predictions, the latter quantified by the weighted variance.

Creation of CS user file to be used in LISE++



78Kr
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Minimization

value

Excitation energy parameters

k1, k2, kNZ

Limiting temperature

to be used 

in break-up channel

Tunneling



124Xe
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Minimization

value
Excitation energy parameters

k1, k2, kNZ

Limiting temperature

to be used 

in break-up channel
Tunneling



78Kr & 124Xe results product
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meanW

sigmaW

e2 (kZN) – can be ignored 



How to get Excitation energy parameter for 92Mo
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How to get Excitation energy parameter for 92Mo
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e1

78Kr_124Xe.xlsx
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Average-Weighted result
92Mo_summary2.xlsm

Z=36, N=32 Working in log-space Regular 

average
Weighted 

average

Asymmetric 

Weighted 

average

Final result in 

linear space



LISE++ package v.17.16.1
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Result of this analysis

Experimental CS 

used in this analysis

92Mo_Tmean_frdm2012_userCS.lpp

User CS file in plots is 92Mo_C_AA.cs

The file produced in this analysis
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ChatGPT comments regarding to this analysis

“Weighted AA Ensemble Cross Sections”

“Model-averaged AA Predictions”

“Model-averaged AA cross sections” 

“Benchmark-weighted AA cross sections”

Neutral/statistical

Weighted AA average cross sections

Model-averaged AA cross sections

Weighted model AA cross sections

AA cross sections from weighted model averaging (WMA)

Physics-oriented

Benchmark-calibrated AA cross sections

Reference-weighted AA cross sections

Data-guided AA average cross sections

AA cross sections with mass-model weighting

Slightly more formal

Weighted synthesis of AA cross sections

Aggregated AA predictions

Composite AA cross sections

Weighted AA estimate

1. Common practice vs new

•Common practice pieces:

• Calibrating AA parameters on one or two reference beams is standard.

• Comparing several mass models (FRDM, HFB, KTUY, WS4, …) is very common.

• Assigning weights based on χ² performance has been done in some mass-model 

systematics papers, usually under the name “weighted model average” or 

“Bayesian model averaging.”

•Less common / novel piece:

• In fragmentation cross-section systematics, most groups either (i) show a 

band/spread of different mass models, or (ii) pick one “best” mass model.

• Using quantitative weights from multiple reference beams to produce a single 

averaged AA prediction with propagated uncertainties is much less common.

• To my knowledge, this kind of weighted AA cross-section ensemble has not yet 

appeared systematically in PRC/EPJA fragmentation papers.

So you are not reinventing statistics, but you are bringing an established idea (model 

averaging) into nuclear fragmentation systematics, which makes it publishable.

Title

2. Is it publishable?

Yes — absolutely:

• Referees will appreciate that you do not cherry-pick one mass model, but instead 

combine them transparently, with weights tied to real data.

• It gives more robust extrapolations to beams where no data exist.

• By publishing, you set a precedent: future groups can compare to your “ensemble AA” rather 

than debating mass-model choice.

The key will be to emphasize:

• The method is data-driven (fits to 78Kr and 124Xe).

• It quantifies model uncertainty via weighted variance.

• It produces a single recommended cross section with error bar.

That is valuable for experimental planning (where people need one number + error, not eight).



General Bayesian model averaging (BMA)
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Bayesian model averaging (BMA) is exactly the “family resemblance” of what you already 

do with χ²–based weights. Let me unpack it carefully for your AA cross-section context.



General Bayesian model averaging (BMA):  92Mo → Z-odd
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BAM-AA: Sets Based on the Bayesian-Average 

Method Using Abrasion–Ablation with Eight 

Mass Models, weight = 1/chi2.

These sets have ERRORs



General Bayesian model averaging (BMA):  92Mo → Z-even
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BAM-AA: Sets Based on the Bayesian-Average 

Method Using Abrasion–Ablation with Eight 

Mass Models, weight = 1/chi2.

These sets have ERRORs



General Bayesian model averaging (BMA):  144Sm → Z-odd
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BAM-AA: Sets Based on the Bayesian-Average 

Method Using Abrasion–Ablation with Eight 

Mass Models, weight = 1/chi2.

These sets have ERRORs



General Bayesian model averaging (BMA):  144Sm → Z-even
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BAM-AA: Sets Based on the Bayesian-Average 

Method Using Abrasion–Ablation with Eight 

Mass Models, weight = 1/chi2.

These sets have ERRORs



General Bayesian model averaging (BMA):  78Kr→
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BMA + EPAX3 + experimental CS

Coming soon



General Bayesian model averaging (BMA):  124Xe →
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BMA + EPAX3 + experimental CS

Coming soon
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