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Magnetic structure in the zero-applied-field reentrant superconductor ErNk od~€5 0B2Co 99
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ErNiy o€ 0B2Co g9 IS superconducting af.=7.3K and is shown to partially reenter the normal state
between 5.5 and 5.7 K in zero applied field by means of ac-susceptibility &nd resistivity measurements.
Specific heat €,) measurements give a magnetic ordering temperafyre5.7+0.2K. Powder neutron
diffraction measurements showed that thé 'Emagnetic moments adopt beloliy=5.9+0.2K a transverse
modulated structure along thee axis (Q=0.55%*). Observation of third-order and fifth-order harmonics
indicates a squaring of the structure at lower temperatureugBa2 1.4 K). Although even-order peaks could
not be detected in the neutron data, a weak ferromagnetic transitidpgi=2.2K could be directly evi-
denced by magnetic susceptibility measurementsGeheasurements and indirectly evidenced in the thermal
variations of the intensity of the first-order magnetic pedi, (the magnetic coherence lengt,j, and the
magnetic wave vectofg). The magnetic structure of ErNjdey 0.B,Co.99 IS Nearly identical to that of the
parent compound ErdB,C. Precise comparison between the temperature variations &f,, andy ;. shows
that the transversa* -modulated magnetic structure is responsible for the reentrant behavior between 5.5 and
5.7 K. Although it is still pair breaking below 5.5 K, it coexists with superconductivifye Mossbauer spectra
display no broadening in the temperature range where the reentrant behavior is observed, showing that the
transferred hyperfine field at the Fe site, if any, is smaller than 2 kOe.
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[. INTRODUCTION ments adopt a commensurate antiferromagnetic structure and
H., increases again. Depending on the samples, a small
Four of the rare-earthR) nickel-borocarbidefkNi,B,C magnetic field ranging from 0 to 700 Oe can drive this com-
(R=Dy, Ho, Er, Tm(Ref. 1)) exhibit coexistence of a mag- pound reentrant: it becomes superconducting at 8.5 K, reen-
netic order with superconductivity. The magnetic momentders the normal state at 6 K, and superconductivity appears
originate from the localized # electrons of the rare earth, again at 5 K
and they are exchange coupled by the RKKY interaction TmNi,B,C (T.=11K) exhibits below 15 K a transverse
mediated by the conduction electrons. Many experimentsine-wave structure witq=0.094@* +b*) in zero applied
have shown the interaction of superconductivity with thefield>~" In an applied fieldH=0.9 T parallel toa, this
rare-earth-ordered sublattice in these compounds. One of itew-field structure transforms into a new structure with
most dramatic manifestation is the local minimum observed]=0.4&* (Ref. 18 which is stable at least up to
close to the Nel temperatureT in the upper critical field H=H(0K)=2T. This high-field structure is potentially
He(T) curve of HoNyB,C,Y™* ErNi,B,C,*>® and responsible for the depression ldf,(T) in TmNi,B,C be-
TmNi,B,C.” This effect is obviously related to the onset of low ~2K.
magnetic order but the detailed mechanism is not yet fully ErNi,B,C becomes superconducting &t=10.5K and
understood. the EF" moments adopt a transverse sine-wave structure
In HoNi,B,C (T.=8.5K), the minimum is attributed to [q=0.55%*, mib] at Ty~6 K."9-?2An incommensurate
the competition between superconductivity and a magneticmagnetic structure witlg=0.4—0.&* is a common feature
helical structure ¢=0.91%* (Refs. 8—10) or to a partially  of these three magnetRNi,B,C compounds and is caused
determined magnetic structurg=0.58%*, moment orien- by a nesting of their Fermi surface at thjs/ector?® Single-
tation unknown(Refs. 1113, or to both structurefRefs. 3  crystal measurements in Eff,C (Refs. 5 and Bwith an
and 14, as they are both observed in the 5—-6K temperatur@pplied fieldH parallel to thec axis have shown thad .,(T)
region whereH,, is depressed. Below 5 K the Fio mo-  sharply decreases at 6 rom 16 to 14 kOe for the best

