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MCNP simulations rely on nuclear data.
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Nuclear data are validated, in turn, often by using MCNP and

with respect to criticality.
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Validation with many k. values is a highly under-determined
problem, where thousands of nuclear data yield one k.4 value!
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Problem: which nuclear data values (out of 20,000!)
are those that lead to bias in simulating 1000s of
validation experiment??
Highly under-determined and complexly
intertwined problem leading to unconstrained
spaces in nuclear data!

Traditional methods: human brain cannot assess all
this complex data at once -> targeted comparison
of data with and without an isotope or looking at
bare spheres for the actinides -> one could miss
issues you are not looking for.

Perfect problem for ML!!!



Unconstrained physics spaces: We can change nuclear data
widely within differential constrains and still get the same k!
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Here, we want to tease out these unconstrained physics
spaces using ML and various integral responses.
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We use as ML algorithms random forest and SHAP metric.

« Random forests: Build a prediction model for the bias as non-linear function
of potentially informative features: A=E—-C =f(Xq,...,X21000) + €

@ T .9

» Importance of features assessed with SHAP metric

See P. Grechanuk et al., J.
Comput & Theor. Transport
'® 47, 552 (2019).



Step 1 (validation input): simulating 3 integral responses and

calculating sensitivities to nuclear data.
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Steps 2 & 3: ML highlights issue in nuclear data that are
explored with differential data and theory -> ”a success story”
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Feedback loop with ML and validation experiments indicates
that lower ?4'Pu(n,f) cross section leads to reduced bias.
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Now an example of finding an unconstrained physics space.
ML finds issue in several, inter-twined nuclear data.

Importance of 2*°U VIII.O Nuclear Data to Bias

This plot illustrates Inelastic CS
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There is considerable space in differential data, cannot pin
down what nuclear data is wrong -> unconstrained space!
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- We need better experiments or improved nuclear theory to better constrain
o these nuclear data that are critical input of MCNP simulations!



Summary

* We are using ML methods and various integral responses to pin down potential
issues in nuclear data underlying MCNP and highlight unconstrained physics
spaces in nuclear data.

* Identifying unconstrained physics spaces in nuclear data could potentially
motivate future measurements or theory developments which in turn leads to

better nuclear data for MCNP. These experiments are often designed with the
help of MCNP.

« MCNP is also heavily used to simulate various integral responses and to get
sensitivities that feed into the ML algorithm.
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