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IN STI TUTE LAUE-LANGEVIN - IN STRU MENT AND IN FRA STRUC TURE UP GRADES,
THE SCI ENCE STRAT EGY AND NEW RE SEARCH OP POR TU NI TIES

M. John son

Institut Laue Langevin, Grenoble, France

john son@ill.eu

The com pre hen sive En dur ance up grade programme was
com pleted in 2024. With a bud get of 50+ M€, about 30 pro -
jects have been de liv ered, in clud ing neu tron guide sys -
tems, new and up graded in stru ments, sam ple en vi ron ment
and data and soft ware ser vices. More in tense neu tron
beams com bined with more ef fi cient de tec tor sys tems pro -
vide ma jor new ca pa bil ity for mea sur ing ever smaller sam -
ples, in clud ing in ex treme sam ple en vi ron ments, and
weaker sig nals. In ad di tion, sig nif i cantly shorter mea sur ing 
times fa cil i tate para met ric stud ies and in crease through put
and, there fore, over all ca pac ity. Thus the up grade
programme as a whole, sup ported by on go ing and new pro -

jects, en sures that re search ca pa bil ity at the ILL will con -
tinue to be world lead ing for the next de cade, of fer ing new
op por tu ni ties for cut ting-edge sci ence. In this con text, the
ILL has elab o rated a sci ence strat egy to op ti mise the use of
its state-of-the-art sci en tific in fra struc ture over the next de -
cade and en hance the de liv ery of so ci etal im pact with neu -
trons.

The En dur ance programme, on go ing and new pro jects,
and the sci ence strat egy will be pre sented, in clud ing re cent
sci ence high lights, and set in the con text of fu ture re ac tor
op er a tion, given the re cent, ex cel lent de ci sion that ILL will 
now op er ate at least un til the end of 2033.
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DIFFRACTION AT MLZ

M. Hofmann 

Heinz Maier-Leibnitz Zentrum (MLZ), Tech ni cal Uni ver sity of Mu nich (TUM), Garching, Ger many

The Heinz Maier-Leibnitz Zentrum or in short, the MLZ, is 
a co op er a tion be tween the Tech ni cal Uni ver sity of Mu nich
(TUM), the Jülich Cen tre for Neu tron Scatterring (JCNS)
and the Helmholtz-Zentrum hereon. This co op er a tion is the 
sci en tific um brella for the ex ploi ta tion of Ger many’s sole
neu tron source FRM II in Garching close to Mu nich. As
such it is re spon si ble for the in stal la tion and op er a tion of all 
the pos i tron and neu tron scat ter ing in stru ments in stalled at
FRM II [1].  

Be sides a brief in tro duc tion of the fa cil ity at large, this
pre sen ta tion will fo cus pri mar ily on the dif frac tion suite of

in stru ments of MLZ. In par tic u lar I will high light re cent
de vel op ments and up grades in the ex ist ing in stru men ta tion
as well as new diffractometers, which will be part of the
user pro gram once the FRM II re starts af ter a lon ger shut -
down pe riod in early 2026. In ad di tion, I will also show
some sci en tific high lights from ex per i ments in en ergy ma -
te ri als, the life sci ences as as well as al loy de vel op ment, of
which many were also done in close co op er a tion with sci -
en tific groups from the Czech Republic.

1. https://mlz-garching.de/englisch/about-mlz.html .
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The Eu ro pean Spallation Source (ESS) [1], lo cated in
Lund, Swe den, is near ing com ple tion and rep re sents a sig -
nif i cant ad vance ment in neu tron sci ence re search. De -
signed to be the world’s most pow er ful neu tron source, the
ESS has achieved sev eral sig nif i cant mile stones in its con -
struc tion. The high-en ergy pro ton linac, re spon si ble for
driv ing the spallation pro cess, has been suc cess fully tested, 
and crit i cal com po nents such as the neu tron tar get sta tion
and in stru ment in fra struc ture are now close to hot com mis -
sion ing. The fa cil ity’s tech ni cal com plex ity and scale, in -
cor po rat ing cut ting-edge tech nol o gies in ac cel er a tor
phys ics, neu tron op tics, and de tec tion sys tems, re flect its
am bi tion to trans form the way neu trons are har nessed for
sci en tific ex plo ra tion. As con struc tion pro gresses, ESS has 
transitioned into a new op er a tional phase, fo cus ing on the
com mis sion ing of its first suite of in stru ments and pre par -
ing them for ex per i men tal re search and the us ers. An up -
date on the sta tus and the near pros pects will be pre sented.

