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Linear Inductive Accelerator (LIU - 3000)
g

~ S

Parameters of high-current pulsed electron beam

Number Doses Energy Current Duration F Beam
of pulses Size
el/cm? keV A ns Hz &, cm
1 6x104 800 200 200 - 2

10 6x10%° 800 200 200 0.5 2



Calculated temperature of the heated sample with thickness about
50 ym after 1 pulse and 10 pulses

W =1.6-108W - power,

2W T

T = S ~ 4 cm? - square of irradiated sample,
RE C S P C ~ 0,8 J/g-°C — heat capacity,

p = 7,4 g/lcm?3 — density

Penetration depth of high-current pulsed electrons
into PLZT X/65/35

1 U5/3
Re =6,67-107 —— Number EXp.,
P of pulses oC
1 ~ 64
R.~ 50 ym U — energy [keV], 10 ~ 553

p — density of sample [g/cm?3]



Synchrotron X-ray diffraction spectra

Rietveld refinement plot for unirradiated PLZT 9/65/35 and PLZT 4/65/35
The insets in figures highlight the behavior of the (200) and (222) reflections for unirradiated and irradiated by 1 pulse and then annealed
at 200 °C and 10 pulses samples (k = 6 101 el./cm?)
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Structural parameters obtained from Rietveld refinement for unirradiated ( Unirr.) PLZT 9/65/35 and PLZT 4/65/35 powder
and irradiated (Irr.) by 1 and 10 pulses

sample PLZT 965135 PLZT 4165135
Unirr. Irr. -1k Ann. 1k Irr. 10k Unirr. Irr. -1k Irr. 10k
Sp.gr. Pm3im Pmmm Pmmm Pm3im Rim Rim R3m

a(A  40859(3)  40912(3)  40895(3) 40943 (3 40869 (3 408723 40871 (3)
biA 40853 (3)  40826(3)  40836(3)  40943(3) 40869 (3)  40872(3) 40871 (3)
oA 40859 (3)  40726(3)  40761(3)  40943(3) 40869 (3)  40872(3) 40871 (3)

wideg)  90.000 90.000 90.000 90,000 89807 89801 A9.805

V(A7) 68.212 68.023 68.072 68 .634 68.268 68.274 68.272

Strain,  0.000734 0.000952 0.000903 0.000373 0.00049 0.00055 0.00051
Size,nm B34 5.2 £9.7 71.4 477 453 461

Flup(%a] 789 845 B11 712 832 907 925




Intensity (arb. units)

Raman spectra were measured in a backscattering geometry through the sample thickness
using Bruker Fourier-Raman spectrometer at room temperature (line excited = 1.06 um).

All the ceramic specimens were prepared from one sample and then optically polished up to 50 um

and annealed at 500 °C

Raman spectra on unirradiated PLZT 9/65/35 ceramics and irradiated by
and then annealed at 200 °C and irradiated by 10 k and laser
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Modes Unirr. Irr.-1k Ann.-1k Irr.-10k Unirr. Irr.-1k Irr.-10k
TO1 (Cation — ZrTi0a) 132 132 132 132 116 116 116
TO2{0 —ZnTi— 0 bendy 214 209 211 5 224 10 M2
TO3D —ZnTi— O bend) 263 258 260 263 a7
124 - 120
TOA (S Ti— O stretohn a456 247 91 a54 a52 43 a5
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TTnaH aoknaaa

| O6bekT nccnegoBaHna — 6asoBoe Kobanstutoe coeanHeHue LaCoO,
C 3ameLleHHbIM La, ,Ba,CoO, 4

Il PeHTreHoBCcKasi CnekTpOCKONUA NOrmoLeHUs
= onucaHne metogoB EXAFS, XANES, XMCD

" 9KCcnepumMeHTanbHble AaHHble XAFS Ha K-kpae kobanebra,

Il PeHTreH-gndppakunoHHbIe NOPOLLKOBLIE UCCeaoBaHUS

IV 3ddekT nMNyrbCHOro aNeKTPOHHOro 0bnyyYeHust ¢ pasfMyHON
9Heprmen n NNOTHOCTbLI TOKa Ha MarHUTHbIE CBOUCTBA

V' AHanus NOJNMYHEeHHbIX SKCNEepUMEHTAallbHbIX PEe3yJibTaToB

V1 BbiBOAbI



Mouemy KO6aNbTUTbI NPUBAIEKATE/IbHbI ANA U3YyYEeHUA?

