Mucema B ARIT®, Tom 96, BIN. 8, c. 568 —571

© 2012r. 25 okTAGPA

AMP B HekoaauHeapHoM aHTHdeppoMarHeTruke MngAl,GezOq2

A. M. TuxonosY, H.T. HaBnos™, O.T. Ygaros') *

HuctutyT pusnyeckux npobiaem um. Kanuner PAP, 119334 MockBa, Poccusa

+ MockoBckHiT (pH3HKO-TeXHHYeCKHiI HHCTHTYT, 141700 Jonronpyausrii, Poccua

*HUHCTUTYT U3HKH MHUKPOCTPYKTYp PAP, 603950 P.PoBropoa, Poccua

Iloctynuna B penakuuto 23 asrycra 2012r.

[Tocne nepepaborku 10 centabpa 2012r.

HccnepoBan cmexktp AMII 55Mn

HEKOJJINHeapHOoro

12-nogpemeTroyHoro aHTUdeppoMarHeTuka

Mn3Al;Ge3O12 B uacrorHoMm puamasoHe 200-640 MI'y Bo BHemnem warHuTHom noie H || [001] npwm
T =1.2K. B monax, MeHbIIUX MOJA HNepeopUeHTalMoOHHOro mnepexoga H., mpu MOJApPHU3aNUU PaguodacToT-

Horo mouasa h || H o6Hapy<eHO TpWM IMHUU MHOLJOIIEHUA.

IIOTJIOLIeHUA.

IIpu H> H. u h | H nHa6Gniogaerca gBe ITUHUUA

[Tapamerps! cnekTpa yKasplBalOT Ha TO, YTO MarHUTHaA CTPYKTypa MapraHiieBOro rpaHara

crabo oTauyaeTcA OT OOMeHHOH TpeyroabHoH 120-rpagycHoil CTPYKTYpPbl. AHH30TPONUA PeAYKLIHUM CIIMHA U
(nam) cnabeiii aHTH(eppOMarHeTU3M, paspelleHHble CHMMeTpHUell Kpucrania, B mone H < H, npuBogaAT K
pasIuuMio B HAMarHNYeHHOCTHU MofpemeTok Ha ~ 3%. [Ipu moBopoTe CIMHOBOM MIOCKOCTH OT OPHUEHTAINH,
nepneHAuKyaApHoil ocu C3, K OpUeHTalNH, NepHeHANKYIApHON ocu Cy, MPOUCXOAUT yMeHbIIeHNe BelUYNHbI
BCeX MarHMTHBIX MOMEHTOB 3I€KTPOHHOM MoAcUCcTeMBbl Ha ~ 2% OT cpefHel BeIMYUHLI B HYJI€BOM IIONE.

B wmapranneBom rpanate MngAl,GezO1, mpu
temnepatype 1 < 6.8K peanusyerca TpeyroanHoe
12-mogpemeroynoe aHTU(peppoMarHUTHOE YHOPALOYe-
Hue. B »Tom nucbme MBI coofiiaeM O pe3yinbTaTax
UCCIeIOBAaHUA MAarHUTHONH CTPYKTYphI T[paHara o
cnextpam AAMP 3°Mn. W3 Hux momydena uH(OpManus
O PENATHUBUCTCKUX HCKaMeHUAX OOMEHHOU CIHUHOBOMH
cTpyKTypbl MngAlyGesO12, BRI3BaHHBIX TAKUMHU ABIE-
HUAMY, KaKk aHU30TPONHAA PeNyKIUA COUHA U ciabblit
aHTudeppoMarHeTusM.

CorunacHo HeiiTpoHOrpahuYecKMM HCCIE€JOBaHUAM
B MarLurtoynopsagodyedHoM coctoaHud MnsAlsGesOqs
(kpucTamtuyeckas rpynna cummerpun OF°) MarHuT-
Hele MoMeHThI Mn?t (ocHOBHOe cocToAHMe 65’5/2)
memar B miockocTu (111) u HampaBlieHBI BIONb WU
npotus oceii [211], [121], [112] (em. puc.1) [1, 2]. Ppu
IPUIOKEeHUH BHemHero MarHutHoro mona H Bpons
HanpaBinenus [001] OpPOMCXOZUT TOBOPOT CIMHOBOMR
IIOCKOCTHU, KOTOPBIN 3aKaHUMBAETCA NMPU NOCTUKEHUU
BHEILIHEro MoJA KpuTudeckoil BeaumuuHbl H,. ~ 2.4Ta
[3]. B nmonax Goabuwe H,. cnvHOBas MIOCKOCTH OPUEHTH-
poBaHa NEePIEeHIUKYIAPHO BHEMIHEMY MOIIO.

