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Background

- Tungsten readily adsorbs molecular hydrogen.
- Tungsten is a high recycling material.

- The energetic portion of the recycle flux
consists of two components:

1) reflection of incident hydrogen isotopes
2) recoil of adsorbed hydrogen isotopes.

The reflection component has been well studied
with both modeling and experiment.

The recoil component has received less attention
and is the subject of this study.
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DRS consists of measuring the energy
of recoil ions ejected from a target.

DRS: direct recoil spectroscopy
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LEIS spectroscopy consists of measuring
the energy of ions reflected from a surface.

LEIS: low—energy ion scattering
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/” The DRS/LEIS instrument ARIES measures )
the energy of ions scattered or recoiled
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/" lon energy spectra identify surface atoms. \
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/ DRS detects trace levels of adsorbates.
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4 H(ads) and D(ads) are clearly distinguished.
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4 The recoil and scattering kinematic relations \
are circles In polar coordinates.

2 cosly = (1+A)\E,JA  2cosbs=(1+A)\/Es+(1—A)/\/Es
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4 Energy-angle plot for a sputtered W surface \
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/

H and D recoils show high-energy structure.
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A kinematic analysis indicates the structure
is due to recoll followed by scattering.

The initial recoil angle, 6,., was calculated from the observed peak positions

using the relation:
1+ A |E,
0, = :
r arccos( 5 1 )

The peak positions and inferred recoil angles are listed in the table.

H* and D* energies and recoil angles 3 keV Net — W

E/Eq at 0 = 45°
peak H D 6,
main 0.091 0.17 45°
a 0.12 0.22 35°
b 0.15 0.26 27°

Note: It is not necessary to include an energy loss term for
subsequent scattering of the recoil particle by a W atom since
the large mass ratio gives Eg ~ 1 at small scattering angles.

k 13 Re:snLg724:2008-0716-13

m

Sandia National Laboratories




Analysis of the collision geometry indicates
adsorbed H isotopes are bound at bridge and
hollow sites on the W surface.

V2s
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/ Conclusions \

- Hisotopes recoiled from W surfaces have an energy
distribution with structure that extends above the
elastic recoll energy.

«  The high-energy structure results from multiple collisions:
recoil at a shallow angle followed by scattering from an
adjacent W atom.

- Peaks in the high-energy structure are attributed to
recoil of H isotopes adsorbed in bridge and hollow sites
on the W surface.

- This effect will tend to enhance recycling from plasma-
facing W surfaces and reduce energy transfer to the W
substrate.

- Modeling of PSI on W components may need to take this
effect into account. |workshop Agenda
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