0163-1829/2003/621)/2145187)/$20.00 68 214518-1 ©2003 The American Physical Society



E. ALLENO et al. PHYSICAL REVIEW B 68, 214518 (2003

sampley and starts increasing again at 5.5 [K (2 K) ~7-g sample large enough to ensure a good neutron diffrac-
=20 kOdg. This effect is anisotropic because fdi(a,b),  tion signal. Similarly a ErNiggs°'Fe&, 08,Co.05 Sample(la-
H¢,(T) only exhibits an inflection point around 5 K. A simi- beled D was specifically synthesized with’Fe for the
lar feature is also observed in the lower-critical fiélg (T) Mossbauer spectroscopy measurements. Our samples were
curve?*? The magnetic structure undergoes a transitiorpurposely melted with a carbon content slightly—2%
from antiferromagnetism to weak ferromagnetismTajgy below stoichiometry because it favors the reentrant behavior
=2.3K,*#which causes an increase of critical current duein zero applied field as already observed in HgyiC, .
to enhanced pinning of the flux line lattiéé. Powder x-ray diffractior(Bruker D8, CuK « radiation, Si
Although superconductivity is more “robust” in NBS SRM640 as referengeshowed that in each sample,
ErNi,B,C than in HoNjB,C, a reentrant behavior can be ErNi; of~€ 08B2Co 99 Crystallizes in the LUNB,C structure
observed in ErNB,C by applying a field larger than type (space groupl4/mmm) with Ilattice parameters
~11 kOe® Thus a direct and precise comparison betweera=3.501(1) A andc=10.563(2) A in sample®\—-C and
He(T) in ErNi,B,C and neutron magnetic diffraction data a=3.501(1) andc=10.560(2) in sampleD. Here 3%
usually obtained in zero applied field is difficul;, depends ErB,C, and 1% ENi;Bg were detected as impurity phases
on the applied field in ErNB,C,®> and even worse, in the in samplesA—C and samplé, respectively. Electron probe
case of TmNjB,C this would be misleading, as the zero- microanalysis performed on other EgNjFgB,C samples
field magnetic structure is not the existing structurédas. (x=0.04, 0.05, 0.1, 0)2showed that iron is uniformly dis-
One way to overcome this difficulty is to depress globallytributed in the matrix and that it follows a solid-solution
the H,(T) curve until its local minimum crosses tAeaxis  behavior in this concentration range.
and one observes a reentrant behavior in zero applied field. ac-susceptibility measurements were performed on a
Of course,T,. is simutaneously depressed. This was obtainedhomebuilt system with an amplitude ef1 Oe applied field
by Schmidt and Braun in HoMB,C and in ErNjB,C (Ref.  at 331 Hz. Resistivity was measured using a four-probe setup
28) by substituting cobalt on the nickel site: in applied dc current modej €20 Alcnt).
HONi; 9dC0y 0B2C and ErNj ¢3:C 0y gsNioB,C both exhibit Magnetic susceptibility measurements were performed in
reentrant superconductivity in zero applied field. Althougha commercial superconducting quantum interference device
magnetic neutron diffraction measurements were reported of5QUID) magnetometefQuantum Designunder 500 Oe
nonsuperconducting HoNig<Cay 0148,C,2%° no result was ~ after zero-field cooling.
reported on the two above-mentionned reentrant compounds. Specific heat measurements were carried out on a home-
Iron doping also depressed,. of the RNi,B,C made semiadiabatic heat-pulse-type calorimeter.
compound$®31:32and it was expected that, similarly to co- ~ Mdssbauer measurements were made usinyCo:Rh
balt, it would depressi ., and induce reentrant superconduc- source mounted on a triangular velocity drive in the tempera-
tivity in zero applied field in ErNi_,Fe,B,C. Therefore, we ture range 4.2—8 K. The isomer shift measured with this
report in this paper that ErNide, 0B8,Co o9 is a reentrant source must be shifted by 0.114 mm/s to obtain values with
superconductor T,=7.3K, Ty=5.9K, Tyry=2.2K) in  respect to the standargFe.
zero applied field. As the determination of the magnetic The neutron experiment was performed at the Laboratoire
structures of ErNigd e 0B2Co .90 is Of high interest to look Leon Brillouin (CEA-CNRS, Saclay using the two-axis
for correlations with its exotic superconducting propertiesmultidetector G4.1 diffractometer withh=2.427 A and
we carried out neutron powder diffraction. Accordingly, we 7°<26<87°. The sample was held in a vanadium can
also performed’Fe Mdssbauer spectroscopy measurement§R=4 mm) and placed in a He cryostat. Neutron powder
to examine if the magnetic structure present in the reentrardiffractograms were acquired as a function of temperature in
region leads to the introduction of a hyperfine field at the Fghe [1.4—10 K] range. Rietveld refinements of the nuclear
probe. and magnetic structures were performed with the help of the
program FULLPROF>* The nuclear scattering lengths pub-
Il. EXPERIMENT lished by SearS were used and the neutron linear absorption
coefficient was computeduR=1.5). The scale factors, the
A Nig.od.02 master alloy(Ni 99.9% and Fe 99.9%was  |attice parametera andc, the Lorentzian peak broadening
first melted in an induction furnace. Three 2.5-gcaused by the finite coherence lengtthomson-Cox-
ErNi; o &) 04 'B,Co 09 POlycrystalline samples labeled A, B, Hastings peak profif§), the magnetic moments, and propa-
and C were prepared by melting proper amounts of Egation vectors were refined parameters. The barenordi-
(99.9%, "B (Eurisotop, 99.8% chemically pure, 97.5% iso- nate, the Gaussian instrumental peak broadening parameters,

