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Electronic transport in Eu,_,CaBg
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We have measured the electrical resistivity, the magnetoresistance, the Hall effect, and the magnetization in
varying temperature ranges between 0.3 and 300 K on single crystals gf Bla&;, and Ey {Ca Bg. The
ferromagnetic phase transition of EgyyBnarked by a sharp peak in the temperature dependence of the electrical
resistivity p(T) just below 16 K, is shown to be accompanied by a considerable increase of the effective charge
carrier concentrationg. The overall features of the transport properties of &, ,-Bg are similar to those
of EuBg. A phase transition at 5.3 K has been established. However, the increagg atross this phase
transition by two orders of magnitude is much more pronounced than in purg EuB

[. INTRODUCTION are both divalent cations in the respective hexaborides, re-

It has been known for some time that the onset of magplacing Eu in EuR by Ca should have no sizeable effect on
netic order in EuB is accompanied by a large reduction of the density of conduction electrons. Thus the charge-carrier
the electrical resistivit)}.More recently, the previously sug- concentrations in Eu CaBk;, and Ey Cq Bg are all ex-
gested ferromagnetic character of the ordered state has bepacted to be similar. What is, however, drastically altered
confirmed by neutron-scattering measureméritsie same Wwhen replacing Eu in EuBby Ca is the regular array of
experiments also confirmed that the aligned magnetic mo4f-electron moments.
ments are due to the localized dlectrons of the E&i ions
and are of the expected magnitude gig/Eu ion. In the
paramagnetic state the temperature dependence of the elec-
trical resistivity is of metallic character but the concentration  The single-crystalline Euf CaB;, and Ey{Ca.Bs
of itinerant charge carriers is known to be rather sth@i’lt  samples were prepared by solution growth from Al flux, us-
is therefore not priori clear whether the spontaneous align-ing the appropriate amounts of the pure elements. Flux-
ment of the localized moments is simply due to the usuabrown SrB samples have been shown to be of high struc-
Ruderman-Kittel-Kasuya-Yosida interaction or whether alsaural and chemical qualit}* In addition to EuR, containing
other coupling mechanisms might be of significance. A posthe isotopes'®B and !B in the ratio given by their natural
sible route to ferromagnetism in Eglvas very recently pro- - abundance of approximately 1:4, we have also investigated
posed from a mean-field treatment including the effect of thee 9B and Ed'Bg samples containing only the isotop&8
bond-charge Coulomb repulsion by Hirsthie argues that and 1B, respectively. By this approach we hoped to disen-
in EuBs, and possibly also in other metallic systems, ferro-tangle some of the complicated features observed in conven-
magnetism is driven by a band broadening or equivalently afional Eugs samples with the natural mixture of B isopopes.
effective mass reduction, both occurring upon spin polarizaa non-negligible influence might be expected if polaronic
tion. Hirsch takes the point of view that the giant shift of the effects are important in the low-temperature behavior of
plasma edge observed in optical reflectivity measurementsyp;,
on EuB; by Degiorgiet al? is mainly due to an effective-  The electrical resistivity, the magnetoresistance, and the
mass variation. In this contribution, however, we show byHa” effect were measured by a standard |0W_frequency ac
temperature and magnetic-field dependent Hall-effect meaechnique in varying temperature ranges between 0.3 and
surements that in Eufa considerable change in the effective 300 K and in magnetic fields of up to 70 kOe. The magne-
charge-carrier concentration occurs upon spin polarizationoresistance was measured in a transverse configuration, i.e.,

From these measurements and the data of Ref. 9 we give gf, magnetic fieldd was applied perpendicular to the elec-

estimate for the variation of the effective mass across th?. | i For the Hall-effect N tandard
ferromagnetic phase transition. rica curren . For the Hall-effect measurements a standar

