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¢ AHTU(epPPOMATHUTHBIM 00MEHHBIM B3aUMOAEHCTBHEM.
MarauTHble HOHBI

Cu?* (S=1/2), Ni** (S=1), Fe** (S=5/2), Gd** (S=7/2) ...
1. CiyHOBasi TMHAMHMKA MPOCTbIX AHTH(EPPOMATHUTHBIX CTPYKTYP.
2. CiuHOBasi AMHAMUKA TPEYroOJIbHOT0 AaHTU(epPOMATrHeTHKA

3. becnopsiIok B MArHUTHBIX KpucTajiax npu T=0:
KBAHTOBbIE€ CIIMHOBbBIE JKMIKOCTH -

3a). CBsI3aHHbIE CIINHOBBIE LIENOYKH

30). CeTH CBSI3aHHBIX AMMEPOB

3¢). CuiabHO GpyCTPUPOBAHHbIE MATHETUKH
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CrnuHoBasi TMHAMUKA

IIpeueccus CBOOOJHOIO MAarHUTHOIO MOMEHTA B MarHUTHOM MOJIE

dM

EBrennii KoHCTaHTUHOBUY
3aBOMCKUU

Otkpoitue JIIP B 1944 ¢
B Ka3zaHCKOM roc. YHUBEPCUTETE

S =-1/2
A = hwy = gupH |

S =1/2
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HUTtoro 2 ypaBHeHUs:



YpaBHEHHS JBUKEHHUS JJIS IOJIPEUIETOK aHTU(PEPPOMArHETUKA
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1. I¢pexkmuenoe monekynaprnoe oomennoe noe u nojie AHU3OMPOnUU, UCHOJIb3YA
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MakpockonuyecKud (ruApoUHAMMUYECCKHH MOAX0X) JAJIs
HU3KO0YACTOTHBIX KOJIC0AHUM MapaMeTpa nmopsjaxka |l B MajbIx moJsx.

L= [ll] —

1 ol
U= ai 5z, arh -|- 5 AL (Hl)z—l— = Qiplily + %, 1 [dH]
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Ilpeumywecmea: bezamooenvnwtii nooxoo. Oxeamuleaem ciox3cHble U

CRUpanbHvle CMPYKHLYPbl, CHEK1a
Heoocmamku: monvKo HU3KOUACMOMHbLE KOJIeOAHUA, MAIble MAZHUMHbLE NONA,

ycioesue O0OMEHHOIL JIcecmKocmu
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IlpeacraBiieHue MUKPOCKONMUYECKOI0 raMUJIbTOHHAHA
B Buae Xoamrenna-Ilpumaxkosa uiaun dancona-MaseeBa
AaeT CHEeKTP CIIUHOBBIX BOJIH



CnuHoBBIE BOJIHBI — JJICMCHTAPHbIC BO36y)K[leHI/IH MArda€rukKa

[RARRARARRRAE

CLLOLBECTODOOTC

N
»

k

AHTU(eppOMArHUTHBIA pe3oHaHC (ADPMP)
— BO30Yy:K/IeHHue CIUHOBBIX BOJIH ¢ k=0



AHTU(QEeppOMarHUTHEIA PE30HAHC. AHM30TPONHUS TUIIA “JIErKasl OCh’

9

M, emu
700 — T ™)
600 F— @ H// c-axis MnF, P
3.0 - [ _  m H L c-axis e
4 —_— ~ P
l\/a", N i -
o T 500 : )
5 CR
7 > 400}
20— ,’S” - 8 -
®© 300¢
Pt S B G I~ (U
e o [
0 g == O 200¢
oy e 2 LL i
1.0 2 = = :
A a— 3 100
4 : —
" o ) 0 N 1 N N N N 1 . N N
» °o— O 0 5 10 15 20
z 7 | | i i
0 5000 10000 15000 200 “Magnetlc Field (T)
fu
Punc. 8. 3aBucumocTh HaMaram-
yegHoctu M or mona H miaa T
CuCls - 2H20 [20]. "\/
1 —T=410K, Hl|a;
2—T=410K, H||b;
3 — T =3.02K, H||a; M
4 — T =3.02K, H|b;
f— 1T = 157K He;
6 —T'= 1.5TK; H||b.

