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l1cCJ1eAyeTCS1 S-F-B3aHMOAeHCTBHe peAK03eMeJI&uoro noua Tm3+ co 
cnnuaMH MeAH B Tm-YBCO-coeAHHeHHSIX. IToJiyl!.euo BblpaX<eune AJISI wnpHHbl 
JIHHHH nepeXOAOB B KpHCTaJIJIHl!.eCKOM 3JieKTPHl!.eCKOM noJie AJISI Tm3+. IT0Ka-
3auo, 'I.TO AHHaMHl!.eCKHe cnHHOBble ctmyKTyau.nn B CuO2 AaJOT OCHOBHOH BKJiaA 
B ywHpeHHe JIHHHH. 

Pa6oTa BblnOJIHeHa B Jia6oparopHH TeopeTHl!.eCKOH cl>H3HKH 0115111. 
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Kovacevic Z., Plakida N.M. 
About the Influence of Spin Fluctuations on the Transition 
Linewidth of 4/-electrons in Tm-YBCO-Compounds 
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We investigate the S-F-interaction of the rare-earth ion Tm3+ with copper 
spins in Tm-YBCO-compounds. The expression for the linewidth of the crystal 
electrical field transition is obtained. It is shown that dynamical spin fluctua
tions in CuO2 give the main contribution to the line broadening. 

The investigation has been performed at the Laboratory of Theoretical 
Physics, JINR. 
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B Heµ;aBHlIX aKcnepJIMeHTax1 •2 no HeynpyroMy pacceaHJIIO .Hen:Tpo

H0B 6bIJia lICCneµ;oBaHa TeMnepaTypHrut oaBJIClIMOCTh urnplIHhI nepe

xoµ;oB Me)E:µ;y 0CH0BHhIM r~l) ll nepBhIMlI B006y)E:µ;eHHhIMll ypOBHHMlI 

r~l) u r~l) KpIICTM]IJI'feCK0ro aneKTpII'IeCKoro nona (K8II) µ;na llOHOB 

Tm3+ B BhIC0K0TeMnepaTypHOM caepxnpoaop;HRKe Tmo.1 Y o.9 Ba2 Cu3 06.9 , 

(Tm-YBCO6.9) npll aHeprirnx 11.8 MaB ll 14.2 MaB cooTBeTCTBeHHO. 

Bbmo oaMe'IeHo peoKoe yMeHbllleHue lllllplIHhI JillHlIH npll TeMnepaTy

pax Ts ~ Tc +20 K (Tc = 92 K) µ;na 060I1x nepexo;a;oa. B pa6oTe2 aTa 

naBIICIIM0CTh µ;m1 nepexo;a;a Me)E:µ;y 0,CH0BHhIM ll nepBhIM BOo6y)E:µ;eH

HhIM ypoBHeM npu aHeprRII 6 = 13.8 MaB µ;na Hecaepxnpoaoµ;m..1.\ero 

coeµ;1rnemrn Tm-YBCO6.l 6hlna annpoKClIMIIpoBaHa Bbipa)E:eHIIeM r ex 

Imx( 6) · coth ( 2ZT) B npeµ;nono)E:eHRlI, 'ITO MHlIMrut 'IaCTh MarHRTHOH 

BOcnpIIIIM'IllBOCTlI X He 0aBllCllT OT TeMnepaTyphI. IIo aKcneplIMeH

TanhHhIX µ;aHHhIX BIIp;Ho, 'ITO 0Ha'IeHllH lllllpllHhI JllIHlllI r µ;na Tm

YBCO6.9 npll Bcex TeMnepaTypax MeHhllle, 'IeM cooTBeTCTBYIO~aJI lIIII

p1rna µ;m1 Tm-YBCO6.l· 8To yKaohIBaeT Ha TO, 'ITO cpepMlI-)1<:JIµ;KocTHhIH 

BKnaµ; B penaKca:QuIO MarHIITHhIX Bon6y)E:µ;eHRH f-uoHoB Tm3+ B K8II 

Man. 