A completely different type of ferromagnetism has re-Setup with the two Hall voltage contacts perpendiculaf to
cently been discovered in €aLa,Bg.}° Here the ferromag- and toH was used. In order to eliminate the misalignement
netic polarization is thought to be a manifestation of a newoltage, the sample was, at each field setting, first measured
ground state of the low-density ensemble of itinerant elecin an upright position, then turned by 180°, and subsequently
trons, which is amazingly stable up to temperatures of theneasured in a downward position. At each temperature a
order of 1000 K. Therefore we have also investigated thesweep of the magnetic field was performed, stabilizing the
electrical transport properties of CaBnd of EyCa - Bs  temperature with a capacitance thermometer. ForgEuil
and compare them with the results on EuBs Ca and Eu Eu, {Ca& -Bg the electrical leads were contacted to the sample

Il. SAMPLES AND EXPERIMENTAL METHODS
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FIG. 1. Electrical resistivityp vs temperatureT for EuBg FIG. 2. Numerically calculated temperature derivative of the
samples 1 (EX¥Bg), 2 (EW'Bg), and 3 (EuR). electrical resistivitydp/dT normalized to its maximum value as a

function of temperaturel for the EuB samples 1 (EtfBg), 2

1 - .
with silver epoxy, for CaB spring contacts were used. The (EuBg), and 3 (Eu). The solid lines are to guide the eye.
magnetic measurements were performed in a commercial su-

perconducting quantum interference device magnetometer | efined(12.4 K for s_ample 1 12.5 K for sample 2,128 K
the temperature range 1.9-300 K. or sample 3. The third maximum af;=9.6 K is observed

only for sample 2. Measurements of the specific hEate-

vealed the occurence of two consecutive phase transitions in

lll. EXPERIMENTAL RESULTS AND ANALYSIS EuB;. Our p(T) data show that the phase transition is even

[Pore complicated and that the details at temperatures below
C

cal resistivity p(T) of the EuB; samples are, in magnitude may be quite sample dependent. The Curie temperature

and shape, very similar to those that have been publishe§C is, within 0.4 K, the same for all our samples. From these
previously-*~"121%nd are displayed in Fig. 1. In the follow- ata we have no unambiguous evidencedd isotope ef-

; fect on the ferromagnetic transition in EyB

ing we refer to the samples BB, EU''Bg, and EuR as i -

sample 1, 2, and 3, respectively. It may be seen that the We now turn to the electrical resistivity data of Gagnd
general features gf(T) are the same for all three samples L’O-BcaObZBBWh'Chhare shown in Figs. 3 arrl]d|4, res_pﬁctlvely.
but the absolute magnitudes of the resistivities are quite diflt May be seen thab of Cak varies much less with tem-
ferent. We have no obvious explanation for the latter factPerature thap of EuBs. Below room temperature of CaB

Between room temperature and approximately 3Qpkde- decreases, reaching a minimum at 116 K. After a subsequent
creases a¥ decreases, a sigh of common metallic behavior/Ncréase it passes through a maximum at 53 K and again

: through a further minimum at 10.8 K. Finally it increases
At lower temperaturesp(T) increases, passes through a ) :
P $(1) P g smoothly with decreasing temperature to 1.5 K. More pro-

cusplike maximum just below 16 K, and subsequently falls X
off steeply to the lowest measured temperatures. Below 3 kounced features gs(T) are recognized for EuCa Bs.

T) of all three sambles is well described LAT? The dominat.ing sharp maximum at 5.3 K ie preceded by a
CV(ith) po=26.8, 15.1 gnd 40.3.0 cm andAEy(; g% 0.08 shallow maximum at 208 K and a shallow minimum at 34 K.

The subsequent decreasedfT) is intercepted by a mini-
mum at 2.5 K below whichp(T) increases towards the low-
st measured temperatures. For comparison, Fig. 5 gives an
overview of the temperature dependences of the electrical

Our results for the temperature dependence of the electr

and 0.24,.Q cmK~?2 for sample 1, 2, and 3, respectively.
The residual resistivitypy being the highest for the mixed-
isotopes sample may be related with enhanced disorder d
to the presence of botH’B and 'B.