The “first sci ence” op por tu ni ties at the ESS will val i -
date the per for mance of the ini tial in stru ments, in clud ing
LOKI, ODIN, DREAM, and oth ers, mark ing the be gin ning 
of sci en tific op er a tions and the user pro gram. Each of these 
in stru ments is tai lored to ad dress spe cific sci en tific chal -

lenges. For in stance, LOKI, a small-an gle neu tron scat ter -
ing in stru ment, will pro vide in sights into nanoscale
struc tures and dy nam ics, en abling re search into soft mat ter, 
poly mers, and bi o log i cal sys tems. ODIN is de signed to
per form high-res o lu tion neu tron im ag ing, mak ing it ideal
for in ves ti gat ing struc tural prop er ties in en gi neer ing ma te -
ri als and com plex nat u ral sys tems. DREAM le ver ages neu -
tron dif frac tion tech niques to study atomic ar range ments
and phase tran si tions in ma te ri als crit i cal to en ergy and
quan tum tech nol o gies. By con duct ing the first ex per i -
ments, the ESS will es tab lish base line op er a tions for its in -
stru ments and dem on strate the un prec e dented ca pac ity of
its neu tron beamlines. Here, it is equally im por tant to un -
der line the con tri bu tions of early us ers and the broader user 
com mu ni ties, whose ex per tise, feed back, and col lab o ra tive 
re search will be vi tal to re fin ing the ESS’s ca pa bil i ties and
en sur ing its im pact on sci en tific ad vance ment across var i -
ous fields. The way to get in volved will be depicted.

1. K.H. Andersen, et al., The in stru ment suite of the Eu ro pean 
Spallation Source, Nu clear In stru ments and Meth ods in
Phys ics Re search Sec tion A: Ac cel er a tors, Spec trom e ters,
De tec tors and As so ci ated Equip ment, 957, (2020) 163402.
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NEUTRON DIFFRACTION LABORATORY IN ØEŽ AND ITS USER PROGRAM

G. Farkas, V. Ryukhtin, P. Milkula, Ch. Hervoches, O. Levytska, P. Strunz and 
J. Šaroun

Nu clear Phys ics In sti tute, v.v.i., Czech Acad emy of Sci ences, Husinec–Øež, èp. 130, 250 68 Øež
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The neu tron dif frac tion lab o ra tory in Øež is part of the Cen -
tre of Ac cel er a tors and Nu clear An a lyt i cal Meth ods
(CANAM) – a large re search in fra struc ture hosted by the
Nu clear Phys ics In sti tute of the CAS. It is one of the few
Eu ro pean fa cil i ties pro vid ing the sci en tific com mu nity
with neu tron scat ter ing meth ods and thus help ing to fill the
cur rent gap in the avail abil ity of neu tron beams. The lab o -
ra tory equip ment con sists of five neu tron diffractometers
in the ther mal neu tron chan nels of the 10 MW re search re -
ac tor LVR-15 (op er ated by Re search Cen tre Øež, Ltd.),
four of which are used for ex per i ments mainly in the field
of ma te ri als re search and of fered to ex ter nal us ers within
an open ac cess programme. The TKSN-400 in stru ment is
ded i cated to in situ thermomechanical load ing ex per i ments 
for study ing de for ma tion mech a nisms in me tal lic ma te ri -
als. For this pur pose, it has been equipped with a 20 kN uni -
ax ial stress rig de signed in-house, with cur rent heat ing, as
well as a small stress rig in an Eulerian cra dle for ana lys ing
the evo lu tion of lat tice strain com po nents in highly tex -
tured ma te ri als. An other in stru ment, TKSN-100, is used
for non-de struc tive map ping of re sid ual stresses in bulky
sam ples, with pre cise po si tion ing en abled by a ro botic arm. 
The pow der diffractometer MEREDIT helps to solve var i -

ous prob lems of struc ture anal y sis were neu trons pro vide
valu able com ple men tary in for ma tion, in par tic u lar on evo -
lu tion of mag netic or der ing or site oc cu pa tion by at oms of
sim i lar pro ton num bers. Phase trans for ma tions can be ob -
served in situ within a wide ther mal range of about 10 to
1300 K us ing a closed-cy cle He cryostat or vac uum fur -
nace. This suite of in stru ments is com ple mented by the
high-res o lu tion small-an gle scat ter ing diffractometer
MAUD, which is par tic u larly well suited to study ing
microstructural fea tures such as po ros ity or pre cip i ta tion
within the size range of ap prox i mately 50–2000 nm. Al -
though there is no ded i cated in stru ment avail able for neu -
tron im ag ing, it is pos si ble to per form neu tron to mog ra phy
with a mono chro matic beam at the MEREDIT in stru ment,
with a field of view of up to 4x4 cm² and a res o lu tion of <
0.2 mm.

In re cent years, the fa cil ity has of fered around 300 in -
stru ment days per year as part of its open ac cess
programme, most of which have been al lo cated to ex per i -
ments pro posed by ex ter nal us ers. Ap pli ca tions for ex per i -
ments are wel come at any time, pro vided they are fea si ble
and sci en tif i cally rel e vant. These are eval u ated by a se lec -
tion panel com pris ing in ter nal and ex ter nal ex perts.
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CZECH NEUTRON ASSOCIATION - ESTABLISHMENT, MISSION, AND OBJECTIVES
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We are reach ing out to in form you about the es tab lish ment
of a new pro fes sional as so ci a tion - the Czech Neu tron As -
so ci a tion (Èeská neutronová asociace, z. s.), founded to
unite, sup port, and rep re sent the com mu nity of Czech us ers 
of neu tron ra di a tion.

