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Diagonal polarization analysis 

•  Partial intensities (polarized beam): 

•  Use difference signal to extract information: 
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Crystal (electric) field 
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P. Fulde and M. Loewenhaupt, Adv. in Phys. 34, 589 (1985) 

•  for an extensive coverage  

•  interaction of electrons with electrons (exchange) and 
electric fields of neighbouring atoms  

•  perturbation of the orientational degeneracy of a free 
ion – splitting of          levels  

•  magnetism effects depend on the electronic 
configuration 
o  strong for extended 3d shells (> SO) 
o  weaker for 4f shells burried behind extended 5p6 

and 5s2 (< SO) 
•  in rare earths competition with spin-orbit coupling 
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Crystal (electric) field 
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Crystal (electric) field 
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NdCu2 - 4f Charge Density 
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CEF Hamiltonian 
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Stevens operators 
(polynomials in Jα) 

CEF parameters 

•  further constraints: l even; l ≤ 6  

•  for weak CF the handling can be constrained to the lowest multiplet   

P. Fulde and M. Loewenhaupt, Adv. in Phys. 34, 589 (1985) 

•  for more an extensive coverage  
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 CePtSn: neutrons w/o PA 
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CePtSn has been studied by means of neutron scattering, electrical resistivity and magnetic susceptibility 
measurements. Refinement of neutron powder diffraction data showed the crystal structure to be of the 
orthorhombie TiNiSi-type. Magnetic susceptibility measurements revealed the presence of two antiferromagnetic 
phase transitions at 8 and 5.5K respectively. Inelastic neutron scattering showed two well defined crystal field 
excitations at 24.0 and 34.9 meV. The temperature dependence of the resistivity can be understood as arising 
from the Kondo effect in the presence of crystal fields. 

Many compounds of the type CeTX, where T is a 
transition metal and X is a metalloid, exhibit Kondo 
lattice behaviour at low temperatures. They display 
a variety of ground states, including both ferro- and 
antiferromagnetism; a few (CeNiSn, CeRlaSb) 
become non-magnetic insulators at low temperatures 
[1]. We have undertaken a systematic study of CeTX 
compounds, to acquire insight into the role of the 4/'- 
conduction electrons hybridization in the stability of 
these ground states. Here we report our results of 
neutron diffraction, inelastic neutron scattering, 
magnetic susceptibility and electrical resistivity 
measurements on the compound CePtSn. 

Fig. 1 shows a neutron diffraction pattern of CePtSn 
at 300K, measured on the LAD diffractometer at the 
ISIS Facility. The Rietveld profile method was used 
to refine the crystal structure, starting with two types 
of orthorhombic structures: (i) the TiNiSi-type, 
space group Pnma, which is an ordered structure, 
with the Ce, Pt and Sn atoms occupying the 4c sites, 
and (ii) the CeCu2-type, space group Imma, in which 
the Ce atoms occupy the 4e sites, while the Pt and 
Sn atoms are randomly distributed on the 8h sites. 
Our refinements clearly indicate that the CePtSn 
crystallizes in the TiNiSi-type structure, in 
agreement with X-ray results [2]. The reduced X 2 
was 50% greater for the CeCu2-type structure than 
for the TiNiSi-type structure. Neutron diffraction 
measurements at 1.7K revealed extra magnetic 
reflections, which could not be indexed on the 
chemical unit cell, indicating antiferromagnetic 
ordering of the Ce moment. A preliminary analysis 
of the data suggested that the magnetic unit cell is 
tripled in all three directions. The systematic absence 
of (0 k 0) type reflections suggests that the moment 

is parallel to the orthorhombic b axis. 
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Fig. 1 Neutron diffraction pattern of CePtSn at 
300K. 
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Fig. 2 Inelastic neutron spectrum from CePtSn at 
12K. 

Fig. 2 shows the inelastic neutron spectrum for 
CePtSn at 15K, measured with the HET spectro- 
meter at the ISIS Facility. The scattering was 
summed over detector banks in the angular range 
10 ° to 30 °. Two well defined peaks are observed, 
corre.q~onding to transition between the ground state 
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doublet and two excited crystal field (CF) doublets. 
The energies of the CF excitations are 24.0 meV 
and 34.9 meV with linewidths 3.6 meV. The relative 
sharpness of the transitions may be taken as indirect 
evidence for the TiNiSi-type structure of CePtSn, 
since for the CeCu2-type structure we would expect 
less well defined crystal field transitions because of 
the disorder between the Pt and Sn atoms. However 
the linewidth is substantially larger than the 
instrumental resolution, suggesting quite strong s-f 
hybridisation. 