In Fig. 2 we carefully analyzep(T) of all three EuB
samples in the temperature range between 7 and 17 K, by
plotting the numerically calculated derivativip/JT as a

function of temperature. The passage through ze@pb§T, _
corresponding to the maximum ofT), is followed by two i i
(samples 1 and)3or even threglsample 2 maxima. The

temperatures at whichip/JT passes through zero are 15.6,
15.5, and 15.9 K for sample 1, 2, and 3, respectively. A
comparison with our temperature-dependent magnetic sus-

600 T T

p (UQem)

200 F .
ceptibility measurements indicates that these temperatures

mark the onset of ferromagnetic order and thus have to be

identified with the Curie temperatufig.. The temperature of

the first maximum ofdp/dT which we call T, is, within 7 E—<

experimental uncertainty, the same for all three samples T (K)
(14.9 K for samples 1 and 3, 14.8 K for samplg But the
temperature of the second maximum calledis less well FIG. 3. Electrical resistivityp vs temperaturd for Cai;.
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FIG. 4. Electrical resistivity vs temperaturd@ for Euy Ca, ;Bg.

The solid line is to guide the eye.

resistivitiesp(T), normalized to the room-temperature value,

of EuBg sample 1, CaB and Ey {Ca, ,Bs.
In Fig. 6 we replot the temperature
electrical resistivity of the EuBsample 1

Eup.sCay B [Fig. 6(b)], together with the magnetic suscep-

tibilities y of both samples. Just as for

feature ofp(T) of Euy {Ca -Bg at 5.3 K is accompanied by a

sharp increase of with decreasing tem

clear indication that also ByCa, ,Bg orders ferromagneti-

cally, at a substantially reduced Curie te
The saturation magnetization at 1.9 K is

mperature, however.

approximatelygb 10°

per Eu ion, distinctly reduced if compared to approximately

7 g per Eu ion for EuB.

with those derived from the low-field Hal
5 and 7, respectively. The field depende

tivity of EuBg in magnetic fields up to 70 kOe, to be pre-
sented below, has, to our knowledge, not yet been published.
The Hall effect shows the most spectacular features fo

Eu, «Ca Bgand we shall present these
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FIG. 6. Electrical resistivityp and magnetic susceptibility in

In the following we present our Hall effect measurements .Sl units vs temperatur€ for EuBs sample 1 (E¥Bg) in (a) and for
For pure EuB, low-temperature and low-field Hall-effect EuygCa Bgin (b). The Curie temperaturebe are 15.6 and 5.3 K
data are available in the literatuté.The effective charge- for EuBs and Ei ¢Ca, Bs, respectively. The solid lines are to guide
carrier concentration at 4.2 K that we have derived from outhe eye.
Hall constant a1 T agrees, within factors of 0.7 and 1.1,

| constants of Refs.
nce of the Hall resi

data first. In Fig. 7

some representative data of the Hall resistiyity= Vd/| of
SEuO,ng,_ZBG, measured at fixed temperatures between 2 and
90 K, is plotted as a function of the magnetic induct®n
= uoH, whereH is the external magnetic field and, the
[‘)ermeability of free spaceVy is the Hall voltage,d the
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FIG. 5. Electrical resistivityp normalized to the value at 288 K

vs temperaturd for EuB; sample 1 (E¥Bg)
Etp 6Ca 2Be.
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FIG. 7. Hall resistivity p,; of Eu, {Ca Bg, measured at fixed
temperatures between 2 and 290 K, as a function of the magnetic
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FIG. 8. Effective charge-carrier concentratienl/(Rue) of FIG. 9. Effective charge-carrier concentrationl/(Rye) of

