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Neutron damage
affects SC properties

@ Enhances carriers scattering
that decreases T,

@ Defects act as pinning
centers that increase j

@ The effect on J. is difficult to
be predicted and depends on
the pristine pinning landscape
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Cascadsimulation




ARC (expected in 10 TRIGA (Fischerer al

Parameter years) [12])
( ! u t ro n tra n S p O rt Fast neutron fluence 1.6 x 10"° 4.0x 10"

(neutrons cm~2)

dpa 0.52 0.02
H yield (appmdpa™') 0.5 0
He yield (appmdpa~') 10.6 0

Particle and Heavy lon Transport code System

Model of NB |

Neutron spectraon
geometry

the HTSmagnets

Toroidal Field Coil FLiBe 10 s s n C o C Sl
Central Solenoid First Wall
Plasma
Component  Material Density (g cm_3] Thickness {cm)
Fw W 19.25 0.1 5
VV Inconel steel 8.44 1 g :
Molten salt  FyLi;Be 1.94 2 §10'5- Y
Multiplier Be 1.85 1 %
VvV Inconel steel .44 3 c
Molten salt  F;Li;Be 1.94 100 ——ARC at TF_magnet location|
LAY Inconel steel .44 3
TF YBa:Cu: Oy 6.40 20
10° — — — — — — —
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Neutronlattice interaction

PKASPECTRA

Neutronspectraon PKAspectrain YBCO

the HTSmagnets
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Cascade simulation

PKAspectrain YBCO Cascadesimulations
7" e A Collisioncascadesimulations
: ST ] A Results
: A Defectsize vs energy
| T _; A Defectmorphology
= — o A Defectrecombination
A Temperaturetransients

107 10°* 10° 10* 10° 10® 10" 10° 10"
PKA Energy (MeV)
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YBaCu,0, (YBCO)

ACeramic material

AAvailable interatomic potential:
Buckingham+Coulomiitted to DFT
results (Gray et alSupercondSci.
Technol.35, 035010 (2022))

AZieglerBiersacKLittmarkscreened
nuclear repulsion included

Cu2
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MD ccollision cascade simulations

Workflow:

Asame as Gray et aBUSBS5,
035010 (2022))

ALarge cells (100 million atoms)
Alnitial equilibration NpT-
ensemble)

ACollision cascade performed in
NVEensemble within a sphere

AOuter atomsthermostattedto
dissipate excess energy

APKA launched with initial
velocity according to spectrum




MD c Initial conditions

. Ba PKA
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MD ¢ Results

Average number of defect vs time
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MD ¢ Results

Ek=110 keV Ek=7 keV
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Additional analysis and model reflnement
Ongoing work

Additional analysis

AComparison with experiments (oftéy, )
ATEM

N  ',”5)ar’n‘ofpihoh‘$-‘_

From Linden et al., Journal of Microscopy 286232022),
neutrons from TRIGA MARK I




Additional analysis and model refinement
Ongoing work

Additional analysis

AComparison with experiments (ofté,,.)
ATEM

Model refinement

Alnclude electronic system:
AElectronic stopping power
ATwotemperature MD

AComplete PKA and energy investigation



Electronic stopping power



Electronic stopping power
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Electronic stopping powerResults

T=20K T =300 K

Effect of electronic stopping: pka =Bz 2]
AReduction of maximum and E=7 ke\ 00 ;

final number of defects 5 500 -
ASpecies and temperature E . B

dependent effect PKA=0 § |l

E.= 1 ke\ / - :
O0 1 2 3 4 1 2 3 4 5




Complete PKA and energy
Investigation



Defects vs PKA (E7 keV)
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Defects vs PKA (E7 keV)
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Average Number of Vacancies

Number of vacancies vs PKAAE keV)

. . Recombination rate
O vs cation vacancies i
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TEM image simulation



TEM reconstructions Ideal lattice
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