The magnetic susceptibility, X of CePtSn shows two 
anomalies at 5.5K and 8K, suggesting antiferro- 
magnetic phase transitions. This is in agreement 
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Fig. 3 X 4 versus temperature of CePtSn. 

60 

CePtSn , ~ &  50' 4o.  
~.  30. 

i 
2oi . . . .  2 3 4 5 

In fT') 
Fig. 4 O,~ versus In(T) of  CePtSn 

50 I 0 0  1 5 0 2 6 0 2 5 0 3 0 0  

with the double anomaly seen in the heat capacity 
[3]. Consideration of de Getmes scaling shows that 
the Neel temperature TN of  CePtSn is anomalously 
high compared to that of  isostructural GdPtSn 
(Tr~=13K). This suggests a strong exchange 
interaction between the 4f electrons and conduction 
electrons. X'I(T) shows a nonlinear temperature 

dependence below 80K (Fig.3), due to the CF 
splitting of J=5/2  state of  Ce 3+. The observed x(T) 
behaviour has been analysed on the basis of  a CF 
model, using the information provided by the 
inelastic neutron spectrum. The low point symmetry 
of the Ce site in the TiNiSi structure gives eight 
independent CF parameters. It is impossible to 
derive a unique set parameters without single crystal 
data. However we note that the relative intensities of 
the neutron CF peaks is close to that expected for 
excitations from a 1+3/2> ground state with an 
axial crystal field (i.e. 020 and 040 terms only). 
With this as a starting point the susceptibility was 
fitted by including 022 and O42 terms. A molecular 
field constant, X and a temperature independent 
susceptibility, Xp were also included in the fit. The 
value of parameters obtained were: B°=0.83meV, 
B2:=l.53meV , B°=0.088meV, B42=-0.027meV, 
Xp=4.4xl0 "4 emu/mole and X=-188 mole/emu. The 
solid line in Fig. 3 represents the fit. The large 
negative value of X corresponds to a Curie-Weiss 
temperature of-151K. This anomalously high value 
is indicative of Kondo interactions. 

The resistivity of CePtSn exhibits a minimum at 20K 
followed by a sharp drop at 8K (Fig. 4). The sharp 
drop in the resistivity at 8K, is due to 
antiferromagnetic ordering of the Ce moment in 
agreement with the x(T) data. The magnetic 
scattering resistivity p= of CePtSn, obtained by 
subtracting the resistivity of LaPtSn, exhibits a In(T) 
dependence in two different temperature regimes. 
The observed behaviour of Pm of  CePtSn can be 
explained on the basis of the Coqblin-Schrieffer 
model in the presence of CF, proposed by Cornut 
and Coqblin [4]. The ratio of  the slope of the in(T) 
dependence at low and high temperatures is 0.25. 
This is higher than the value predicted by the theory 
for a doublet ground state. At present the origin of 
this discrepancy is not understood. 
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Structural and magnetic propoerties of the hexagonal compound CePtSb have been investigated by neutron 
diffraction, inelastic neutron scattering,electrical resistivity and magnetic susceptibility measurements between 
1.7K and 30OK. Rietveld refinement of the powder neutron diffraction data has revealed that CePtSb crystallizes 
in the hexagonal GaGeLi-type structure with space group P63me. All the measurements show a ferromagnetic 
ordering of the Ce moment below 4.5K. Two well defined crystal field transitions were observed by inelastic 
neutron scattering. The integrated intensities of these transitions requires the presence of  an 043 term in the 
crystal field Hamiltonian, as expected for the point symmetry of the P63me space group. 