Euy¢Cay ,B; at different values oB between 1 a7 T as afunc-  EUBs sample 1 (EPBy) at different values oB between 1 and 7 T
tion of temperatureT. The Hall coefficientR, was calculated at as a function of temperatui®e The Hall coefficientR; was calcu-
eachB value by Ry(B)=py(B)/B. The dotted line indicates the lated at eactB value byRy(B)=p(B)/B. The dotted line indi-
Curie temperature determined from the position of the maximum ofates the Curie temperature determined from the position of the
p(T). The solid lines are to guide the eye. maximum ofp(T). The solid lines are to guide the eye.

sample thickness, arithe applied current. Between 290 and hegative slope of the 1-T curve coincides with the Curie
approximately 80 K,y is a linear function ofB up to B temperature of EghCay ,Be (dotted line in Fig. 8 indicates

=7 T. At lower temperaturep,, deviates from the linear that the drastic increase of the charge-carrier concentration is
dependence at inductior® that decrease with decreasing directly related to the ferromagnetic phase transition.
temperature. At 2 K, an almost linear dependence with a The Hall effect of pure EuBis qualitatively similar to the
slope whose absolute value is much smaller than at higbne of Ey¢Ca Bg, but the features described above are
temperatures is recovered. Attempts to fit the highly nonlin.somewhat less pronounced in the case of £uBFig. 9 we
earpy(B) curves in the range between 2 and 80 K by eithemlot —1/(Ry€e), obtained as explained above, at fixed fields
a two band model or by considering the anomalous Halbetween 1 ath 7 T as aunction of temperature. The analogy
effect via our magnetization measurements og £a,Bs  between the curves of EgCay ,Bg and EuB is not really

in magnetic fields of up to 55 kOe, were not successfulobvious at first sight because the investigated temperature
Neither of these considerations lead to an even qualitativeange with respect to the Curie temperature is much less
agreement between calculations and experiment. Therefoextended for EuB for which measurements only below 25
we suggest that the nonlineag(B) behavior results from a K have been made. Only the low-temperature tail of the
magnetic-field-induced transition between a charge-carrierfield-induced phase transition from a state with low charge-
poor state at high temperaturflinear py(B) dependence carrier concentration at high temperatures to a state with high
with a large absolute value of the sldge a charge-carrier- charge-carrier concentration at low temperatures is experi-
rich state[linear py(B) dependence with a small absolute mentally established. However, we speculate that at tempera-
value of the slopkat low temperatures. The temperature attures well above the Curie temperature of Eu8ll curves of
which this transition occurs increases with increasing appliedrig. 9 will merge and assume a value somewhat smaller than
magnetic field. This is more clearly revealed by Fig. 8, where5x 10° cm™ 3. Well below T, the ratio— 1/(R4e) tends to

we plot—1/(Rye) at different values oB between 1 and 7 T decrease again, at least for external fields exceeding 3 T. For
as a function of temperature. The Hall coefficig® was B=7 T the effective charge-carrier concentration assumes a
calculated at eacB value byRy(B)=py(B)/B. The ratio  maximum at approximately 14 K and clearly decreases to-
—1/(Rye) may be interpreted as an effective charge-carriewards lower temperatures. In smaller fields the position of
concentrationRy is negative at all fields and at all tempera- this maximum shifts to lower temperatures and the decrease
tures which implies that the charge carriers are predomiis less pronounced.

