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Effect of external pressure on the magnetism of UCQyde; Al
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UCOAI is an itinerant %-electron metamagnet. Just 2% substitution of Fe for Co in UCO0AI stabilizes a
ferromagnetic ground state. We studied the temperature and field dependences of the magnetization of a
UCqy od&.0Al single crystal under hydrostatic pressures up to 1.2 GPa. The reentrant metamagnetism of the
UCoAI type was observed under pressures above 0.4 GPa. The experimental data have been analyzed based on
the theory of itinerant electron metamagnetism, which considers anisotropic thermal fluctuations of the mag-
netic moment.
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[. INTRODUCTION Fe switches the specific metamagnetic phenomena in UCo0AI
to the ferromagnetisif;*® Such a transformation is mainly
Itinerant electron metamagnetism, i.e., a first-order field-due to a change in the hybridization of the uraniufmssates
induced transition of an itinerant electron system from theand thes, p, d electron states of other neighboring atoms
paramagnetic to the ferromagnetic state, is a peculiar phéather than by a single volume effédBy applying pressure,
nomenon that originates from the special shape of the densifgentrant ~ metamagnetism was observed for the
of states near the Fermi levelThe family of itinerant elec- UCO(Al;_,Ga) (Ref. 19 and (U_,Y,)CoAl (Ref. 20
tron metamagnets is relatively small and consists of few incompounds, which exhibit a ferromagnetic ground state at
termetallic system$.The only 5 itinerant electron meta- ambient pressure. These studies were performed, however,
magnet known is the UCoAIl compound, which crystallizeson only available polycrystalline samples. Because of the
in the hexagonal ZrNiAl-type structufeThe ground state of Strong uniaxial magnetic anisotropy, the metamagnetic tran-
UCOoAI is paramagneti¢® The magnetic susceptibility is ex- Sition on the magnetization curves measured on polycrystal-
change enhanced and exhibits a broad maximum as a funtie samples is strongly broadened, which prevents a reason-
tion of temperature. In a magnetic field of approximately 0.6able comparison between the experiment and the theory. In
T applied along the axis, this compound undergoes a meta-this work we study the evolution of the magnetic properties
magnetic transition to a ferromagnetic statehnét U mag- Of @ single crystal of UCgod=e oAl with applied hydro-
netic moment of 0.85.5~" static pressure, including the pressure-induced transition

The metamagnetic transition in UCoAI is sensitive tofrom the ferromagnetic to the metamagnetic state. The re-
pressuré:® The critical field of the transitiorB, increases Sults are discussed in the framework of the theory of aniso-
with pressure at a rate 2.6 T/GPa. The observed pressufeOPIC spin fluctuations in comparison with data available for
effect on the magnetism of UCo0AI is well described with the the stoichiometric UCoAI.
spin-fluctuation theory for strongly anisotropic itinerant
magnetic system$.X! The magnetic phase diagram in the L. EXPERIMENTAL DETAILS
T-P plane was constructed using experimental dataw-
ever, the theoretical phase diagram calculated for itinerant A single crystal of UCgode) oAl was grown by the
metamagnet$ includes not only the metamagnetic and para-modified Czochralski method from the melt of stoichiometric
magnetic phases but also the spontaneous ferromagnetic statmounts of the constituent elemefitsof 99.95% purity, Co
that cannot be observed in UCoAI under any hydrostatiand Fe of 99.99% purity, and Al of 99.9999% pujiiy a
pressure condition. According to our estimation, the ferrotetra-arc furnace. The sample of nearly cubic shape of the
magnetic phase will be stabilized in UCoAIl by applying an size of~1.8 mm® and mass of 60 mg was spark erosion cut
effective negative pressure of more thai®.25 GPa’ perpendicular to the principal axes.

