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Magnetization in Mn-rich y-Cujgo-,Mn, (36<x=<83) alloys in fields up to 75 kOe
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The field dependence of dc magnetizafidm(H) ] has been measured aCuygq_,Mn, (x=36, 60, 73, 76,
and 83 alloys in magnetic fields up to 75 kOe at different temperatures between 4.2 and 21 Kl.(Fjedata
are found to be almost linear with field beyond 10 kOe. This is expected since the present alloys are antifer-
romagnetically ordered. But, at lower fieldd €10 kOe), the variation is slower than linear. The change of
slope inM(H) beyond the critical field of 10 kOe is attributed to the spin-flop transition which marks the
collapse of the helical spin structure and the onset of the linear spin-density-wave modulation. Another inter-
esting observation is that the composition dependences of the magnetization and the electrical resistivity
exhibit a minimum and a maximum, respectively, arowsd73. This behavior is described in terms of the
transition of magnetic structure from AF3 to AHB0163-18209)09125-0

I. INTRODUCTION systemt! Also, as the Mn concentration increases, long-
range spin order is expected to appear in Mn-rich alloys.
In the last few decades, spin glasses have been a subjegince most of the recent work is restricted to Cu-rich alloys,
of great interest for their unusual magnetic beha¥forHow- it is also not known how the SDW modulation behaves in
ever, in recent times, the intensity of these activities has reMn-rich alloys at lower temperatures well beldw and with
duced considerably, although a complete understanding oficreasing magnetic field. Keeping in mind all the above
their basic properties still remains unclear. Most of the earfacts, we have made detailed dc-magnetization measure-
lier studies have dealt with dilute CuMn alloys. In the recentments on Mn-richy-Cuyq,_,Mn, alloys (x=236, 60, 73, 76,
past, very accurate and careful neutron diffracich, and 83 in magnetic fields up to 75 kOe at nine different
ac-susceptibility, and dc-magnetizatidnstudies have re- temperatures between 4.2 and 21 K which are well below the
vealed a mixed itinerant antiferromagnetic and spin-glasspin freezing temperatures of all the alloys. To the best of
phase at low temperatures in Mn-righCuyoo-xMny alloys  our knowledge, there is as such no report on the field depen-
(x=72 at. %). This has generated a lot of interest sincgjence of dc magnetization in Mn-rich CuMn alloys. This is
most of the theoretical models, until now, have predicted &ery important in understanding the various magnetic struc-
mixed ferromagnetic and spin-glass phase. Long bal%k, OVefyres of this complicated system. Hence the present investi-
hausgr propqsed the spin densny w&ﬁ@v\l) modef? to gation attempts to deal with some specific problefis:to
describe antiferromagnetic behavior in dilute CuMn aIons.interpret field and composition dependence of the dc-

The SDW is a collective deformed state of electron gas th%agnetization data at low temperatures well beféwand

cantlbe stabilized _for part]icular Wf‘ve ve|ct8_'|’§.tyery rel- . (2) to find whether the dc magnetization gives any support-
cently, — a _sli.\nes 0 nheutron-polarization-analysiSi, , eyidence for the SDW modulation or not.
measurement$ 24 have renewed the interest in CuMn al-

loys. In detailed studies'? Cable and co-workers have
shown that the spin structure of @Gy Mn, (X
<25 at. %) alloys is fundamentally related to the incom-
mensurate SDW modulation. According to their study, the The details of alloy preparation and characterization were
random atomic short-range ord@&xSRO) plays an important given earlier. The measurement of magnetizati¢bake-
role in the development of a spin correlation which is ferro-shore Model 7229 Extraction Magnetometer/Susceptometer

magnetic or antiferromagnetic depending on the Mn concenwas performed up to a dc field of 75 kOe in the temperature
tration. Another study by Wernet al® had shown that long- range of 4.2 to 21 K.

range order does not develop in CuMn alloys since it gives

SDW instability. Most of the studies reported so far give

descriptions of spin structure of Cu-rich CuMn alloys at a IIl. RESULTS AND DISCUSSION

fixed temperature. Moreover, until now, there is no experi-

mental evidence of the SDW modulations from dc magneti- The presenty-Cuygo_,Mn, (x=36, 60, 73, 76, and 83
zation, ac susceptibility, and specific heat due to the complialloys have exotic magnetic structures at low temperatures
cated crystallographic and magnetic structure of thebelow T;. The earlier ac-susceptibility dc-magnetization,

II. EXPERIMENTAL DETAILS
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TABLE I. Alloy compositions and the values @f;, Ty, elec-
trical resistivity (p4» ), magnetization at 75 kOe and 4.2 K, and 10k
fitting parameters to Eq1).

x=60

Clygo-xMny Ty Ty Pa2 K M n K (1072) 08 |
X (at. % (K) (K) (uQcm) (emu/g (emuig(kOe)")