® 06n1a8ato0T 3dPEKTOM KONOCCANbHOIO MarHUTOCONPOTUBNEHUA

® pa3oBble Nepexoabl ANINEKTPUK-METANN, KOHKYPEHLUA
aHTNOPEePOMarHUTHLIX N GePPOMATHUTHLIX, MapamMarHUTHbIX ¢a3

® NPOAB/IAIOT B3aMMOCBA3b CMMHOBbLIX M OpbUTaNbHbIX cTeneHen cBoboabl

=> KOHKYypeHUna CNMHOBbIX COCTOFlHl/Il‘/JI, KOTOpble OTBETCTBEHHbI 3@ OCHOBHbIE

0COOEHHOCTU KPUCTANIMYECKOM CTPYKTYPbI, MarHUTHbIE N NIEKTPUYECKME CBONCTBA

OCHOBHble NPUMEHEHUA KOBaANbTUTOB:

® MarHWTHbIE FO/I0BKK 3anncm nHbopmaunm, yseandyeHme naoTHOCTU
3aMUCU Ha KECTKUX AMUCKaX, XpaHeHne nHopmaumm, 4eCATKU rurarepy
CKOPOCTb NepekatveHna JOMEHHbIX CTEHOK PM-APM marHuTHbIX $as,
YTO NePCNeKTUBHO AN1A CAUHTPOHMKU, MAarHOHUKN, HAHO3IEKTPOHUKN

® KaTa/IN3aTOPbl XMMUNYECKUX PEAKLUIN, TONIUBHbIE AYENKMN,
B MmembpaHax No pa3aesieHnto ra3os

Kakue ocHOBHble 06bACHEHUA NX YHUKA/IbHbIX CBOMACTB
CYLLLeCTBYIOT B HacToslee Bpemsa?



TTeposckutHas cTpykTypa 6a3oBoro kobanbTookCcUaHOro
coeauHeHusa LaCoO,




CnuHoBbIE nepexoabl B KobanbTUTax

High spin state Isnpﬁirngéme Low spin state
A A — €
eg _T_ - eg
A, A
A A 0
11t
N 221
AO < P AO > P

+PasHuLa 3Heprum mexay yposHaMU e, U T, HasbIBaETCA

NapameTpom pacluensieHus KpUcTananyeckoro nons Ao

+ P ecTb 3Heprus Heobxoammas ans 06pa3oraHUs NAPLL 3N1EKTPOHOB




TemnepatypHas 3aBUCUMOCTU BOCMPUUMUUBOCTU U

3NEKTPUYECKOro conpoTtmueneHund (&) -
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0 100 200 300 400 500 600 700 800 FIG. 1. (Color online) Scanning SQUID microscopy images of a

Temperature(K) LaCoO; single crystal taken at (a) 5, (b) 48, and (c) 81 K.






TemnepaTtypHbIe 3aBUCUMOCTU BOCNpUumumBoctm La; _,Ba,CoO;_g4
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Spin-state puzzle in the cobaltites

. Ground state electron configuration: [Ar].3d”.4s?

Low spin state Intermediate High spin state
spin state
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ﬁﬂ':ﬂf 0 pe &AH$ Zub/ F$$ 4 1
SZI/ZI/I $_ 5=3/2 *4 5=5/2
Co* (3d°)
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Magnetic polaron in La;_,Ba,CoO,

Co*-0-Co3* double exchange interaction due to Sr-doping



Magnetic polaron in La;_,Sr,CoO;

Co®* HD Co* HD

b e

E 2 X L T

The first possible hopping image between IS Co** and HS Co3*



Magnetic polaron in La;_,Sr,CoO;