There has been considerable interest recently in 
compounds of the type CeTX, where T is a 
transition metal and X is a metalloid. There are a 
number of distinct structure types within this family, 
including those based on Cain:, CeCu: (TiNiSi), 
MgAgAs and Fe~P [ 1]. These compounds display a 
range of  magnetic behaviour; many are Kondo 
lattice compounds, a few (CeNiSn, CeRhSb) become 
non-magnetic insulators at low temperature. CePdSb 
has a ferromagnetic ground state, with an 
anomalously high Curie temperature (T¢=17K), 
compared to GdPdSb (also 17K), but also displays 
Kondo lattice behaviour in the resistivity [1,2]. As 
part of a systematic study of CeTX compounds, we 
have studied CePtSb, and here report our results of 
magnetic measurements, neutron diffraction and 
inelastic scattering. 

Neutron diffraction measurements on a polycrystal- 
line sample of CePtSb were carried out on the LAD 
diffractometer at the ISIS pulse neutron Facility. 
The room temperature diffraction pattern at a 
scattering angle of 148" is shown in Fig.1. This 
could be indexed on the basis of the hexagonal 
Caln:-type structure. The Rietveld profile refinement 
method was then used to distinguish between two 
possibilities: (i) the Cain 2 structure in which the Pt 
and Sb atoms are disordered on the 2b sites, and (ii) 
the GaGeLi structure, where the Pd and Sb order at 
the (l/3,;/3,zi) and (~13,tl3,z.,z) positions. We found a 
reduced X2 of 3.24 for the Cain 2 structure and 1.52 
for GaGeLi. We conclude that CePtSb crystallizes in 
the GaGeLi structure ; the fitted profile is shown in 
Fig. 1. The lattice parameters are a =4.5327/k and 

c=8.0580/k, while the structural parameters are 
zi =0.485, z~=0.528. 
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Fig. 1 Neutron diffraction pattern of  CePtSb and 
fitted profile for GaGeLi structure. 
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Fig. 2 Inelastic neutron spectrum of  CePtSb at 13K. 

Fig.2 shows the inelastic neutron spectrum for 
CePtSb at 13K measured on the HET spectrometer 
at the ISIS Facility. The scattering was summed 
over detector banks in the angular range 10 ° to 30 °. 
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Two well defined inelastic peaks are observed 
corresponding to transition between the ground state 
doublet and two excited doublets of  the crystal field 
split j=5/ :  multiplet of  the Ce 3÷ ion. The lineshape 
in Fig.2 was obtained by fitting the sum of two 
Lorentzian curves. The excited state energies were 
deduced to be 25.2 meV and 29.1 meV, and the 
linewidths of  the transitions (1. i meV and 1.5 meV) 
were not much greater than the instrumental 
resolution. The relative intensities of  the transitions 
were roughly 2:1. For the Cain 2 structure the 
crystal field Hamiltonian would take the form: 
B:°O2 ° + B4°O4 °. This c o u M  give rise to two 
transitions, if the ground state wavefunction were 
I -+ 3/2 > ,  but the ratio of  the intensities would then 
be 1.6:1. We would also expect less well defined 
crystal field transitions because of the disorder on 
the 2b sites between the Pt and Sb ions. For the 
GaGeLi structure an extra term appears in the 
crystal field Hamiltonian of the form B43043, which 
can readily account for the observed intensity ratio. 
The crystal field spectrum therefore gives additional 
indirect evidence for the GaGeLi structure of 
CePtSb. 

The electrical resitivity is metallic-like, with no 
evidence of Kondo anomalies, in contrast to the 
isostructural CePdSb [2]. There is a sudden drop in 
p(T) at 4.5K, due to the onset of magnetic order. 
The magnetic susceptibility data of  CePtSb (Fig.3) 
is in good agreement with that already reported [3]; 
it shows deviations from Curie-Weiss behaviour 
below 120K, due to crystal field effects. At low 
temperature there is a rapid divergence in X, 
signalling the onset of  ferromagnetism at 4.5K. At 
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Fig. 3 Reciprocal magnetic susceptibility versus 
temperature for CePtSb; the solid line is the CF fit. 