On the other hand, the ferromagnetic ground state can be For magnetization measurements under high pressure, the
easily achieved in UCoAI by a relatively small substitution sample was compressed in a Teflon capsule filled with a
of U by Y or Lu (Refs. 13 and 1dand Al by Ga(Ref. 15 or  liquid pressure-medium, a mixture of two types of Fluorinert
In.® Similarly, just 2% doping of the Co sublattice by Ru or (FC 70:FC 7%1:1), in a nonmagnetic high-pressure clamp
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Magnetic Field (T) FIG. 2. Magnetization curves of UGeFe ¢ Al at 1.5 K mea-

FIG. 1. Magnetizaton curve of single-crystalline Suréd in both increasing and decreasing fields for different pres-

UCoy ofF & oAl along thec axis for an ambient pressure at 1.5 K. SUres.
Inset: temperature dependence of the magnetization in the field of
02T value determined from the Arrott plodd? versusH/M is 16
K. However, the Arrott plots are strongly nonlinear around

cell made of a Ti-Cu alloy. The pressure exerted on thel., indicating that the ferromagnetic state is very close to an
sample at low temperatures was calibrated by measuring thastability.
temperature of the superconducting transition in Pb. The to- The magnetization curves measured for Jgbe, o/Al at
tal magnetization of the sample and the surrounding high1.5 K at various pressures are shown in Fig. 2. The ferro-
pressure cell was measured with an extraction-type magneaagnetism is destabilized and the metamagnetic transition
tometer in magnetic fields up to 7 T produced by aappears at pressures above 0.4 GPa. The critical field of the
superconducting magnet. Although the magnetization of théransitionB, is defined as the field at which the differential
high-pressure cell is extremely small, it was subtracted fronsusceptibilitydM/dB reaches the maximum value. A hyster-
the total magnetization to obtain the intrinsic magnetizatioresis of the critical field\B.~0.15 T indicates that the meta-
value of the sample. magnetic transition in UGde) o/Al is of first order. The
width of the hysteresis is approximately three times larger
than that for the parent compound UCOoAI.

The average critical field®, is plotted as a function of

In contrast to the paramagnetic ground state of UCoAlpressure in Fig. @). The value ofB, increases linearly for
the UCQ o & oAl compound was found to become ferro- P>0.4 GPa with a pressure derivativedB./dP
magnetic at ambient pressure. Figure 1 shows the magnet2.8 T/GPa. This value is only slightly larger than 2.62
zation curve of UCgqed &, oAl measured at 1.5 K in a mag- T/GPa reported for UCoAIA much stronger pressure effect
netic field applied along the axis. (In magnetic fields on the metamagnetic transition wittB./dP=5 T/GPa was
applied along thec plane, the sample behaves as a Paulireported for polycrystalline phgY oo C0Al, where the
paramagnet and no metamagnetic transition was observepiound state at ambient pressure consists of the mixture of
down to the lowest temperaturd.he magnetization process ferromagnetic and metamagnetic moméfitsFrom  the
exhibits a hysteresis. For the thermally demagnetized sampB.(P) dependence, the critical pressure for the onset of
(cooled in zero field the initial susceptibility is relatively metamagnetism in UGed e, oAl is determined to beP.
low (0.05ug/T) for a field interval below a starting field =0.33 GPa. From the linear extrapolation of thi&B) de-
Bsi~0.1 T. Domain walls begin to move through the crystalpendences for the paramagnetic and the induced ferromag-
only at B, but the magnetization reaches the spontaneousetic state td=B., we determined the change of the mag-
magnetization value in a rather narrow field interval. Thenetization at the critical fieldAM (for the ferromagnetic
hysteresis loop is almost rectangular with a nearly 100%mnagnetization curves it corresponds to the spontaneous mag-
remanent magnetization. A similar hysteresis behavior wasetic momentMg). The value ofAM gradually decreases
observed for other ferromagnetic U compounds with awith increasing pressurgrig. 3(b)], similarly to that of 3
ZrNiAl-type structure, which was attributed to the pinning of itinerant electron metamagnéfs.
the narrow domain walls in highly anisotropic crystals Figure 4a) shows the temperature evolution of the mag-
high fields, the magnetization does not saturate but shows retization curves of UGod e oAl at a pressure of 0.3 GPa,
strong increase with increasing field, similar to the case ofvhich is just below theP, value. The ground state is ferro-
UCoAI in magnetic fields above the metamagnetic transitionmagnetic, however, the metamagnetic component appears
The temperature dependence of the magnetization in a smallith increasing temperature, which is especially evident for
field (the inset in Fig. 1is typical of a ferromagnet. The the magnetization curves measured at temperatures between
value of the Curie temperatufB. = 18 K was estimated 10 and 14 K. From thé8.(T) dependence we have deter-
from the extrapolation of th#1%(T) curve toM=0. TheT¢ mined the transition temperature from the ferromagnetic to

Ill. EXPERIMENTAL RESULTS
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FIG. 3. Average critical field of the metamagnetic transitiah

and the change of the magnetization at the transitibh (b) at 1.5
K as functions of pressure.

