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Abstract

The antiferromagnetic ground state of the equiatomic ternary intermetallic compound CePtSn was studied by means of X-ray resonant
magnetic scattering. The Qe edge signal shows that below th&® temperature~ 7.5 K) an incommensurate magnetic structure with
the propagation vectay, varying monotonously between (0 0.415 0)7atand (00.4170) at 5.0K is present. &} = 5K, the magnetic
propagation vector locks in, and an additional Fourier component develgps-af0 0.47 0). Polarization analysis was used to determine the
direction of the ordered Ce moments. Near th& Pedge, only non-resonant scattering could be observed, suggesting the induced moment
at the Pt site to be negligible, as also indicated by band structure calculations.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction and magnetic moment of @+ 0.08)pg at7 = 2K and
(0.60+ 0.06)pp at T = 4.8K, respectively. These results
CePtSn belongs to the family of ternary Ce compounds are in contradiction to the zero-fieldSR spectrg?2] that
exhibiting intriguing electronic properties due to the com- display coherent oscillations indicating a locally commen-
petition of the RKKY interaction, the Kondo eﬁect, and the surate ordering_ A semi-quantita’[ive mo®| describes the
crystal field (CF) interaction. The experimental value of the magnetic structure of CePtSn as a simple antiferromagnetic
characteristic Kondo temperature for CePtGo,~ 10K, is one with ¢ = (01/20) with additional spin slips induced
close to the Nel temperaturéy = 7.5K[1]. CePtSnunder-  py the crystal field interactiofi’]. Representation analysis
goes a second magnetic phase transitidhat 5.0 K. of the symmetry-allowed magnetic structures suggests that
CePtSn has been studied by a variety oftechniques, includ-the single-k commensurate structure belongs to thér-
ing SR [2], neutron scattering3,4] and Mossbauer spec-  reducible representation of the space gréupa in the in-

troscopy[5]. The magnetic structures and the nature of the termediate temperature region. With decreasing temperature,
magnetic phase transition & remain undetermined. The  also thel representation is preseigy.

aim of the present study is to answer these open questions.
The first neutron diffraction experimeri8] indicated .
an incommensurate magnetic structure with propagation2- Experimental

— * _ *
g1 =041&" atTy < T < Ty andg, = 0.466" below Ty Single-crystalline sample of CePtSn, used previously

A . _in a neutron diffraction experiment, has been grown in a
* Corresponding author. Present address: European Commission, Jomtt f b dified C hralski hod d
Research Center, Institute for Transuranium Elements, 76344 Eggenstein- etra-arc furnace by a mo 'l 'e_ ZO_C ralski metho : ur_‘ er
Leopoldshafen, Germany. Ar atmosphere from a stoichiometric melt of constituting
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The X-ray resonant magnetic scattering technique 10 @
(XRMS) is a powerful method for the study of magnetic or-
dering in solids. The magnetic scattering cross-section can
be enhanced by several orders of magnitude by tuning the
incident photon energy to resonances at absorption ¢éges
11], in particular theM, 5 edges of actinides and the 3
edges of lanthanides. Furthermore, the angular and polariza-
tion dependence of the resonant cross-section may be utilized
to obtain information about the orientation of the magnetic
momentg12-14]

The synchrotron experiments were carried out at the mag-
netic scattering beamline ID20 of the European Synchrotron
Radiation Facility (ESRF). The samples were mounted on 1530 © 583
the cold finger of an Orange type liquid He bath cryostat. The > 3 4 5 6 7 8
base temperature of this configuration was approximately T(K)
1.7K.

For most of the magnetic diffraction experiments pre- Fig. 1. The temperature dependence of the integral intensity of the two
sented in this report the photon energy was tuned to the maxi_characterigt'ic magnetic reflections in CePtSn (panel a) and of their reciprocal
mum of the E1-resonance at the Ceedge (6.164 keV). The ~ SPace position (panel b).
incident X-rays were polarized parallel to the horizontal scat-
tering plane { polarization), and a LiF(2, 0) crystal was
used to analyze the polarization of the scattered beam. Ad-
ditional measurements were performed at thé P4 edges.
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3.2. Polarization analysis

Polarization analysis was used to determine the direction
of the ordered Ce moments. The magnetic resonant contribu-
tion to the coherent scattering amplitude in the electric dipole

3. Results approximationfXRES can be written afl2]

Upon cooling through the &kl transition, superstructure fo (1) 0 k-z €5
reflections of the fornG + (0 ¢ 0) with g1 = 0.42 develop =iF .3 (I}/ % I}) 3 €
(G isthe reciprocal lattice vector). Beldfiy a second family
of reflections aG + (0 ¢ 0) with g2 = 0.47 appears. These  here F(1) is an amplitude factod andk’ the incident and
are consistentwith long range antiferromagnetic order as pre-gcattered beam directioristhe unit vector in the direction

1)

viously observed by neutron scatterifgj4]. In the follow- of magnetic moment, and, ande, represent the incident

ing, we present a detailed study of the magnetic peaks atpolarization of the beam.

