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MCNP Multigroup Capabilities

» The Multigroup option in MCNP provides many capabilities [1]
— Direct comparison to deterministic codes
— More straightforward cross section sensitivity studies
— Adjoint calculations
- Boltzmann-Fokker-Planck transport for charged particles

« The mid-point of the group is used as the energy of all particles within each
group [1]
— Essentially treated as discrete energies internally

— Multigroup library provides the cross sections for each group, and the scattering
matrix for the group-to-group scatters

- Flux weighting between groups is handled by the transport, but flux weighting
within a group is lost in the final library
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MGXSNP Library Released in 1987

* The only Multigroup ACE library supported by XCP-5
» Created by Bob Little, X-6, in 1987 [2], available at nucleardata.lanl.gov

* Mostly based on ENDF/B-V [3] with some exceptions
— Converted from MENDF5 and MENDF5G [4] using the CRSRD program [1]

Characteristics MGXSNP (1987) [2] O ﬁ =2 nuc\eardala.lanlgov/ace/mgxsnp‘ ‘ B % ‘ Y, ﬁ =
Data Origin MENDF5 [4], MENDF5G [4], T-2 DS mission SCIENCE & ENGINEERING COLLABORATION ~ COMMUNITY  ENVIRONMENT
Number neutron groups 30
Number photon groups 12
NUCLEARDATA / ACE / MGXSNP
Weight Function CLAW [5]
Temperature 200 K v The Multigroup Library
Shelf-shielding? No - MGXSNP
Released: 1987-07-25
Number Of. Eqw.—proba ble 3 Currently, only one coupled neutron-photon multigroup library is
Cosine Bins supported by X-Division, MGXSNP. The library MGSXNP is comprised of 30-
‘@ group neutron and 12-group photon data pnmarlly based on ENDF/B-V for

~
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https://nucleardata.lanl.gov/

A New Multigroup Library based on ENDF/B-VIII.1

« ENDF/B-VIII.1 [6] was released in 2024 and processed into the MT81 library [7]
 The MT81_30 library (NDI multigroup format) is the basis of the first version

N
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- Many quantities needed in the ACE library are directly available in MT81 30

Characteristics MGXSNP (1987) [2] New Library (initial version)
Data origin MENDFS5 [4], MENDF5G [4], T-2 MT81_30 [7]

Number neutron groups 30 30
Number photon groups 12 30

Weight Function CLAW [5] CLAW [5]

Temperature 300K 293.6 K
Shelf-shielding? No No
Number of Equi-probable Cosine Bins 3 10




Generation of Incident Energy-Independent PFNS

« The multigroup ACE format allows one Prompt Fission Neutron Spectrum
(PFENS) vector (independent of incident energy) while MT81 30 provides a full

PFNS matrix

» The flux weights are used to collapse the PFNS matrix into a single vector

NDI MG PFNS

10° 107 10° 10° 10" 10'
Outgoing Energy [MeV]




Angular Distributions in Multigroup Calculations

» Multigroup libraries typically store angular
distribution information in 3-dimensional
scattering matrices Y — [

— The Py(¥4,1,j) element holds the coefficients for — Lnax=20
the P,(1) (Legendre Polynomial of order ¢) for o
incident group i and outgoing group j

— Often truncated at a few terms (5 for MT81_30)

35Mn ENDF-8.1 Group 26

 Negative PDF values are handled in g
deterministic codes, but cause problems in i
MCNP [1] (negative weights) 2t
 Better options to represent the angular o e
distributions for MCNP: 100 075 050 025 000 025 050 075 100

. . Angle [cos(6)]
— Discrete cosines

— Equi-probable cosine bins
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Angular Distributions in Multigroup Calculations

* Truncated Legendre Polynomials in the MT81 30 library cause some angular
distributions to have negative values

- Equi-probable Cosine Bin boundaries can be solved for directly by conserving
moments. From Carter, 1976 [8]:

Iteration Procedure for Computing

Boundaries of Step Function (B.2). The iteration searches for a minimum

The first L moments of the step function rep- of the function

resentation can be equated with the corresponding L . L1
moments of the true distribution to obtain L T = L‘@ (b -my) W?] +C T
equations for the L.boundaries of the L - 1 equally = i=2
probable steps. The set of equations is x Bi
o = ( 1 )( 1 )L-1 (x’li} _ xf“) [ = ima) = @ (@ir = 2) P[540 - ) -2 - x5 ) P 7
R VASE YAV Y =R Uy B (B.3)
1=1,2,..., L, (B.1)