FIG. 4. Magnetization curves of Uggde, oAl for 0.3 GPa
(field-down measurementsand 1.2 GPa(averaged field-up and
field-down measurementat different temperatures. Inset: tempera-

] ture dependence of the critical field for 0.3 GPa.
the metamagnetic state to Be=5.7 K for the external pres-

sure of 0.3 GPa. The first-order temperature-induced transB=B, for UCq, od~&, o/Al are shown in Fig. &). For P

tion from the ferromagnetic phase to metamagnetic phase 0.4 GPa, theT, value determined fromAB,(T) depen-

was predicted by the theoretical magnetic phase diagram fafence corresponds to the temperature at the steepest decrease
isotropic system'$ and observed earlier indBitinerant elec-  of dM/dB(T). At this temperatured M/dB amounts to half

tron systems such as Coq(SSe), (Ref. 2) and of its ground state value. In order to estimate the pressure
La(Fe _,Si,)13.22 We are convinced that the present experi-change ofl,, we consideiT, as the temperature at which the
mental result on UCgyd&, oAl provides clear experimental dM/dB value is a half of that for 1.5 K. Thus the determined
evidence of the existence of such a transition fnitiherant  value of T, decreases slightly with increasing pressure down
electron systems. to 10 K at 1.2 GPa.

For the pressure range where the metamagnetism is ob- For itinerant electron metamagnets, Bievalue increases
servable, the transition becomes gradually broadened witQuadratically with temperaturéB(~ T?). Such dependences
increasing temperature. As an example, in Fi) 4ve show  were observed for Laves phase compoufelg., YCo and
the magnetization curves at various temperatures Ror Co(S _,Seg),] (Ref. 23 and for itinerant 5-electron meta-
=1.2 GPa. The S shape of the magnetization curve disagmagnets based on UCoA?* The average critical field of
pears only above 20 K. In order to determine the criticalUCo, odFe, oAl is plotted in Fig. 6 as a function of the
temperaturel at which the first-order metamagnetic transi- squared temperature for different pressures. The critical field
tion disappears, in Fig.(8 we plot the temperature depen- increases nearly linearly witfi? for all the pressures. A
dence of the hysteresis width of the critical fidld.. For  small nonlinearity and difference in the slopeBf(T?) for
P=0.4 GPa, the value oAB. decreases with increasing P=0.4 GPa may originate from the contribution of some
temperature and vanishesTag~ 12 K. A similar value ofT;  amount of the ferromagnetic phase with its own hysteresis,
was determined for UCoAIl at ambient pressure, wherBthe which can survive at this pressure.
value is approximately the same. Unfortunately, we cannot The temperature dependences of the susceptibility of itin-
use the same way to determine critical temperaflyeat  erant electron metamagnets always show a broad maximum
higher pressures because thB.(T) dependence is strongly near the temperature where the S shape of the magnetization
nonlinear and the hysteresis above 5 K becomes very smalturves disappeafsThis phenomenon is predicted by the
For UCoAl the value ofiM/dB at the critical field decreases theory of itinerant electron metamagnets based on the spin-
sharply around the temperature whex8, becomes zerd. fluctuation modef® For UCOAI, a very clear susceptibility
The temperature dependences of thd/dB derivative at  maximum was observed &t~ 20 K.° Figure 7 shows the
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r-‘ng I \ 1 GPa. The temperature of the susceptibility maximlya, is
I 04r | . close to that of the parent compound UCOAI. The value of
E I T Tmax iNCreases with increasing pressure. For itinerant elec-
0.2 ] tron metamagnets, a rather good proportionality holds be-
i tween the values d@, for T=0 K andT . 2*>As shown in
0.0 —

0 S 10 s ‘ 20 Fig. 8, a linear relation betweeB. and T ., holds also in
UCoy o & Al. The estimated slope ofdB./dTax
=0.48 T/K is larger than 0.36 T/K reported for UCoAI.