Bcneµ;cTBlle HMll'IlIH µ;anhHero aHTmpeppoMarHRTHoro (A<t>) yno

pHp;o'IeHRH CillIHOB Ha yonax Cu2 MO)E:HO 0)1<:JIµ;aTh, 'ITO rJiaBHhlli llC

TO'IHIIK ylllupeHJIH B Tm-YBCO6.1 caaoaH co cnJIH-CilllHOBhIM B0all

Moµ;en:cTBlleM f-aneKTpOHOB ll A<t>-cnlIHOBhIX BOJIH. Ilpll yBenll'IeHlllI 

KOH:QeHTpa:Qllll p;hlpOK B cnoe CuO2 lI IIX µ;enoKMII0a:QlllI 0Ha'IIITeJibHO 

yMeHblllaeTCH MarHllTHrut KoppenH:QllOHHM µ;nRHa, µ;anhHllli nopa;a;oK llC

'IenaeT, HO coxpaHHIOTCH Cll1IbHhle A<l>-KoppeJIH:Qllll CillIHOB B CBepx

npoBoµ;a~eii: ll MeTannJI'IeCKOH q>aoax4
- 6. IloaToMy MO)E:HO ~*lIµ;aTb, 

'ITO q>nyKTya:Qllll cnJIHOB B nnocKocTax CuO2 o6ecne~rnBaroT ocHOBHOH 

KaHan penaKCa:Qllll Boo6y)E:µ;eHlIH f-r-meK'I'.PJ)HOB, npllBOµ;a K YlIIIIpeHIIIO 

;, ,;~~,:·:, .. ~·. ;;w!u Hli:ntryi t.·· 
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mrnmr K8II B Tm-YBC06.9· B HaCTOHm;en pa6oTe Bhl'llICJIHeTCH TeM

nepaTypHasr naBIICIIMOCTb nrnpnHbI JIIIHIIH Bon6y:)lqi;eHnn B K8II, o6y

cJIOBJieHHhIX µ;11HaMII'leCKIIMII cnIIHOBhIMII q>JiyKTyau;mIMII B YBC06.9· 

1. Mo~eJih 

Y'lIIThIBasI penyJibTaThl 0KcnepnMeHTOB4 Hµ;epHoro MarHIITHoro pe

:JOHaHca (JIMP), paccMoTpIIM Moµ;eJib A<f> q>epMII-)KIIµ;KocTn, B KOTO

pon Ha Ka)Kµ;OM ynne Cu2 Haxoµ;nTCH CillIH S=l/2. 

IIpeµ;cTaBIIM raMUJibTOHIIaH peµ;KoneMeJibHhIX (P3) UOHOB II CilII

HOB S=l/2 Ha ynnax Meµ;n B mrµ;e: 

H = HcEF + Ht-J + Hs-F 

HcEF = L WnI<nn,i, 
n,i 

(1) 

(2) 

rp;e I<mn,i = ( lm}(nl )i-onepaTopbr nepexop;a p;nH n, m ypoBHen K8II, 

Ht-J = -t L c"tuciu· + J L SiSj (3) 
i,i i,i 

raMIIJibTOHIIaH t - J MOIJ;eJIII10IIIICbIBalOm;en IJ;hlpKII ct = c°t(l - ni,-u) 

B IIJIOCKOCTII Cu02 II B:JaIIMOp;enCTBIIe CIIIIHOB Si B ynnax Meµ;II, 

Hs-F = - Ll5-pJrsr, 
i,i 

. ( 4) 

rp;e J';, - onepaTop IIOJIHoro MOMeHTa IIOHa Tm3+ B ynne i, Si -onepaTop 

cn11Ha Ha 6JIII)KaillllIIX K HeMy ynnax Mep;II j, Ig_y - KOHCTaHTa cBH:JII Ko

cBeHHoro o6MeHa. 0TMeTIIM, 'ITO raMIIJibTOHIIaH S-F-Bna11Mop;encTBIIH 

( 4) HMeeT q>opMy' 6JIII3KYIO K raMIIJibTOHIIaHy B::mIIMOp;eHCTBIIH 0JieK

TpOHOB npoBoµ;IIMOCTII C 4£-eneKTpOHaMII ( CM.3•7). 