36 135 93 191 1.06 1.94 o6
60 149 176 0.99 0.96 1.44 o ’
73 172 184 0.80 0.97 1.21 g

76 145 275 196 0.83 0.95 1.32 3 04
83 45 484 120 091 091 1.79 s

. . . 0.2 |-
and neutron diffractiohstudies have revealed that the alloys

with x<73 have short-range order. But, as the Mn concen-
tration increases, bigger and bigger clusters are formed and 4
finally long-range antiferromagnetic order appears. Accord-

ing to the magnetic phase diagrdrthe alloys withx= 36,

60, and 73 are cluster glasses wheneas’6 and 83 are in

the mixed cluster-glass and long-range antiferromagnetic

phase. The values of the spin freezifyX and Neel Tv)  rg. 2. External field dependence of dc magnetization for the
temperatures are given in Table |. Recently, a very precisgjoy with x=60 at 4.2, 5.9, 8.0, 10.1, 12.1, 14.1, 16.1, 18.2, and
and detailed electrical resistivifyp(T)] study® has shown 273 k. In the inset, a first derivative plot of dc magnetization
that the preseny-Cuygq_,Mn, (x=36, 60, 73, 76, and 83 (dM/dH) at 4.2 K is shown.
alloys are substantially disordered with large residual resis-
tivity (po~100-200 €2 cm) (see Table )l At low tem-  different temperatures between 4.2 and 21 K in the alloys
peratures below 30 K, a distinct resistivity minimum is found with x=36, 60, 73, 76, and 83. The measurements were done
in all the alloys. This is interpreted convincingly in terms of in the zero-field-cooledZFC) state. Here, one can see that
electron-electron interactioEEI) effects in the weak- the dispersion in the data is much less than the width of the
localization limit. Also the positive magnetoresistatfce symbols. The values of M at 75 kOe are found in the range
(Ap/p) in both longitudinal and transverse directions belowof (0.8—1.9 emu/g at 4.2 K which are in good agreement
20 K in all the Mn-rich alloys is found to be very much with the values reported earlier for concentrated CuMn
consistent with the prediction of the EEI effects. alloys’® Interestingly, theM(H) data exhibit an almost
The field dependence of dc magnetizatigd (H)] in  temperature-independent behavior between 4.2 and 21 K in
magnetic fields up to 75 kOe is shown in Figs. 1-4 for ninex=60, 73, and 76 whereas only a small variation is observed
in x=36 and 83. Ix=36 (see Fig. ], the magnetization at