topically enricheg} carbon(99.7%, and of the Ni-Fe master the site occupation factors, and the thermal displacement pa-
alloy in an arc furnace under Ar atmosphel® isotope was  rameters were held fixed.

used to reduce the neutron absorption causet!®yn natu-

ral boron. The resulting buttons were melted and flipped over

several times to ensure a good homogeneity. Weight losses I1l. RESULTS AND DISCUSSION

were less than 1%. The samples were annealed for 6 days at . o -

1100°C and subsequently characterized by powder x-rayA' ac-susceptibility, resistivity, and specific heat measurements
diffraction and ac-susceptibility measurements. Last, they We have shown in a recent work on EpNjFeB,C
were ground to a fine powder and mixed together to make éx<0.2) (Ref. 37 that substitution on the Ni site by Fe
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FIG. 2. Specific heat) of ErNi; od=€ 088,Co 99 @s a function
FIG. 1. ac Susceptibility of the three ErfNiFeyos 1'B,Cooe  ©Of temperature. In the inset is displayed a magnetic susceptibility
samples used in our neutron diffraction experiment. Inset shows thEeasurement in ErlNbd~e, 0B,Co 99 at low temperature.

resistivity of one of these samplé€) and of the®’Fe Mossbauer _ _ . N
sample(D). corresponding to the antiferromagnetic transition and a

