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Wirth, et al.  MRS Bulletin 36 (2011) 216-222

Beryllium First Wall

Tungsten Divertor

Plasma: 
~90% H/10% He
With impurities

(Be,N,etc.)



Plasma Material Interactions in Tungsten
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Baldwin, et. al.  J. Nucl. Mater. 363-365 (2007) 1179-1183

W-Be Intermetallics

Effect of He on H Blistering

Ueda, et. al.  J. Nucl. Mater. 386-388 (2009) 725-728

Material Degredation

Tritium Retention

Kajita, et al. J. Nucl. Mater, 418, (2011) 152-158

Helium Fuzz Growth

Kajita, et al. Nucl. Fus. 471, 886-890 (2007)

Hydrogen Blisters

Ye, et al. J. Nucl. Mater. 313-316, 72-76 (2003) Kreter, et al. Nucl. Fus.. 59, 086029 (2019)

Effect of Plasma Impurities on 
Hydrogen Retention



Multiscale Modeling of Materials
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What Can MD Tell Us About Plasma Material Interactions?5

Hydrogen Trapping at 
Helium Bubbles

Bergstrom,et al. Fus. Sci. Tech., 71, 122-135, (2017)

Helium Bubbles Deform Tungsten Surface

Sefta et al 2013 J. Appl. Phys 114  243518 

Hammond et al 2019 Nucl. Fusion 59 066035 

Large-scale simulations of 
He implantation in W

Using MD to Benchmark 
Mesoscale Codes

Blondel et al 2018 Nucl. Fus. 58 126034 



Beryllium Effect on Tungsten Melting Temperature6

MD Melt T.
(C)

Expt. Melt T
(C)

W 3130 3422

Be 1630 1289

WBe2 1830 2250Baldwin, et. al.  J. Nucl. Mater. 363-365 (2007) 1179-1183
Brezinsek, et. al.  J. Nucl. Mater. 463 (2015) 11-21

How do W-Be Intermetallics form 
and how do they affect the divertor?



Beryllium Deposition on Tungsten Surfaces7

Purple: Be
Gray: W

Implantation Simulations

Expected Ordered
Intermetallic Structure

Intermetallic Growth Over Time



Mixed Material Effects in the 
Divertor8

Baldwin, et al. J. Nucl. Mater 390-391, 886-890 (2009)

D2 - 0.1 He Plasma

Purple: He Atom

?
Kajita, et al. 

Nucl. Fus. 471, 
886-890 (2007)

Fuzz

D2 - 0.1 He with Be Plasma

No
Fuzz

How does beryllium disrupt the 
helium fuzz process?



Cumulative He Implantation in W and W-Be at 2.5 x 1019 m-2
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Crystalline W Amorphous W-Be

Blue: He 
Purple: Be  
Gray: W

12 nm

6 nm

Tungsten:
Larger He clusters 

distributed 
throughout 

simulation cell

Laves/Deposited 
Layer:

Smaller He 
clusters mostly 

located near the 
surface

WBe2 C14 Structure

Cusentino, Wood, and 
Thompson, Nucl. Fusion, 60, 

126018 (2020)

Increasing TIme



Summary10

Pure W WBe2

Contact: 
mcusent@sandia.gov



What Makes a Machine Learned Interatomic Potential?11

Descriptor
Describes the local atomic  
environment
Requirements

Rotation/Translation/. 
Permutation invariant
Equivariant forces
Smooth differentiable
Extensible

Some Examples
Bispectrum, SOAP, ACE, 
Moment Tensors, etc.

Regression Method
Linear regression
Kernel ridge regression
Gaussian process
Non-linear optimization
Neural Networks

Training Data
Generated using quantum 
methods
Can include:

Energies
Forces
Stresses

Variety of atomic 
configurations 

Bulk structures, liquids, 
surfaces, defects, etc. SNAP

Energies, forces, and 
stresses from DFT
Bispectrum component 
descriptors
Linear regression



SNAP Definition and Work Flow
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Model Form

Regression Method

Energy of atom expressed as a basis expansion over K 
components of the bispectrum ( )

β vector fully describes a SNAP potential
Decouples MD speed from training set size

DFT TrainingSet of DescriptorsWeights Code available: https://github.com/FitSNAP/FitSNAP

M. A. Wood, M.A. Cusentino, B.D. Wirth and A.P. Thompson, Phys. Rev. B 99, 184305



Cumulative He Implantation in W and W-Be at 2.5 x 1019 m-213

He % 
Retention

Number of 
Clusters

W 36.7 85

Amorphous W-Be 49.3 172

WBe2- C14 67.3 182

Cusentino, Wood, and Thompson, Nucl. Fusion, 60, 126018 (2020) 



He Properties Change in W-Be Intermetallics14

He diffusion is slower in WBe2 Vacancy formation energy is lower in WBe2

W:    1.2 x 10-8  m2/s
C14: 1.8 x 10-11 m2/s

Lack of fuzz growth when Be is 
in plasma

D2 - 0.1 He Plasma

D2 - 0.1 He with Be Plasma

Baldwin, et al. J. Nucl. Mater 390-391, 886-890 (2009)




