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EUCLID uses and developed tools to get sensitivities for 
various different measurement types

Measurement Method
Observable

σ ν β PFNS
Critical experiments ü ü ü

Neutron Multiplication Measurements ü ü ü

Reaction rate ratios ü ü ü

Pulsed Spheres ü

Gamma/Neutron Leakage Spectra ü ü

Delayed Neutron Measurements ü

Rossi-α ü ü ü

Reactivity Coefficient ü ü

Different measurement types give complimentary data which can help to 
disentangle compensating errors and improve overall validation of nuclear data.

Tools for sensitivities of different responses Use cases
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Using existing sensitivity tools to obtain a diverse 
collection of sensitivity profiles
• Brute-force sensitivities with FRENDY/SANDY

− Direct modification of ENDF/ACE files
− Requires individual isotope-reaction-energy 

perturbations and independent MCNP calculations
− O. Cabellos and A.R. Clark computed pulsed-

sphere sensitivities with this methodology*

• SENSMG
− Tool wrapped around the LANL deterministic 

transport code PARTISN
− Requires using multi-group cross sections
− Computed reaction rates, spectral indices (J. 

Alwin), and subcritical multiplication (A.R. Clark)
sensitivities

BeRP Subcritical Multiplication
Fission Cross Section

Fission Spectrum*D.Neudecker, ANE 159, 108345, (2021).

Tools for sensitivities of different responses Use cases
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Deriving and computing more sensitivities through 
existing capabilities

Using keff sensitivities, T. Cutler, J. Hutchinson, N. 
Kleedtke have derived and simulated other response 
sensitivities
• Beta-effective

• Reactivity coefficients

• Rossi-alpha
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M. Rising developed new fixed-source sensitivity in 
MCNP for easier execution and faster run-time.

• Central difference, brute force calculations (FRENDY/SANDY codes)
− Difficult to distinguish Monte Carlo statistics from small perturbations
− Computationally expensive

• Differential operator (PERT card)
− More complicated to use (many input cards needed = isotope x reaction x energy)
− Limited to reactions (no multiplicity, spectrum or angular distributions)

• Adjoint-weighting (new FSEN card)
− Easy to use with accurate results (like KSEN)
− Reactions, multiplicity, and energy / angular                                                       

distributions all available

Tools for sensitivities of different responses Use cases
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Verification of the new sensitivity 
methodology has been undertaken.
• Performing extensive verification to provide a robust 

and accurate capability
− Comparison between FSEN and PERT

• Comparison between FSEN and central difference
− Verification of FSEN using FRENDY results

LLNL Pulsed Sphere of 0.7 MFP Pu

Tools for sensitivities of different responses Use cases
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Computational benefits of the new MCNP6 sensitivity 
methodology are promising
• FRENDY/SANDY vs. FSEN efficiency

− Figure of merit

§ Measure of Monte Carlo calculational efficiency

§

§ Average efficiency gain for fission reaction 

• PERT vs. FSEN efficiency
− Computational cost is roughly equivalent
− Pre- and post-processing of PERT results not automated 
− No optimization of the prototype FSEN capability (yet)
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Human cost to 
use PERT may be 
higher with how 
easy it is to use 
the new FSEN 

capability 

FRENDY > FSEN            efficiency factor             FSEN > FRENDY

Tools for sensitivities of different responses Use cases
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W. Haeck programmed FAUST tool that processes all 
different output formats into common json format.
• FAUST

− Input / output processing of MCNP, SENSMG results

− Handling of all sensitivity data for use in nuclear data 
adjustment and experiment design optimization

− Common and easy to use JSON format support                
(new MCNP6 FSEN output also available in JSON)

− Crater tool used to rapidly study impact of nuclear 
data changes on validation benchmarks

Output from Crater Tool within FAUST

Tools for sensitivities of different responses Use cases
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Neutron Transport
Simulation (MCNP)

Validation Experiments

ML-Augmented 
Search for Compensating Errors

Experiment Refines Nuclear 
Data to Improve Simulations

ML-Optimized 
Experiment to 

Resolve 
Compensating Errors

EUCLIDUses sensitivities for many use-cases.

Tools for sensitivities of different responses Use cases
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One use-case is adjustment: we can filter to and select 
from our diverse set of benchmarks for adjustment

Adjustment tool developed by Mike Grosskopf.

Tools for sensitivities of different responses Use cases
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Adjusting to Jezebel we can explore the impact on nuclear data and 
the propagated prediction and uncertainties for Jezebel

Tools for sensitivities of different responses Use cases
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One warning (among many): adjusting to data with unaccounted for 
biases leads to unreasonable results.

