
UC Irvine
UC Irvine Previously Published Works

Title
Slow crossover and observation of a second energy scale in YbAl3

Permalink
https://escholarship.org/uc/item/09s488c3

Journal
Acta Physica Polonica B, 34(2)

ISSN
0587-4254

Authors
Cornelius, A. L.
Ebihara, T.
Lawrence, J. M.

Publication Date
2003-02-01

Copyright Information
This work is made available under the terms of a Creative Commons Attribution License, 
availalbe at https://creativecommons.org/licenses/by/4.0/
 
Peer reviewed

eScholarship.org Powered by the California Digital Library
University of California

https://escholarship.org/uc/item/09s488c3
https://creativecommons.org/licenses/by/4.0/
https://escholarship.org
http://www.cdlib.org/


Vol. 34 (2003) ACTA PHYSICA POLONICA B No 2
SLOW CROSSOVER AND OBSERVATION OF ASECOND ENERGY SCALE IN YbAl3�A.L. CorneliusDepartment of Physis, University of Nevada, Las Vegas4505 S. Maryland Parkway, Las Vegas, Nevada, 89154-4002, USAT. EbiharaDepartment of Physis, Faulty of Siene, Shizuoka University836 Ohya, Shizuoka 422-8529, Japanand J.M. LawreneDepartment of Physis and Astronomy, University of CaliforniaIrvine, CA 92697, USA(Reeived July 10, 2002)YbAl3 is an intermediate valent ompound with a large Kondo tem-perature TK and moderately low ondution eletron density. Beause ofthis, YbAl3 is a prime andidate for the observation of e�ets aused by lowondution eletron density, where oherene sets in below Toh rather thanTK (Toh � TK). For the �rst time, we have diretly observed the rossover between the energy sales by the appliation of a magneti �eld aboveB� � 40 T (� kBToh=�B). We also observe a redution in the e�etivemasses above B� that is onsistent with the energy sale rossover.PACS numbers: 75.30.Mb, 75.20.Hr, 71.27.+a, 71.28.+d1. IntrodutionYbAl3 is an intermediate valent (IV) ompound with a Kondo tempera-ture TK in exess of 500 K and a moderately low ondution eletron densityof n � 0:5/atom [1℄. Reent theoretial studies [2, 3℄ of the Anderson Lat-tie Model (ALM) suggest that the thermodynami properties an di�erin at least two ways from the preditions of the Anderson Impurity Model� Presented at the International Conferene on Strongly Correlated Eletron Systems,(SCES02), Craow, Poland, July 10�13, 2002.(1299)



1300 A.L. Cornelius, T. Ebihara, J.M. Lawrene(AIM). As the bakground ondution eletron density n dereases, theorypredits [3℄ a new low temperature sale Toh for the onset of Fermi liquidoherene with Toh � TK along with a rossover from low temperatureFermi liquid behavior to high temperature loal moment behavior slowerthan predited for the AIM [2℄. We report data on YbAl3 whih shows thatan applied �eld of 40 T auses an energy sale rossover from Toh to TKand a redution in the e�etive masses relative to the low �eld values [4℄.2. ResultsThermodynami measurements have been reported elsewhere [1℄. First,the rossover from low temperature Fermi liquid behavior to high temper-ature loal moment behavior is slower than predited for the AIM. Seond,anomalies (relative to the AIM) our below 30�40 K, whih is the temper-ature sale Toh for the onset of oherent Fermi liquid T 2 behavior in theresistivity. We believe that these e�ets are generi to IV ompounds, as aslow rossover exists in a number of YbXCu4 ompounds [5℄ and a small o-herene sale is observed in CePd3 [6℄. The ourrene of the slow rossoverand the low energy sale in YbAl3 and other IV ompounds orrelates witha low bakground ondution eletron density [1℄.The magnetization and dHvA e�et were measured up to 60 T as de-sribed elsewhere [1℄. Fig. 1 shows the magnetization as a funtion of appliedmagneti �eld at temperatures above and below Toh � 40 K. The solid linesare linear �ts to the data in the magneti �eld range 10 T< B <35 T. Thedi�erene between the linear �ts and the raw data is shown in the inset. Atboth temperatures, the data display linear behavior for B < 40 T. Above
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B (T)Fig. 1. Magnetization measurements in pulsed magneti �elds to 60 T at 4 K and110 K. The solid lines are �ts to the data below 35 T. The inset shows the di�erenebetween the measured values and the linear �t.



