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– Automated user-friendly work�ows

– Atomis�c modeling so�ware

– µSR speci�c so�ware release
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Context of the Task…
• Muon spectroscopy is a complementary technique

• User groups increasingly make use of both neutrons and muons in their research 

– there are examples of studies where results would not have been possible 

without a muon experiment

• Interoperability under an established pla.orm is therefore bene�cial

- to the users … e.g. familiar environment, well supported, many features

- to the developers … e.g. established environment, well supported, code reuse

• Experiments are becoming more diverse and systems more complex

The user community is becoming more diverse and less specialised

• A detailed knowledge of muon sites is a huge asset to e3ec�ve analysis

• However, reaching this goal is complex, methods for reliable 

modelling/simula�on not yet properly understood

• Therefore, bringing together groups working in this area and exploi�ng  wider 

exper�se will be hugely bene�cial to the project
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Developing Interoperability
Man�d appears to be an ideal pla.orm for hos�ng …

• Python subrou�ne library for site re�nement

• visualisa�on tools

Atomic Simula�on

Environment

Simulated Spectra

Quantum/Dipole Field subrou�ne libraries Visualisa�on Tools

Explore candidate muon site,

Spin density, etc

Data Fi;ng

Man�d host…

DFT codes

Site Informa�on Spin Density

Open source host…

Neutrons
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Bringing interested groups together 

Several µSR groups (incl. Parma, Oxford and Durham) are …

• working to develop DFT methods for predic�ng the muon site

• exploring methods for simula�ng µSR data, such as dipole �eld calcula�ons

The Workshop will allow (at least) …

• sharing of ideas and strategies for both DFT 

and dipole �eld calcula�ons

• Understanding requirements for the 

visualisa�on of results

• establishing standards for a subrou�ne library 

for sharing codes

There have been a very successful series of site calcula�on mee�ngs (NMI3 I/II)

We suggest following this up with a Workshop (end 2016?) …
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Sharing expertise beyond µSR

Poten�al for sharing DFT knowledge/skills/resources through (for example) …

• links with Theore�cal and Computa�onal Physics group within

STFC Scien��c Compu�ng department

• possible use of resources such as CASTEP and HPC 

• building links (as appropriate) with DFT work ongoing in the neutron community

• …

For example …

• Two year PDRA recently appointed by the Theore�cal and 

Computa�onal Physics group to work on research projects in 

collabora�on with the muon community

• Francis Pra� (ISIS) is guiding this collabora�on

• PDRA gave a presenta�on at the recent Muon School
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Enrollment

● 1st Nov.: Ph.D. student Ifeanyi John Onuorah

–  Experience: 

● Master degree @ Interna�onal Centre 
for Theore�cal Physics

● Thesis: Ab-ini�o Simula�ons of Sodium Superoxide

– Work:

● DFT & code development and 
deployment under the supervision
of Prof. Roberto De Renzi (RDR).

● De Renzi will charge 300 h over 3 year to the project.

– De Renzi charged hours + Onuorah Ph.D project will 
ful�ll the Parma task.

● 16th Jen.: Postdoc Research Fellow Pietro Bonfà 

– Fund provided from University of Parma

– Working full �me on DFT+µ
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DFT & µSR

Quo�ng from PSI website:

 “The majority of the proposals is devoted to 

magne�sm and superconduc�vity.”
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DFT & μSR

● Muon site iden��ed in

– MnSi PRB 89, 184425 (2015) - J.Phys.Chem.C 119, 4278 (2015)

– MnGe  arXiv:1602.01756

– MnP arXiv:1603.03367

– T’-La2CuO4 P.B. Doc. Thsis

– Fluorides  PRB 87, 121108 (2013)

– Iron Pnic�des SC

– …

Convinced?
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Requirements

● Medium size computer cluster (~64 cores)
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Requirements

● Medium size computer cluster (~64 cores)

● Some experience with DFT
(diYcul�es with pseudopoten�als, accuracy of mean-�eld 
approaches for magne�c materials)
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Gotcha/Fiasco

✔ Candidate muon sites

● Stable muon sites

✗ Popula�on of muon sites

✗ Fermi contact interac�on (?)

✗ Interac�on with light nuclei

Stability of candidate muon sites

In sight...
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Quantitative results

● T’ La2CuO4

● LaFeAsO
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Dealing with uncertainty

● Bayesian analysis
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Dealing with uncertainty

 

Uniform probability for magne�c 
moment

the pdf of dipole �elds for
 r

μ-any
 >0.17 nm 

pdf of manganese moment Mn moment µ 
given the observed ν 

Example: MnO
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Kindly asking for NS tools

● The analysis of µSR data in magne�c systems is 
ge;ng progressively similar to the re�nement of 
neutron sca�ering data!
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μSR magnetic data analysis 1ow

Select k vectorIden�fy k vector
requirements: low symmetry site

Iden�fy k vector
requirements: low symmetry site

Loop on Sk Compare with # fields 

Iden�fy long range order
requirements: knowledge of the local 
moment on magne�c atoms

Iden�fy long range order
requirements: knowledge of the local 
moment on magne�c atoms

Loop on Sk Compare with local fields 
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Complication

● Contact hyper�ne
�eld

Additional 
parameter

Ab initio 
estimation
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Muesr (MUon Embedding Site Re5nement)

Tool  wri�en in Python+C (simple integra�on with Man�d).

● Present features

– Dipolar sums with 1-k commensurate and incommensurate structures.

– Visualiza�on of magne�c structures

– Automa�c symmetry detec�on (via spglib)

● Needs adjustments/developments

– Cumbersome magne�c structure descrip�on

– Magne�c CIF parsing

– Mul�ple propaga�on vectors

– Contact hyper�ne �eld

– Documenta�on (!)

● Open problems

– Visualiza�on strategies

– Integra�on with neutron 
sca�ering tools
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