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Motivation:

One of the major scientific interests in the behaviour of He in diamond
is due to the belief that the amount of “He and the 3He/*He ratio found

Model predictions

Hode et Emission Channeling with Short-Lived Isotopes (EC-SLI)

and *He /*He « Radioactive ®He (t,,=806.7 ms) isotopes are produced at CERN-ISOLDE and
with diamond age implanted (30 keV) into a CVD diamond single crystal (Element 6, SC plate, [N]<1

. ) L ) N for various A
within the material or its inclusions can be used to date terrestrial assumptions of ppm) varying the implantation temperature T, from RT up to 800°C.
diamonds [1,2] or learn about the origins of meteoritic nanodiamonds He diffusivities. « A position-sensitive detector [10] is used to detect emitted 3~ particles in the vicinity

3]. C- 3He / *He ratios . P
3] i change because of major crystallographic directions.
iz *He is not Mot ot sesimdanond
« Recently, He implantation has also been found to create colour centers g produced by ‘54\15 {opnen B GH;‘,
nece ? ! - ° 2 o iee SHe
in diamond that act as single photon emitters [4]. - #5380 and #2Th b © 3em
faml _ .| decay chains. P o378 .
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» Among the issues of interest are the lattice location of He, which also e D Sl ~3A I
concerns the one following ion implantation, since e.g. part of “He is el e ®
introduced into the material due to the alpha decay from the 235238y CO00000 <} single
and 232Th decay chains, as well as its diffusion behaviour, which is o crystal & -3¢
K e 3x3 cm? Si pad detector [7]
responsible for loss of He due to out-diffusion. Tetrahedral (T) interstitial He - S 22x22 pixels of 1.3x1.3 mm?
©) ¢« max. ~5 kHz
. . . . Defect \
« Theory has predicted tetrahedral interstitial T sites to be the preferred geometries for Z 4 R [10] U. Wahl et al, “Position-sensitive Si pad
ositions of He in Diamond [5-8]. He in diamond . . 5 . . detectors for electron emission channeling
P (581 considered in Simulations for °He on s, BC, T and H sites experiments”, Nucl. Instr. Meth. A 524 (2004) 245.
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studies.
From [8].

Depending on the lattice

site of the ®He atoms, - Angular dependent B~ emission
emitted B~ particles are patterns characterize the lattice
channeled or blocked on  site distribution of the ®He
their way out of the emitter atoms.

crystal.

Theoretical predictions for the activation energy for interstitial Substitutional (S) He
migration of He are 2.35 eV [5], 1.97 eV [6], and 1.41 eV [9].

Emission channeling lattice location experiments at CERN-ISOLDE are
uniquely suited to study the structure of ion-implanted He in diamond.
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He in split-vacancy configuration (BC)
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EC results and best fits of simulated patterns
RT 600°C 800°C

General features of angular emission patterns:
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5He on T sites as function of implantation temperature Conclusions
« The vast majority (if not all) of implanted He in diamond is found on tetrahedral
12 + Fraction of °He on T sites stable up to 600°C, interstitial T sites in accordance with theoretical predictions [5-8]. Possible other
il e ‘\ then showing a 20% drop at 800°C. lattice sites could not be identified and must be at maximum a few percent only.

Possible reason for the drop: ®He starts to diffuse The activation energy E,, for interstitial migration of He in diamond suggested from
Onset of interstitially and is able to reach the surface of our study is 1.73 eV, which is in reasonable agreement with theoretical predictions

04 interstitial

diffusion the sample or disappear into the bulk. of E,;=2.35 eV [5], 1.97 eV [6], and 1.41 eV [9].

averaged T-site fraction f,

o om0 wo w0 wo wo mo we ww  + Under these assumptions, we can estimate the = Activation energies around 2 eV result in such high interstitial diffusivities
Implantation temperature T, [°C] . . . P . . N .
" peraueTLel activation energy for interstitial migration of *He (>6x10-1! cm?2s~1) at earth mantle temperatures (~900-1400°C) that simple
as follows to be £, =1.73 eV: interstitial He in diamond cannot be stable on geological time scales of 10° years.

The high pressure inside the mantle (up to 20 GPa) is suggested to lower Ey, to 1.2
eV [9], so that diffusivities supposedly may even be considerably higher.

The diffusivity D of He is given by D = Dyexp|-2

With the entropy constant 0, Dy = 125 Nyn L...interstitial jump width, ;... jump attempt frequency = To remain inside the diamond, He must be bound to defects in the material or exist
Nyy-.-number of available jump sites in another form such as within inclusions of other minerals or liquids [2], possibly

The mean diffusion width R is given by R =Dt 7... radioactive lifetime of °He small He bubbles [9] or platelets [12].

Taking the mean diffusion width R equal to the implantation depth R=1375 A, we solve for £y:
- . - These experiments are part of a systematic, wider study which also investigates other

Ey = —kTn [R—“;] = —kTIn [%] noble gas isotopes like Z2Ne (37 s), 87Kr (76 min), 133Xe (5.2 d), 3°Xe (9.1 h).
With 7=1.164 s, /=1.545 A, Ny =4, v, =2.39x1013 s71[6], 7=1073 K, this yields £, =1.73 eV.

[12] W. Lin, et al, “Creating two-dimensional solid helium via diamond lattice confinement”, Nature Comm. 13 (2022) 5990.
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