Hfl — Qilﬂ’f@ ~ D<L

g

[

*y Hy

BMy ~ J{(S?)



AHTH(DEPPOMArHUTHBIN PE30HAHC. AHU3OTPOIHS “‘JIerKas INIOCKOCTD
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napamMeTpy nopsijaiKa

A
TR e T

LR

A

hwo = 4V JD(S?) = gup/2HAHg

JI.A.IIpo3opoBa
MnCO,, nuccepranus

1975



Buvieoowt 1
AnmugheppomazHumnbslit pe3onanc — npeyeccus napamempa nopaoKa
Cnekmp — eu3umnas Kapmouxka CmpyKmypbol

Onpeoenenue napamempa nopaoka (memnepamypHasn 3a6UCUMOCHb,
PeoyKuusa cnuna)



boJiee c10KHbIe MATHUTHBIE CTPYKTYPHI :

2D anTudeppoMardHeTuk Ha TpeyroJbHoi pemerke (2D TL AFM)



dpycTpanust 00MEHHOI0 B3aMMOAeHCTBUS






B oOMeHHOM HpI/I6J'II/I)K€HI/II/I BCC COCTOSAHUA C OAMHAKOBBIM I10JIHBIM
MOMCHTOM BbIPOZKACHBI



Bnuanue ¢puykryanuit (Kopmrynos, HyOykoB u [ 0110coB 1 11p.)

VY Y]

C



H/J
9
70 A V Chubukov and D I Golosov awamura &Miyashita JPSJ 54 1985
H
|
HeHyot /3 H=Hag /3 Hoy/AsteHy,
Hsaf """"""""""""" )
£ :
sy i
E : 5. Temperature-magnetic field phase diagram of the AFT Heisenberg model. The effective symmetry and
E' : the stable spin configurations are a'~~ ~h~w= fax apal mhacs Nntn that tha lnontinn af nhaca hanndariae mgy
t not be very precise.
Mogl3p--- -+ 1 | :
i 1 ]
T ! |
1 I b
L | 1
M ]
Fy H,y Heay

Magnekic field

Figure 3. The anticipated behaviour of longi-
tudinal magnetization in 20 Heisenberg AFMOn a
triangular lattice. The plateau on the magnet-
ization curve results from the stabilization of the
collinear phase tn the finite region of magnetic
fields due 10 2ero-point motion,

Heisenberg model
including fluctuations




KupaJjbHblil 1aJ0bHUN
nopsaaok 0es AFM LRO

J. Phys. C: Solid State Phys. 19 (1986) 59275935
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I/IBMepeHI/IH MAaromuTHOIro MOMCHTA
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Yupyroe paccessnue HeTpoHoB Kenzelmann et al PRL 98 267205 2007
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2D magnetic planes i 3D crystal: weak AFM interaction
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FIG. 1. Schematic representation of the proposed spin structures
of a Heisenberg antiferromagnet on a triangular lattice. Structures a,
b, b', ¢, d, and f are related to the 2D system (J'=0). Structures
B0, B1, B2, B3, C, D1, D2 represent the triangular antiferromag-
net with a weak antiferromagnetic interlayer exchange in the six-
sublattice model (Ref. 8): solid and dashed arrows with the same
numbers correspond to magnetic moments of neighboring spins
from neighboring layers.
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Moapl crinHOBBIX Kojie0anuii 2D TLAFM (nerkast miocKocCTh )
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[Touemy XY - MOJI€)Ib TaK XOPOIIIO COOTBETCTBYET?
[Toromy, uto mens AOMP 90 [T ~=4.5 K> T,

DTa SHEPTHUS ONPEICIIACT BbIXO CIIMHOB W3 IIIOCKOCTH.
Koebanus crimHoOB B INTIOCKOCTH — O€3MIEJIEBLIE.