shoulder corresponding to the weak ferromagnetic transition

strongly decreasesT, at an average rate ofiT./dx  are clearly seen at, respectivel=5.7=0.2 K and T\gy
= —100 K/mol(Fe). Diminution of the density of states =2.2+0.2 K (see arrows in Fig.)2 Magnetic susceptibility
[N(e)] at the Fermi level ;) appears to be the main reason Measurements on ErNjg=e o4 'B,Co g0 also displays a large
for this T, depression because the smaller electron densitp€ak at 2.2 K(see the inset of Fig.)2and confirm that iron
(Fe has two electrons fewer than)Nhifts the Fermi level ~doping does not smear off the weak ferromagnetic transition.
away from the maximum dil(¢) nearly attained in the pure The specific heat change associated with the superconducting
compound®*°The real part of the normalized ac suscepti- ransition at 7.3 K is not seen in our data because the mag-
bility (x.) measured on our three ERNEFE,oB2Co.00 netic cqntrlbutlp_n toC,, is still very hlgh atT.. No oth(_ar
samples is plotted as a function of temperature in Fig. 1. Th&'agnetic transition could be detected either by magnetic sus-
three curves are nearly identical. The decreaseyjpfat  CePUblity or specific heat measurements.
T.=7.3 K(onsej corresponds to the superconducting transi- _ _
tion, which occurs at 10.5 K in ErjB,C. Here y.. in- B. Neutron diffraction measurements
creases at 5.7 K and diminishes again at 5.5 K. Therefore, Portions of the experimental diffraction patterns of
ErNiy o€ 082Co.99 partially reenters the normal state at ErNij; of&) 8,Co 99 Obtained at 10.0, 6.0, and 1.4 K are
5.7 K and regains superconductivity at 5.5 K. The effect isplotted in Fig. 3. At 10 K, only the nuclear peaks are visible
reproducible and its magnitude compares well with what wasind our Rietveld refinement confirms the x-ray diffraction
observed in ErNigssCay 06B.C.2® Approximately 50% of  results—i.e., that ErNiggFe 088-Co.00 ad0pts the LUNIB,C
the samplegby volume is not superconducting at 5.5 K. structure type {4/mmmn). Magnetic peaks are already vis-
The resistivity curve plotted in the inset of Fig. 1 was mea-ible a& 8 K and fully develop between 6 and 7 K. They
sured on sample C. Its behavior correlates with features seeyan easily be indexed af=6.0 K by the wave vector
in the x,{T) curves, although most likely a difference of q=0.56&* or equivalently by q=0.566*. Third-order
calibration of the thermometers causes a small temperatugeaks(3q) and fifth-order peak$5q) can also be observed
shift (—0.1 K) relative to they,{(T) curves. Sampl® also  respectively below~5 and~3 K. Higher orders were ob-
displays a resistivity curve very similar to the curve of served in single-crystalline Erp8,C,%° but were not de-
sample C with a local maximum, although less pronouncedtected in our case. Neither even-order peaks corresponding to
at 5.4 K. All these experimental data demonstrate thathe weak ferromagnetic structur@ (g,=2.2 K) nor inten-
ErNi; oF &) 0B2Co 99iS at least partially a reentrant supercon- sity changes of the nuclear peaks could be observed in the
ductor between 5.5 and 5.7 K in zero aplied field. scanned temperature rande4—10 K. As the 2y peaks are

From magnetic susceptibility measurements, we obtainedn order of magnitude smaller than thg Beaks> they are
an antiferromagnetic ordering temperatirg=5.9+0.2 K obviously beyond the detection limit of the G4.1 diffracto-
for ErNij of & 0B2Co99.>" This shows that forx(Fe) meter. The magnetic peaks intensity are well fitted by a
<0.05, Ty weakly depends onx(Fe) (Ty=6K in transverse sine-wave structure withilb (or equivalently
ErNi,B,C). Here, we present in Fig. 2 specific heat measuregllb* andmila) adopted by the B ions. Attempts to model
ments H=0) as a function of temperaturgC,(T)] in  the magnetic peaks intensity with a’Erhelimagnetic struc-
ErNiy odF € 0B,Co.99 Which confirm this view. A large peak ture [q=0.566*, mil(b, c)] resulted in reliability factors
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netic contributions of the secondary pha&®%) ErB,C,
(Ty=13 K).** Compared to room-temperature values, ghe
lattice parameter of ErNpg ey oB-Cog9 decreases from
3.500 to 3.497 A at 1.4 K and the lattice parameter in-
creases from 10.563 to 10.567 A. The lattice parameters are
constant in the temperature rangde4—-10 K. The propaga-
tion vectorg=0.55%* is very close to the 0.5%3 value
found in the works of Zarestkgt al?® and of Lynnet al’

both on ErNjB,C. These small differences could be ac-
counted for by changes in the electronic structure at the
Fermi level caused by the Fe doping as this modulated struc-
ture with g~ (0.5-0.6p* present in severaRNi,B,C (R
=Gd, Th, Er, Ho, Tm compounds is attributed to a nesting

1.5x10"

1.0x10"

Intensity (arb.units)