dM/dH ( emu/(g kOe) )
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FIG. 1. External field dependence of dc magnetization for the
alloy with x=36 at 4.2, 5.8, 7.8, 10.0, 12.1, 14.1, 16.1, 18.2, and FIG. 3. External field dependence of dc magnetization for the
21.3 K. In the inset, a first derivative plot of dc magnetization alloys withx=73 and 76(insey at 4.2, 5.9, 8.1, 10.0, 12.1, 14.1,
(dM/dH) at 4.2 K is shown. 16.1, 18.2, and 21.3 K.
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1.0 - tainly gives a clear indication of the increase in long-range
Increasing T . . .
antiferromagnetic order in the alloy= 83 where the magne-
tization is expected to vary asM~T/a+ Ty /@, wherea is
a constant. From the fitting parameteks &nd Ty /«), the
Neel temperature is calculated and is found to be around 470
K. This is in very good agreement with the earlier reported
value forx=83 (see Table)l However, no such dependence
could be found in the present data of the alloy with 76.
Moreover, the earlier studies of magnetizafiamd neutron
diffraction’® have revealed a mixed long-range antiferromag-
netic order and cluster-glass phase at low temperaturgs in
=83. The behavior of the cluster-glass phase in this highly
Mn-rich alloy might be an indication of the presence of
SDW modulation at low temperatures. In addition, the
neutron-polarization-analysis study by Cabteal® had pro-
vided a rough estimate of the temperature dependence of the
* Tomperature (K) magnetic peak-height intensity and the spin-correlation
L . 1 . L . 1 . \ length for the SDW modulation in concentrated
0 20 40 60 80 Cuigo_xMn, (x=25 and 1% alloys. The central magnetic
H (kOe ) peak-height intensity and the correlation length for the alloy
x=25 are found to be almost temperature-independent below
FIG. 4. External field dependence of dc magnetization for thel00 K. Interestingly, the present findings of almost
alloy with x=83 at 4.2, 5.9, 7.8, 9.8, 13.7, 15.6, 17.6, 19.5, andtemperature-independent behaviorM{H) in the alloysx
21.0 K. In the inset, the temperature dependence bf &t the =60, 73, 76, and 83 are more or less in agreement with those
magnetic field of 75 kOe and the best-fitted line are shown. of the neutron-polarization study whereas the variation of
M(H) in x=236 could not be supported from those observa-
a given field is found to decrease as temperature decreaséions. It is important to mention here that the neutron-
The above behavior is generally expected in ZFC states gfolarization study is restricted only to the low-concentration
spin—cluster-glass alloys'® At temperatures well below alloys (x<25 at. %) and for very few temperatures between
T:, more and more spin-cluster moments get frozen. As &.2 and 300 K, while the present study deals with the Mn-
consequence, the alignment of moments along a given apich alloys at temperatures well belol¢ . Hence, to find a
plied magnetic field becomes less resulting in a decrease iproper correlation, a detailed neutron-polarization study at
the net moment. The present alloy witk= 36 is in the criti-  low temperatures in the Mn-rich alloys is needed. Neverthe-
cal concentration region of the magnetic phase diagram dess, the present report gives detailed information about the
CuMn where the system exhibits both the spin and clustertemperature dependence of the magnetic moment of this
glass behaviord! Moreover, the present temperature rangecomplicated SDW CuMn system.
between 4.2 and 21 K are well below the spin-freezing tem- The magnetic field dependence of thH) data in all
perature T;=135 K) of the alloyx=36. In addition, the the alloys is found to be almost linear in the range of 20—75
recent magnetoresistance stifthhas clearly shown the kOe(see Figs. 1-1 This is expected since the present alloys
dominant presence of spin—cluster-glass phase=#86. are antiferromagnetically ordered. However, one can find
Hence, the decrease in magnetization with decreasing terthat the data vary slightly faster than linear in the alloy with
peratures is quite expected in the alboy 36. On the other x=36 whereas they are slower in the Mn-rickx (
hand, in the Mn-rich alloys witrx=60, 73, and 76, the =60 at. %) alloys. Hence to give a complete description,
M(H) data exhibit a temperature-independent behavior bewe have fitted the data to the relation
low 21 K (see Figs. 2 and)3This is quite puzzling in the
sense that the early dc-magnetization sfuthad clearly M=KH", (1)
shown a decrease il 4T) with decreasing temperatures.
However, the study was restricted to the rangg€38-300  whereK is the proportionality constant. The valuesroand
K. It is well known that as Mn concentration increases, clusK at 4.2 K are found to be in the range @.91-1.06 and
ters in CuMn alloys grow in size and, as a result, the mag{1.2—1.9 X102 (emu/g)(kOe) ", respectively for all the
netic correlation within the clusters becomes stronger in thalloys. The fitting parameters at 4.2 K are given in Table I.
Mn-rich alloys. The present temperature range of 4.2 to 21 Kror other temperatures, the valueaindK are found to be
is too small for any significant thermal relaxation of thesealmost the same and hence are not included in Table I. It is
frozen cluster moments for=60, 73, and 76, and, hence, a interesting to note that the temperature dependence
temperature-independent behavior shows up. On the comf M(H) in the alloy x=36 comes mostly from
trary, in the alloyx=83, M(H) at a given field is found to the variation ofn [=(1.06-1.12], while the values of
decrease with increasing temperatufese Fig. 4. This be- K [=0.02 (emu/gm)(kOe)"] are found to be almost the
havior is exactly opposite to what is found i+=36. The same. The most important finding in the present data is that
temperature variation df1 at H=75 kOe is shown in the M(H) deviates sharply from linearity below 10 kOe in all
inset of Fig. 4 where the plot of 1/M v§ is found to be the alloys. This is found to be more pronounced in the alloy
linear with a positive intercept on theM/ axis. This cer- x=60 (see Fig. 2 To find the deviation more clearly, we
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20 . 200 teractions {,) aligned some of the random moments. Thus,
/ ] the magnetization is enhanced. Here, one can also expect that
" /‘ the above behavior of increase in the magnetization should
' 4175 be reflected in the composition dependence of electrical re-
] sistivity [ p(T)]. In Fig. 5, we have plotted the concentration
15 dependence of the electrical resistivity at 4.2 K where the
values ofp, , « are taken from our earlier repdrtt is in-
teresting to see that the data exhibit a peak araund6.
The increase in resistivity untk=76 is an indication of
enhanced disorder of the magnetic momemss., spin in
AF3 structure. But, as soon as the AF1 structure sets in, the
next-nearest neighbor ferromagnetic interactions align some