1.7K the spontaneous magnetisation is 0.64 ~t B, but 
no true saturation is reached up to 12T. The 
measured x(T) behaviour has been fitted with a 
crystal field (CF) model, using the energies and 
relative intensities of  the CF transitions in the 
neutron spectrum. A molecular field constant X and 
a temperature independent susceptibility Xp were also 
included in the fitting. The values of  the parameters 
obtained were B ° = 0.74 meV, B4 ° = -0.°,47 meV, 
B43 = 1.277 meV, Xp = -1.8x104 emu/molc and X 
= 23.2 mole/emu. The line in Fig.3 shows the fit. 
These parameters give a reasonable account of  the 
neutron spectrum, however the ground state moment 
is predicted to be close to l~tB, somewhat larger than 
the measured spontaneous moment 0.64/z B. The CF 
parameters predict CePtSb to be an easy plane 
ferromagnet, however, with a large ~,,,~-c~tropy 
keeping the moments in the plane. It is likely that 
the small spontaneous moment results from this large 
anisotropy. Measurements on a single crystal would 
be useful to verify this. 

The crystal field parameters deduced from the fit are 
the same in sign and similar in magnitude to those of 
CePdSb [4]. An analysis of  the crystal field based 
on the superposition model [4] shows that the B43 
term arises entirely from the Pt and Sb near 
neighbours, while the B: ° term is probably 
dominated by the nearest neighbour Ce atoms. 

In conclusion the state of  the Ce ion in CePtSb 
appears to be close to Ce 3÷, with no Kondo 
anomalies evident in its magnetic or transport 
properties. The ferromagnetism found at low 
temperatures is also found in other RPtSb 
compounds (R=Pr,  Nd, Sm) [3]. The crystal field 
parameters predict CePtSb to be an easy plane 
ferromagnet, with a large axial anisotropy. 
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•  structure TiNiSi-type (Pnma) 
•  strong Kondo effect  (TK = 10 K) 

•  antiferromagnet (TN = 7.5 K) 

•  RKKY exchange interaction 
•  propagation q = (0 0.5 0) + spin 

slips 

•  first order (?) transition TM = 5 K 
•  magnetization anisotropy (a easy) 
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•  structure TiNiSi-type  
•  orthorombic (Pnma) 
•  Ce atoms lower site symmetry (monoclinic) 
•  Ce groundstate 2F5/2 split into 3 doublets 

(Kramers ion) 
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 CePtSn: neutrons with PA 
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Crystal field in CePtSn 
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Crystal field in CePtSn 

Diagonal matrix elements 

 supplied by bulk measurements 
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Eigenfunctions of the CF Hamiltonian 

5.2 CePtSn 79

resulting set of CF parameters, is displayed in Tab. 5.7 together with the calculated
values of the square modulus of the angular momentum J matrix elements (rescaled),
which agree with the experimental data within their error bars. The uncertainty in the
determination of the best set of CF parameters depends to some extent on the relative
weight given to the results of polarized INS spectra with respect to the susceptibility
and magnetization data in the least-squares refinement. In any case, however, the values
of the monoclinic parameters C2

4 and C4
4 are highly significant. The corresponding wave

functions are given in Tab. 5.8.

|Ψ0⟩ (0.62 + 0.42i)|+1
2⟩ +(0.15 + 0.43i)|−3

2⟩ −0.48|+5
2⟩

0.75i|−1
2⟩ +(0.27 + 0.37i)|+3

2⟩ +(0.27 − 0.40i)|−5
2⟩

|Ψ1⟩ (−0.56 + 0.13i)|+1
2⟩ +(0.75 + 0.06i)|−3

2⟩ −0.32|+5
2⟩

0.58i|−1
2⟩ −(0.22 + 0.72i)|+3

2⟩ +(0.07 + 0.31i)|−5
2⟩

|Ψ2⟩ (−0.30 + 0.15i)|+1
2⟩ −(0.28 − 0.39i)|−3

2⟩ +0.82|+5
2⟩

0.33i|−1
2⟩ −(0.23 − 0.42i)|+3

2⟩ −(0.73 − 0.36i)|−5
2⟩

Table 5.8: The wave functions corresponding to the CF parameters of CePtSn obtained in the
present work (c.f. Tab. 5.7).

The calculated magnetic susceptibility curves reproduce correctly all the main fea-
tures of the experimental data, namely their drop at low temperatures, the crossing
point of the a- and c-axis curves and the high-temperature anisotropy (see left panel of
Fig. 5.20).
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Figure 5.20: Left panel: the inverse magnetic susceptibilities in CePtSn along the three princi-
pal directions measured at B = 1T (symbols); the curves result from calculations using our final
CF parameter set (c.f. Tab. 5.7). Right panel: calculated magnetization curves for CePtSn at
T = 18K.