The As so ci a tion’s mis sion is to:
• Bring to gether re search ers and in sti tu tions us ing       

neu tron ra di a tion across dis ci plines.
• Pro mote the po ten tial and re sults of re search based

on neu tron meth ods.
• Fa cil i tate di a logue be tween the sci en tific com mu -

nity, the pub lic, and gov ern ment au thor i ties.
• Rep re sent the in ter ests of the Czech neu tron com mu -

nity in Eu ro pean and other in ter na tional in sti tu tions
and struc tures with rel e vant the matic fo cus.

We be lieve that the Czech Neu tron As so ci a tion will
sig nif i cantly con trib ute to the co or di na tion of na tional neu -
tron in fra struc ture, strengthen in ter na tional co op er a tion,
and fa cil i tate ac cess for Czech re search ers to world-class
ex per i men tal fa cil i ties and ex per tise.

Mem ber ship in the As so ci a tion of fers the op por tu nity
to par tic i pate in the de vel op ment of neu tron re search in the
Czech Re pub lic, en gage in joint sci en tific ini tia tives, and
be come part of a rep re sen ta tive plat form for neu tron-based
sci ence at both na tional and in ter na tional lev els. More in -
for ma tion about the As so ci a tion’s ac tiv i ties, its stat utes,
and the mem ber ship ap pli ca tion will be pre sented dur ing
Struktura 2025; and can be found at neutrons.cz.

Com mit tee of the Czech Neu tron As so ci a tion.

https://cunicz-my.sharepoint.com/personal/72128827_cuni_cz/Documents/Desktop/neutrons.cz
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Ad di tive man u fac tur ing opened new pos si bil i ties in fab ri -
ca tion of com po nents. How ever, at the same time, it in tro -
duced new tasks for metalurgists and ma te ri als en gi neers as 
the microstructure of the com po nents pre pared by ad di tive
manuffacturing is sig nif i cantly dif fer ent than the micro -
structure of the con ven tion ally fab ri cated com po nents.
One of the char ac ter is tics largely in flu enced by ad di tive
man u fac tur ing is the re sid ual stress dis tri bu tion. Re sid ual
stresses play a cru cial role in de ter min ing the per for mance
and life time of en gi neered com po nents.

Some ex am ples taken from the field of ma te ri als fab ri -
cated by ad di tive man u fac tur ing are shown. Re sid ual
stresses were mea sured us ing neu tron dif frac tion in these
dem on stra tions. The use of neu tron dif frac tion is in dis -
pens able for the mea sure ment of re sid ual stresses in the
bulk of the ma te rial. It is a non-de struc tive method; there -
fore, the sam ple can be later used for other ex am i na tions.

The im pact of man u fac tur ing strat e gies on the de vel op -
ment of re sid ual stresses in Dievar steel is pre sented. Two
fab ri ca tion meth ods were in ves ti gated: con ven tional in got
cast ing and se lec tive la ser melt ing (SLM) as an ad di tive
man u fac tur ing pro cess. Sub se quently, plas tic de for ma tion
in the form of hot ro tary swag ing at 900°C was ap plied.
Microstructural and phase anal y sis, pre cip i tate char ac ter -
iza tion, and hard ness mea sure ment—car ried out to com -
ple ment the in ves ti ga tion by neu tron dif frac tion—showed
the microstructure im prove ment by ro tary swag ing. The
study re veals that the man u fac tur ing method has a sig nif i -
cant ef fect on the dis tri bu tion of re sid ual stresses in the
bars. The re sults showed that con ven tional in got cast ing re -
sulted in low lev els of re sid ual stresses (up to ±200 MPa),
with an in crease in hard ness af ter ro tary swag ing from 172
HV1 to 613 HV1. The SLM-man u fac tured bars de vel oped
ten sile hoop and ax ial re sid ual stresses in the vi cin ity of the
sur face and large com pres sive ax ial stresses (-600 MPa) in
the core due to rapid cool ing. The sub se quent thermo -

mechanical treat ment via ro tary swag ing ef fec tively re -
duced both the sur face ten sile (to ap prox i mately +200
MPa) and the core com pres sive re sid ual stresses (to -300
MPa). More over, it re sulted in a pre dom i nantly hy dro static 
stress char ac ter and a re duc tion in von Mises stresses, of -
fer ing rel a tively fa vor able re sid ual stress char ac ter is tics
and, there fore, a re duc tion in the risk of ma te rial fail ure. In
ad di tion to the sig nif i cantly im proved stress pro file, ro tary
swag ing con trib uted to a fine grain (3–5 µm in stead of
10–15 µm for the con ven tional sam ple) and in creased the
hard ness of the SLM sam ples from 560 HV1 to 606 HV1.
These in sights con firm the util ity of ro tary swag ing as a
post-pro cess ing tech nique that not only re duces re sid ual
stresses but also im proves the microstructural and me chan -
i cal prop er ties of additively man u fac tured com po nents.