FIG. 5. Width of the hysteresis of the metamagnetic transition 19ureé 9 shows the magnetic phase diagram of
AB, (3 and the slope of the magnetization curt&/dB at B UCOn o & oAl in the P-T plane. At low pressure and low
=B, (b) as functions of temperature for various pressures. temperature the compound is ferromagnetic. With increasing

temperature, the ferromagnetic phase is destabilized. For the

temperature  dependence of the susceptibility OHOW'preSSUf? region, the second-order type transition to the
UCaoy o Al in a field 0.2 T at various pressures. It is seen paramigongtsl; ;titg ???f %JLSEETC' For a ngrrc;]w press;J_ret_
that the susceptibility decreases with increasing pressure ang9¢ ~Y.eo=F="5. a the compound snows a 1irs

a broad maximum of the susceptibility appears under thé’rder transition to the metamagnetic phaseTa—’tT_l. The .
pressure above 0.6 GPa. At 0.4 GPa, the susceptibility maxp2ramagnetic grouﬁd state with the metamagnetic transition
mum is masked by a large susceptibility contribution that2PPears In the region above0.33 GPa and b_elow the,
originates from the ferromagnetic component and decreasé'ge.' At the temperature above, the_ sample IS paramag-
with increasing temperature. The low-temperature upturn of'et'c’ but the S-shape of the magneﬂzapon CUrve Is obser\{ed
the susceptibility bely 8 K indicates that the sample is not up to T~Tmax. The observe.d magnetic .phase. dlggram IS
completely homogeneous and that some ferromagnetic consimilar to the calculated diagram for isotropic itinerant
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FIG. 9. Magnetic phase diagram of UCgFey oAl inthe P-T  —1 5 K at P=0.8 GPa: experimentsymbol3, calculation using

plane. Eq. (1) (dashed ling and calculation with the distribution function

shown in the insetsolid line).
IV. DISCUSSION

The magnetization curve for an itinerant metamagnet cagreasingT at low temperatures whei®(T) is also propor-
be described by the following magnetic equation of state: tional to T2,% then reaches the maximum and decreases at
high temperatures. In order to determine a correct value of
B=aoM +boM3+coM®, (1) the ground-state susceptibility(0) of the metamagnetic
whereB is the magnetic fieldmagnetic inductionin terms ~ YCQ.0e&.0Al phase, we subtracted the low-temperature
of T, M is the uniform magnetization in terms pf;/U. The  UPturn of the susceptibility from the experimenta(T)
Landau expansion coefficients, by, andc, are the func- gurves(Flg. 7). The relation then gives the expansion coef-
tions of the electron density of states and its derivatives aticientao:
the Fermi level. The metamagnetic transition appears under

the conditions® ap=[x(0)— xol *. (4
3 aty 9 We described the metamagnetic magnetization curves using
>0, Dp<0, ¢o>0, and 16 b2 <20’ @) Eq. (1) by varying only expansion coefficients, and c,.

The value of the additional paramagnetic susceptibjigy
whereM(B) in Eq. (1) becomes a triple-valued function. In- which allows to obtain the best fitting results for all pres-
the equilibrium condition, the metamagnetic transition oc-sures, was chosen as 0.QQy T, slightly smaller thany,
curs at a critical field, for which the free energies of the =0.011u5/T estimated for UCoAf.As an example, Fig. 10
paramagnetic and ferromagnetic states, respectively, aghows the experimental magnetization cufsiecles and the
equal. Equation of state4) suggests that the magnetization fitted curve(dashed ling of UCaoy ofF @ oAl under the pres-
tends to saturate in high fields. For UCoAl-type metamagsure 0.8 GPa at 4.2 K, where the initial susceptibility is not
nets, the magnetization shows no tendency to saturate iffected by the ferromagnetic impurity. Both the low- and
fields above the metamagnetic transition. In order to describRigh-field parts of the magnetization curve are fitted well, but
the non-saturated magnetization curve we must take into aghe difference occurs between the experimental and calcu-
count an additional paramagnetic contributjpg) assuming lated magnetizations, respectively, near the metamagnetic
it to be independent of temperature, magnetic field andransition. The experimental metamagnetic transition is
pressuré.The coefficient, in Eq. (1) is the inverse suscep- broadened, most likely because of the nonhomogenémys
tibility and can be determined directly from the experiment.at |east, statisticaldistribution of the alloying element Fe.
However, the low-temperature  susceptibility — of The coincidence between the experiment and the model can

UCay o~ oAl is enhanced by a small ferromagnetic com- be substantially improved by taking into account a Gaussian
ponent(see Fig. 7. For UCoAI, the susceptibility increases normal distribution of the critical fields,
with temperature proportional te- T? at low temperatures.

