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Second

The second (symbol: s) is the unit of time in the International System of Units (SI), historically
defined as 35400 of a day — this factor derived from the division of the day first into 24 hours,
then to 60 minutes and finally to 60 seconds each (24 x 60 x 60 = 86400). "Minute" comes from
the Latin pars minuta prima, meaning "first small part”, and "second" comes from the pars minuta
secunda, "second small part".

The current and formal definition in the International System of Units (SI) is more precise:

The second [...] is defined by taking the fixed numerical value of the caesium
frequency, Avcs, the unperturbed ground-state iYpering transition frequency of the
caesium 133 atom, to be 9 182 631 770 when expressed in the unit Hz, which is equal
tos™11

This current definition was adopted in 1967 when it became feasible to define the second based
on fundamental properties of nature with caesium clocks.?) Because the speed of Earth's rotation
varies and is slowing ever so slightly, a leap second is added at irregular intervals to civil

time!™® 1 to keep clocks in sync with Earth's rotation.
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hyperfine physics
| magnetic hyperfine interaction
electric quadrupole interaction
monopole shift
magnetic hyperfine interaction
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Source of magnetic fields at the nuclear site in an atom/solid
Biot = Baip + Borp + Brermi * Biat

> By, = electron as bar magnet » By, = electron as current loop

» By, = neighbours as bar magnets

2242
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How to do it in WIEN2k ?

Magnetic hyperfine field

In regular scf file:
tHFFxxx (Fermi contact contribution)

After post-processing with LAPWDM :

« orbital hyperfine field ("3 3" in case.indmc)
- dipolar hyperfine field ("3 5" in case.indmc)
in case.scfdmup [t

After post-processing with DIPAN :
« lattice contribution
in case.outputdipan

more info:
UG 7.8 (lapwdm)
UG 8.3 (dipan)

37 38
How to do it in WIEN2k ?
Magnetic hyperfine field step-by-step
tutorial wvideo
In regular scf file:
 HFFxxx (o https://youtu.be/L4t5ZAJAs0OY
After post-processing with LAPWDM :
« orbital hyperfine field ("3 3" in case.indmc) . . .
- dipolar hyperfine field (3 5" in case.indme) electric quadrupole interaction
in case.scfdmup " amin catatt vom
After post-processing with DIPAN : more info:
« lattice contribution UG 7.8 (lapwdm)
in case.outputdipan UG 8.3 (dipan)
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49
How to do it in WIEN2k ?
Electric-field gradient
In regular scf file:
:EFGxxx 5d
:ETAXxX f fegr‘edes
Main directions of the EFG ot Treedom
Full analysis printed in case.output2
if EFG keyword in case.in2 is put (UG 7.6)
(split into many different contributions)
more info: | h ft
+ Blaha, Schwarz, Dederichs, PRB 37 (1988) 2792 monopole s |
+ EFG document in wien2k FAQ (Katrin Koch, SC) p
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energy of the system
E
0d =

ground -

How to do it in WIEN2k ?
|

Isomer shift calculations
volume

In regular scf file: Z‘z E

:RTOxxx = electron density near the nucleus of atom xxx
(i.e. at the first radial mesh point, typically 0.0005 au)

magnetic
moment
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experimental hyperfine methods =

all methods of which
the experimental signal is affected
by a nucleus that is more than
a classical electric point charge

All methods that are based on transitions
between levels that are shifted or split
by hyperfine interactions
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Classification of nuclear methods

@ - Nuclear Magnetic Resonance (NMR)
+ Nuclear Quadrupole Resonance (NQR)

<
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Second

The second (symbol: s) is the unit of time in the International System of Units (SI), historically
defined as Y409 of a day — this factor derived from the division of the day first into 24 hours,
then to 60 minutes and finally to 60 seconds each (24 x 60 x 60 = 86400). "Minute" comes from
the Latin pars minuta prima, meaning "first small part”, and "second” comes from the pars minuta
secunda, "second small part”.