Re sid ual stresses were also mea sured in sam ples man u -
fac tured by two dif fer ent AM tech nol o gies within one
com po nent: the bot tom half pre pared us ing ei ther La ser
Pow der Bed Fu sion (L-PBF) or Di rect En ergy De po si tion
(L-DED), and the sec ond half of the com po nent vice versa,
i.e. us ing L-DED or L-PBF, respectivelly. A com bi na tion
of fab ri ca tion by dif fer ent ad di tive tech nol o gies is not a
com monly used pro ce dure in prac tice. Cu bic re gions
(25mm × 25mm × 25mm) of 316L steel were printed ei ther
by L-PBF or by L-DED on the steel sub strate and af ter -
wards fin ished to a height of 50 mm by the sec ond tech nol -
ogy. The aim was to de ter mine the re sid ual stresses that
each tech nol ogy in tro duces into the sam ples and a com par -
i son with FEM pre dic tion: the stresses mea sured by neu -
tron dif frac tion are to be used for val i da tion of the FEM
model, which will be applieded as an optimization tool in
the combination of AM production methods.
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AM-REPAIRED SIMULATED DEFECT BY NEUTRON DIFFRACTION
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Michal Brázda, Antonín Prantl, Pavel Strunz
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This study val i dates the ac cu racy and re li abil ity of the Con -
tour Cut Method (CCM) for re sid ual stress as sess ment us -
ing neu tron dif frac tion (ND) in a crit i cal case — the re pair
of a sim u lated de fect in a 316L com po nent by La ser-Di -
rected En ergy De po si tion (L-DED). CCM com bines fi nite
el e ment mod el ing (FEM) with a se ries of pre ci sion cuts to
re cover re sid ual stress data.

A strong agree ment was ob served be tween ND and
CCM re sults. Neu tron dif frac tion mea sure ments along the

sam ple’s cen tral line re vealed lo cal stress max ima and min -
ima, with the high est ten sile stresses lo cated in the L-DED
re gion and the cen tral part of the sub strate.

The dem on strated cor re la tion sup ports the ap pli ca bil ity 
of CCM as a re li able tech nique for re sid ual stress eval u a -
tion in var i ous in dus trial contexts.
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PUMP-PROBE NEU TRON IN ELAS TIC SCAT TER ING EX PER I MENTS.
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The neu tron and, more re cently, X-ray spec tros copy have
been stan dard work horses for in ves ti ga tions of con densed
mat ter dy nam ics at atomic res o lu tion. Nev er the less, the in -
her ently weak in ter ac tion of both probes with mat ter, ac -
com pa nied by the tiny flux den si ties of neu tron beams and
by the huge X-ray pho ton en ergy as com pared to the en ergy 
scale of el e men tary ex ci ta tions in con densed mat ter, have
lim ited their im ple men ta tion to sim ple scat ter ing, leav ing
no op tions for anal o gies to op ti cal ex per i ments with co her -
ently split beams.

Ex per i ments us ing syn chro nized pulsed X-ray and la -
ser beams to in ves ti gate the time evo lu tion of non-equi lib -
rium states of con densed mat ter, both in the struc tural and
in the mag netic do mains, are quickly be com ing rou tine at
XFEL (X-ray Free Elec tron La sers) beams ex hib it ing pi co -
sec ond time-struc tures, ac com pa nied by ex treme
transversal co her ence (e.g. [1]). With neu trons the prog ress 
is slower, but re ports on suc cess ful at tempts of time-re -
solved work have ap peared re cently as well [2,3] and, af ter
all, a ded i cated pump-probe setup has been de vel oped and
tested at the SNS Hyspec spec trom e ter at the ORNL [4].

In this pre sen ta tion we shall re call the ba sic prin ci ples
of scat ter ing the ory based on timedependent cor re la tion

func tions and re view the pres ent state of neu tron ex per i -
men tal tech niques ad dress ing tran sient pro cesses in mat ter, 
their prin ci pal lim i ta tions and de vel op ment op por tu ni ties.

1. Y. Lee, K. Y. Oang, D. Kim, and H. Ihee,  "A com par a tive
re view of time-re solved x-ray and elec tron scat ter ing to
probe struc tural dy nam ics," Struc tural Dy nam ics, vol. 11,
no. 3. AIP Pub lish ing, May 01, 2024. 
doi: 10.1063/4.0000249.

2. M. Wang et al., •"Op ti cally In duced Static Mag ne ti za tion
in Metal Ha lide Perovskite for Spin•]Re lated
Optoelectronics," Ad vanced Sci ence, vol. 8, no. 11. Wiley,
May 02, 2021. '
doi: 10.1002/advs.202004488.

3. Y. Wang et al., •"Monopolar and dipolar re lax ation in spin 
ice Ho2Ti2O7," Sci ence Ad vances, vol. 7, no. 25. Amer i can
As so ci a tion for the Ad vance ment of Sci ence (AAAS), Jun.
18, 2021. doi: 10.1126/sciadv.abg0908.

