UNIVERSITAT

DEUS [ SSEBNU RG

Open-Minded

it e b,

A Study of the Combined Hyperfine Interactions in
Bismuth Ferrite using the Time Differential Perturbed
Angular Correlation (TDPAC) Spectroscopy

T. T. Dang, J. Schell, A. G. Boa, D. Lewin, G. Marschick, A. Dubey, M. E. Castillo,
C. Noll, R. Beck, D. Zyabkin, K. Glukhov, I. C. J. Yap, D. C. Lupascu



UNIVERSITAT
DUISBURG

Contents

Open-Minded

1. Ferroic orders and lattice sites of bismuth ferrite
2. PAC-Spectroscopy

3. Experimental results

4. Conclusions

T.T.Dang et al. 15.12.2021



UNIVERSITAT
DUISBURG

1. Ferroic orders and lattice sites of bismuth ferrite ESSEN
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(a) Configuration for polarization direction and effective magnetic field direction in BFO pseudocubic unit cell. This figure was
made based on the source [Lebeugle 2008]. (b) Schematic of a G-type antiferromagnet highlighting the ferromagnetic order

within the (111) plane. [Heron 2014]
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2. PAC Spectroscopy- Radioactive probe ESSEN

Open-Minded

w
U

Figure made based on the source [Barbosa 2019] KATAME (digital 6-detectors setup) at ISOLDE [Nagl 2010]

90°

Comment: New electric quadrupole moment value: Q(*1Cd,5/2*) = +0.664(7)b. ,Free molecule studies by perturbed gamma-gamma angular
correlation: A new path to accurate nuclear quadrupole moments” H. Haas et al, PRB, 2021. [Haas 2021]
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2. PAC Spectroscopy
A method to probe hyperfine interactions in matter
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2. PAC Spectroscopy-Perturbation functions SN °
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[Catchen 1994, Matthew 2011, Dogra 2009, Forker 2013]
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Picture source: PD Dr Reiner Vianden, faculty for mathematics and sciences of the Rheinische Friedrich-Wilhelms University Bonn, Germany.
Available at https://tdpac.hiskp.uni-bonn.de/pac/
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Left: PAC spectra at different measuring temperatures (370 °C — 835°C. Left: PAC spectra at different measuring temperatures
Right: The corresponding FFTs. (RT —360°C). Right: The corresponding FFTs.
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3. Experimental Results- Electromagnetic coupling DULSBURG
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below Néel temperature
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Temperature dependence of the Larmor frequencies. List of results for the Néel temperature of BiFeO,, as determined using
The fitting function is derived from the analytical various experimental techniques.

solution of the Weiss equation.
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3. Experimental Results- Electromagnetic coupling DULSBURG
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below Néel temperature
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3. Experimental Results - Mathematica Simulations ESSEN
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3. Experimental Results - DFT Simulations ESSEN
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G. MARSCHICK ef al. PHYSICAL REVIEW B 102, 224110 (2020)

TABLE I. Simulated values of V; and AH as well as the calculated value of wg. The range of the results of @y is caused by the uncertainity

of Q.
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4. Conclusions £l 5By

« PAC spectroscopy is a potential method to study the local fields at lattice
sites in materials generally and in BFO specifically.

« 1n probe is located at the B-site of the BFO structure, which
corresponds to substitution of iron atoms.

» Coupling between electric and magnetic interactions exists at the Fe site
below the Néel temperature.
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