Slow Crossover and Observation of a Seond Energy Sale : : : 130140 T, there is a lear hange in slope for the 4 K data while the 110 K dataretains its linearity. As the slope is simply the magneti suseptibility �,there is learly a redution in � above 40 T at 4 K. A detailed examinationof the temperature dependene of the low �eld (B < 35 T) data is in goodagreement with SQUID measurements whih show two maximum in �(T )indiative of two energy sales, while the high �eld (B > 40 T) data showsa single maximum whih is onsistent with a single energy sale TK [1℄.Fig. 2 shows results for the dHvA measurements for Bjj(111). As anbe seen, all four branhes (labelled �; �; � and ") observed in previous low�eld (B < 17 T) measurements [4℄ are also observed in the 60 T pulsed�eld measurements. The frequenies F as given in Fig. 2 are found to berelatively unhanged ompared to the values found in low �elds, indiativeof no fundamental hange ourring in the shape of the Fermi surfae at B�.The e�etive masses m�, however, are all found to be redued up to a fatorof three and are found to be independent of �eld above B�. This redutionin m� is onsistent with the drasti hange in the energy sales as one �ndsthat m� should sale as the inverse of the relevant energy sale.
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Fig. 2. E�etive masses m� versus average applied magneti �eld Bav for Bjj(111)in YbAl3. Four branhes are observed with labelling and frequenies F the same asin Ref. [4℄. The di�erent symbols represent measurements on two separate rystals.The solid lines show the values of m� measured for B < 17 T from Ref. [4℄.



1302 A.L. Cornelius, T. Ebihara, J.M. LawreneYbAl3 is an IV ompound with a moderately low ondution eletrondensity whih is found to have two energy sales Toh � 40 K and TK �600 K. For T � Toh we �nd that the magnetization �rosses� over fromthe zero �eld energy sale Toh to the high temperature energy sale TK ata magneti �eld B� � 40 T (� kBToh=�B) with little hange in the shapeof the Fermi surfae however the e�etive masses are all redued relative totheir low �eld values [4℄. This is the �rst diret observation of the rossoverbetween the Toh and TK energy sales as a funtion of magneti �eld in anIV ompound.Work at UNLV was supported by DOE Award DE-FG02-00ER45835.Work at UC Irvine was supported by UCDRD funds provided by the Univer-sity of California. T. E. aknowledges the support of the Japanese Ministryof Eduation. REFERENCES[1℄ A.L. Cornelius, J.M. Lawrene, T. Ebihara, P.S. Riseborough, C.H. Booth,M.F. Hundley, P.G. Pagliuso, J.L. Sarrao, J.D. Thompson, M.H. Jung,A.H. Laerda, G.H. Kwei, Phys. Rev. Lett. 88, 11702 (2002).[2℄ A.N. Tahvildar-Zadeh, M. Jarrell, J.K. Freeriks, Phys. Rev. B55, R3332(1997); Phys. Rev. Lett. 80, 5168 (1998).[3℄ S. Burdin, A. Georges, D.R. Grempel, Phys. Rev. Lett. 85, 1048 (2000).[4℄ T. Ebihara, Y. Inada, M. Murakawa, S. Uji, C. Terakura, T. Terashima,E. Yamamoto, Y. Haga, Y. 	Onuki, H. Harima, J. Phys. So. Jpn. 69, 895(2000).[5℄ J.M. Lawrene, P.S. Riseborough, C.H. Booth, J.L. Sarrao, J.D. Thompson, R.Osborn, Phys. Rev. B63, 054427 (2001).[6℄ J.M. Lawrene, Y.-Y. Chen, J.D. Thompson, Theoretial and Experimental As-pets of Valene Flutuations and Heavy Fermions, eds. L.C. Gupta, S.K. Malik,Plenum Press, New York 1987, p. 169.