Co®* HD Co* HD

b e

E 2 X L T

The first possible hopping image between LS Co* and HS Co3*



Magnetic polaron in La;_,Ba,CoO,

Co#, LS Co3*, HS
T &y +_ S

The second possible hopping image between LS Co** and HS Co3*



MarHuTtHasa BocnpumumumeocTs B La;_,Sr/Y/Ca,Co0,

A comparison of radii for La®*, ¥3*, Sr?*, Ca*
La®* 1.36A Sri* 1.44A Ca? 1.344 Y3* 1.084
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Pe3ynbTatbl HEUTPOH - AUPPAKLIUOHHBIX
uccnenosaHuuU Ha La, sBaj 5C00;

O6paboTka HEUMTPOH-AUPPAKLIUMOHHBIX CMeKTpoB meToaom Purtsenbaa
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KpVIBaf-I BHNU3Y NOKa3biBaeT pa3HUUly Mexay BbIYUCIIEHHbIMAN U SKCNepUMeHTalibHbIMU

andopakrorpammamm
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CTpyKTypHbIe napameTpbl, paccuyuTaHHbIe No metoay Putsenbaa Ans
La,_,Ba,CoO; (x= 0.0 + 0.5)
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S.Tiutiunnikov, E. Efimova, V. Efimov, D. Karpinsky, A. Kuzmin, J. Purans, V. Sikolenko, I. Troyanchuk, E. Welter, D. Zajac, V. Simkin, A.

Sazonov. Short- and long-range order in La,_Sr,CoO5 and La,.,Ba,CoO;: Journal of Physics and Chemistry of Solids 69, 2187-2190 (2008)



http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6TXR-4TDD1NT-3&_user=8232064&_rdoc=1&_fmt=&_orig=search&_sort=d&_docanchor=&view=c&_searchStrId=1071349860&_rerunOrigin=google&_acct=C000007498&_version=1&_urlVersion=0&_userid=8232064&md5=4492ed2dc

PeHTreHoBckasa cnekTpockonua nornoueHus (PCII nan XAS)

OcHoBHble npenmyliectBa PCI1 kak MeToaa uccrnegoBaHuAa TBEPAOro tena

® cenekTUBHOCTb / N36UPATENbHOCTL MO TUMY XUMUYECKOrO 3S1eMeHTa

® UyBCTBUTENBLHOCTb K MSIOTHOCTU 351eKTPOHHBIX COCTOSAHUM B6NU3U YpoBHS epmu;

® BLICOKAA KOHLUEHTpauuoHHas vyBcTBuTesnbHocTb (10 + 100 yactuu Ha monb BeluecTBa)

WU OTHOCUTESIbHO KOPOTKOe BpemMs nsmepeHus (0T MUNNUCEKYHA, A0 AeCATKOB MUHYT)
3KCMEepUMeHTaNbHOro CneKTpa;

® Tunbr 06pas’uoB - NOMU- U  MOHOKPUCTANNBLI, MOPOWKKU, CTEKNONOAO6HbIE
MaTepuanst, TOHKUE NNEHKU, XUAKOCTU, ra3bl

® manbIk 06EM obpasua (MeHee 40 mnr/cm? )



PeHTreHoBcKas CNeKTpoCKOonua noriouweHud

x  sample
.

Incident X-rays ( 1,) Transmitted X-rays (1)

w = (1/x) In(1/1)

e-TEY



E4 beamline (HASYLAB, DESY)
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CTpYKTypa peHTreHOBCKOro cnektpa nornoueHus (unu XAFS) Ha K-kpae Co

58 _XANES EXAFS
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KoopANMHAUMNOHHOE 4YUCIo



CTpyKTYypa peHTreHOBCKOro

K-kpae kobanbTa B LaCoO,

Normalized absorption coefficient

CNeKTpa nornouweHua Ha
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Introduction to X-ray Absorption Spectroscopy experiment

Scheme of XAS experiment by using the classical EXAFS spectrometer

monochromator
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EXAFS: y (K)

An existence of XAFS is a consequence of interference effect, and depends on the wave-nature
of the photoelectron.

