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Experimental evidence of no impact of porosity on the phonon spectra

Derived phonon spectra from ARCS S( ;
measurementsl:
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Multiple grades, with porosities from 10% to 25%, and grain sizes from 13 to 1600 m, have been measured and

show no appreciable differences in phonon spectra.

Typical sample thickness of 2-4 mm was used to minimize multiple scattering.



ReGra 2025 confusing principles/arguments

During ReGra it was suggested that the reason why there isnt any observed influence of pores on the measured
S( ; ) spectrais because the samples were too thin, and MFP (mean free path, which is energy dependent) for
thermal neutron (i.e. E=25 meV) is on the order os 2.5 cm hence the neutrons couldn’t “see” the pores.

It was also argued that multiple scattering effect is somehow captured in ENDF porosity TSLs, when it is
absolutely clear that ENDF files are supposed to contain only single interaction nuclear data, and transport
codes handle the "transport”, in this case multiple scattering.

From ReGra report (https://www.osti.gov/servlets/purl/2998877):

We note that the various ENDF reactor grade porosity cases do not agree with ARCS data or specific heat
measurements. However, it was also argued that special care was needed to correctly extract the heat
capacity from the porosity TSL files and that would lead to an agreement with the measured heat
capacity. This statement still needs to be independently verified. Finally, the high precision ARCS
measurements were small sample measurements so that multiple scattering was absent. In a reactor,
there multiple scattering is an important effect that seems to be captured by the ENDF reactor graphites
even if the details appear incorrect.


https://www.osti.gov/servlets/purl/2998877

Why pores do not affect the phonon spectra?

Table 1: Calculation of Surface Atom Fraction in Porous Nuclear

P.honons. wavelength  1-10 A; pores: Graphite
diameter 1-10 m( 10*-10%A)D
scale mismatch. Parameter Symbol Value Source/Calculation
. i Theoretical Graphite Density Pideal 2.26 g/cm® | Literature value
Pores act as macroscopic boundarles, Bulk Nuclear Graphite Density Poulk 1.80 g/cm® | Typical nuclear grade
not microscopic scatterers ) bulk PDOS Volumetric Porosity ¢ 20.4% | 1 (pou/pigear)
set by graphite crystallites. Average PorevRadlus Ry 1.0 um Conservative estimate
Carbon Atomic Mass Mc 12.01 amu | Standard
Only pore-surface atoms differ; upper Surface Area per Carbon Atom | Agom 524 A | Geometric (2a?)
. i 3 H
bound gives fsurface 0:013% ) Calculations (per cm® of material)
. . Volume of Solid Vsolid 0.796cm® |1 ¢
negligible INS impact. Volume of Pores Vpores | 0.204cm® | ¢
. 10 4 3
Surface carbon atom remain strongly Number of Pores Noores | 487 107 | Voores/(37R;)

2 bonded | Total Pore Surface Area Apores 6120 cm 3 Vpores/Rp
sp”-bonded 2 no new low-energy Number of Surface Atoms Nsurtace | 1.17 10" | Apores /Aatom
“rattling” modes. Number of Bulk Atoms Nouk | 9:04 102 | (Vsolia pigeaNa)/Mc

Fraction of Surface Atoms fsurtace 0.013% Nsurtace / (Nsurtace + Nbuik )




INS PDOS: Single-Scattering Is the Goal

INS measures energy exchange E; = E;  h!; for polycrystals, S(Q; 1) is proportional to the PDOS under
standard conditions.

Data analysis assumes the Born approximation: each detected neutron undergoes one scattering event )
clean link between measured d2 =d dE? and S(Q; 1).

Multiple scattering (2+ events before exit) convolves uncorrelated processes ) smears PDOS features and
adds background.

Experimental design therefore enforces high transmission: the “10% scattering / 90% transmission rule”
(Beer—Lambert: 1=l = e ).

Fori=lp = 0:9: t 0:105;PoissongivesP; ( t)e ' 0:09vs.Py ( t)%e '=2 0:0045.
Result: single-scattering signal 20 stronger than double-scattering » multiple scattering is a small
correction, not a distortion.



Why “Thin” INS Samples Still Represent Bulk Graphite

“Thin” refers to neutron optics (small t), not a physically tiny specimen: For example, graphitet 2mm, with
diameter 10mm is typical.

Such a sample is macroscopically large and contains a huge number of grains/crystallites ) strong statistical
averaging.
Example volume: Veampie = (5mm)?(2mm) 157 mm?3.

Typical grain size 20 m = 0:02mm ) Vgmin (0:02mm)®> =8 10 & mm?.

Number of grains illuminated:

Vsample 157

— 107
Vgrain 8 10

Ncrystallites

Beam sizes (mm?—cm?) sample tens of millions of randomly oriented grains 2 PDOS is a true bulk polycrystal
average, not a surface artifact.