XY-model: D/J>>1
D/J=0.5,H,/ H=13 H =6JS/gl,, H=DS/ g\,

Spin-wave gap (out of plane mode) 1s 90 GHz =4.5 K.
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Kenzelmann et al: multuferroic

PRL 98, 267205 (2007) FoioiuAL n
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BriBoasl 1o TpeyrosibHoMy ADM:

1. Xopomee cooTrBeTcTBUE (hazoBo auarpammel 2D XY —Moxaenu
u 3D-mozaenu co cinadbIM MEXCIIOEBBIM B3aUMOJACHCTBUEM.

2. Ilmato HaMarHU4YEHHOCTH, CTAOMIM3UPOBAHHOE (DIIYKTyalUsIMU

3. Chexrtp aHTU(PEpPOMArHUTHOTO pE30HAHCA

4. Her noaroHOYHBIX MapaMETPOB

IHEPEPLIB



HACTD 2

KBaHTOBBIC CIMHOBBIC AKNIKOCTHU



IHenmouxka cnuHoB S=1/2 (an3an bere)
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HET nopsiaka B oqHoMepHbIX ADM CHHMHOBBIX MENOYKaX Jaxe npu 1 =0

TTpoussonbHbIU CNUH

W' Brnax crmuoseix BonH B MOJIHYIO SHEPTHUIO U
yTOJI OTKJIOHCHUA TTapaMeTpa MopsJIKa :

B E ~ (grad ©)?2UK Oz Lign,

02~ en /i ~n/k ~1/k

OM ~ S eozdeS Ak =P OO

k k



LLleneBble n beclyeneBble COCTOAHUS CMMHOBLIX Lienodvek S=1/2

CIIMHOBBIC 1IEMOYKHU B KpUCTAJLIAX I[I/IMepH3OBaHBIe CITMHOBLIC IICIIOYKH B

KPpUCTaJJIC
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XaJAAeHHOBCKYE CIIMHOBLIE HIEMOYKH
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FIG. 1. Field dependence of the magnetization of the
PbNi,V,0g powder samples.

Uchiyama et al PRL 1999 Tsujui et al PRB 2005



TICuCl, — TpexMepHas ceTb cBA3aHHBIX JuMepoB S=1/2 (Cu?*)

PHYSICAL REVIEW B, VOLUME 65, 094426
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OO0bIYHbIC MATHUTHBIC JUIJICKTPUKH YIIOPAA0YHUBAKOTCH
upu 7 ~J/k,

KBaHTOBBIC CIMHOBBIC KUIKOCTH

OCTAKTCA HEYIOPSIIOUYECHHBIMHU MTPU
T<<J/k,
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B030y:X/IeHNS B COMH-KUAKOCTHBIX MAarHETUKAX

OxcnepuMeHnT Y2BaNiO5 Xu et al

Teopus 114 XanIeHHOBCKUX LIETIOYEK: Science 2000
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ngekmp 8030VHCOCHUU OUMEPHOU CUCTEMDI

— 2nd order
- ==== 4th order
- = 6th order

TK = —

Spin-gap N | R - — I
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h(r.Lu.)

Oo<awa et al PRRB 2002




Kak nepeeecmu K6adHmoe6yrn CnuHoeyr IHCUOKOCHIb
6 yHOPHOOIleHHOQ cocmosnue?

Cnoco0 2: 3dKPbITh CIIMHOBYIO IICJIb CUJIbHBIM MAI'HUTHBIM I10JICM

Sl =1

v



JumepHas cerka cnmHoB S=1/2 B kpucraie TICuCl,: temneparypHas

3ABUCHUMOCTDb CITMHOBOI'0 PE€30OHAHCHOI'0O MOIVIOIIICHUA

Tepmuyeckr akTUBUPOBAHHBIN
CUTHAJI MArHUTHOTO PE30HAHCA,
COOTBETCTBYIOIIUAI

M30JIMPOBAHHBIM CIMHAM S=1 B
KPUCTAJLUIMYECKOM I10JIE:
PA3PEKEHHBIN a3 TPUILIETHBIX
BO30YKJICHUN B CUHIJIECTHOM MaTpUIIE
13 CIIMHOB S=1/2.