5.0x10°

00L of the Fermi surfacé® The magnitude at 1.4 K of the three
10 15 20 25 30 35 40 Fourier components of the Er moments are m,
29 (o) :104(1)/.LB, m3:34(l)/.LB, and m5219(l),u3 The ra-

tios m3/m;=0.33 andns/m;=0.18 are close to the 1/3 and
FIG. 3.  Experimental  diffraction  patterns  of 1/5 ratio expected for a perfectly squared structure. Making
ErNiy od €04 'B2Cogo at 1.4, 6, and 10 K and proposed peak in- this assumption at 1.4 K, these Fourier components would
dexation. correspond to a squared moment ©88.2ug. The same
value was found in a previod§8®Er Mossbauer spectroscopy
multiplied by a factor of 2. Refinements involving a small study of ErNi,B,C,*? and it is also very similar to the 85
moment on the Ni/Fe site showed that it is zero within ex-found by Zarestkyet al?° It is, however, larger than the
perimental error. The occurrence of third and fifth harmonics7.2u; found by Lynnet al}”*° but this discrepancy may be
when temperature is lowered below 5.2 K corresponds to @ell accounted for by small composition differences such as
squaring of the sine wave. No other magnetic structure waghe carbon content which has been shown to be very influ-
observed in the explored temperature rafipd—10 K. ential on the value of the magnetic moment of the rare earth
Figure 4 shows the good quality Rietveld refinementin the RNi,B,C series>**The high degree of similarity be-
(Rp,=5.1%) obtained on the 1.4-K pattern. Six contributionstween the characteristic parameters of the two magnetic
to the pattern were taken into  account: structures observed in Er\jge 0B,Co o9 and ErNiB,C
the ErNi of & 082Cog9 Nuclear and magnetic phases lets us conclude that both are nearly identical. The effect of
(g=0.55%*, 3q, and ) and the nuclear and antiferromag- Fe doping on the magnetic parameters of EBNC is very
weak: q only is slightly affected while the other parameters
| | ™ remain constant. Superconductivity is more drastically af-
Tl S S A A N A R R fected.
N | Figure 5a) shows the evolution with temperature of the
| | | [ | magnetic integrated intensities of the peaks indexed (000)
+q and (101)-q, the (200)-3q peak, and the (301 5q
% 1.0x10' F - peak respectively labelet};, 134, andlsq. Of course, as
expected, the three components increase when the tempera-
ture decreases. A power law fit bf between 1.4 and 5.8 K
yields Ty=5.9+0.2 K. ThisTy value is identical to the 5.9
5.0x10° | 8 K derived from magnetic susceptibility measurements and
; very close to the 5.7 K obtained from oGy,(T) experiment.
Tny=5.9K (Ref. 20 and Ty=6.0 K (Ref. 21 were previ-
ously determined by neutron diffraction experiments in
ErNi,B,C. This confirms thal weakly depends on Fe dop-
ing in this “low-concentration” range. Above 5.9 K, pretran-
sitional scattering is observed at least up to 8 K. Hggeand
I'sq respectively develop below 5.2 K and 3.6 K. However,
these two components might already exist just above these
FIG. 4. Experimentalcircles and calculatedline) diffraction ~ temperatures, as their diffraction peaks are initially small and
pattern of ErNj o¢F€, 0B2Co.00 at 1.4 K. The top six sets of small Proad and might lay below the detection limit of our experi-
vertical lines correspond to the Bragg positions of the six contripuiMent. As already mentioned, refinements showed that the

tions to the pattern. From top to bottom: EfNiFe,oB,Coee  Structure is nearly fully squared at 1.4 K.