The current and formal definition in the International System of Units (S) is more precise:

This current definition was adopted in 1967 when it became feasible to define the second based
on fundamental properties of nature with caesium clocks. 2l Because the speed of Earth's rotation
varies and is slowing ever so slightly, a leap second is added at irregular intervals to civil

time!™ "l to keep clocks in sync with Earth's rotation.

use this principle

atomic clocks with the Cs standard
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Atomic energies for La : transitions
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eV 24 Atomic eneraies for La : transitions Classification of nuclear methods
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Classification of nuclear methods

note: ENDOR

=2 /<

+ Nuclear Magnetic (NMR)
<
+ Nuclear Quadrupole Resonance (NQR)

@ - Electron Paramagnetic Resonance (EPR / ESR)
« laser spectroscopy

<

Classification of nuclear methods

J— keV

MeV . .
radioactive decay

1,=3/2

1,=1/2
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Classification of nuclear methods

These 3 energy scales distinguish

+ laser spectroscopy

1,=3/2

3 different classes of experimental methods:

@ - Nuclear Magnetic Resonance (NMR)
« Nuclear Quadrupole Resonance (NQR)

8 + Electron Paramagnetic Resonance (EPR)

©

1,=1/2
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Hyperfine interaction methods allow to study the behaviour of a
single impurity atom on a surface (In on Ag(100)) :

ion of probes (%)
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Flg. £.22 PAC specira aiong with ther Fourier ranstorms for in on stepped Ag(100) for
e e anneslog teeperatres (smcaleg tme 13 e, mesnrg ‘empersire

T. Klas et al., Surf. Science 216 (1989) 270-302

Perturbed Angular Correlation spectroscopy (PAC) s & e e S s
(no details here) ‘and many others
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Hyperfine interaction methods allow to study the behaviour of a Classification of nuclear methods
single impurity atom on a surface (In on Ag(100)) : E

These 3 energy scales distinguish
3 different classes of experimental methods:

@ - Nuclear Magnetic Resonance (NMR)
« Nuclear Quadrupole Resonance (NQR)

e « Electron Paramagnetic Resonance (EPR)

1,=3/2 « laser spectroscopy

© - Low-Temperature Nuclear Orientation (LTNO)
* NMR on Oriented Nuclei (NMR/ON)

« Perturbed Angular Correlation spectroscopy (PAC)
1,=1/2
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Classification of nuclear methods

These 3 energy scales distinguish
3 different classes of experimental methods:

ﬂ + Nuclear Magnetic Resonance (NMR)
+ Nuclear Quadrupole Resonance (NQR)

@ - Electron Paramagnetic Resonance (EPR)
- laser spectroscopy

@ + Low-Temperature Nuclear Orientation (LTNO)
+ NMR on Oriented Nuclei (NMR/ON)

- Mo Speclrocopy (Ms)
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Figure 7. (a) Mossbauer spectra of [Fe(phen)]X, recorded over

the temperature range 300-5K. (b) View of the crystal structures of
[Fe(phen),]** (top) and [Fe(phen),(NCS),] (bottom). (c) Méssbauer
spectra of [Fe(phen),(NCS),] recorded over the temperature range
300-77K reflecting the thermally induced HS«LS spin transition'"'
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Méssbauer Spectrometer:
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Classification of nuclear methods

These 3 energy scales distinguish
3 different classes of experimental methods:

@ - Nuclear Magnetic Resonance (NMR)
« Nuclear Quadrupole Resonance (NQR)

9 + Electron Paramagnetic Resonance (EPR)
+ laser spectroscopy

1,=3/2
© - Low-Temperature Nuclear Orientation (LTNO)

« NMR on Oriented Nuclei (NMR/ON)

« Forward scattering of synchrotron radiation

«Mb MS)

- C ion Electron M p py (CEMS)

__________ « Perturbed Angular Correlation spectroscopy (PAC)
1=1/2 o rin
T
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Classification of nuclear methods

These 3 energy scales distinguish
3 different classes of experimental methods:

o + Nuclear Magnetic Resonance (NMR)
+ Nuclear Quadrupole Resonance (NQR)

@ - Electron Paramagnetic Resonance (EPR)
1,=3/2 « laser spectroscopy
© - Low-Temperature Nuclear Orientation (LTNO)
+ NMR on Oriented Nuclei (NMR/ON)
« Forward scattering of synchrotron radiation
« Méssbauer Spectrocopy (MS)

Electron S)

-C (CEM
+ Perturbed Angular Correlation spectroscopy (PAC)

1,=1/2
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want to study more ? www.hyperfinecourse.org

Without Registration With Free Registration

Didactical philosophy behind this course: https://youtu.be/YsUk4P1f5DM

short version of this talk (with WIEN2k instructions) :
https://youtu.be/TErBA54sk Y

45-minute version (as today) but without WIEN2k instructions :
https://youtu.be/ cMNuOQB3fl

step-by-step demo video for hyperfine fields with WIEN2k :
https://youtu.be/L4t5ZAJAsoY

course: www.hyperfinecourse.org
didactical approach : https://youtu.be/YsUk4P1f5SDM

my Youtube channel : https://bit.ly/cottenier
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