4. C. Hua, D. A. Ten nant, A. T. Savici, V. Sedov, G. Sala,
and B. Winn, •"Im ple men ta tion of a la ser.neu tron
pump.probe ca pa bil ity for in elas tic neu tron scat ter ing," 
Re view of Sci en tific In stru ments, vol. 95, no. 3. AIP Pub -
lish ing, Mar. 01, 2024. doi: 10.1063/5.0181310.
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This study in ves ti gates the plas tic de for ma tion mech a -
nisms of AZ31 mag ne sium al loy us ing in-situ neu tron dif -
frac tion and Crys tal lite Group Method (CGM). In-situ
neu tron dif frac tion en ables mea sure ment of the stress ten -
sor for spe cific grain fam i lies within a policrystal by de ter -
min ing lat tice strains from dif frac tion peaks as so ci ated
with the same grain fam ily, ob served from mul ti ple ori en -
ta tions and hkl re flec tions. Track ing the evo lu tion of the
stress ten sor makes it pos si ble to ex per i men tally de ter mine
the Crit i cal Re solved Shear Stresses (CRSS) and to char ac -
ter ise the hard en ing be hav iour of dif fer ent slip and
twinning sys tems.

Ten sile tests were per formed along the roll ing di rec tion 
(RD), while com pres sion tests were con ducted along the
nor mal di rec tion (ND), and at 30° (ND30) to the ND, al -
low ing as sess ment of the anisotropic me chan i cal re sponse.
The CGM al lowed di rect de ter mi na tion of grain-level
stresses for pre ferred crys tal lo graphic ori en ta tions, lead ing 

to un am big u ous CRSS val ues and, no ta bly, an im proved
es ti mate for the basal slip sys tem from the ND30 test, com -
pared to pre vi ous find ings [1]. These ex per i men tally de -
rived CRSS val ues, along with the evo lu tion of Re solved
Shear Stresses (RSS), were used to val i date and cal i brate
the Elas tic-Plas tic Self-Con sis tent (EPSC) model adapted
for hex ag o nal crys tal struc tures. The com bined ex per i men -
tal-mod el ling ap proach en hances un der stand ing of plas tic
ani so tropy in AZ31 al loy and im proves the pre dic tive ca -
pa bil ity of the EPSC frame work for mag ne sium al loys sub -
jected to com plex load ing con di tions.

 1. Kot, P., Wroñski, M., Baczmañski, A., Ludwik, A.,
Wroñski, S., Wierzbanowski, K., Scheffzük, C., Pilch, J.,
Farkas, G., 2023. A novel method of ex per i men tal de ter mi -
na tion of grain stresses and crit i cal re solved shear stresses
for slip and twin sys tems in a mag ne sium al loy. Mea sure -
ment 221, 113469.

L38

INVESTIGATIONS OF MAGNETIC VORTEX LATTICES AND SKYRMIONS USING
NEUTRON SCATTERING 

V. Ryukhtin

Nu clear Phys ics In sti tute ASCR v.v.i., Czech Acad emy of Sci ences, Øež¨

Neu tron scat ter ing can be very ef fi ciently used for study ing 
of mag netic vor tex lat tices (VL) (or flux-line lat tices
(FLL)) in un con ven tional su per con duc tors. Ac tu ally, very
first ex per i men tal ev i dence of VL ex is tence af ter their the -
o ret i cal pre dic tion by Abrikosov [1] was con ducted by
means of neu tron scat ter ing [2] in Nb. Ex plor ing of small
an gle neu tron scat ter ing (SANS) for di rect ob ser va tion of
FLL [3] got “sec ond - breath” with dis cov er ing of high-Tc
su per con duc tors (HTSC), which are all of type-II and with
higher up per crit i cal field Hc2. SANS is ex cep tional tool for 
es tab lish ing the val ues of HTSC. 

Sr2RuO4, an isostructural of the high-Tc ma te rial
La2-xSrxCuO4, is the first 2D perovskite ox ide that ex hib its
su per con duc tiv ity with out cop per [3]. Un like La2-xSrx

CuO4, how ever, it ex hib its Fermi liq uid be hav ior in its nor -
mal state. Sr2RuO4 then be came an at trac tive ma te rial to

probe the mech a nism of high-Tc su per con duc tiv ity, and
also to study p-wave su per con duc tiv ity since it has a sim -
ple band struc ture com pared to Ura nium based sys tems,
an other p-wave super con duct ing fam ily. To this date, how -
ever, some groups still claim that there is no cred i ble ev i -
dence of p-wave su per con duc tiv ity of Sr2RuO4. Here,
some first re sults of FLL in Sr2RuO4 mea sure ments con -
ducted at KWS-3 SANS fa cil ity are re ported.

The mea sure ments of dy nam ics of skyrmion lat tice us -
ing neu tron spin-echo tech nique is re ported as well.
Skyrmions are vor tex-like mag net ics struc tures, cre ated in
helimagnet (here was used sin gle crys tal MnSi). Ac cord ing 
to re cent the o ret i cal stud ies the low est-en ergy ex ci ta tions
of the sys tem are the so-called ‘phason’ modes of the
skyrmion lat tice. Their dis per sion curves for the prop a ga -
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tion vec tor (qz) par al lel to the mag netic field are ex pected
to be asym met ric along the strings of the skyrmions, in di -
cat ing that the mag netic ex ci ta tions have dif fer ent q de -
pend en cies along +qz and –qz. This pre dic tion was tested
by a Spin-Echo tech nique that is sen si tive to these low-en -
ergy ex ci ta tions and to their mo men tum and it was showed
that an asym met ric mag netic dis per sion is pres ent in the
skyrmion state [4].  