nantly electronlike. Above 80 K all curves in Fig. 8 fall on  The Hall-effect data of CaBis much easier to analyze.
top of each other, reflecting the linear variationog{ B). At~ The Hall resistivityp(B) varies approximately linearly with
lower temperatures al-1/(Rye) curves reveal a steep in- B in the entire investigated temperature range between 1.9
crease over more than one order of magnitude. The temperand 280 K. The slope of apy(B) curves is negative, im-
tures fixed by the largest slope of this increase range betwegiying predominant electron-type conduction. The corre-
approximately 30 K for the curva&@ T and approximately 5 sponding effective charge-carrier concentration reaches val-
K for the curve at 1 T. The effective electron concentration isues between 1.8 and 40° cm 3. At 53 K, the
approximately 8 10'® cm™2 above the transition and be- temperature wherg(T) reaches a maximum, the electron
tween 3 and & 10°°cm ™2 below the transition. The curve at concentration increases slightly. This feature is reminescent
1 T reflects most closely the intrinsfzero-field behavior of  of those inp(T) andn(T) at the ferromagnetic phase tran-
Euw, ¢Ca -Bg. The fact that the temperature of the maximumsition in EuB; and Ey §Ca, -Bg.
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FIG. 10. Effective charge-carrier concentration per formula unit  FIG. 12. MagnetoresistancéR=[R(B)—R(0)]/R(B) of
Ner determined from the Hall coefficient 4 T of EuB; sample 1 Eu, {Ca, ,Bsat differentB values between 1 a7 T as aunction of
(Eu'Bg), CaBs, and EydCaBsas a function of temperaturé.  temperaturel. The dotted line indicates the Curie temperature de-

The dotted lines indicate the positions where the respegt®  termined from the position of the maximum efT). The solid lines
curves assume a maximum. The solid lines are to guide the eye. are to guide the eye.

An overview over the low-field Hall-effect data of all EuB, sample 1 at differenB values between 1 a7 T as a
three investigated samples, BJBCaBs, and EysCa2Be, IS function of temperature. As previously reporfedt® the

given in Fig. 10 where we plot the effective Charg_e'ca”ierhigh-temperature MR is negative, increasing in absolute
concentratiome= — 1[Ry(B=1 T)e] per formulaunitasa yajye with decreasing temperature. The maximum negative
function of temperature at 1 T. For the lattice constants wayR of approximately 100% is reached at the Curie tempera-
used 4.1852 A for Euy™>4.146 A for CaB,“ and an inter- e of EuB;. At lower temperatures the absolute value of the

polation betwe_en both values for_ &L Bs. FOr MR decreases, passes through zero, and reaches positive val-
Euy ¢Cay ;Bg Ner increases most dramatically across the magy,es as high as 700% & T and 1.7 K.

netic transition at 5.3 Kby two orders of magnitudewith Above T, the magnetoresistances of EuBand
decreasing temperature. For Eu increases by at leasta g, .ca B, are qualitatively similar. As is shown in Fig. 12,
factor of 2.3 and the transition temperature is conS|derabI)é1boveTC the MR of Ey, (Ca, /B is, except for small posi-
higher. For CaB a slight increase ofie may be identified  {jye values at small fields, negative and increases in absolute
between 200 and 30 K. The effective charge-carrier concenge with decreasing temperature. B¢ @ maximum abso-
tration is, with less than 0.1 electron per formula unit at all| ;e value of almost 100% is reached just as for EUow-

temperatures, rather low for all three materials. Forgyer in contrast to the MR of EyBthe MR of E {Ca, -Bs
Eu £Ca -Bg we.find, with Iesg than 8104 charge ca}rriers remains negative at temperatures well belbw R
per formula unit, an exceedingly low effective carrier con-

centration at high temperatures.
Finally, we present our magnetoresistance data. In Fig. 11 IV. DISCUSSION

lot th t ist MRR(B) —R(0)]/R(B) of
we plot the magnetoresistance MRR(B) ~R(0)I/R(B) o The results of recent band-structure calculations by

Massidaet al!® suggest that the cubic hexaborides GaRd
EuBg; are semimetals, with a small band overlap at ¥e
point of the Brillouin zone. In a perfect semimetal the con-
centration of electrons in the conduction band is the same as
the concentration of holes in the valence band. The Hall
coefficient of such a system is only nonzero if the electron
and hole mobilities are not the same. The fact that we find a
negative Hall coefficient for all samples in the entire tem-
] perature range indicates that the electrons are more mobile
than the holes. This is in agreement with the band structure
of Ref. 15 where, at th& point, the effective mass of the
charge carriers in the conduction band of both gaBd
EuBg is smaller than the one of the holes in the valence band.
The effective charge-carrier concentrating; discussed in
the previous section is, in a perfect semimetal, related to the
real electron (or holg concentrationn by neg=n(up