H||[10-2], £=30.05T T

V.Glazkov et al PRB 2004
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TICuCl,

V.Glazkov et al PRB 2004
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VoLUME 84, NUMBER 25 PHYSICAL REVIEW LETTERS 19 JunE 2000

Bose-Einstein Condensation of Dilute Magnons in TICuCl;

T. Nikuni.* M. Oshikawa. A. Oosawa. and H. Tanaka
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FIG. 1. The phase diagram in TICuCls. The solid line denotes
the fitting with the formula (g/2)[H(T) — H.(0)] = T? with
(¢/2)H.(0) = 5.61 T and ¢ = 2.2.



Spin sublevelsand transition frequencies for spin 5=1
inanaxial crystal field
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TICuCl,

Energy

A+D0+E(,\\
A+D, - B~

Magnetic field

A=156 GHz=7.5 K

D,=8.0 GHz

E,=5.8 GHz

V.Glazkov et al PRB 2004
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[Tapamerp niopsiaka
MHOYILIUPOBAH I10JIEM U HE
HaChILIEH. | €0pUU TAKOro
AZMP He 6b1nO.
(Bo3amoxHbr npoponbHuIe
MOAbI)

ADOMP-nipenieccus nmapamerpa
nopsaaka. [Ipu H>H . cniextp AOMP

2-nnogpemetouHoro ADOM:

£ =[(yH)? + const,]">

f,=const,

— 1/2
cons t1,2 (HA1,2HE) const IPONOPIIUOHAIIBE

IapameTpy IMOopsJIKa,
KOTOPBIN 3aBUCUT OT
TIOJIS.




PHYSICAL REVIEW B 70, 020403(R) (2004)

A. K. Kolezhuk et al
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%: II1. THE EFFECTIVE MODEL
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_ effective field theory which may be viewed as a continuum
W . (S version of the bond boson approach.[9,13] It is based on
0O 10 20 30 40 50 60 70 80 90 . . .
Magnetic field [kOe] introducing dimer coherent states[11]
W———— T 1 TR TR
Y ®)
I H | [201]
zeo- 1/ ¥
lo.; I'.‘I ;, :J,! H
540_ .’2”’! ':’: 5t
-3
2 20 L
;_,’! 2
% 16 20 30 40 30 60 70 80 90 q
Magnetic field [kOe] | ﬁh
w01
.“‘“‘h_
ZoNN
5 0.5
2
=4
@ 0.2 L L L .
50 60 70 80 90 100

Magnetic field [kOe]




/IMHAMHKA MapaMarHeTUKOB NPHU HYJIeBOH TeMIeparype,

®apyrun, Mapuyenxko KITD 2006

S = 1. BosOyvakaenns ¢HeTenMpl ONICLIBAKTCA BEKTOPOM B CIIITHO-
BOM HpocTpanctse 7). Peus upi a1oMm ymoxeT nati b0 o MarninTHodl
BEJIMTHHE, MEHAIOMET SHAK HPI H3MCHOHI S3HaKa BPEMEHHI, TOT/1a
7] CBH3aH CO CHHHOBOM 1ITOTHOCTLIO

My < Sl r)i>, (9)

.'I][r}{'} O CIIITHOBOM BCKTODC TVAJILHOM AH'l I[{_'IIf‘a[1“"1']}[1‘][1{'_11;1 I CITIHCO-
BERIM HHITCRKCAM "Tec ] CHUH-CITITHOBOL [{{'r[}[H‘-,'[H[HI{"}I[]IHH '[.11'}']1]{]],][11

}‘;('1 :x\-\. E-.f].'_ll'-:. 'i: Jt-.i;l-;l'l: lf . I‘] ::I I-L;-":I- |I|F = 1"_>:| }' . |: I-[}II
HHBAPHAHTHON OTHOCHTEILHO H3MEHeHNs 3HAKA BPEMEeHIL.
[Ltoraocts pvaxmnm Jlarpamka BeKTOPHOro nosm ecTh

