QLU Investigations of the Antiferromagnetic Order
== RISO Parameter in Nano-Sized YBCO Particles

Abstract , Ch. Niedermayer’, K. Lefmann'*, L. Theil Kuhn’,

Ba,Cu.O., ) is maybe the best known high-temperature

Gnductor (HTSC), and is as the other cuprate HTSC's . Raittila’, N. B. Christensen'”, N. H. Andersen'”, B. Lebech'*,

antitferromagnetically ordered at low doping, and a superconductor at

nigh doping. A. B. Abrahamsen' and P. Paturi’

The superconductivity of YBCO is a 2D phenomenon, existing even in

materials only one unit cell high. However, it is well known thata 1. Materials Research Division, Risg DTU, Technical University of Denmark - DTU, Roskilde, Denmark.
reduction of the system size affects the magnetic order in a material | 2. LNS, Paul Scherrer Institute, Villigen, Switzerland.

3. Fuel Cells and Solid State Chemistry Division, Risg DTU, Technical University of Denmark - DTU, Roskilde, Denmark.
We have manufactured disc-shaped YBCO particles with a diameter )nm and a height of 4nm, and 4. Niels Bohr Institute, University of Copenhagen, Copenhagen, Denmark.

utilizing the advantages of both neutron diffraction and Muon Spin B n (USR) techniques we have 5. Physics Department, University of Turku, Turku, Finland.
mapped out the staggered magnetization of these particles as a t of temperature as well as oxygen-

doping. Structure of YBCO

A significant reduction of the Néel temperature is found, stronge est hole doping. Neutron scattering
measurements also show a more linearly-shaped magnetic or Ameter behavior compared to bulk.
These observations are attributed to the confined dimensio e disc-shaped system. Our findings
agree with a similar study of NiO nanoparticles for which tr ed reduction of the Néel temperature was
found to stem from finite-size effects [3].
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The results show that the magnetic order parameter in YBCO is a 3D phenomenon, in opposition to the
superconducting order parameter, and the weak coupling between the pairs of neighboring conduction layers Conduction Layer {

in YBCO indeed is significant. } Conduction

Cu

The uSR results reveal a distribution of Neel temperatures, seen as an increasing number of non-ordered
spins, coexisting with a bulk-like behavior of the magnetic order parameter vs. temperature. This exotic finite-
size effect could be due to superparamagnetic relaxation, surface spin melting or a combination of these, all of
which are phenomena exclusively observed in nanoparticles. The finding of these phenomena is supported by
the neutron diffraction results, especially in relation to different natures and time scales of the two techniques.
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Even more exciting, our ySR data show that reemergence of the native-like Néel state [2] at low temperature .

also exists in YBCO nanoparticles. The reemergence is seen as a distinct rise of the staggered magnetization Conduction Layer {
at low temperature in a doped sample and is caused by changes in the internal field distribution due to the

localization of holes. This removes the frustration on most spins, allowing these to form a Néel-like state with a

staggered magnetization approaching that of the undoped system [1]. This observation along with previous Charge resevoir Iayer{
observations in bulk YBCO [3], Y, ,Ca Ba,Cu.,O, [4] and LSCO [2], strongly supports the view that the

reemergence of the native-like Neel state is an intrinsic property of cuprate systems.

Electronic clock

YBCO Ph Di
Reduction of the Néel temperature (?O pase Ulag'as

 USR-whatis a muon?
400 A — Elementary particle (u+)
500 | | | | | | i % S=1/2
® Rossat-M. 1988 2] o M : ~
5 N — netic momentm_=3 m
450 == Rossat-M. Scaled | - el g - Spin-polarized Backward agnet Cc mome tm, =3 n,
o ?anquaga 198|8d 300} : N - uon fipgsiuon ver)t; sensitive local magnetic
400 -rm~ =< | -7 ranquada scailed | - £ g UPEIERsEting etector B pro e.
] < < Ca-doped Yo . . )
¢ Thisworc(hk) X AEM Trersoped OBl Dol - —  Probes magnetic fields in
350 is work (simp) | - — 200} the interstitial regions

between the atoms

— 00T | Forward « The muon decays into a
=< 250} ] 100 L | Gerecior positron and two neutrinos.
= & * « A ultra-relativistic positron

2001 I 0 . R ! tends to be emitted in the spin-

150l = ] 0 0.2 0.4 | direction of the muon.

Ref. [10] X Figure from [6,7]
100} .
501 * : Reemerge of the Néel State
oL — ' B, =t o oz ol | o ceeranl]

An increase in M
atlow T?
— Reemergence
of native Néel state.

° @®  DIN model [ ] DIN model

x=0.25 | x=0.30 |

0 0.1 g;(zygen doping'f[o;ﬂ 0.4 0.5 b ' Analyzer e i

Neutron measurements show: . 1S e

« A more linearly-shaped magnetic order parameter behavior
compared to bulk. This is attributed to the confined
dimensionality of the disc-shaped system.

« Our findings agree with a similar study of NiO nanoparticles
for which the reported reduction of the Néel temperature was
found to stem from finite-size effects [3].
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