IlpII IICIIOJib:JOBaHUII TeXHIIKII p;nq>q>epeHu;HpOBaHII.lI TIO IJ;BYM Bpe

MeHaM B MeToµ;e ypaBHeHIIH µ;BII)KeHIIH IJ;JIH µ;ByxBpeMeHHbIX q>yHKD;llli 
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•'f 

r1 

h 

V"" 

f'p1rna ((J;(t)IJt(t'))) HeTpyµ;Ho nony'lIITb MaccoBhIII onepaTop I:i(w} 

ypaBHemrn ,UaiicoHa. Illup11Ha ypoBHH ri(w) onpeµ;enHeTCH MHIIMOH 'la-· 

CTbro MaccoBoro onepaTopa: 

ri(8) = - coth ( 2:T) Im {L/8 + ic:)}, (5) 

rp;e 

Li ( w) = 1 L iii ( ( s-; I st,)) iii', 
.. , w 
),) 

(6) 

rµ;e cy.MMIIpOBaHIIe npoBoµ;IITCH no ynJiaM Meµ;II jj' B coceµ;HIIX IlJIOCKO

CT.lIX Cu02, a 

I~ .. _ J~( · ") 1xx ~ JYY 
•J - i - J ex S-F ~ S-F· 

Ilepexoµ;H K q-npep;cTaBJiemrro, Haxop;HM: 

f(8) ex coth (
2
:T) ~ [F(q)]2 

-Im {x-+(q,8)}, 
q 

(7) 

rp;e 

(aqx) (bqy) (Cqz) F(q) = Scos 2 cos 2 cos 6 (8) 

- q>op1-HpaKTOP4 , KOTOpbIIf Y'lIIThIBaeT JIOKaJibHYIO CUMMeTpnro IIOHa 

Tm3+ B erreMeHTapHou .nqei'IKe TmBa2Cu301 c nocTOHHHhIMII pellleTKll 

a, b, c, 

Im {x-+(q,w)} = X~+(q,w) = -((s-1s+)\.,w (9) 

- MHIIMaH 'laCTb q>ypbe-KOMIIOHeHThl KOMIIJieKCHOll o6o6m;eHHOil DOC

npmIM'lUDOCTII, CDJI:JaHHOll C COOTBeTCTDyrom;en :JaIIa:JIJ;hIBarom;eII q>yH

KD;HeII f'p1rna. 

B Hep;aDHIIX pa6oTax5 6bIJia H:JMepeHa TeMnepaTypHasr naDIICII

MOCTb MHnMon qacTn MarHnTHoii BocnpunM'lIIBocTII p;rr.n YBC06.92 

B6JIH3Il A<f> BOJIHOBoro BeKTOpa 

OAF = (½, ½, 1.6) II npn eHeprnn hw = 10 MeB. 8Ty naBHCHMOCTb 
3 



MO)KHO annpoxc:w.rnpoBaTh c xopowe:ii TO"IHOCThIO nplI T > 75K BhI-

pa)KeH1IeM 

x"(w, T) ~a· (T- 75/ · exp [c(T- 75)], (10) 

r;a;e napaMeTphl IIMeIOT OHa"leHII.11 

a = 1.22 K-b, b = 1.148 II c = -0.017 K-1
• 

Tax KaK B 3KCnepnMeHTax HOMep.lleTC.11 ycpe;a;HeHHa.11 no BeKTOpaM 

qB6JIHOH QAF cnHHOBa.11 BOcnpnHM"IHBOCTh, Mhl MO)KeM npe;a;noJIO)KHTh, 

"ITO TeMnepaTypHa.11 OaBHCHMOCTh cyMM no qB (7) 6y;a;eT COOTBeTCTBO

BaTb oaBHCHMOCTH (10), T.e. 

L [F(q)j2. Im {x-+(q,o)} ex: x"(w, T). 
q 

(11) 

II pe;a;norrara.11, "ITO B wnpney JIHHHH BXO}l;HT nocTO.IIHHhlll BKJia;a; I' o, 

He o6ycJIOBJieHHhlll }l;IIHaMH"leCKHMH cnlIHOBhIMH q,rryKTya:I~H.IIMH, norry

qaeM crre;a;yro~ee Bbipa)KeHne ;a;m1 llIHpHHhl JIHHHH 

r(T) = r 0 +A· coth (
2
:T) x"(w, T), (12) 

r;a;e npn nop;rOHKe (12) K 3KCnepnMeHTaJihHhIM p;aHHhIM2 norry"leHhl OHa

"leHH.11 napaMeTpOB 

ro = 0.187 M3B n A= 0.172 · 10-2
[ B cooT.e;a;.]. 