5.2.11 Quasielastic neutron scattering

The previous INS data extended over the energy range ∼ 14−45 meV which corresponds
from the thermodynamical point of view to the temperature scale ∼ 160−520 K which is

(c) J. Kulda ILL/MFFUK2015  
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 CePtSn: magnetisation curves 
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CePtSn has been studied by means of neutron scattering, electrical resistivity and magnetic susceptibility 
measurements. Refinement of neutron powder diffraction data showed the crystal structure to be of the 
orthorhombie TiNiSi-type. Magnetic susceptibility measurements revealed the presence of two antiferromagnetic 
phase transitions at 8 and 5.5K respectively. Inelastic neutron scattering showed two well defined crystal field 
excitations at 24.0 and 34.9 meV. The temperature dependence of the resistivity can be understood as arising 
from the Kondo effect in the presence of crystal fields. 

Many compounds of the type CeTX, where T is a 
transition metal and X is a metalloid, exhibit Kondo 
lattice behaviour at low temperatures. They display 
a variety of ground states, including both ferro- and 
antiferromagnetism; a few (CeNiSn, CeRlaSb) 
become non-magnetic insulators at low temperatures 
[1]. We have undertaken a systematic study of CeTX 
compounds, to acquire insight into the role of the 4/'- 
conduction electrons hybridization in the stability of 
these ground states. Here we report our results of 
neutron diffraction, inelastic neutron scattering, 
magnetic susceptibility and electrical resistivity 
measurements on the compound CePtSn. 

Fig. 1 shows a neutron diffraction pattern of CePtSn 
at 300K, measured on the LAD diffractometer at the 
ISIS Facility. The Rietveld profile method was used 
to refine the crystal structure, starting with two types 
of orthorhombic structures: (i) the TiNiSi-type, 
space group Pnma, which is an ordered structure, 
with the Ce, Pt and Sn atoms occupying the 4c sites, 
and (ii) the CeCu2-type, space group Imma, in which 
the Ce atoms occupy the 4e sites, while the Pt and 
Sn atoms are randomly distributed on the 8h sites. 
Our refinements clearly indicate that the CePtSn 
crystallizes in the TiNiSi-type structure, in 
agreement with X-ray results [2]. The reduced X 2 
was 50% greater for the CeCu2-type structure than 
for the TiNiSi-type structure. Neutron diffraction 
measurements at 1.7K revealed extra magnetic 
reflections, which could not be indexed on the 
chemical unit cell, indicating antiferromagnetic 
ordering of the Ce moment. A preliminary analysis 
of the data suggested that the magnetic unit cell is 
tripled in all three directions. The systematic absence 
of (0 k 0) type reflections suggests that the moment 

is parallel to the orthorhombic b axis. 
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Fig. 1 Neutron diffraction pattern of CePtSn at 
300K. 
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Fig. 2 Inelastic neutron spectrum from CePtSn at 
12K. 

Fig. 2 shows the inelastic neutron spectrum for 
CePtSn at 15K, measured with the HET spectro- 
meter at the ISIS Facility. The scattering was 
summed over detector banks in the angular range 
10 ° to 30 °. Two well defined peaks are observed, 
corre.q~onding to transition between the ground state 
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doublet and two excited crystal field (CF) doublets. 
The energies of the CF excitations are 24.0 meV 
and 34.9 meV with linewidths 3.6 meV. The relative 
sharpness of the transitions may be taken as indirect 
evidence for the TiNiSi-type structure of CePtSn, 
since for the CeCu2-type structure we would expect 
less well defined crystal field transitions because of 
the disorder between the Pt and Sn atoms. However 
the linewidth is substantially larger than the 
instrumental resolution, suggesting quite strong s-f 
hybridisation. 