1z A5 Gy .
51}2 - ?-’rr - T‘Irﬁ;’i’}d‘;’i}. (11)
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CoOTBeTCIBVIONTHE VPABHCHIA CIIHHOBOM JTIHAMITKII
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ro pesonanca B TICuCls B OKPECTHOCTN KPNTUYECKOTO

ro pesoxanca B TICuClz B OKpeCTHOCTY KPNTWYECKOTO
marxuTHoro nona H || [201]

Puc.5. [NosegeHne HI3KOHACTOTHOR BETBM MAarHUTHO- marHutHoro nona npu H1(102). Tonkas nunua no-

ro pezoHasca B TICuClz B okpecTHOCTY KPUTUHECKOTO CTpoeHa C y4eToMm nuwe napametpos Fur, Fyy, F::,
1 nony4eHHb!x N3 NOAroHKI ONA OBYX rmx Hanpaene-
marHutHoro nona H || (s iy oA 4ns AByx ApY! p
OKazeBaETCA, YTO NOBEISHHE YACTOTH IDH HADAB- HWTi MarHTHOrO Nons

®apytun u Mapuenko, KOTO® 2006
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PbN1,V,0O,: Haldane-like magnet with interchain coupling

5 - . : , :
PbNi V. O aligned samples © Hllc
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Field dependence of the magnetization of the



[lepexoipl MeX Ay paCHICIIICHHBIMU KPUCTAIUTUYECKUM
U MarHUTHBIM IOJIEM MOAYPOBHAMU TPHUILJIETOB MOXKHO
MCCIIEN0BATh METOJAMHA MArHUTHOTO PE30HAHCA, TAK KaK
U3MEHEHUE BOJIHOBOI'O BEKTOPA PaBHO HYIIO.

proposed energy levels for PbNiVO

1000

600

D ~250 GHz

E, GHz

200 1

H, T

We studied the proposed energyy spectrum by ESR, searching for
The transitions marked by arrows



YHacTOTHO-IT0JIEBBIE 3aBUCUMOCTH TEPMOAKTUBUPOBAHHBIX PE30HAHCOB
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DHEPreTUYECKHUE YPOBHU 0€3 IMTOJATOHOYHBIX TapaMETPOB
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CHMH-KUIKOCTHBbIEC COCTOSTHUS BO PPYCTPUPOBAHHBIX MATHETHKAX

CuiibHO ()pyCTpHUpPOBAHHAS PEIIETKA MUPOXIOPOB

Heisenberg systems:
Gd,Ti,0,, Gd,Sn,0,

Gd 3+
s S:7/2 L:O




n3-3a PIYKTyalui MeXy BBIPOKIESHHBIMU COCTOSHUSIMHU.
Minimum energy at S=0

MaKpOCKOHI/I‘ICCKI/I CHUJIBHOC BBIPOKIACHHUC OCHOBHOI'O COCTOSHMA

DTCYTCTBUE YIIOPAAOYEHUS 10 OYEHb HU3KUX Temueparyp T<< T,



OpyCTpUPOBAHHBIN MATHETHK:

CrmmHOBAas XUIKoCcTh ipu 720

R PP [
g toy | -
5 N
e
81007 . 433 |
= o 1333 HZ

ool ¢+ 2666Hz

TCW
80 R -
0 ’ 8

Raju et al PRB 1999

12 16 T, K

Ecmu ynopsigouenre nporucxXoauT IMPU HU3KOU
TeMIIepaType, TO TOJIbKO OJ1aroaaps ciadbiM
B3aMMO/JICVCTBUSIM THUIIA TUNOIb-TUIIOIBHOIO,
KPUCTAJUTMYECKOW aHU30TPONUU Wi rpekTam
HaBeleHUs nopsiika QuykTyanusiMu (IOpsIo0K uyepes
OecropsI0K)