It’'s convenient to analise XAFS in terms of photo-electron wavenumber, k, rather than x-ray
energy:
|dentify the threshold energy E, we convert from E to k space:

2 2me(E2- E,)
h

E, - threshold energy

EXAFS (k) is usually weighted by k2 or k3to amplify the oscillations at high k:
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EXAFS y(k) k

Absorption coefficient
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dypbe npeobpaszosaHue 3kcnepumeHTanbHou EXAFS y(k)k? Ha
K-kpae kobanbTa B UHTepeane Temneparyp ot 20 ao 290 K

36 -
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Fourier Transform y (k)k’

Distance, A

S.Tiutiunnikov, E. Efimova, V. Efimov, D.Karpinsky, D.l.Kochubey, A.Kuzmin, S.Molodtsov, V.Sikolenko, I.O. Troyanchuk,
A.N.Shmakov, D.Vyalikh, XAFS and neutron diffraction study of the La,_,Sr,CoO;: Physics Status Solidi C 4, N3 805-808 (2007)



http://www3.interscience.wiley.com/journal/114173409/abstract?CRETRY=1&SRETRY=0

COBMEeCTHBIN QHANU3 AUPPAKLMUOHHBIX U EXAFS AaHHbIX:
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FIG. 8. First shell of M atoms (M=Cu,Ag) in Cu,O (left) and
Ag,0 (right). Top panels: Thermal expansion measured by EXAFS
(dots) and diffraction (dashed lines); the continuous line for Cu,0 is
a linear best fit to EXAFS data. Bottom panels: parallel MSRD
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MSD & MSRD for Co-O and Ga-O bonds ( A%

COBMeCTHBIW QHANU3 AUMPPAKLUOHHBLIX U EXAFS AaHHBIX:
U30TpONHbIe Tennosblie napamerpsl cmeleHus (ADPunu MSD) ¢
EXAFS [e6avi-Bannep qpaktopom (MSRD) ana Co/Ga-0 ceasu

MSD - diffraction Debye-Waller factor(isotropic ADP); MSRD - EXAFS Debye-Waller
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noseneHnsa KOTOpOI7I NO3BOJIAET MNOHATb HACKOMNbKO BEJIMKO KOppenAaUuMOHHOE ABUWXEeHUne kobanbTa u

Gnkanwmx K Hemy aTOMOB KUCIOpoAda W, Kak CReacTBME, OLEHUTb KECTKOCTb XMMUYECKOM

KOBaneHTHOI CBS3W Mexay ko6anbTom 1 GrvxkanMMm atoMamu kucrnopoga.

IS -> HS

TTopowuHku ~0.5 mkm

BbiWwe Twue-insulator 550 K

M. Feygenson, S. Pascarelli, V. Sikolenko, et. al.,

R(Co3*),s=0.545 A
R(Co3*);s = 0.56 A

R(Co3)ys = 0.61 A

Phys. Rev. B 100, 054306 (2019)



Heynpyroe HeuTtpoHHoe paccesHue (INS)
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Intermediate vs high spin state

One striking difference between
these scenarios: this is the
predicted g-factor.

The HS state with a small
distortion is a triplet with a
g-factor of about 3.5, whereas
the IS with strong distortion has
g-factor of about 2.0.

A.Abragam and B.Bleaney, Electron
Paramagnetic Resonance of Transition
Tons, Clarendon press, Oxford, 1970

Thus we conclude that
the spin-state transition
in LaCoO; is that from
the low- to the high-
spin state.
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The magnetic inelastic scattering from
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Normalized XANES

SkcnepumeHTanbHeie cnekTpbl XMCD n XANES Ha K-kpae kobanbta
(rny6uHa npoHukHoseHua nyuka ~ 5 mkm) B none 17 Tecna no nonHomy
BbIXOAY prioopecLeHUmn Ha MoHokpuctanne LaCoO;

Ha K-kpae Co n3 npasun otbopa onpeaensieTcsi Tofibko opouTanbHbIA MarHUTHLIM MOMEHT
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TABLE I. Orbital M, and spin M, magnetic moment of the
0.0 : | | Co atom in La; ,Sr,CoOQ; (in units of wmz/Co) and the ratio
' ! ! ! -0.00 M o,/ M g according to the jonic model (Refs. 25 and 29).
7710 7720 7730 7740 _ .
Spin state X M o, M pin M o /M pig
Photon Energy (eV) LS 0 (Co*) 0 0
1 (Co*™) 0.859 0.384 2.236
IS 0(Co*™) =1 ~2 =05
1(Co*") =1 ~3 =0.33
HS 0(Co*™) 0.711 33 0.215