Panee B pesyiabrare ucciegoanus MnszAlsGesOqs
IpU relWeBBIX TeMIepaTypax B HoaAX, MeHbmux H,
Ob11 oOHapy#eHbl TPU BeTBU aHTU(epPpPOMarHUTHOTO
pesonanca [4]. Yacrora oxmoit u3 mHux npu H || [001]
CUJILHO NMOHMKaeTcA npu npubnumenun K H.. lna onu-
CAaHUA MONyYeHHbIX Pe3yibTaToB B pabore [4] ucmonb-
30Banoch o6MeHHoe mpubnuskeHue. Tak Kak 3Kcmepu-

De-mail: tikhonov@kapitza.ras.ru; udalov@ipmras.ru

Muc.1. MaruuTHaa CTPYKTypa HEKO/IMHEAPHOr0 aHTHU-
tdeppomaruerurka MnsAloGesO12 B 06MeHHOM IpuGInsKe-
HUK

MeHTalIbHOe U3yYeHNe MarHuTHOI'0 Pe30HaHCca IPOBOAK-
Joch Ha yactorax Gonee 20 I'T'n, npu nHTEpnpeTanuu ero
pesynbTaTtoB 3dderTamMu, CBA3aHHBIMHU C PElATHUBUCT-
CKUMM HCKaKeHUAMU OOMEHHOU CIMHOBOU CTPYKTYPBHI,
a TakHe CBePXTOHKMM B3auMojeiicTBieM B uoHe Mn2T
npeHebperanocs.

Bomnpoc o BIMAHUM PeNATHMBUCTCKUX B3auMOIeiCT-
Buit B Kpuctaime Mn3zAloGe3O1s Ha HU3KOYACTOTHYIO
YacTh CIIEKTpPa MarHUTHOT'O0 Pe30HaHCA C YUEeTOM CBepX-
TOHKOT'0 B3aMMOJENHCTBUA TEOPETUUECKH PacCMOTPEH B
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pabore [5]. [lna onpeneneHus KOHCTAHT TEOPUU U IPO-
BEepKU ee BLIBOJOB MbI IPOBENM HCCIeJOBaHHE CIEKTpa
SIMP 55Mn (100-npoueHTHO M30TONHBLHA COCTaB) B MOHO-
kpuctamiax MnzAl;GesO;2 ¢ momMomb0 MIMPOKONOIOC-
HOro crmeKkTpoMerpa HenpepbiBHoro IMP, npunnun geii-
CTBHUA KOTOpOro onucad B [6].

B Hamux sKcmeprMMeHTax WKCIONIL30Balach MIUPO-
KONOJIOCHAaA pe30HaHCHAfA CHUCTeMa TUla “pa3opBaHHOE
Konbio”. BMmecTe ¢ MOHOKpHCTATIMYeCKUM 06Gpa3loM
rpaHara oHa pa3Meljanach B BaKyyMHOW Kamepe (mpu
JaBleHHH Temoo6MenHoro rasza ‘He B Kamepe MeHee
1Topp), morpyaemoii B BaHHY C KULKUM TelHEM.
Temneparypa B sxcnepumente (T = 1.2 K) xonTpoaupo-
Ballach M0 JaBJIEHUIO HACHIIEHHBIX 1apOB relldf B BaHHE.
Perucrtpanus norioneHus ocyecTBIAIach CKaHUPOBa-
HUEM MarHUTHOTO Moid Ipu (UKCHPOBAaHHOI YacToTe v
panuouactotHoro noni h (Av/v ~107%). Orwmerum,
yTo ocobeHHOCTh HaOmomenusa IMP B coeguuenuax c
nonamu Mn?T cBaAzaHa ¢ BBICOKOII 4acTOTOil pe3oHaH-
ca B HyneBoM moie (v,~ 600 MI'y). Pocnennss 3agaer-
cA GonbUIMM 3HaYEHHEM CPEeIHEro JOKalbHOIO MOIA Ha
anpe (H, = vp/vn ~ 60Tx1), BbI3BaHHOTO CBEPXTOHKHM
B3auMOJeiCTBUEM CIKMHOB A4pa U MOoHa (TUPOMAarHUTHOe
orHomenue aaa >°Mn v, ~ 10.57 MI'u/Ta). Kpome To-
ro, B COEMHEHMAX C MarHUTHbIMU MoHamu Mn?t uac-
To HaOmogaeTca IUHaAMUYecKHMil caBur udactoThl SIMP
[7-9]. PoaTroMy sAmepHbIil pe3oHaHC MOKHO Habm0OaTh
B auanasone yactoT oT 200 mo 700 MI'w.