Hexagon clusters observed in
neutron scattering for
spinel compound ZnCr,O,

S.H.Lee et. al Nature 2002

Intensity (Q, iw) {counts min-1)
0 20 40 60 80

{0,k,0) (0.k.K)

Figure 3 Wavevector dependence of the inelastic neutron scattering cross-section for
ZnCr,04. a,b, Colour images of inelastic neutron scattering intensities from single crystal
of ZnCr»04 in the (hk0) and (hkK) symmetry planes obtained at T = 15 K for fiw = 1 me\
The data are a measure of the dynamic form factor for self-organized nanometre-scals
spin clusters in the material. e,d, Colour images of the form factor squared calculated fc
antiferromagnetic hexagon spin loops averaged over the four hexagon orientations in th
spinel lattice. The excellent agreement between mode! and data identifies the spin
clusters as hexagonal spin loops.



Tem1oeMKOCTh U OHTPOIINA B MAIrHUTHOM 110JIC — YKA3dHHUC Ha
CyICCTBOBAHUC MATKUX MO/, CBA3dHHbLIX C CUJIbHBIM BbBIPOKACHHUCM

20

HIK 2 mol)

— 11

H=0

O,=10K;
T, =10K; Ty, =0.7K;
H,=70T

Ordering is supposedly driven

/ ) by dipole-dipole interactions

A.P. Ramirez, ef al., Phys. Rev. Lett. 89, 067202 (2002).



I/I3yquHe BBIPOKICHHBIX MO/ B OKCIICPUMCHTC I10 aI[I/Ia6aTI/I‘IeCKOMy pasMaroHn4nBaHNK




M3ydeHne BBIPOKICHHBIX MO/ B SKCIIEPUMEHTE MO0 aAuadaTUIEeCKOMY

pasMaroHn4mMBaHNIO
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MuKpOBOJIHOBAs CIEKTPOCKOMHS MTPOo10abHON BoctpuuMinBOCTH Gd2Ti207 npu HU3KUX TeMIlepaTypax:
Iornomenue Ha HU3KKUX YacTorax B moisax O<H<H_,

F=27 GHz

¥ (arb. units)

-dy"/dH (arb. units)

60 20 20 0
H (kOe) .
The “softness” of the systems with respect to

S Sosin et al PRB 77 104424 (2008) longitudinal perturbations at T<<Q =10 K

points to the absence of the exchange rigidity



Ynopsanouenune npoucxoaur npu T=1 K <<T,,

Gd2T1207 Petrenko et al PRB 2004
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Theoretical consideration of low-temperature

ordering:

1. dipole-dipole interaction

2. anisotropy /

N. P. Raju et al., Phys. Rev. B 59, 14489 (1999).

J. D. M. Champion and P. C. W. Holdsworth, J. Phys.:Condens. Matter 16, S665 (2004
).

Further selection of states should be due to :

3. strong fluctuations (choosing the states with £=0)

O. C'epas, A. P. Young and B. S. Shastry, Phys. Rev. B 72, 184408 (2005).
4. next-nearest-neighbor exchange (favors ordering at k=1/2,1/2,1/2)

Wills et al JPCM 2006

Exchange mteraction : 7., ~ 10 K, J§’=3.7K Raju et al., PRB 1999.

Weak interactions :
easy-plane single-ion anysotropy DS’ =2.73 K ( Glazkov et al PRB 2005)
dipole-dipole energy £, =0.84 K




CTaOuIpHOE OJIOKEHUE



J.R. Stewart et al JPCM 2004

Spin structures suggested for the ordered phase of Gd2Ti207

P

Figure 2. Comparison of (left) the 1-k structure and (right) its 4-k variant. In each structure the
four Gd** ions coloured orange are shown as carrying no thermally averaged moment. The phase
transition at 7' = 0.7 K involves weak ordering of these four spins and a small canting of the
remaining spins away from the positions shown. At 7" < 0.7 K, only these ions carry a disordered
spin component.