1. A. A. Abrikosov, Zh. Eksp. Teor. Fiz. (1957) 32 1442. 

2. D. Cribier, et al. in Prog ress in Low Tem per a ture Phys ics,
(1967), 5 161. 

3. T. M. Riseman, et al. Na ture (Lon don) 396, 242 (1998).

4. Soda, M., et al. Asym met ric slow dy nam ics of the
skyrmion lat tice in MnSi. Nat. Phys. 19, 1476–1481
(2023).
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The rare-earth A2Ir2O7 pyrochlore iridates (A = Y, Pr-Lu)
con sti tute a fam ily of ma te ri als re veal ing a pleth ora of
novel and ex otic prop er ties. The geo met ri cally frus trated
pyrochlore lat tice hosts Ir4+ ions dis play ing strong spin-or -
bit cou pling com pa ra ble to elec tron cor re la tions. In com bi -
na tion with crys tal field ef fects and im por tant f-d ex change
be tween the rare-earth and irid ium sites, var i ous mag netic
and top o log i cal phases emerge. Among oth ers, the top o -
log i cal phases in clude the top o log i cal Mott in su la tor [1],
axion in su la tor [2] or Weyl semimetal [2,3] and the mag -
netic phases in clude the frag mented spin ice state with
monopole-like ex ci ta tions [4] and spin liq uid states [5, 6].

The fol low ing work is fo cussed on the mag netic and
struc tural prop er ties of the A = Nd sin gle crys tal an a logue.
In con trast to pre vi ous works, e.g. [7], where Nd2Ir2O7

adopts the pyrochlore struc ture, the pres ent sin gle crys tals
dis play a dif fer ent, un usual crys tal struc ture, at trib uted to a
new Pb-based syn the sis method. Mag netic prop er ties, in -
clud ing two mag netic tran si tions at 41 K and 8 K, dem on -
strate no ta ble sim i lar i ties for the two crys tal struc tures. The 
non-pyrochlore struc ture found us ing X-ray dif frac tion is
ana lysed and com pared to the pyrochlore struc ture, with a
fo cus on the Ir pyrochlore-type tet ra he dral sublattice with
oc ta he dral O2- crys tal fields found in both crys tal lat tices.
The full crys tal struc ture con tains two Ir sublattices, three
Nd sublattices and one Pb sublattice with a high de gree of
dis or der in the form of va can cies. The mag netic struc ture,

fun da men tally tied to the tet ra he dral lat tice in the
pyrochlore case, is ex am ined in the non-pyrochlore sam -
ples em ploy ing neu tron dif frac tion.

1. Y. Otsuka, T. Yoshida, K. Kudo, S. Yunoki, Y. Hatsugai,
Sci. Rep., 11, (2021), 20270.

2. X. Wan, A. M. Turner, A. Vishwanath, S. Y. Savrasov,
Phys. Rev. B, 83, (2011), 205101.

3. X. Liu, S. Fang, Y. Fu, W. Ge, M. Kareev, J.-W. Kim, Y.
Choi, E. Karapetrova, Q. Zhang, L. Gu, E.-S. Choi, F.
Wen, J. H.Wil son, G. Fabbris, P. J. Ryan, J. W. Freeland,
D. Haskel, W. Wu, J. H. Pixley, J. Chakhalian, Phys. Rev.
Lett., 127, (2021), 277204.

4. E. Lefrançois, V. Cathelin, E. Lhotel, J. Rob ert, P. Lejay,
C. V. Colin, B. Ca nals, F. Damay, J. Ollivier, B. Fåk, L. C.
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209.
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P. Aynajian, Nat. Commun. 12, (2021), 1377.

6. Y. Machida, S. Nakatsuji, S. Onoda, T. Tayama, T.
Sakakibara, Na ture 463, (2010), 210.
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The in ves ti ga tion of geo met ri cally frus trated sys tems with
antiferromagnetically (AFM) or dered spins at tracts at ten -
tion due to their po ten tial to sta bi lize ex otic quan tum states, 
such as a spin liq uid state, which holds prom ise for ap pli ca -
tions in quan tum com put ing. Here we pres ent our study of
the tri an gu lar AFM com pound Na2BaMn(PO4)2 [1,2],
which has an un usu ally high spin S = 5/2. In con trast, the
isostructural com pound with Co (S = 1/2) [3] has been
stud ied ex ten sively, as lower spin sys tems are typ i cally
more fa vor able for the for ma tion of quan tum spin liq uids.
We use sin gle crys tal neu tron dif frac tion and in elas tic neu -
tron scat ter ing to de ter mine the mag netic struc tures and
spin ex ci ta tions for mag netic fields ap plied in the basal
plane and along the c-axis of the trigonal sym me try. At
zero mag netic field, the sys tem un der goes two mag netic
tran si tions at around 1.25 K (AFM2) and 1.1 K (AFM1).
The out-of-plane in com men su rate com po nent k of the
mag netic prop a ga tion vec tor (1/3, 1/3, k) changes sig nif i -
cantly in these two AFM phases, which sug gests non- neg -
li gi ble interlayer cou plings.

