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SLOW CROSSOVER AND OBSERVATION OF ASECOND ENERGY SCALE IN YbAl3�A.L. CorneliusDepartment of Physi
s, University of Nevada, Las Vegas4505 S. Maryland Parkway, Las Vegas, Nevada, 89154-4002, USAT. EbiharaDepartment of Physi
s, Fa
ulty of S
ien
e, Shizuoka University836 Ohya, Shizuoka 422-8529, Japanand J.M. Lawren
eDepartment of Physi
s and Astronomy, University of CaliforniaIrvine, CA 92697, USA(Re
eived July 10, 2002)YbAl3 is an intermediate valent 
ompound with a large Kondo tem-perature TK and moderately low 
ondu
tion ele
tron density. Be
ause ofthis, YbAl3 is a prime 
andidate for the observation of e�e
ts 
aused by low
ondu
tion ele
tron density, where 
oheren
e sets in below T
oh rather thanTK (T
oh � TK). For the �rst time, we have dire
tly observed the 
rossover between the energy s
ales by the appli
ation of a magneti
 �eld aboveB� � 40 T (� kBT
oh=�B). We also observe a redu
tion in the e�e
tivemasses above B� that is 
onsistent with the energy s
ale 
rossover.PACS numbers: 75.30.Mb, 75.20.Hr, 71.27.+a, 71.28.+d1. Introdu
tionYbAl3 is an intermediate valent (IV) 
ompound with a Kondo tempera-ture TK in ex
ess of 500 K and a moderately low 
ondu
tion ele
tron densityof n
 � 0:5/atom [1℄. Re
ent theoreti
al studies [2, 3℄ of the Anderson Lat-ti
e Model (ALM) suggest that the thermodynami
 properties 
an di�erin at least two ways from the predi
tions of the Anderson Impurity Model� Presented at the International Conferen
e on Strongly Correlated Ele
tron Systems,(SCES02), Cra
ow, Poland, July 10�13, 2002.(1299)
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e(AIM). As the ba
kground 
ondu
tion ele
tron density n
 de
reases, theorypredi
ts [3℄ a new low temperature s
ale T
oh for the onset of Fermi liquid
oheren
e with T
oh � TK along with a 
rossover from low temperatureFermi liquid behavior to high temperature lo
al moment behavior slowerthan predi
ted for the AIM [2℄. We report data on YbAl3 whi
h shows thatan applied �eld of 40 T 
auses an energy s
ale 
rossover from T
oh to TKand a redu
tion in the e�e
tive 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 lo
al moment behavior is slower than predi
ted for the AIM. Se
ond,anomalies (relative to the AIM) o

ur below 30�40 K, whi
h is the temper-ature s
ale T
oh for the onset of 
oherent Fermi liquid T 2 behavior in theresistivity. We believe that these e�e
ts are generi
 to IV 
ompounds, as aslow 
rossover exists in a number of YbXCu4 
ompounds [5℄ and a small 
o-heren
e s
ale is observed in CePd3 [6℄. The o

urren
e of the slow 
rossoverand the low energy s
ale in YbAl3 and other IV 
ompounds 
orrelates witha low ba
kground 
ondu
tion ele
tron density [1℄.The magnetization and dHvA e�e
t were measured up to 60 T as de-s
ribed elsewhere [1℄. Fig. 1 shows the magnetization as a fun
tion of appliedmagneti
 �eld at temperatures above and below T
oh � 40 K. The solid linesare linear �ts to the data in the magneti
 �eld range 10 T< B <35 T. Thedi�eren
e 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�eren
ebetween the measured values and the linear �t.



Slow Crossover and Observation of a Se
ond Energy S
ale : : : 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
 sus
eptibility �,there is 
learly a redu
tion in � above 40 T at 4 K. A detailed examinationof the temperature dependen
e of the low �eld (B < 35 T) data is in goodagreement with SQUID measurements whi
h show two maximum in �(T )indi
ative of two energy s
ales, while the high �eld (B > 40 T) data showsa single maximum whi
h is 
onsistent with a single energy s
ale TK [1℄.Fig. 2 shows results for the dHvA measurements for Bjj(111). As 
anbe seen, all four bran
hes (labelled �; �; � and ") observed in previous low�eld (B < 17 T) measurements [4℄ are also observed in the 60 T pulsed�eld measurements. The frequen
ies F as given in Fig. 2 are found to berelatively un
hanged 
ompared to the values found in low �elds, indi
ativeof no fundamental 
hange o

urring in the shape of the Fermi surfa
e at B�.The e�e
tive masses m�, however, are all found to be redu
ed up to a fa
torof three and are found to be independent of �eld above B�. This redu
tionin m� is 
onsistent with the drasti
 
hange in the energy s
ales as one �ndsthat m� should s
ale as the inverse of the relevant energy s
ale.
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Fig. 2. E�e
tive masses m� versus average applied magneti
 �eld Bav for Bjj(111)in YbAl3. Four bran
hes are observed with labelling and frequen
ies 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℄.
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eYbAl3 is an IV 
ompound with a moderately low 
ondu
tion ele
trondensity whi
h is found to have two energy s
ales T
oh � 40 K and TK �600 K. For T � T
oh we �nd that the magnetization �
rosses� over fromthe zero �eld energy s
ale T
oh to the high temperature energy s
ale TK ata magneti
 �eld B� � 40 T (� kBT
oh=�B) with little 
hange in the shapeof the Fermi surfa
e however the e�e
tive masses are all redu
ed relative totheir low �eld values [4℄. This is the �rst dire
t observation of the 
rossoverbetween the T
oh and TK energy s
ales as a fun
tion of magneti
 �eld in anIV 
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