The spin-fluctuation theory gives the following expression )
for the temperature dependence of the susceptibility of the F(By) = 1 extl — (Bc—Bo) )
strongly anisotropic ferromagnet: “ wim2 w2 '

-1_ — 2
X(M 77 =a(T)=ap+3boQ(M +1%,Q(M7% - (3) whereB, is the average critical field that corresponds to the
where Q(T) is the mean-square amplitude of longitudinal maximum ofdM/dB, andw is the half-width of the distri-
fluctuations of magnetization parallel Balong thec axis!®  bution. As a rule, the Gaussian-type distributions describe
Under condition(2), the susceptibility increases with in- well the composition fluctuations in the substituted com-
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function shown in the inset.

Figure 11 shows the calculated magnetization curves at FIG. 12. Pressure variations of the Landau expansion coeffi-
1.5 K for different pressures. They reproduce well the high-cientsa,, by, ¢, and the value 0hyCo/b3 at 1.6 K.
field magnetization and the critical field of the metamagnetic
transition. A difference is observed in the low-field region, In the theory of itinerant electron metamagnets with
where, as discussed above, the susceptibility is enhanced lByrong anisotropy, the susceptibility valueTat,, can be es-
a ferromagnetic contribution. It should be noted that thetimated using the values @f), by, andc,, determined from
magnetization curves for all pressures are described wethe magnetization curve d=1.6 K ad
with the same half-width of the distribution functiomy
=0.35 T for 1.5 K. . 3 b2

The uncertainty in determination of the coefficiemts, X(Tmad “=a(Tmad =80~ 20¢,’ (6)
by, andc, for UCo, of-& oAl at 0.4 GPa is larger compared
to that at the higher pressures because of the presence ofigure 13 shows the calculated valuesyof'(T ) for vari-
weak ferromagnetic contribution. In this case we cannot deous pressures, which are compared with the experimental
termine the coefficiens, from the experimental initial sus- 0N€S{=[ XexdTmad —Xo] '} for UCaoy ofFey oAl Both the
ceptibility. Therefore we determined, at 0.4 GPa using experimental and theoretical values increase linearly with
ao(P) dependence foP=0.6 GPa, which is found to be pressure, however, they differ approximately by two times.
nearly linear. Therb, andc, coefficients can be easily ob- Similar dependences for UCoAl compare well with each
tained by a simultaneous fitting of the valuesByf and the
magnetization above the metamagnetic transition. Since the 80 ' T
B. value is lower than the width of the distribution function, A UCo, ,Fe, ,Al
the calculated magnetization curve 0.4 GPa shown in
Fig. 11 displays a weak ferromagnetism, which is actually —
due to a mixture of the ferromagnetic and paramagnetic tm
ground states of different microscopic areas of the inhomo- ﬁS 40

=

geneous UCgyd& oAl sample.
The values of the coefficienty, by andc, are plotted in
Fig. 12 as functions of pressure. All the absolute values of

20 + :
the three coefficients monotonically decrease with decreas- I / |

ing pressure. The, coefficient tends to change the sign at a

O Experimental
Calculated

pressure~0.22 GPa. This implies that UGed e oAl at 0t

; i . . 0.4 0.6 0.8 1.0 1.2 1.4
ambient pressure is a conventional ferromagnet veith
<0. The values okgcy/b3 fall between 0.20 and 0.23 for Pressure (GPa)

all the pressures in the range of metamagnetism, in agree- £, 13 values of the inverse susceptibility of UGEFe, oAl