1 (Co*™) 0.01 4.96




OKononoporoeas CTPyKTypa peHTreHOBCKOro CrnekTpa nornoleHus
Ha K-kpae kobanbTta B La;_,Ba,CoO; npu 290 K
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TTpouecc nornouieHmus peHTreHOBCKOro POTOHA U BO3MOXHbIE
cnuHoBbIe cocToaHua B coctase LaCoO;
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Al beamline (HASYLAB, DESY)




XANES Analysis: Normalized and Curve fitting
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XANES Analysis: Normalized and Curve fitting

of the normalized absorption coefficient
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XANES Analysis: Normalized and Curve fitting

003 - pre-edge peak
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XANES Analysis: Normalized and Curve fitting
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XANES Analysis: Normalized and Curve fitting

of the normalized absorption coefficient
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Intensity (arb. units)
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nuccneposaHM metactabunbHoro Lag 5Sry5Co0, g7
O6paboTtka augppaktorpamm metoaom Putsenbaa
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CTPYKTYypHbIe pe3ynbTaTbl CUHXPOTPOH/HENTPOH-
ANMPPAKLIMOHHBIX UccneaosaHui Lag sSry5Co0, g7
B LUIMPOKOU 0611acTU TemnepaTyp U AaBNeHUU
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transition in La0.5Ba0.5Co02.8 cobaltite,
Eur. Phys. J. B (2013) 86: 435
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et. al., Pressure-induced structural and magnetic phase
transitions in La0.75Ba0.25C002.9 studied with scattering
methods and first-principle calculations

Phys. Rev. B 104, 144107 (2021).

0
00

co
N

T T T T T T T

w
@

20 (deq )

: (b) sp.rp. Pm-3m ; o
..\ T: 50 K % 30} . e
i oS g ’ ]
AFM e .. é 257"\ '
3 a3 ] oo
.. . ° 5 10 15 20 |
.- . . @ IPressure (GPa) 7]
.... I 1
- <. Oxygen I.I-
N .’."--“.‘ Sommgggann =t ]
.‘..' - 0 Te:lr.T?oerenure2 ?}?) el
FM 0.7
00..
- I 1L 1L 1L I 1L I I 1L 1L 1L 1L
0] 5 10 15 20
Pressure (GPa)
) AF_ 164, —®— 6.5GPa
St63 —o— 0 GPa
i%159
> FM 1.9pB
0
%155
=
151+
147 L L L
16 17 19 20
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Kpuctannuueckasa ctpyktypa BTCTT neHT
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MarHuTHbIe csomucTea 06ny4ueHHbIx BTCTT neHt
Ha LINAC 200
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M, emu

KpuBble HAMArHUYeHHOCTU OT NOosIa 06STyUYEHHBIX
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OCHOBHbIE BbIBOALI UCCIeA0BAHUA:

@ Bnepsble NpoBeAeHO KOMNNEKCHOE UCCAeA0BaHME BAVMKHErO U AafbHEro NopaAKa KPUCTaANMYECKOM U 3N1eKTPOHHOMN CTPYKTYpbI B

obnactm cnuHOBOro nepexoga M nepexoda MeTann-u3onATop Ha 6asosom KobanbTMTHOM coeamHeHun LaCoO;. Metogamum
nccneposanus boinm EXAFS-cnektpockonusa, XMCD Ha K- v L, 3-Kpasx kobanbTa, NOPOLIKOBAA PEHTTEHOBCKAA U MOHOKPUCTaNbHas

HEUTPOHHaA ANbPaKLMA BbICOKOrO paspeLleHns, a TaKKe B3auMoA0NONHAOWMNE UM U3MEPEHUS HAMArHUYEHHOCTU.