Intensity (arb.units

nuclear and magnetic phases=(0.55%*, 3q, and %) and ErBC, The temperature variations of the magnitude of the propa-
(3%) nuclear and antiferromagnetic phases. The bottom line is th@ation vector(q) are plotted in Fig. &). It significantly var-
difference between experience and calculatRp=5.1%. ies (—1.4%) in the scanned temperature range. Above 7 K,
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FIG. 5. (a) Thermal variations of the magnetic integrated inten-
sities of the first, third, and fifth ordet {, 134, andls,) and of x4c-
(b) Thermal variations of the magnetic wave vector len@hand
of the magnetic coherence lengih .

it is difficult to attribute a sign to its variations agrather
fluctuates around a mean value (0.86). Between 7 and
2.2 K, it decreases with temperature from 066 to
0.558a*|. Below 2.2 K, it remains constant or slightly in-
creases. A5 K (q=0.563a*|) a change of slope is notice-
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FIG. 6. 5Fe Motssbauer
ErNi; g6 °"Féy,048,Co.05 at 5.5 K.

absorption  spectrum in

below 2.2 K as it is smaller than expected from the power
law fit and a reverse effect is seen in t€l) curve which
reaches a minimum or a plateaulgry, . Similar effects can
also be noticed al gy in thel (T) andq(T) data published
by Choiet al?!in ErNi,B,C. Therefore, our neutron diffrac-
tion measurements indirectly show that Eydi-e; 0B>Co 99
undergoes a transition to weak ferromagnetism.

C. 5"Fe Mossbauer spectroscopy

The %Fe Messbauer spectra in ErNig 'Fey 082Co o8,
recorded between 4.2 @8 K show no thermal variation. In
particular, no line broadening is observed in this temperature
range, showing that any transferred hyperfine field at the Fe
probe in the reentrant region €5I <6 K) is smaller than
2 kOe. Figure 6 shows that the spectra consist of two qua-
drupolar doublets: the dominant ofig5% relative intensity

able. Although the absolute values are slightly different, thishas an isomer shift of 0.06 mm/s with respecit&e and a
temperature dependence is very similar to what was observesimall quadrupolar splitting of 0.15 mm/s. It most probably

by Choiet al.in ErNi,B,C.?* A mean-field model involving

corresponds to Fe substituted at the Ni site. The minority

spin-slip structures explains these thermal variations of theomponent(25%) has an isomer shift of 0.38 mm/s and a

modulation vector in ErNB,C.** It could most probably
also be applied in the present case.

From the Lorentzian broadening of the magnetic first-

order peaksY in radiang, a magnetic coherence lengtfy)
can be deduced using the following equatigp=2\/7Y.
It is also plotted as a function of temperature in Figh)5nd

larger quadrupolar splitting of 0.35 mm/s. Past Er, Tm, and
Fe Massbauer studies d®Ni,B,C compounds showed the
presence of a minority component in the spe4r&:4°4
This component is most likely originating from distorted Fe
or rare-earth sites close to carbon vacarféi&swhich affect

the crystalline electric field. Our sample is indeed carbon

its variations are also instructive as they are qualitativelydeficient (0.98. Our data seem to contradict the result of

very similar to the variations df,. Between 8 and-6.5 K,

Ref. 45, where a small hyperfine field-@ kOe) was re-

in the preorder regime, it increases slower than betweeported in the reentrant regidb—6 K] of HoNi; od=&, 9-B>C,
~6.5 and 5.6-5.8 K where the long-range magnetic ordeunless the transferred field in EfNi°Fe 0B8,Coos is

develops. Below 5.6-5.8 K¢, increases until Tygeu
=2.2 K where it decreases. The maximum valueégf at

smaller than 2 kOe. Our result is, however, consistent with

what we reported in HoNigd &) 0:B,C (Ref. 46 and what

Twewm IS not caused by a limited instrumental resolution butwas obtained in ErNigde; oB,C by authors of Ref. 45: in

is intrinsic. On the contrary, the nuclear peaks width is lim-both cases, no transferred field was observed. We conclude
ited by the instrumental resolution and it is impossible tothat a reentrant behavior in zero applied field can be ob-
extract a nuclear coherence length and to compare it with theerved while no transferred field can be detected at the Ni/Fe
magnetic coherence lengthy(T) also seems to level off site.
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D. Discussion keeps on increasing while the magnetic order parameter be-
gins to saturate. Indeed, the magnetic moment derived from
our data is already 64z /Er at 5.5 K (8.2«g/Er at 1.4 K

nd ¢,(T) does not increase anymore. This implies that al-
though the transversemodulated magnetic structure is det-
rimental to superconductivity, its magnetic pair-breaking en-
ergy obviously becomes smaller below 5.5 K than the
dEuperconducting condensation energy and it coexists with su-
é)erconductivity. In ErNiB,C, H.,(T) is most probably