Pa puc.2 mnpuBemeHpl OPUMephl CKaHOB MOJA
(H || [001]) Ha wacToTe v ~ 610MI'n mpu AByx moxs-
pusanuax: h||H u h | H (cniowsasa ¥ wrpuxoBasa

JIMHWM COOTBETCTBEHHO). B moaAx, MeHbmIMX mO-
a1 nepeopueHTanuoHHoro mnepexoma (H. & 2.4Tux),
oOHapyeHbl TpPU JHUHUM TOTIOMIEHUA, KOTOpbIE

Bo30yaaloTca paguodacToTHeIM monem h || H. B
nonax H > H, uHabmiogaloTcA [ABe JTHUHWHU IOTJIOLIe-
HUA, KoTopble Bo30y;mailoTcA mpu h | H. MHuren-
CHBHOCTb [MOIJIOIIEHWA B 3TOM [JUala3oHe CUJIbHO
3aBUCUT OT 4YacTOThl. Ee MaKcUMyM MOpPUXOOUTCA Ha
~ 608 MI'm.

Ppu BHemHeM MarHuTHOM Tiojie, HampaBIeHHOM
BJIIOJIb [001], B uyacToTHOM nuamnaszoHe 200—600 MI'n B
okpecTHOcTH H,. HabmomalOTCA JBE TUHUYU MOTIIOMIEHUA:
ogna —npu h || H u H < H,, a ngpyraa — npu h | H
u H > H.. Bo3HuKHOBeHUe 3THX BeTBell B IIKUPOKOM
Juamna3oHe 4acTOT, 0YEBUAHO, 06y CIOBIEHO B3auMOIei-
cTBHEM KojeOaHMii ANEepHON HaMarHM4eHHOcTH ©°°Mn
C HU3KOYACTOTHON# BeTBbIO aHTU(GEPPOMarHUTHOIO
pesoHaHca. Pa puc.3 KpymKaMu MoKa3aHO MOJOKEHHE
MaKCMMYMOB IOIJIOIEHUA [JIA CIeKTpa AJepHONOm06-
HbIX KoneGaHuii B MngAl,Ges;O1o waw npu h || H, tax
unopu h 1 H.
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Muc. 3. Cnertp AMII B aHnTu(deppoMarHeTuke
Mn3AlGesO12:  KpyMKH — IOIOKE€HHWE MaKCUMYyMOB

IOTIOIEHAA B SKCIEPUMEHTe; IMHUM — TeOPeTHeCKUH
pacuer [5]

