
1. PHD PROJECT DESCRIPTION (4000 characers max., including he aims and work plan)

Projec le: Complex magnesm in rare earh sysems

1.1 Projec goals

Rare-earh elemens have a crucial imporance in modern sociey, since hey are common

componens in indusrial permanen magnes and hereore play a key role in he rise o he

green echnology. Despie heir imporance in magnesm, he elecronic and magnec

properes o rare-earh compounds are sll no well undersood, due o he dicules in

providing an accurae descripon o boh localized 4 saes and ineran spd saes [1]. The

cenral goal o his PhD projec is o employ sae-o-he-ar elecronic srucure heory o

invesgae he magnec properes o rare-earh-based sysems o various ypes. A primary

aspec o invesgae will be he role played by he anisoropic erms o he exchange, including

boh he iner- and inra-aomic coupling. Collaboraon and scienc exchange wih oreign

universies in he Neherlands and Sweden is expeced, and urher opporunies may arise

during he projec.

1.2 Ouline

The research will be srucured around a comparave analysis o various sysems conaining

rare-earh elemens, including or example rare-earh adaoms on graphene, rare-earh adaoms

on magnesium oxide, and elemenal rare-earh meals. This variey o sysems will cover

dieren degrees o hybridizaon beween he rare-earh aoms and heir eecve medium as

well as a change o he local crysal eld, making i possible o have an insrucng comparison

beween he prediced physical properes and he available experimenal daa. The elecronic

srucure problem will be addressed via densiy unconal heory (DFT) [2] and is combinaon

wih dynamical mean-eld heory (DFT+DMFT) [3]. Implemenaons o hese echniques in he

RSP code [4] and he TRIQS library [5] will be used, as hey are boh available as ree sofware.

These ools will allow or an accurae descripon o he srong elecronic correlaons

characerizing he 4 elecrons, which were previously shown o be essenal o predic cohesive

and specroscopic properes [1]. The analysis o he inra-aomic exchange coupling will be

conduced by means o an in-house developed code [6], which he candidae is supposed o

improve and exend during he course o he docoral sudies. Evenually, depending on he

ineres and skills shown by candidae hroughou he projec, mulscale modeling or

magnesm will be perormed by consrucng eecve Heisenberg Hamilonians o be solved via

aomisc spin dynamics (ASD) [7]. The planned research will involve inernaonal collaboraons

wih Uppsala Universiy, Sweden, and Radboud Universiy Nijmegen, he Neherlands, especially

in relaon o he consrucon omodel Hamilonians.

1.3 Work plan

The docoral projec is planned over our years. Key responsibilies will include:
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1. employing ab-inio elecronic srucure heory o deermine he inra-aomic exchange

coupling in seleced sysems conaining rare-earh elemens;

2. conribung o heorecal developmens, sofware implemenaon, or numerical

simulaons, depending on he candidae's background and proclivies;

3. acvely collaborang wih oher projecmembers and inernaonal parners;

4. preparing scienc repors and drafing manuscrips under he guidance o he

supervisors and collaboraors;

5. disseminang research resuls hrough journal arcles and conerence presenaons.

Addional responsibilies may be assigned during he course o he research projec, depending

on he evolving scienc conex and he candidae's docoral progress. These changes will be a

he reasonable discreon o he supervisors.
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1.5 Required inial knowledge and skills o he PhD candidae

The successul candidae should hold a Maser's degree in Condensed Maer Physics, Maerials

Physics, Theorecal Chemisry, or a closely relaed eld, wih excellen academic perormance. A

solid undersanding o quanum mechanics, solid-sae physics and basic elecronic srucure

heory is required. Prior experience wih elecronic srucure codes is an advanage, parcularly

wih all-elecron codes. Research projecs and heses ocused on elecronic srucure

calculaons, sascal physics, or many-body physics will be considered an asse. Scienc

publicaons are no mandaory, bu will be regarded as a plus i o high qualiy. The abiliy o

communicae in English is required, while prociency may be considered an advanage. The

candidae should be able o work boh independenly and as par o a research eam.

1.6 Expeced developmen o he PhD candidae’s knowledge and skills

By he end o he PhD projec, he candidae will be expeced o have acquired:

1. A solid knowledge o condensed maer heory and quanum heory omagnesm;

2. A good knowledge o rs-principles heories or elecronic srucure calculaons;

3. A good knowledge omany-body mehods o describe srongly correlaed maerials;

4. A basic knowledge omulscale mehods or magnesm and maerials design.
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Skills developed by he PhD candidae will include:

1. Prociency wih DFT and DFT+DMFT calculaons;

2. Prociency in scienc programming and high-perormance compung;

3. Srong analycal and problem-solving abilies;

4. Basic experse wih mulscale modeling omagnec sysems;

5. Experience in wring scienc papers and presenng research a inernaonal meengs;

6. Collaborave skills hrough inernaonal research ineracons.

4