— Maximum Entropy method [9] can be used to create non-negative polynomial PDFs,
from which the bin boundaries can be determined. From Baker, 1995 [9]:

L 7 .
7 Note that f(u) is positive over the interval [—1, +1], preserves the moments fi, I = 0,...,L, and
fw) = exp[z A Pi(p)]- (16) maximizes the entropy H. To determine the A;, we solve L + 1 coupled non-linear equations
1=0
NS +1 L
"0 f[ et / duPI(ﬂ)eXP[Z )\p Pp(p)] = 0, = 0,...,L. (17)
< =1 =0



Maximum Entropy Method for Angular Distributions

« The maximum entropy polynomial for
SSMn group 26 - 26

— Fit using the 5-term truncated distribution

» Gives a good representation of the full
distribution at high probability angles

» Does not capture the behavior at low-
probability angles

> -2 | | | | | | |
‘rq 10_1 00 075 -0.50 -0.25 0.00 0.25 0.50 075 1.00
e Angle [cos(6)]
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-=- MaxEnt 1
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Testing Multigroup Libraries — Previous Work

« Spherical Test Cases described in Ref [9] :

— MGXSNP — (MG)

- MGXSNP with Max Ent (32 bins)

for Py — (XREP)

— CE MCNP simulation — (CE)
» Compared to deterministic (SN)

- ONEDANT code

« Saw that angular distributions

"

greatly impact results [9]

— Maximum Entropy, 32-bin library

better matched Sy results

Table 2
MCNP-ONEDANT Differences, 1 Mfp Test Problems
Material MCNP (XREP) MCNP (MG) MCNP (CE)
H' +1.110 +1.030 —2.78¢0
Iron +0.740 —1.71l0 +6.130
U +0.81c —5.700 +1.990
Pu*® —0.280 —3.670 +1.880
Table 4
MCNP-ONEDANT Differences, Large k.ss Test Problems
Material MCNP (XREP) MCNP (MG) MCNP (CE)
U?% (6.75 Cm) -0.190 —4.920 +.100
U*® (7.50 Cm) +0.330 —17.620 +.110
Table 5
Spherical, Fissile Metal System, Reflected
ONEDANT| MCNP (XREP) MCNP (MG) MCNP (CE)
Net Leakage 5.86 5.81 (.0151) 5.36 (.0146) 6.23 (.0159)
MCNP-Sy Diff - —0.570 —6.39¢0 +3.740




Testing Multigroup Libraries — Current Approach

» Sphere of single isotope, with
neutron source in the center

— Neutron source — one group per
simulation

- noact = -2 physics

= Source neutrons immediately interact
with the cell material

= Products are transported as though
through void

- Spherical surface is tallied to check
the energy and angular distributions

— Flux tallies with modifiers in the cell
used to check the edit reactions

» Results compared to continuous
energy simulation using ENDF/B-
VIIl.1 ACE files (Lib81)
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Testing Multigroup Libraries — Current Approach

» Comparison of: —— MT81-30 (MG)
— Continuous Energy simulation with Lib81 015 u;alf(ca
(ENDF/B-VIII.1) +10

— Multigroup simulation with ACE files created 5 010
from the MT81_30 NDI MG library

 Results for 'H and the highest energy group
(15— 17 MeV) 000
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Testing Multigroup Libraries — Current Approach

 Results for H at the highest energy group (15 — 17 MeV) show sensitivity to the maximum

entropy optimization
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Future Work

* The entire MT81_30 library can be converted to MG ACE format

— MCNP testing will be done for each isotope and each energy group
- Need to determine a criterion for automated comparison (~500 isotopes x 30 groups)

 Creation of the Multigroup ACE library directly from the ENDF library

— This would allow more choices:
= Group structure and weighting function
=  Self-shielding
» |egendre distribution truncation

« Add the photon coupling

— Directly from ENDF/B-VIII.1 library files — there is no multigroup photon library for
ENDF/B-VIII.1 in the NDI MG format
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