Ona o6bACHEHWA SKCHepUMEHTalbHbIX 3aBUCUMOC-
Tefl MOJIOKEHWA PEe30HAHCHBIX YacTOT OT BeIUYMHBI
BHEIIHEro MarHUTHOI'O IMOJA HKCIOJNb30Balach TEOpH,
pasButas B paboTe [5], ¢ NIpUMeHEHHEM MaKpOCKO-
NMUYecKoro Ioaxoaa [10]. Pe3onaHcHBIE YacTOTHI
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AAMP onpepensiloTcA SHeprueil CBEPXTOHKOI'O B3au-
MofeficTBMA MarCHUTHBIX MOMEHTOB m fAfep °°Mn
¢ marHuTHbIMEH MomeHTamu M = yh(S) saeKTpPoHOB,
—A(m,M)/h%y,v (rne (S) — cpeannii cnuH 31K TPOHOB
B HoHe, h = 6.626- 10734 Im-c — nocToanHas Pnanka,
a 7~ 28.02ITy/Tn - 5neKTPOHHOE T'MPOMAarHUTHOE
OTHOLIEHWE), & TaKe B3aMMOIEHCTBHEM C BHEIIHUM
marHutHeiM moneMm, —(m,H). KoHcranra cBepxToH-
KOTO B3auMojeiicTBUA MiA noHa Mn?t B ruciopogHoM
okpysennn A ~ 1.6-1072% ik [11-13]. O6mactp uac-
TOT, B KOTOPOI1 JIe}KaT Pe30HAHChI ANEPHBIX MarHUTHBIX
MOMEHTOB, OIpPEeNeNfAeTCA CpelHeil BeNIWYUHONW MHONA
CBepXTOHKoro BzaummopneiictBusa, H, ~ A(S)/hy,, Tak
Kak H, > H. W3 Hamero skcnepuMeHTa CIeAyeT, YTO
Vp & 615 MI'n, T.e. (S) =~ hv, /A = 2.5.

Anuzorponua B kpucramie MngAl,GesOq2 (nmpu
IPUIIOKEHNUHU BHEIIHEro nois BAoib ocu Cy) MOMKET IpH-
BOAUTb K [BYM THIaM HKCKaKeHUIl OOMEHHOU CIIHMHO-
BOJl CTPyKTypbl rpanara (cM. pwuc.l), KoTopasa omu-
ChIBaE€TCA IBYMA €IVMHUYHBIMU OPTOrOHATLHLIMM BEK-
TopaMu, 00pasyomKUMK COMHOBYIO mIockocTh [4]. Bo-
IepBBIX, 3TO AHU30TPONHAA PeAYKUMA CIKUHA, KOTO-
pas paHee Gbina of6HapyeHa B kpuctamie CsMnlg [14,
15]. B rpaHaTe oHa NpPOABIAETCA B OTHOCHTEILHOM
M3MEHEHUU [JINH OPTOrOHAIbHBIX aHTU(EepPPOMarHuT-
HBIX BEKTOPOB mapameTpa mopanka Ly u Ly (L? # L2).
B monax, mpeBocXoAAMUX MHOJNE TepeOpUEeHTANNOHHOIO
nepexona, 3TO NPUBOJUT K IMOJKaUIMBAaHUIO MarHuT-
HBIX MOMEHTOB 3IEeKTPOHOB OTHOcHTenbHO ocu [—110].
BToprIM THIOM HCKaKeHUI, pa3pelleHHbIM CHMMET-
pueil maHHOro KpHUCcTalla, OPH yKa3aHHOM Halpabie-
HUU BHELIHEro mnoid fABiafeTcA cuabblii aHTuU(deppoMar-
HeTu3M. Ppu 3ToM K HaMarHumyeHHocTaAM M; moxperie-
Tok ¢ ¢ =1, 2,3, 10, 11, 12 BekTop cnaboro aHTudep-
pomaruerusma a npubasaserca (M; — M; + a), a us
HamarHuueHHocTell ¢ ¢ = 4, 5, 6, 7, 8, 9 on oTHUMaeTcAa
(M; - M, — a) (a < M). Bektop a Take HanpaBieH
Bmoab ocu [—110] (em. puc.1). OueBuaHo, uto oba AB-
JIeHUA NPUBOJAT K OTKIOHEHHUIO MarHUTHON CTPYKTYPbI
rpaHaTa oT TpeyroibHoi 120-rpagiycHoii CTPYKTYPBHI.

CoriacHo Teopu¥u B HYJIEBOM IOlle MOMeT Habiio-
JaTtbcsA Tpu pel3oHaHcHbIX 4dacToThl SIMP. PauGonbmas
pe3oHaHCHAA 4YacTOTa BBIPOMIEHa AeBATHUKPATHO,
IeHTpalhbHafA — OJHOKpPaTHO, a HauMeHbUIaA — [BY-
KpaTHO. Ppu sTOM paccTofHMe MeKIYy HUMHU OIpe-
menseTcA orTHomeHueM Xn,AZM?Z/X\,.  3mech Ay —
SHEpPrufA aHU30TPONUM, a AlepHaA MarHuTHag BoOC-
NpUUMYMBOCTE X, = Nav2h?I(I + 1)/3kT, rze
Na ~ 6.022 - 10?3 monb~! — uucno Aporaapo, I = 5/2 —
cnuH Aapa °5Mn, k=~ 1.381-10"2 Iik/K — mocro-
aunaa Ponbumana (y, ~ 5-1077en. CI'C/Monb mnpu
T =1.2K).