FIG. 11. MagnetoresistancéR=[R(B)—R(0)]/R(B) of  + un)/(mp— mn), Whereu, andu, are the hole and electron
EuBs sample 1 (ElB,) at differentB values between 1 @7 Tas  mobility, respectively. Thus the real electron concentrations
a function of temperatur&. The solid lines are to guide the eye. nin EuBg, CaB;, and Ey {Ca -Bg may even be smaller than

)
ol
=]

400

200

MR = (R(B)-R(0))/R(0) (%)
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FIG. 13. Temperature dependence of the effective mass ratio FIG- 14. Absolute value of the Hall mobilityu,| of EuBs
m*/m, (m, = mass of free electrorof EuBy sample 1(Eu%B,  sample 1 (EtPB¢), CaR;, and EudCa)Bevs temperaturd. The
obtained by combining the effective charge-carrier concentration ofSét shows the temperature dependence of the “Hall” mean free
Fig. 10 with the temperature dependence of the plasma frequendﬂf"thh of the same three samples obtained as explained in the text.

given by Degiorgiet al. (Ref. 9. The dots mark the data points and

the solid curve is obtained by a smooth interpolation between thenﬁroundTC the Fermi surface is very sensit_ive to magnetig
fields. An appreciable decrease of the effective charge-carrier

concentration across theero-field Curie temperaturé is

the effective charge-carrier concentrationg given in Fig.  deduced from the low-field Hall constant only. Higher fields
10. Likewise, it cannot be excluded that, and u, have a  shift the decrease of the effective charge-carrier concentra-
different temperature dependence which would affect theion to higher temperatures. In the case of, fia, -Bg, the
way in whichn is changed across the phase transition. Howiemperature fixed by the largest slope of this decrease is
ever, this effect shall be neglected in the following estimateshifted fran 5 K at 1 T to 30 K at 7 T. Asimilar sensitivity

As mentioned in the introduction measurements of thds anticipated for EuB(cf. Fig. 9. Therefore we believe that
optical reflectivity of single-crystalline EuB(same sample the above-mentioned high-field measureméntannot rule
as sample 3 of this stuglyevealed a large shift of the plasma out an appreciable modification to the Fermi-surface dimen-
edge belowT¢.° The unscreened plasma frequengywas  sions with the onset of ferromagnetism.
shown to increase from approximately 2060 cnat 20 K to Combining the resistivity and the Hall-effect data we may
approximately 4890 cm' at 6 K. As pointed out by De- calculate both the low-field Hall mobilityu,=Ry(B=1
giorgi et al® this shift suggests an increase of the itinerantT)/p and the “Hall’ mean free path A\=7#(37?/
charge-carrier concentration, a reduction of their effectivee)J Ry (B=1 T)]?%p, which we plot in Fig. 14 and in its
mass, or a combination of the two. Combining thg(T) inset, respectively, as a function of temperature for £uB
data of Ref. 9 with our low-field Hall-effect data of Egcf.  sample 1, Cap and Ey {Ca -Bg. The absolute value of the
Fig. 10 using the relationw,=(ne*e;m*)*? with n  Hall mobility |u| of EuBs has a sharp minimum at the
=—1[Ry(B=1 T)e] we can estimate the temperature de-Curie temperature of 15.6 K. BeloW, |uy| of EuBg in-
pendence of the effective mass . ¢, is the permittivity of ~ creases steeply by an order of magnitude and reaches values
free space. In Fig. 13 we plot the ratio*/m,, wherem,is  as high as 2000 cfV's at 1.5 K. For EggCa Bs |uy|
the mass of a free electron, between 6 and 25 K, the tenpasses over a broad maximum centered at 50 K from where
perature range where both, and Ry(B=1 T) have been it falls by two orders of magnitude with decreasing tempera-
measured. With decreasing temperatmne/m, first slightly ~ ture to 0.3 cri/V's at 1.6 K. Unlike in the case of EyB
increases and, between 17 and 9 K, drops by a factor of 3.%uy| of Eu, ¢Ca ,Bg does not increase beloV but instead
a substantial reduction. Thus, in addition to an increase ofontinues to drop. For CaBuy| varies much less with tem-
the charge-carrier concentration, the effective mass of thperature. It passes over a maximum at 140 K and through a
charge carriers is reduced in the course of the ferromagnetghallow minimum at 30 K. With absolute values of the order
phase transition. As mentioned in the Introduction, Hirschof 100 cn?/V's in the entire temperature range the Hall mo-
proposed a model for EyBin which the entire shift olo,  bility of CaBg lies inbetween the ones of EgBand
can be explained by a shift of the effective m&&ur results  Eu, Ca, Bs. For all three samples the temperature depen-
may thus serve to refine this model. dence of the “Hall” mean free patin resembles that of