De pend ing on the di rec tion of the mag netic field,
Na2BaMn(PO4)2 shows sev eral field-in duced tran si tions.
These tran si tions cause changes in the mag netic prop a ga -
tion vec tor be fore the sys tem reaches the spin-po lar ized
state. By com bin ing neu tron dif frac tion, low-tem per a ture

spe cific heat, and dc mag ne ti za tion, we es tab lish tem per a -
ture–mag netic field phase di a grams for both field di rec -
tions. Us ing ab-in itio cal cu la tions and Monte Carlo
sim u la tions, we de ter mine the ex change in ter ac tions, ani -
so tropy pa ram e ters, and the phase di a grams. Our com bined 
ex per i men tal and the o ret i cal study shows that
Na2BaMn(PO4)2 is mainly a 2D sys tem, with very weak 3D 
cou pling that only acts as a “wit ness”to what hap pens in
two di men sions. The sep a ra tion be tween the two zero-field 
tran si tions (AFM1 and AFM2) de pends on the XXZ na ture
of the ani so tropy and the 3D cou pling. The gap in the dis -
per sion of the fully po lar ized phase is in flu enced by the
XXZ ani so tropy, sin gle-ion anisotropies, and the mag netic
field. Fi nally, we com pare our re sults with the Co (S = 1/2)
and Ni (S = 1) [4] coun ter parts and dis cuss their sim i lar i ties 
and dif fer ences.

1. J. Kim, et. al., Jour nal of Phys ics: Con densed Mat ter, 34, p. 
475803 (2022).

2. C. Zhang, et. al., Phys. Rev. B, 110, p. 214405 (2024).

3. N. Li, Q. Huang, et. al. Na ture Com mu ni ca tions, 11, p.
4216 (2020).

4. N. Li, Q. Huang, et. al. Phys. Rev. B, 104, p. 104403
(2021).
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The de vel op ment of multifunctional ma te ri als, which in te -
grate mul ti ple func tional com po nents, is a rap idly evolv ing 
field with sig nif i cant im pli ca tions across var i ous tech nol o -
gies [1-2]. Col loi dal nanocrystals are ex cep tional build ing
blocks for con struct ing com plex ar chi tec tures in ran dom or 
con trolled as sem blies [3-4]. By co-as sem bling dif fer ent
types of nanocrystals into larger col loi dal par ti cles, par tic -
u larly at the mesoscale, novel supraparticles can be en gi -
neered. These supraparticles, typ i cally mi crom e ters in size

and com posed of functionalized nanoparticles and
mo lec u lar build ing blocks [5], com bine the prop er ties of
their con stit u ent nanocrystals while main tain ing their col -
loi dal sta bil ity [6]. Re cent in ter est in these ma te ri als stems
from their ver sa til ity and broad ap pli ca bil ity. For ex am ple,
in cor po rat ing mag netic nanoparticles into supraparticles
of fers di verse ap pli ca tions, in clud ing mag netic sep a ra tion,
hyperthermia, drug de liv ery, and mag netic im ag ing. Fur -
ther more, the in clu sion of non-mag netic func tional metal
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ox ide lig ands (e.g. Al2O3 for ca tal y sis, ZnO for semi con -
duc tors, TiO2 for photocatalysis) can fur ther epand the po -
ten tial of these in no va tive supraparticle sys tems [7-9]. 

Thus, our con tri bu tion aims to com pre hen sively ex -
plore the im pact of the Atomic Layer De po si tion (ALD)
pro cess of metal ox ides on the mag netic sig nal, struc ture,
and com po si tion of iron ox ide supraparticles. Through de -
tailed Mössbauer anal y sis, we will dem on strate the ox i da -
tion-shield ing prop er ties af forded by spe cific metal ox ides. 
Fi nally, us ing the Small-An gle Neu tron Scat ter ing with in -
ci dent beam Po lar iza tion (SANSPOL) we will re veal the
ab sence of intra-supraparticle struc tural dis place ment dur -
ing the ALD pro cess, along with in creased in ter nal or der -
ing and a sig nif i cant re duc tion in the mag netic “dead layer” 
size.

1. J. E. Lee et al. Ac counts Chem. Res. 44 893–902 (2011).

2. N. C. Bigall et al. Nano To day 7 282–296 (2012). 

3. A. G. Dong et al. Na ture 466 474–477 (2010). 

4. T. Wang et al. Sci ence 338 358–363 (2012).

5. J. Guo et al. Ad vanced Ma te ri als 25 5196-5214 (2013). 

6. Z. D. Lu et al. Chem. Soc. Rev. 41 6874–6887 (2012). 

7. S. Müssig, V. B. Koch et al. Small Meth ods 6, 2101296,
(2022).

8. P. Groppe, et. al. Chem is try of Ma te ri als 2025 37 (8),
2815-2826 (2025).

9. S. Mussig et al. doi:10.5291/ILL-DATA.5-61-48.
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Mag netic nanoparticles (MNPs) are of high re search in ter -
est due to their unique phys i cal prop er ties, which lay the
foun da tion for var i ous ap pli ca tions, rang ing from bio med i -
cal di ag nos tics and ther a peu tic in ter ven tions to high-den -
sity data stor age sys tems and en vi ron men tal remediation
pro cesses. Broadly known and well-stud ied ma te ri als of
this class are iron ox ides MNPs. Among other re search in -
ter ests, they have been heavily ex ploited for their heat ing

abil i ties via mag netic fluid hyperthermia. This pro cess is a
cor ner stone for in no va tive can cer treat ment ther a pies,
which aim to local ise tu mour elim i na tion. How ever, we

pro pose a novel can di date ma te rial, the e-Fe3N. It pos -
sesses un prec e dented mag netic prop er ties, es sen tially sur -
pass ing the well-es tab lished iron ox ide MNPs [1], hav ing
larger sat u ra tion mag ne ti za tion, lead ing to better heat ing
per for mance in hyperthermia. As a re sult, the re quired