Ha pnc. 1 npe;a;cTaBJieHhl 3KCnepnMeHTaJihHble peoyJihTaTbl llIH

pHHhl JIHHHH npn nepexo;a;e r~l) -t I'~l) C 3Heprne:ii O = 11.8 M3B B 

Tm-YBC06_9 ( TO"IKII). IlyHKTHpHa.11 KpnBa.11 cooTBeTCTByeT oaBIICIIMO

CTII coth ( 2tT)' a cnJIOllIHa.11 KplIBa.11 - peoyJihTaTbl pac"leTa (12). 
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TeMnepaTypHa.11 OaBIICIIMOCTh llIIIplIHhl nepexo;a;a Me)K;a;y OCHOBHhIM'. 

I'~l) II nepBbIM BO::Jfiy)K}l;eHHhIM ypoBHeM ril) nplI 3HeprHII c = 11.8 M3B 

noHa Tm3+ B Tm-YBC06_9 : 3KcnepnMeHTaJihHhle peoyrrhTaThl -TO"IKH 

cnJIOllIHa.11 KpHBa.11 -TeopI-rn ' nyHKTHpHa.11 KpltBa.11- l::JaBIICIIMOCTb 

I'o · [1 +·coth ( 2:T )] 
Pemme yMeHbllieHIIe llIHplIHhl JllIHlilI Ha6rr10;a;aeTC.II II B 

Tmo.1 Yo.9Ba2(Cu,Zn)306.9 nplI TeMnepaType Ts ~ Tc+ 20 K, r;a;e 

Tc= 50 K nplI KOH~eHTpa~n Zn 5%. 

TaKHM o6paooM,npe;a;Jio)KeHHa.ll MO;a;eJib IIO::JBOJl.lieT o6'b.llCHHTh TeM

nepaTypHyIO oaBlIClIMOCTh wnpnHbl JIHHHII nepexo;a;a ;a;mr 4f-3JieKTpOHOB 

B K8II. PeoKoe yMeHhllieHne wnplIHhl JIIIHIIH npn Ts ~ Tc+ 20 K > · 

Tc yxaoblBaeT Ha cy~ecTBeHHhIH BKna;a;"B yw1IpeH1Ie JIIIHlIH }l;IIHaMlI"le-
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CKIIX CIIIIHOBbIX <pnyKTya~II:ii, KOTopble IIMeIOT IIPII TeMIIepaType Ts, 

corrracHO .ffMP-aKCIIepIIMeHTaM6 ' MaKCUManbHOe 3Ha~eHIIe. 8TIIM µ;aH

Hbie Bern.ecTBa OTnII~aIOTCJI OT Tpaµ;II~IIOHHbIX MeTanrroB, HanpnMep3 

TbxLa1 _xAh, rµ;e yMeHbWeHIIe wnpIIHbl mrnun npoIIcxoµ;HT np11 T = 
Tc B CBJI3II c o6panoBaHiieM cBepxnpoBoµ;Jirn.e:ii rn.enn 2.6. < c5cp. 

Bonee nocneµ;oBaTerrbHbIH pac~eT WIIpHHbl n11HHII (7) c ncnorrbno

BaHI:ieM aHanIITH~eCKIIX Bblpa)KeHIIH µ;nJI x" ( q, w) B paMKaX t- J Moµ;enn 

npeµ;nonaraeTcJI npoBecTII B oTµ;enbHOH pa6oTe. 

Oµ;IIH nn aBTopoB (K.)K.) 6naroµ;apHT µ;HpeK~IIIO OH.HM na ro

CTenpHIIMCTBo H coTpyµ;HHKOB JIT<f> OH.HM na nonenHble o6cy)Kµ;eHirn. 
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