(024 ¢120) and (03~ ¢1,20). Since the incident polarization used in the present experi-
ment wasm, the magnetic resonant scattering amplitudes for

3.1. Temperature dependence o and polarized scattered beam are

The temperature dependence of the magnetic reflections fo = k - 2
(02— ¢1,20) of CePtSn is summarized Fig. 1L The data fo = (I}/ % l}) 3
were taken at the Cé&, resonance. They confirm the re-
sults of our neutron diffraction studies but due to the much Therefore, the signal in the—o channel is proportional
better Q-resolution of the XRMS method, give further in- to the magnetic moments in the scattering plane, whereas
formation on the behaviour of the magnetic structure in this the m—m channel contains information on the perpendicu-
compound. The magnetic signal shows that below teelN  lar component of the magnetic moment. More detailed data
temperature £ 7.5K) an incommensurate magnetic struc- can be obtained by varying the relative orientatioof the
ture with the propagation vectgr, varying monotonously magnetii: monjf-znts and the incident and scattered beam di-
between (0 0.415 0) afy and (0 0.417 0) at 5.0K is  rectionsk andk . This “azimuthal scan” technique is often
present. Afliy = 5K, the magnetic propagation vector locks used for studies of orbital and/or quadrupolar order. In our
in, the position and intensity of the; satellites remain  experimental configuration changing the azimuth required
constant. warming up and remounting the sample, therefore only two
Furthermore, an additional Fourier component develops settings were explored (sE&. 2): theb— anda—b scattering
atg, = (0 0.47 0). The intensity of the, peaks is approx-  planes.
imately 1/20 of theq; peak. There is no observable change  As can be seen fronkig. 3 in the intermediate tem-
in the width of the reflections and it appears that both modu- perature rangdy < T < Ty the magnetic peak intensity
lations coexist microscopically. for  =(02+¢10) is in the w—m channel, i.e. it

)
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antiferromagnetic orderingirhin the lattice unit cell along
the b-axis.

- A The gi-related reflections remain belowWy where

g also magnetic satellites corresponding 4@ magnetic

" A T propagation appear. Also in this case the (D) and
(03— ¢0) magnetic reflections have opposite polarization.
In the b— scattering plane (SP) geometry they probe
the Fourier components perpendicular to the scattering
plane, i.e. along the crystallographieaxis. In thea—b SP

by ¢ by a geometry Fig. 3c) all peaks appear in the—o channel,
kﬁ j

< "¢ indicating that all probed Fourier componemtdi€ within
\ k Sk the SP. This is consistent with|la for (02 + ¢10) and
(03 — ¢20), and impliesu]|b for (03 — g1 0) and (02+
q20).

V

A

Fig. 2. Two scattering geometries used in the present experir@dstthe
Bragg anglef; o [t || SP, i.eb— plane in geometry (a), ang-b in geom-

etry (b). fr o it L SP, i.e.a-axis in geometry (a) and-axis in geometry . .
(b). 4. Discussion

The observation of the (03 g1,2 0) magnetic reflections
and the deduced orientations of the magnetic moment Fourier
components allow us to make further conclusions on the
magnetic structure of CePtSn. In the intermediate magnetic

Data from the second geometry (sBig. 3c) shows the  Phase [ < T < Ty) we have one ferromagnetic Fourier
confinement in thea—b plane, thus indicating thé-axis component oriented along the crystallographiaxis and
direction. This magnetic peak originates from a lattice re- °N€ antiferromagnetic Fourier component oriented along the

flection forbidden by glide-plane extinction rule suggesting ?-axis. The only combination of the symmetry-allowed basis
vectors corresponds to th& irreducible representation of

the space groupnma.

corresponds to a magnetic moment along dh&xis. The
second Fourier component@t= (0 3— g1 0) has opposite
polarization, being entirely in ther—o channel. This
corresponds to magnetic moment confined intheplane.

10000

® b-cscattering plane, T=55K  (a) Similarly, the second magnetic propagation appearing be-
L] . .
S 1000 & o n-n low Ty has one ferromagnetic Fourier component parallel to
& hed —— -0 theb-axis and an antiferromagnetic one alongdkexis. This
Z 100 f; case corresponds to thg irreducible representation. Our
S ! results contradict the assignment of tfigirreducible repre-
= e

sentation to the intermediate aifd to the low-temperature
phase given in Ref6].

From the intensity ratio of the two Fourier components
in the intermediate temperature range we could deduce the
angle between the local magnetic moment indhé plane
and the crystallographig-axis to be (37 & 0.7)°.

Further inspection of the symmetry-allowed magnetic
moment configuration for the two irreducible representations
of the (0k 0)-type reflections studied herE {andl3) reveals

Intensity (a.u.)

10000
g 1000 that the struct_ure factor vanishes for thvaxis component

> of the magnetic moment so that our measurements are not
‘S 100 sensitive to an eventualaxis contribution. Macroscopic

E magnetization measurements however showctbeection

as the hard axis therefore nsaxis component of the
magnetic moment is expected.

A more detailed data analysis based on the irreducible
representation analysis will be published in the near

2.40 2.45 2.50 2.55 2.60
k (r.l.u.)

Fig. 3. K-scan of the representative magnetic reflections. The dashed line future.

represents the Brillouin zone boundarykat 2.5. In the first geometry In the present experiment, we have also studied thesPt
(a + b), for @, = 2.418" the signal is in ther— channel which means  edge. Near the absorption edge, only non-resonant scattering
moments perpendicular to the scattering plahe-éxis). ForQ, = 2.585" could be observed suggesting that the induced moment at the

the signal is only in ther— o channel and the moments in the scattering L . S
plane b—c plane). In the second geometry (c) all signal is in the-o Pt site is negligible, as also indicated by XMCD results and

channel, i.e. all magnetic moments are in the scattering plasep(ane). band structure calculatiori$5].
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