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Experimentally observed Qubit candidates in diamond
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Experimentally observed Qubit candidates in diamond |
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Qubit control via optical lasers: (532 nm green laser)

Motivation: determine processes governing T,T, T}

loss of spin coherence: loss of qubit!
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Qubit control via optical lasers: (532 nm green laser)

Motivation: determine processes governing T, T,, T*
CRANY loss of spin coherence: loss of qubit!
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Why ab-intio HPC?

Fwee ab-initio package —

imulation

“DFT” is conventionally used for: electronic structure
simulate defects in ~100-1000-atom supercells to get:

«— 5S12-atom
x| supercell
DA | with SiV inside

=

«— diamond Bravais lattice
(8-atom supercell)
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Why ab-intio HPC?

imulation

Fwee ab-initio package

“DFT” is conventionally used for: electronic structure
simulate defects in ~100-1000-atom supercells to get:
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Why ab-intio HPC?

imulation

Fwee ab-initio package

DFT is conventionally used for: electronic structure
simulate defects in ~100-1000-atom supercells to get:

= Formation energies

= Optical excitations (~ 0.1 eV precision — HSE06 hybrid functional) An exemplary
= Electron-phonon coupling (vibronic sideband for optical centers) ~ example:

example: 2™ excited state of carbon vacancy in diamond ~ |ZPL | — theory (Huang-Rhys )
; iti main pea A. Alkauskas et al.
— GR1 center zero-phonon transmc:\_ expt i 16u073026 So14)
)
Ronald Ulbricht group 8 Optical sideband
" £ M
C
Hasselt diamond i Lst phonon peak
o at 80 meV
& 0.90 0.95 1.00 ~ 1.10  1.20
i 48 Belglum (2025) Energy (eV)
. KR :'5 X P18 Transient Absorption Spectroscopy of Carbon Vacancies in Diamond: Minh-Tuan
Theorlca”y predICted Electronic Structure and Dynamics Luu
Optlcal Spetru m Minh-Tuan Luu, Ali Tayefeh Younesi,* Gergd Thiering,? Alexandre

Zaitsev,® and Ronald Ulbricht?



Why ab-intio HPC?

Fwee ab-initio package
imulation

DFT is conventionally used for: electronic structure

simulate defects in ~100-1000-atom supercells to get:

= Formation energies

= Optical excitations (~ 0.1 eV precision — HSE06 hybrid functional) °
= Electron-phonon coupling (vibronic sideband for optical centers)
= Spin-phonon interaction (spin T, T2, T2" predictions)

emitted e,
“““““““ Y phonon
note: 2" order Raman hw = Am;ms

required

v
m =+1 V+0 m =0 electron spin flip

. - M. Cambria, A. Norambuena, H. Dinani,
PhyS|caI Review Letters G. Thiering, A Gardill, | Kemeny, Y Li, V Lordi,

130 (25), 256903 (2023) Adam Gali, JR Maze, S Kolkowitz

group @University of
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Why ab-intio HPC?

Fwee ab-initio package
imulation

DFT is conventionally used for: electronic structure
simulate defects in ~100-1000-atom supercells to get:

= Formation energies

= Optical excitations (~ 0.1 eV precision — HSE06 hybrid functional)

= Electron-phonon coupling (vibronic sideband for optical centers)

= Spin-phonon interaction (spin T, T2, T2" predictions)

emitted e, emitted e,
------ Y phonon Y phonon
o = Ay, S = D,
> > > < >
m =+1 VJer mS:() electron spin flip m =+1 leL_ m =-1 orbital flip

aim: determine unconventional (spin) parameters inaccessible by experiments

This talk: Predict phonon assisted spin relaxation in SiV in diamond




Fwee ab-initio package

Why ab-intio HPC? ...

DFT is conventionally used for: electronic structure
simulate defects in ~100-1000-atom supercells to get:

= Formation energies

= Optical excitations (~0.1 eV precision — HSE06 hybrid functional)

= Electron-phonon coupling (Jahn-Teller effect), (vibronic coupling)

= Spin-phonon relaxation (spin T1, T2, T2* predictions)

= Spin-orbit matrix elements: ALS (% up to ~20% precision)

= Spin-spin interaction: ZFS (Zero field splitting) magnetic dipole-dipole: SD S
= Hyperfine interaction: electronic + nuclear spin dipole-dipole: S AI

= Nuclear quadrupolar: 1Qr1 We offer:
We I’eCIUiI’eZ ,III}JI\F!:OF\:EWN Travel to International Conferences,

Mellekkereset hallgatoknak

programming: Python, Fortran etc. —
QIIIIEI'IEF Eredmények esetén

solid state physics + group theory
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