Hpyroit xapakTepHoit oco6eHHocTbiOo cnekTpa AMP
ABNAeTCA “mpoBan” B o6GiacTH MOJA MepeopueHTalluoH-
HOro mepexoga. PToT “mpoBan” cBfA3aH C TeM, 4YTO O[-
Ha U3 BeTBell cneKkTpa aHTHudeppOMarHuTHOr0 pe30HaH-
ca “cmyckaetca” B o6lacTh HMU3KUX YacTOT BOMU3M MO-
1 H.. PTo OpUBOAUT K CHUIBHOMY B3aMMOJEHCTBUIO
SIEKTPOHHBIX M ANEPHBIX CTeneHel cBOGOAbI U B KOHEY-
HOM MTOr'e K OTTAlIKWBAaHUIO ONHOU M3 ANEPHBIX BETOK
ot anexTponHoii. [lupuna (mo momo) “mposana” Ha 3a-
BUCHMOCTY PE30HAHCHBIX YaCTOT OT BEINYMHbI BHEILIHE-
ro MoJifl MPONOPLUOHATLHA BEIUYNHE PACLIENIEeHUA Be-
TOK CIeKTpa B HyleBoM mnone. PoArousasa TeopeTudeckue
KpHUBBIE K DKCIEPUMEHTalIbHBIM B obGiacTu “mpoBana’,
MOKHO OLIEHUTb BelUUMHY paciiemieHus cnekrpa AMP
B HyleBoM noie. OHa coctaBiser ~ 2 MI'y (0.3% ot vy,).

Paznuune pesonancueix uactoT fIMP Bo BHemHeMm
nolie BO3HMKAeT W3-3a pa3HUIbl B BeIUYHWHE MarHWUT-
HbIX MOMEHTOB 3JEKTPOHOB Ha pPa3iMYHbIX y3i1ax pe-
MIETKM, a TaKe pa3NuyhfA KX OpPUEHTAluil OTHOCH-
Bricokasg cummeTpus Kpuc-
tamia MnsAlyGesO;12 npuBoAMT K TOMY,
AMYMHA ¥ OPUEHTAUWA MAarHUTHBIX MOMEHTOB 3IEK-
TPOHOB ONPEAENAIOTCA OTHOCHUTENLHO HeGONbIINM Ha-
Gopom mapamerpoB. YacTb 3TUX MapaMeTpOB U3-
BecTHa M3 paboTel [4], rae MPOBOAMIOCH HCCIELOBa-
HUe CHeKTpa KoneGaHWil MarHUTHBIX MOMEHTOB 3JeK-
TpoHoB. B uacTHOCTH, OTHOIIEHHE MNPOAOILHON Mar-
HUTHON BOCIPHUMYHUBOCTY 3IEKTPOHOB (BIOIb BEKTO-
pa [l1 I;]) & nomepeunoii cocraBiser 1.28, a BenuuuHa
Y(2X/V3x1)Y/? = 39TTu (3mecwh x, ~ 0.3 cm® /Mo —
nonepevyHas MarHUTHafA BOCIPUMMUYUBOCTb 3SIEKTPOH-
HOi1 mofcucTeMsl [3], a Ap ~ 4.4 Il /Moub).