Haonwoenue mazkux moo

6 CHEKmMPOCKonuu MacHummno20 pe3oHanca
Jlmamazon gactot 1-250 I'T'1x

Temmneparypa 0.4 —300 K
Marautaoe mojie 10 14 T




Hab6arwoaenue “AOMP” u MITKHX MOJI B CHEKTPOCKOITMH

MAIrdMTHOI'O PC30HAaHCA

PHYSICAL REVIEW B 73, 212402 (2006)
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FIG. 2. The absorption spectra recorded at 7=0.42 K at differ-
ent frequencies (increasing bottom up) for HII[111] (left panel) and
H L[111] (right panel). Dashed lines are guides to the eye to trace

T=0.4 K

S S Sosin et al



Haomrogenue “AOMP” u MITKuUX MOJI B CIEKTPOCKOIUU

MarHuTHOTI'O pE30HAaHCa .
80 Sosin et al PRB 2006

60

Soft modes acquire
a gap in the
saturation field

20

40 60 80 100
H (kOe)

Macroscopic theory of AFMR of 112 =FH —8JS, v34 =FH —=2JS2F+/1+ 3nx) (4)
A noncomplanar AFM,
Consistent with 4-k structure

where 71, is a certain combination of lattice harmonics

M.Zhitomirsky PRB 2003



Buvieoowi

KBaHTOBaHHBIE BO30YXKJICHUS CO CIIMHOM S=1, paclIenicHHbIC
KPUCTALTMYECCKUM MOJIEM B CIIMH-)KUJIKOCTHBIX (pazax.

OOpalieHue B HOJIb SHEPTETUUECKON IIEIU U CTUMYJIUPOBAHHOE
MAarHUTHBIM TOJIEM AHTU()EPPOMATHUTHOE YIIOPSIOYEHHUE.

HuszkoTemmepaTypHblii aHTU(QEPPOMArHuTHBIN PE30OHAHC BOJIU3H
TOYKH KBAaHTOBOT'O (pa30BOro nepexoja npu S=<<I|

AnnabaTudyeckoe pa3MarHnunuBaHue GpyCcTpUPOBAHHOIO MarHETHKa
npu T<T_,, 00Hapy>KUBAET BBIPOKAECHHBIE MITKAE MOJIBI U

MAKPOCKOITMYECKYIO0 OCTATOYHYIO SHTPOIIHIO,
BO3MOKHOCTh MAarHUTHOTO OXJIAXKJICHUS TP HU3KUX TEMIIEpaTypax.

Habaroaenue npeBpalieHys MATKUX MOJI B II€JIEBbIC BOJIM3H IMOJIS

HACKIIIICHUS
Crnacu6o 32 BHUMAaHHeE
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HccnenoBaHre KpUTUYECKOTO MO M CIEKTPA BO30YKICHUM
B XaJAeHOBCKOM MarHeTuke PbN1,V,O,

TSUII er al.
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U MarHUTHBIM IOJIEM MOAYPOBHAMU TPHUILJIETOB MOXKHO
MCCIIEN0BATh METOJAMHA MArHUTHOTO PE30HAHCA, TAK KaK
U3MEHEHUE BOJIHOBOI'O BEKTOPA PaBHO HYIIO.
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We studied the proposed energyy spectrum by ESR, searching for
The transitions marked by arrows
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Resonance at temperatures above 1K
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Bose-Einstein Condensation of Dilute Magnons in TICuCl;

T. Nikuni.* M. Oshikawa. A. Oosawa. and H. Tanaka

‘[0 I P —— 1. ..........................
IlepeHecTH moBiKe ricucy, |
o] L 6=2.2(1)
H/b HL(102) /

8 S A Tc...w,.. ‘ ';l‘

°% ¢ % AFM

E
o -
N
.
N SL |
-_.-‘__,_-" TrhTTe
5
4
0 1 2 3 4 5

T (K)

FIG. 1. The phase diagram in TICuCls. The solid line denotes
the fitting with the formula (g/2)[H(T) — H.(0)] = T? with
(¢/2)H.(0) = 5.61 T and ¢ = 2.2.
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We studied the proposed energy spectrum by ESR, searching for
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