[ ]
V. v 1
\ / J 100 of the randomly oriented moments in a preferred direction
/

Moment (emu /g )
(wopn)*erd

resulting in a decrease in the disorder and hence the resistiv-
ity. The above findings certainly show that random atomic
05 ; 75 short-range order plays an important role in the present al-
30 45 60 75 90 loys. However, no such correlation was observed between
Mn concentration ( at. % ) the EEI effects and the alloy compositibhin our earlier
study of p(T),X it was clearly shown that the temperatures
of the resistivity minima had a roughly linear dependence on
the values of resistivity of the present alloys and not on their
have plotted the first derivative dl (i.e., dM/dH) with ~ composition(see Fig. 2 of Ref. 16 Moreover, a correlation
respect to the magnetic field (see insets of Figs. 1 and.2 between the EEI effects and the magnetization is not really
The data have shown a sharp drop around 10 kOe beyorfkPected here since magnetic sates of any three-dimensional
which it becomes almost field independent. This sudden indisordered alloys do not have any major effect on the EEI in
crease in magnetization beyond a critical field of 10 kOe ighe weak-localization limit®*° Nevertheless, this is a study
attributed to the spin-flop transition which marks the collapse®n Mn-rich CuMn alloys where the change from AF3 to AF1
of the helical spin structure and the onset of a linear SDW. Anagnetic structure is observed from the concentration depen-
similar behavior was observed earlier in the Mn-rich allbys. dence of the dc magnetization as well as the electrical resis-
But the interpretation could not be made sirldéH) was  tVvity.
restricted up to 16 kOe only. In addition, a neutron diffrac-
tion study’ of Mn-rich CuMn alloys had shown that the IV. CONCLUSIONS

average canting of spins with respect to the crystallographic The studies of the field and the composition dependence

ordering directiorf001] is around 5°. This, as a result, gives - .
. : ; ' ’ of dc magnetization were presented jaCu Mn, (X
rise to a helical spin structure. Also, the recent study on 9 b #ACUo0-Mny (

single crystal CyMng, alloy? has found that spin freezing k(geG ,aﬁoai?feé’rgr?i ?ggqug?grselsn &?\?ngaciezldas n%f L;qtoK_7:?.he
occurs in both parallel and perpendicular to crystallographicM(H) data have been found to be almost temperature inde-
ordering direction[001]. But, the freezing is found to be endent for the alloys withk=60, 73, and 76. However
more in the parallel direction compared to the perpendicula mall variations are observed in’ thé alloys 3;6 and 83’
one. The present study of the field dependence of dc magn /hich are interpreted in terms of spin—cluster-glass and
tization gives a strong evidence of the presence of a heIicq

. : . L . ng-range antiferromagnetic orders, respectively. The field
spin structure in the Mn-rich CuMn alloys, which is nothing degendegnce ol is fou%d to be almost Iri)near biyond 10
but a manifestation of the SDW modulation.

: o Oe. This is expected since the present alloys are antiferro-
The concentration dependence of the magnetization at agnetically ordered. But, in the low-field limit H(
kOe is shown in Fig. 5 for the present alloys vvjtlfr.36, 60, <10 kOe), there is a‘ deviétion wheh (H) goes slower
73, 76, and B3. The plot shows a decrease untili3 be- than linear. The faster increase in magnetization beyond 10
yond which it starts m_creasmg._Thls IS quite Interesting Ny 5 s attributed to the spin-flop transition which marks the
::r;ﬁic‘z?ncsoenézitrg:iinm(;?(lzg? V\?r:\éfs t%ed:r?trifelzr:g;(r::::g:egi %ollapse of the helical spin-structure and the onset of a linear
structure of the alloys goes from AF3 to ABIn the AF3 SDW modulation. Another important observation in the

. present study is that the composition dependences of the
structure, bqth the nearesl| ar_1d the next-nearest nglghbor magnetization and the electrical resistivity data exhibit a
(J,) interactions qf Mn are ant}ferromagnetlc Whllg, in AF1, minimum and a maximum, respectively, almost around
‘].1 and J, are _antn‘er_romagnetlc and ferromagne'uc, 3reSpeC'=(73—76). This is explained in terms of a crossover of an-
t'Vel.Y' In add!non,Jz is found to b_e a_Imost twice afy” In tiferromagnetic structure from AF3 to AF1 at=73.
addition to this, the neutron-polarization-analysis stadhas
shown that the average number of Mn next-nearest neighbors The work at Texa A & M University was supported by
is large compared to those of the nearest neighbors. Henctiye National Science FoundatiofNT-9603137 and the
the decrease in magnetization unti# 73 (below which itis ~ Robert A. Welch Foundation, Houston, Texé&Srant No.
AF3 type can be attributed to the increase in antiferromag-A-0514). We are also grateful to the Department of Science
netic ordering. But, beyonat=73, the magnetic structure and Technology, Government of India, for providing support
becomes AF1 type where the next-nearest ferromagnetic irthrough Project No. SP/S2/M-24/93.

FIG. 5. Concentration dependence of dc magnetization at 7
kOe and 4.2 K, and electrical resistivity at 4.2 K ).
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