TeJIbHO BHEIIHEero I0JiA.
4TO Be-

Kaxr yrasano B paGote [5], npu opueHTanuy BHELIHe-
ro noxs Broiab ocu C4 (nanpaBrenue [001]) cmektp AMP
CoepKuT, BO0O1Ile [OBOPA, JEBATHL BETBEIL, TPU U3 KOTO-
PBIX ABIAIOTCA IBYKPAaTHO BbIpOMAeHHbIMU. B obmactu
noneil, GONbIIUX TOJA MEepPeoOpUeHTAMOHHOTO epexoa,
HabM0Jal0TCA ABE PE30HAHCHbBIE YacTOThI, ciiabo 3aBucH-
mye oT Benu4yuHbl BHemHero nond. OgHa U3 HUX OTBe-
yaeT BETBU, MOJHMUMAaOIIelicA U3 o6racTy HU3KUX Yac-
ToT. BTOpas uacTtoTa cOOTBETCTBYET OCTAlbHBIM BOCh-
MU BETBAM, KOTOPbIE B CUIy ciaboro pacuiemnieHus He
paspemalTcA B S3KCIEPHUMEHTE.

OrmeTuM, uTO pe3oHaHc B obnactu noneit H > H,
JIeMUT HUE pe30HaHca B HyleBoM node Ha 5—10MI'm.
Pro cBfA3aHO ¢ TeMm, 4TO pPENATUBUCTCKHE HCKayKeHUA
00MEHHO! CTPYKTYpbl NPUBOAAT K OJMHAKOBOMY [if
BCEX Y3/I0B MU3MEHEHWIO BeTUYWHbI MAarHUTHOI'O0 MOMEH-
Ta 21eKTPoHOB (cM. ¢opmyny (6) B pabore [5]). Pa
puc. 3 TUHUAMHU NPEICTABIEHbI MOJrOHOYHbIE TEOPETH-
yeckue Kpusbie nna cmestpa fIMP B MnzAl,GesOqo,
MpU MOCTPOEHUU KOTOPBIX BenuuuHa cnaBoro aHTudep-
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pomarsHeTusMa 3ajaBaiach OByMA HapameTpamu, a aH-
M30TPONUA PeIyKIUK CIMHA — OXHUM.

Pamu nanuble moKasbIBalOT, YTO MCKaKeHUA 0OMEH-
HOl TpeyronbHO# CTPYKTYypbl I'paHaTa, CBA3aHHBIE C
HalM4YueM B KpUCTalje PelATUBUCTCKUX B3auMojeicT-
BUii, Maibl. PyTeM MOArOHKM TEOPETHMYECKUX KPHUBBIX
K DKCIEPUMEHTANbHBIM MOKHO yCTAHOBUTH, UTO U3Me-
HeHUe BeNIWYUH BCeX MarHUTHBIX MOMEHTOB BIEKTPOH-
HO} MOACHUCTEMBI 3a CUET PEIATHUBUCTCKUX WCKAMEHUN
0OMEHHO! CIMHOBOM CTPYKTYpbI IPU IOBOPOTE CIKUHO-
BOIi MJIOCKOCTY OT OPHEHTAlWK, NepPHeHJUKYIAPHON ocH
Cs5, ® opueHTalNNK, nepneHAuKyaApHoit ocu Cy4, cocTas-
agetr =~ 2% (AM/M ~ —0.02), a TaKmKe OLEHUTb Be-
anuuHy obmeHHoi KoHcTaHThl (Cp; =~ 250 Ix/moib),
onpefendiomeil 3HayeHre KBaJgpaTa napameTrpa MOpA[-
Ka (cMm. ¢opmyisr (4) u (6) B pabote [5]). K comane-
HUIO, AIA MMEIOM[UXCA SKCIEePUMEHTAIbHBIX TaHHBIX B
none H > H. HafleHO pa3[eluTh BKIA[bl B pacuiernie-
HHe cnekTpa cnaforo anTudeppoMarHeTusmMa M aHU30-
TPOMHON pefyKINK CIKHA He MPEeACTaBIAETCH BO3MOMK-
HBIM.

Aptopel O6maromapuer P.B.Munio 3a mnpegocrtas-
JdeHWe MOHOKPHUCTANJIOB MapraHileBoro rpaHara #u
A.10. CemaHuHy 3a moMoIllb B IPOBEJEHUM SKCIIEPUMEH-
ToB. Kpome Toro, onu mpusHaTeiabHbl B.M. Mapuenko
3a moie3Hble oOcympaeHuda. PaboTa BbINonHEHa MOpH
cogeiictBun PODOU (rpant # 11-02-12225-0¢u_m-2011).
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