The x,{T) curve of sample A is also plotted in Fig. 5 to
allow correlation between the reentrant behavior and th
thermal variations of the microscopic magnetic parameter
in ErNiy o€ 0B2Co.99- The superconducting order param-
eter starts increasingT{=7.3 K) in the critical scattering
regime betwee 8 K andTy=5.9 K wherel ; and &, slowly
increase. This temperature range most likely correspon

to short-range magnetic ordering of the material but on \ .
cannot exclude long-range-ordered magnetic regions spree‘i‘aUCh larger(20 kOe at 2 K than in ErNi of6, 082Co.00
and no signature of the magnetic transition is visible in ac-

in a dominantly paramagnetic material. This question is - L . .
of course intimately linked to the problem of determining §uscept|bll|ty or resistivity measurements in low magnetic
the order of the magnetic transition in EsB,C and field. However, as already described in the Introduction,

; ; ; ; H.1(T) andH,(T) curves of ErNjB,C are also depressed
ErNi B,Co 99 Which according to us remains open. . ¢l c2 2 !
Pastllr?li:ue}[)rg% %Stgg?&lg,zo of ErNisz%J did not reveal a[r)1y just below Ty by the transverse modulated structure which

thermal hysteresis of the magnetic intensities. This WouldemathsHpalr breaking ever: ?:1 Iowler te;nt[r)]erature. Conts_e-
lead us to conclude that the transition is of second order typ@.uen Y:Fcz NEVEr TECOVErS 1o the value o fg nhonmagnetic
However, our 'S%Er Mossbauer spectroscopy work on reference compound LubB,C (80 kOe at 2 K.*® This con-

ErNi,B,C (Ref. 42 gave strong support to a first-order tran- tradicts prdev||ouz results Wh!Ch ha% Concggtig that the trans-
sition. Either superconductivity develops in already short-/€rS€ moadu atg structure is not detrim supercon-
range-ordered regions or only in paramagnetic regions spa?—ucnv'ty in ErNI,B,C.

tially separated from the magnetically ordered region of the

material. It is therefore difficult to conclude whether the IV. CONCLUSION

magnetic structure is detrimental or not to superconductivity \we showed that ErNiodF &, 0B8,Co.00iS @ reentrant super-

in the critical scattering regime. Aty=5.9K, | increases  conquctor in zero applied field. Parts of the sample reenters
faster and thea-modulated magnetic structure grows. This tha normal state between 5.5 and 5.7 K. Th&"Emagnetic
nearly coincides with the beginning of the reentrant behaviof, s ments adopt belowly=5.9K the same structure as
at 5.7 K. There is also a clear correlation with the variations, ErNi,B,C, i.e., a transverse modulated structure
of &,,(T) which saturates at 5.6 K. Hence, tht-modulated (Q=0.55%*), which squares at lower temperature and

magnetic structure is detrimental to the superconductivity in, o sforms to weak ferromagnetism belolyygy=2.2 K
the temperature range 5.5-5.7 K. Several mdfiéfpredict 1 antiferromagnetic ordering is at the origin of the reen-

that in a antiferromagnetic ;uperconductog the depr_ession ?Fant behavior belowvly and is detrimental to superconduc-
the electron-phonon coupling parame(&y is proportional tivity even at lower temperature, despite their coexistence.

to the magnetic order paramgtermX: A"=[1—const No transferred field was detected at the Ni/Fe site in the
Xm(T)]. These models can explain how beldy, the rap- | aantrant temperature region.

idly growing m depresses enough to drive the system, at
least partially, back to a normal state. However, one has to be
cautious because these models based on a mean-field theory
are used in a temperature range closel{powhere critical Part of this work was supported by Indo-French IFCPAR
phenomena are certainly at work. Below 5.5 K, superconducE€ontract No. 1808-1. We thank E. Leroy for EPMA measure-
tivity reappears because the superconducting order parameteents.
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