Ha ocHoBe EXAFS 1 peHTreH-gudpaKUMOHHbIX OAHHbIX YCTAaHOB/AEHbl 3aKOHOMEPHOCTM TemMnepaTypHOro noseseHuA Co-O

pacctoaHua n ¢pakTopos [ebaa-Bannepa ana kobanwta, Kucnopoga u Co-O cBasn. O6HapyKeHHbI 3pdpeKT ymeHblieHma EXAFS Co-
O paccTosHMA MO CpPaBHEHWUIO C AMOPAKUMOHHBIM M POCT KoppenauuoHHon ¢yHkumm (DCF) ¢ TemnepaTypoi yKasbiBaeT Ha
NnocTeneHHbIN Nepexos U3 BbICOKO-CMMHOBOTO B CU/IbHO-TMOPUAN30BAHHOE MPOMENKYTOUHO-CNNHOBOE cocTosHMe (A, = P). B XANES
CMEKTpe CMelleHne e, U t,, YpOBHEW B BbICOKOIHEPreTUYECKYHO 06nacTb TaKKe MOATBEPKAAET 3TOT BbiBOA. [JOMNONAHUTE/IbHbIM
NOATBEPKAEHMEM BbllEYNOMAHYTOrO BbIBOAA ABNAETCA Ha/MyMe nepernbos M30TPOMNHOro TENNOBOro NapameTpa KobanbTa HUKe
50 K n 550 K, a TaKk*Ke HanpaMeHHbIX COCTOAHMN, NOAYYEHHbIX M3 MOPOLUKOBOM PEHTFEHOBCKOM ANPAKLMN BbICOKOTrO pa3peLleHms.
MogobHoe pasynopagoyYeHne MO0 BO3HWKHYTb TONbKO M3-3a MPUCYTCTBMA CMECU HU3KO- UAM MPOMEXKYTOYHO- U BbICOKO-
CMMHOBBIX BK/IQZ0B, XapPaKTEPU3YHOLWMXCA CYLLECTBEHHO-PA3HbIMM, MOHHBbIMW paguycamu KobanbTa MO CPaAaBHEHWUID C HU3KO- W.
NPOMEXKYTOUHbIM HennHeNHbIM XxapaKkTep nonesbix 3aBucumocter oT 5 K go 25 K TakKe yKasblBaeT Ha NPUCYTCTBUE BbICOKO-

CMUHOBbIX COCTOAHUMN B AVIaN\aFHVITHOﬁ HMU3KO-CMMHOBOM maTpuue.

HeHynesoit opbutanbHbIil MarHUTHbIN MOMeHT Co3* npu 3-25 K 1 He3HaunTenbHbI ero pocT Ha K-kpae kobansta u L, 5-

Kpasix kobanbTa B paloHe CNUHOBOrO Mepexoda B pamMkax WMOHHOW MOAENM COOTBETCTBYET CMECU BbICOKO- U
NMPOMEXYTOYHO-CMMHOBbLIX COCTOSIHWI koGarnkTa.

® CpaBHVIBaFI Halln n paHee OI'Iy6J'II/IKOBaHHbIe nmTepatypHble JaHHble C NCMOJ1Ib30BaHMEM Pa3JIMYHbIX 3KCNepuMeHTarlbHbIX

METOAOB MOXHO NPEANONOoXUTb, YTO NMOBEPXHOCTHbIA BbICOKO-CMUMHOBLIN Crioit MoHoB Co3%* siBNsieTcs NepBbiM 3TaromM
CMYHOBOIO nepexoa, N paBHOBECHAsA KOHLEHTPaUNA BbICOKO-CMUHOBLIX COCTOAHUA HAMHOIO HUXE, YeM NPOMEXYTOYHO-
cnvHoBbIX. [MpeanonaraeTcs, YTO CNUHOBBLIN Mepexod Ha NepBon CTagun BedeT K CMeCU BbICOKO- Y HU3KO-CMUHOBbIX
COCTOSIHUI, KOTOpasi 3aTeM TpaHCHOPMUPYETCA B CUITbHO-TMOPMAN30BAHHOE MPOMEXYTOYHO-CNMHOBOE COCTOSHME, a
BblLLe TeMnepartypbl nepexoga metans-usonarop ~550 K B cMecb NPOMEXYTOYHO- 1 BbICOKO-CMNWHOBbIE COCTOAHUSA.
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EXAFS equation and Fourier Transform of y (k)