Fig ure 1. A TEM mi cro graph of pas si vat ed  e-Fe3N MNP, B SAXS curve re corded on dis per sion of pas si vat ed  e-Fe3N MNP.



ther a peu tic tem per a tures for tu mour ab la tion can be
achieved with a less con cen trated MNP dis per sion, thereby 
re duc ing the dose needed. Nev er the less, due to the

nano-sized crys tals, the e-Fe3N is air sen si tive, which re -
sults in mas sive ox i da tion. Thus, a ro bust sur face pro tec -
tion must be real ised. While con sid er ing the po ten tial
bio med i cal ap pli ca tions, we pro pose a sil ica en cap su la tion

pro ce dure to hin der e-Fe3N ox i da tion and to es tab lish
biocompatibility, to gether with pos si bil ity to form aque ous 
dis per sions. To suc cess fully grow a sil ica layer, we have

cho sen a route of e-Fe3N sur face passivation, which we
pres ent in this con tri bu tion, to gether with in sight into mag -
netic be hav iour of com plex core@shell MNPs. The
bright-field trans mis sion elec tron mi cro scope mi cro graphs 
(Fig ure 1: A) and small-an gle X-ray scat ter ing (Fig ure 1:
B) show well-de fined core@shell MNP mor phol ogy of the
pas si vat ed nanoparticles with a mean par ti cle di am e ter of
17.2(2) nm. Nev er the less, the mac ro scopic mag ne ti za tion
mea sure ments re vealed un ex pected be hav iour lead ing to a
de crease in sat u ra tion mag ne ti za tion and the pres ence of
ex change bias at 5 K. To fur ther ex plore, the com plex mag -

netic na ture of this ma te rial was dis en tan gled by prob ing
mag netic scat ter ing fluc tu a tions us ing the mag netic
small-an gle neu tron scat ter ing with in ci dent beam po lar -
iza tion at the D33 in stru ment at ILL [2]. Fi nally, we will
dis en tan gle the mag netic mor phol ogy con tri bu tions from

the mag netic core and shell part of pas si vat ed  e-Fe3N MNPs
and dis cuss the re sult ing mag netic re sponse of the pre -
sented MNPs in de tail.

1. I. Dirba et al., J. Phys. D: Appl. Phys, 56, 025001 (2023).
doi: 10.1088/1361-6463/aca0a9.
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10.5291/ILL-DATA.DIR-297
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Laue dif frac tion is a widely used tech nique for ori ent ing
sin gle crys tals and a rou tine pro ce dure dur ing sam ple prep -
a ra tion for many sci en tists. Over the years, a va ri ety
ofsoftware tools have been de vel oped to as sist in in ter pret -
ing Laue pat terns [1, 2]. De spite sig nif i cant prog ress in im -
age pro cess ing and pat tern rec og ni tion, a ro bust and fully
au to mated so lu tion for in dex ing Laue pat terns has yet to be
achieved.

In re cent years, ma chine learn ing has emerged as a
prom is ing ap proach to tackle this chal lenge [3]. How ever,
the de vel op ment and val i da tion of more ad vanced al go -
rithms are cur rently hin dered by the lack of an no tated ex -
per i men tal datasets. As a re sult, all train ing and test ing are
still con ducted ex clu sively on syn thetic data.

LaueDB aims to bridge this gap by cre at ing a dataset
of ori ented X-ray and neu tron Laue pat terns that could

serve as a train ing and eval u a tion dataset for both clas si cal
and ma chine learn ing ap proaches.

We plan to uti lise the Au to matic Laue Sam ple Align er
(ALSA) [4] to cre ate the ini tial dataset, cap tur ing a large
num ber of pat terns for each sam ple crys tal, as well as col -
lab o rate with re search in fra struc tures to de velop a sub mis -
sion pipe line for pat terns cre ated dur ing rou tine sam ple
ori en ta tion. In ad di tion, ex ist ing tools and al go rithms for
peak find ing and Laue in dex ing will be com pared.

1. Esmeralda Laue Suite (https://code.ill.fr/sci en tific-soft -
ware/esmeralda).

2. Clip4 (https://clip4.sourceforge.net/)

3. Purushottam Raj Purohit, R. R. P., Tardif, S., Castelnau,
O., Eymery, J., Guinebretiere, R., Robach, O., Ors, T. &
Micha, J.-S. (2022). J. Appl. Cryst. 55, 737-750.

4. ALSA (https://charlesautomata.cz/alsa).
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