ment ‘2"”_th condition (2). The pressure dependence of o T—_T__ as a function of external pressure. The circles indicate
aoCo/bg is strongly nonlinear. The ferromagnetic state ap-he experimental data, and squares are the values calculated with
pears forP=0.33 GPa when the coefficient is still posi-  the coefficientsay, by, andc, derived from the magnetization
tive andaocolbé becomes equal to 3/360.1875. curves for 1.6 K.
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other? that provides evidence of the applicability of the spin- WS—
fluctuation theory to the strongly anisotropic itinerant meta-
magnets. The smaller experimentgl }(T) values in T Para
comparison with those predicted by the spin-fluctuation
theory can be caused by the enhancement of the susceptibil-
ity because of the presence of a ferromagnetic component in
the metamagnetic sample. Indeed, the enhanced susceptibil-
ity was also observed for an off-stoichiometric single crystal osL oo Tl i
U oC0; osAl 1 o5 (Ref. 24 that exhibits a broadened metamag- Ferro \ )
netic transition and contains some ferromagnetic component - I
at ambient pressure. NN
ACCOfd'f‘Q to the Eq.(gi), the susceptibility afl ., be- 0-8.12 014 0le o3 o020 om o
comes infinite atagcy/bg=3/20 that corresponds to the
triple point of the magnetic phase diagram, which is the
boun.dary between t.he.flrst- and .Sec.ond_or.der t'ranS|f1]ons_ FIG. 14. Theoretical magnetic phase diagram for strongly aniso-
The inverse susceptibility shown in Fig. 13 is a linear func'tropic itinerant electron compounds. Curves denotedras, ((T,),

tion of the pressure. The pressure that corresponds to trﬁo)’ and (T,..) show respectivelyQ(T¢), Q(Ty), Q(To) and
triple point in the magnetic phase diagram in Fig. 9 is detergy (T, . scaled byjb,|/10c,.

mined to be~0.25 GPa. It should be noted that in our esti-

mation the coefficien, changes the sign just below the
triple point. Q(Ty) = [l 1— \/@, /_aOCO 3 _ (11)
The magnetic phase diagrams reported in the wdrks 10c, 3 by 20

were calculated for the isotropic itinerant electron metamag- . o )
nets. For the strongly anisotropic metamagnets such as'€ maximum ofy(T) dependence is given by the relation
UCOAI, the calculated magnetic phase diagram is expecte@X(T) /dQ(T)=0, and we obtain

to be slightly different. At a finite temperatuiie the coeffi- Ibg|

cientsay, by, andcy in Eq. (1) are renormalized by thermal Q(Trw) = o (12)
spin fluctuations, and the magnetic equation of state is given 10c

by Finally, the condition of the second-order transition from the
B=a(T)M +b(T)M3+ c(T)MS, @) ferromagnetic to the paramagnetic statd gtis given by

where the coefficienta(T), b(T), andc(T) are functions of a(Tc)=0, b(Tc)>0, (13
ag, by, andc, and the thermal average of the fluctuating gnd from Eq.(3) we can easily obtain
magnetic moment. The expression faf(T)=y Y(T) is

1.0+ ¥

Q1IB)/(10¢)]
3
7
&
%

2
a,c,/b,

given by Eq.(3), and the expressions ft(T) andc(T) are |bg| 20 ayCo
written by Q(Te)= r‘:o 1+ 1- 3 b_g . (14
b(T)=bg+10ceQ(T), €S) The magnetic phase diagram with the phase boundaries
corresponding to Eqg10)—(12) and (14) is plotted in Fig.
c(T)=co. 9 14. AsQ(T) is a monotonically increasing function of tem-

For simplicity, we neglect the temperature dependence of perature, the vertical axis corresponds to the temperature. On
the other hand, thaocolbg ratio varies monotonically with

in the theory. However, the observed results for UCoAI ex- i _ ;
hibit a temperature dependenceast© pressurdFig. 12). Therefore, the horizontal axis corresponds

The equations of the phase boundary lines can be oH® the pressure. The experimental magnetic phase di.agram of
tained from conditiong2) by replacing the ground-state ex- Fi9- 9 is consistent with the calculated one, implying the
pansion coefficients,, by, andc, with the temperature- appllcabll_lty of.the spin-fluctuation theory to the strongly
dependent parametee(T), b(T), and c(T). From these anisotropic § itinerant electron metamagnets.
relations, the mean-square amplitude of longitudinal fluctua- According to the theory of anisotropic itinerant electron
tions of the magnetization along tieeaxis Q(T) at the criti- metamagnets, the critical field of the metamagnetic transition

cal temperaturd,, of the disappearance of the metamagnetidS 91Ven by

transition can be determined as B 3 \/m 3 b(z) +3 . ] .
:_3_(:001_60_02|0|Q() (15

B, a,
[bo| 10 Ja,c, 3 4
Q(To)=—7-11— a —% " onl- (10 . - . . . .
10c, 3 bz 20 in the first-order approximation oQ(T). Since Q(T) is