To model and interpret the spectrum in EXAFS region, we use the EXAFS Equation:
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FIG. 4. Temperature evolution of resonant PEEM images (2 x
2 pm? fragments) at the O K edge, ~529 eV (top row) and Co L;
edge, ~779 eV (bottom row) from the second series of measurements.
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Co-0O paccTosHue (A) u He6as-Bannep ¢paktop (A2)
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DeppomazHemuKamu Ha3vl8arOMcs meepovle seulecmad,
obnaoarouue npu He CAUUKOM BbICOKUX MeMNepamypax
CamMonpou38obHOU (CHOHMAHHOU) HAMACHUYEHHOCMbIO, KOMOPAsL
CUTILHO UBMEHAEMC S NOO GIUAHUEM BHEUIHUX B030ellCMBUL —
MAZHUMHO20 NOJIsA, depopmayuul, UsMEeHEeHUs. meMnepanypol.
deppOMarHeTUKH B OTIIMUHE OT CIIA0OMArHUTHBIX JUa- U
IapaMarHeTHKOB SBIISIOTCS CHJIbHOMAarHUTHBIME CPEJIaMM:
BHYTPEHHEE MAarHUTHOE I0JIE B HUX MOYKET B COTHU U THICAYHU Pa3
MIPEBOCXOUTH BHEIIHEE MOJIE.

®deppomMarHeTMKuM — BellecTsa (Kak Npasumo, B TBEPAOM KpUCTanIM4yeCckom
N aMopHOM COCTOSIHMM), B KOTOPLIX HUXE ONpeaenEHHON KpUTUYECKON
Temnepartypsbl (Toukn Kiopun) ycTaHaBnuBaeTcs ganbHUM dheppoMarHMTHLIN
NOpsiAOK MarHUTHbIX MOMEHTOB aTOMOB WS MOHOB (B HEMeTanIM4yeckmx
KpucTannax) uriv MOMEHTOB KOSNEKTUBM3NPOBAHHbIX 3NIEKTPOHOB (B
MeTannuyecknx kpuctannax). PeppomarHMTHbIE BELLECTBA - 3TO OCOObIN
Knacc BeLecTB, A48 KOTOPbIX 3aBUCUMOCTb HaMarHM4eHHOCTU OT
HaMNPs>KeHHOCTN MarHUTHOIO MOMS CYLWEeCTBEHHO HEeNMMHEeNHas, u
9KBUBANEHTHOE 3Ha4YeHne MarHMTHOW BOCNPUNMYMBOCTM BELLECTBA MOXET
COCTaBIATb OECATKN U COTHU ThICHM.

napamazHumHsle seujecmaea, — euecmaa,
HaMAa2HU4YUBAOWUecs 80 GHeUHeM MACHUMHOM
noie no HanpaeieHuro nos. Y rnapaMarHuTHBIX
BEILIECTB MIPU OTCYTCTBUU BHEIIHETO MAarHUTHOTO
MIOJISI MATHUTHBIE MOMEHTHI 3JIEKTPOHOB HE
KOMIIEHCUPYIOT APYT APYyTa, U aTOMbI (MOJIEKYJIbI)
nmapamMarHeTHKOB BCeria 00J1aal0T MarHUTHBIM
MOMEHTOM. OTHAKO BCJIEICTBUE TEILIOBOTO
JIBIKEHUS MOJICKYJI UX MAarHUTHBIE MOMEHTHI
OPUEHTHUPOBAHBI OECIIOPSIAOYHO, TTOITOMY
napamMarHUTHBIC BEIIECTBA MArHUTHBIMU
CBOMCTBaMH HE 00J1a1aI0T.
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Okononoporoeas CTpyKTypa peHTreHOBCKOro CneKTpa norfoLeHus
(XANES) Ha K-kpae kobanbta B LaCoO,

% 1.5 ' | . | | | | I I
= .

m —

@)

&)

-

O 1.0

e

o

| -

O —

7p]

D -

@©

oS 0.54

()]

N

E —

&

L -

@) (i
< OO — ‘I

—_ T L



POTO3IMUCCUOHHAA INEKTPOHHAS MUKPOCKONUS
PHYSICAL REVIEW B 93, 155137 (2016)

u-u

[M

u)fwl

':cf
> ’;C'Yts'.z

\ﬂ

FIG. 4. Temperature evolution of resonant PEEM images (2 x
2 um? fragments) at the O K edge, ~529 eV (top row) and Co L3
edge, ~779 eV (bottom row) from the second series of measurements.
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