Very recently, Aronsort al* reported on results of their |u,|. The “Hall” mean free path of EggCay ,Bg aboveT,
Shubnikov—de Haas and de Haas—van Alphen measuremerifsing considerably shorter than the ones of EaBd CaR,
on a EuB single crystal. From the smooth temperature de-might be due to the disorder introduced into the system by
pendences below 25 K of four fundamental frequencies, exc€a doping. It is somewhat surprising thatof EuB; below
tracted from measurements at fields between 5 and 30 T is much longer thai of CaB;. It should be kept in mind,
they conclude that the Fermi surface of EuB essentially however, that the Hall mobility and the “Hall” mean free
unaffected by the onset of magnetism. Our Hall-effect meapath are only effective parameters in a fictitious one band
surements, however, show that in the temperature rang®@odel. In a perfect semimetal the Hall mobility is related to
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the electron and hole mobilities byy=pup—u,, ie., a rate have been shown to be reduced upon spin polarization.
small absolute value of the Hall mobilityjand a short Thus the ferromagnetic phase transition of Eufs an ap-
“Hall” mean free path can also be due tp, andu, being  preciable effect on all three fundamental parameteasrier
coincidentally very similar in magnitude. In view of this concentration, mass, and scattering yated a serious com-
likely complication we refrain from interpreting the overall parison with any theoretical model cannot be made without
features ofuy(T) in detail at this time. Nevertheless, the disentangling these effects.

increase ofjuy| below T of EuBg is, in part, due to the In Euy Ca ,Bgwe have identified a ferromagnetic phase
decrease of the effective ma&d. Fig. 13 but, in addition, transition at 5.3 K, accompanied by an increase of the effec-
there has to be a sizeable increase of the effective scatteriritye charge-carrier concentration by as much as two orders of
time r=mu/e. Evidence for this has also been obtainedmagnitude. The carrier concentration at temperatures above
from an analysis of the optical conductivity data presented ithe phase transition is, with less thax &0~ * per formula

Ref. 9. This indicates that there must be a significant changenit, extremely low for a metallic system. In particular, it

in the scattering mechanism for itinerant charge carriers irloes not lie inbetween the carrier concentrations of il

EuBg induced by the phase transition. CaB;. Thus it appears to be extremely interesting to further
investigate Ey_,CaBg samples and systematically follow
V. CONCLUSIONS the evolution of the Curie temperature and the charge carrier

) __concentration upon Ca doping of E¢B
We have shown that the ferromagnetic phase transition of

EuBg at approximately 16 K is accompanied by a consider-
able increase of the effective charge-carrier concentration.
Part of the giant shift of the plasma frequency deduced from
optical reflectivity measuremerits thus due to an increase ~ We thank H. Thomas for technical assistance. This work
of the charge-carrier concentration upon spin polarization. Iwas financially supported by the Schweizerische National-
addition, both the effective mass and the effective scatterinfonds zur Foderung der wissenschaftlichen Forschung.
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