. ) 5 positive and proportional td2 at low temperature, the value
The ferromagnetic state appearing a(T)c(T)/b(T) of B,(T) increases with temperature %8,
=3/16 becomes unstable and a first-order transition occurs at

the critical temperatur@, at which B.=B.(0)+ BT?, (16)

064433-7
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4 — 7T Finally, we discuss the change in thevalue of the elec-
tronic specific heat due to the metamagnetic transition. Ac-
® UCo,,Fe, Al l cording to Ref. 28, the change g¢fcan be estimated as

o
UCoAl i Ay=—2BAM, (18)

whereAM is the change of the magnetization at the critical
field [Fig. 3(b)] and the coefficieng is given by Eq.(16).

. The estimation givesAy=—4.1 mJmol! K™2 for the
metamagnetic transition at 0.6 GPa. The specific-heat mea-
surements of polycrystalline UCoAI indicate that thevalue
changes from 70 mJ mot K~ 2 in zero field to 62 mJ mol*

K~2 at 5 T/ consistent with our estimations. The absolute
value of A y decreases nearly linear with increasing pressure.
At P=1.2 GPa, we havA y=—2.9 mJmol ! K 2. These
ot—1t - 111 results suggest that the spin fluctuations in ggbey oAl

0 5 10 15 20 25 30 35  are suppressed by the application of high pressure.

B,(T)

-1 -1
X (T ) (/' T) V. CONCLUSION

FIG. 15. The critical field of the metamagnetic transition at 1.5 We performed a study of the magnetic properties of the
K vs the inverse susceptibility tyax for UCoy o €.0,Al (@) and  UCay od=& oAl compound, which is characterized by itiner-
UCoAI (O). ant 5f electrons, under hydrostatic pressure. The ground
state is ferromagnetic at ambient pressure, but the spontane-
in agreement with the experimental results, as shown in Figous moment vanishes and the UCoAl-type metamagnetism in

6. fields applied along the axis appears aP=0.4 GPa. The
Substituting Eqs(6) and (12) into Eqg. (15), we get the critical field of the metamagnetic transition increases with
relation betweerB. at 0 K and the susceptibility &,y pressure at a rate of 2.8 T/GPa. In the metamagnetic state,

the temperature dependence of the susceptibility shows a

broad maximum at a temperatufg,,,. The susceptibility
Y decreases and the value ©f,,, gradually increases with

pressure, similar to these for UC0AI. Using the experimental
Saito et al?’ found a universal linear relation between the data, we plotted the magnetic phase diagram in Rh&
critical field and the inverse susceptibility for isotropic plane. Based on the theory of itinerant electron metamag-
Laves-phase metamagnets. Figure 15 shdys versus netism extended to the case of anisotropic thermal fluctua-
x(Tma) ~* dependences for UGgdre, oAl and UC0AI® For  tions of the magnetic moment, we obtained the calculated
both compounds the dependences follow a straight solid linenagnetic phase diagram for anisotropic itinerant electron
However, the slope of the line is found to be aboutmetamagnets, consistent with the experimental phase dia-
0.14ug /U, considerably lower than the reported value ofgram. The observed susceptibility maximum, the pressure
0.4ug/Co for isotropic Laves phase compouridszor the — dependence of the inverse susceptibility Taf,c, and the
isotropic metamagnets, a numerical coefficientdgiin Eq. ~ témperature dependence Bf can also be explained by the
(15) is about four times small&t?’ (1/21 in comparison with  theory.
1/5 for anisotropic metamagnétand the change af; gives
a small contribution to the change Bf(0). Foranisotropic

UCoAl-type metamagnets, tag coefficient changes consid-  This work was supported by a Grant-in Aid for the Sci-
erably by the application of pressure, and Bi¢0) value is  entific Research on Priority Ared8) from the Ministry of
affected by both components in the square brackets of thEducation, Culture, Sports, Science and Technology of Ja-
Eq. (15). Fortunately, bothy(Tma) * and a, increase lin-  pan. The stay of N.V.M. at ISSP was also supported by the
early with increasing pressure, so the linearity of the depenMinistry. The work was partly supported by the Grant No.
dence 0fB(0) on x(T ) * holds for UCoAI-type systems. 202/02/0739 from the Grant Agency of the Czech Republic.
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