Tools for sensitivities of different responses Use cases
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As mentioned however, adjusting to data with unaccounted for 
biases leads to unreasonable results

Tools for sensitivities of different responses Use cases
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Adding in a Gaussian process with tunable parameters to account 
for the bias uncertainty for long TOF mitigates this issue:

Tools for sensitivities of different responses Use cases
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Summary

• EUCLID computed sensitivities of several integral responses to nuclear data,
• EUCLID leveraged existing tools, but new ones were also developed,
• EUCLID uses sensitivities for validation, finding where compensating errors 

could hide in our libraries, optimization of integral experiments and adjustment,
• We are happy to share our sensitivities after release and are establishing 

contact with the NEA about possible sharing these data through their tools to 
the community.
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Critical Experiments (keff inference)
− At or very near delayed critical
− Convenient; uncertainties very small 

(~0.1%)
− Well understood
− Requires little inference
− Most common type of measurement 

in validation

• Sensitivity Simulation capabilities
− KSEN (already developed and 

tested)
− Whisper 1.1
− Faust for analysis 1.00E-06
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Critical experiments are the traditional metric for integral 
experiment response in nuclear data evaluation.
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Neutron noise experiments

• Description
− Subcritical measurements
− Greater Sensitivities to 

spontaneous fission nuclides

Sensitivity Simulation 
capabilities
• SENSMG 
• Faust for analysis

Neutron noise measurements have higher sensitivities to nuclides with significant 
spontaneous fission emission versus keff. 
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Reaction Rate Ratios
• Description

− comparison of reactions in 
two fissionable components
§ e.g. 239Pu(n,f)/ 235U(n,f)

Sensitivity Simulation capabilities
SENSMG
New FSEN card in MCNP6 
(developed under this 
project)
New portion of Faust for 
analysis

Reaction rate ratios are insensitive to the value of keff
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Pulsed Spheres
• Description

− Decouple from fissionable isotope
− Focus on nuclear data above 5-15 

MeV
§ Dependent on thickness of 

material and level structure
− High sensitivity to angular 

distributions and PFNS

Pulsed spheres decouple sensitivity of fissionable and nonfissionable material, 
and significantly extend the energy range for validation.

Sensitivity 
Simulation 
capability
Faust, PERT or 
SANDY/ FRENDY O-16 (n,el) angular 

sensitivity @ 13.84 MeV
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Gamma/ Neutron Leakage Spectra

• Description
− Measure of the energy spectrum of the exterior of the assembly
− Focus on gamma/ neutron energy measurements
− Preferably subcritical system to not overwhelm detectors
− Significant sensitivity to room return

• Sensitivity Simulation Capability
− SENSMG
− FSEN in MCNP6

Leakage neutron spectra measurements focus on the energy of the 
neutrons, independent of keff

HMF058 [2].
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Delayed Neutron Measurements
• Description

− Inference of the delayed neutron fraction and 
groups

− Converts measured system values (e.g. neutron 
e-folding time, neutron lifetime) to calculated 
system values (keff)

− Determines how reliant the system is on neutrons 
released later in time, which makes it controllable

• Sensitivity Simulation Capabilities
− Currently requires two separate simulations
§ Faust for analysis (written under this project)

Delayed neutron sensitivities (Sβeff,x) 
exhibit very different sensitives than 
keff (Sk,x) for the same reaction.

Prompt and delayed neutrons have different energies, resulting in unique 
sensitivity profiles which are different from other responses such as keff.
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235U fission sensitivity
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Rossi-alpha Measurements
• Description

− Measurement at delayed critical and slightly 
subcritical

− rate at which the prompt neutron population 
changes as a function of time

− used to infer parameter neutron lifetime, l.
− Can be used to infer reactivity

𝜶 =
𝒌𝒑 − 𝟏
𝒍

=
β − ρ
Λ

Sensitivity Simulation Capabilities
MCNP with PERT
Future: FSEN
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Reactivity Coefficients
• Compare worth of a sample to worth of void in the location in the 

assembly
• Focused on effects from a small change (often 5-20 g)
• Removes some systematic unc

Sensitivity Simulation Capabilities
• Currently requires two separate 
simulations

• Faust for analysis (written under this 
project)

Jezebel r.c. by 
radial position

Jezebel Pu sample: comparison 

of keff and∆𝜌'() sensitivity

Reactivity coefficients remove some systematic 
uncertainties and show distinctly different sensitivities 
to keff
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Typical Uncertainties for the Various Measurement 
Methods

Measurement Method
Typical Uncertainty (%)

Critical experiments 0.1-0.5

Neutron Multiplication Measurements R1: 1-3, 
R2 and Y: 2-9

Reaction rate ratios 0.9-2.0
Pulsed Spheres 5-10

Gamma/Neutron Leakage Spectra 3-20 (depending upon
energy bin)

Delayed Neutron Measurements 8
Rossi-α 1-3
Reactivity Coefficient 7

Values based on ICSBEP 
and IRPhEP benchmarks