The magnetic susceptibility, X of CePtSn shows two 
anomalies at 5.5K and 8K, suggesting antiferro- 
magnetic phase transitions. This is in agreement 
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Fig. 3 X 4 versus temperature of CePtSn. 
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with the double anomaly seen in the heat capacity 
[3]. Consideration of de Getmes scaling shows that 
the Neel temperature TN of  CePtSn is anomalously 
high compared to that of  isostructural GdPtSn 
(Tr~=13K). This suggests a strong exchange 
interaction between the 4f electrons and conduction 
electrons. X'I(T) shows a nonlinear temperature 

dependence below 80K (Fig.3), due to the CF 
splitting of J=5/2  state of  Ce 3+. The observed x(T) 
behaviour has been analysed on the basis of  a CF 
model, using the information provided by the 
inelastic neutron spectrum. The low point symmetry 
of the Ce site in the TiNiSi structure gives eight 
independent CF parameters. It is impossible to 
derive a unique set parameters without single crystal 
data. However we note that the relative intensities of 
the neutron CF peaks is close to that expected for 
excitations from a 1+3/2> ground state with an 
axial crystal field (i.e. 020 and 040 terms only). 
With this as a starting point the susceptibility was 
fitted by including 022 and O42 terms. A molecular 
field constant, X and a temperature independent 
susceptibility, Xp were also included in the fit. The 
value of parameters obtained were: B°=0.83meV, 
B2:=l.53meV , B°=0.088meV, B42=-0.027meV, 
Xp=4.4xl0 "4 emu/mole and X=-188 mole/emu. The 
solid line in Fig. 3 represents the fit. The large 
negative value of X corresponds to a Curie-Weiss 
temperature of-151K. This anomalously high value 
is indicative of Kondo interactions. 

The resistivity of CePtSn exhibits a minimum at 20K 
followed by a sharp drop at 8K (Fig. 4). The sharp 
drop in the resistivity at 8K, is due to 
antiferromagnetic ordering of the Ce moment in 
agreement with the x(T) data. The magnetic 
scattering resistivity p= of CePtSn, obtained by 
subtracting the resistivity of LaPtSn, exhibits a In(T) 
dependence in two different temperature regimes. 
The observed behaviour of Pm of  CePtSn can be 
explained on the basis of the Coqblin-Schrieffer 
model in the presence of CF, proposed by Cornut 
and Coqblin [4]. The ratio of  the slope of the in(T) 
dependence at low and high temperatures is 0.25. 
This is higher than the value predicted by the theory 
for a doublet ground state. At present the origin of 
this discrepancy is not understood. 
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resulting set of CF parameters, is displayed in Tab. 5.7 together with the calculated
values of the square modulus of the angular momentum J matrix elements (rescaled),
which agree with the experimental data within their error bars. The uncertainty in the
determination of the best set of CF parameters depends to some extent on the relative
weight given to the results of polarized INS spectra with respect to the susceptibility
and magnetization data in the least-squares refinement. In any case, however, the values
of the monoclinic parameters C2

4 and C4
4 are highly significant. The corresponding wave

functions are given in Tab. 5.8.

|Ψ0⟩ (0.62 + 0.42i)|+1
2⟩ +(0.15 + 0.43i)|−3

2⟩ −0.48|+5
2⟩

0.75i|−1
2⟩ +(0.27 + 0.37i)|+3

2⟩ +(0.27 − 0.40i)|−5
2⟩

|Ψ1⟩ (−0.56 + 0.13i)|+1
2⟩ +(0.75 + 0.06i)|−3

2⟩ −0.32|+5
2⟩

0.58i|−1
2⟩ −(0.22 + 0.72i)|+3

2⟩ +(0.07 + 0.31i)|−5
2⟩

|Ψ2⟩ (−0.30 + 0.15i)|+1
2⟩ −(0.28 − 0.39i)|−3

2⟩ +0.82|+5
2⟩

0.33i|−1
2⟩ −(0.23 − 0.42i)|+3

2⟩ −(0.73 − 0.36i)|−5
2⟩

Table 5.8: The wave functions corresponding to the CF parameters of CePtSn obtained in the
present work (c.f. Tab. 5.7).

The calculated magnetic susceptibility curves reproduce correctly all the main fea-
tures of the experimental data, namely their drop at low temperatures, the crossing
point of the a- and c-axis curves and the high-temperature anisotropy (see left panel of
Fig. 5.20).

CePtSn
B = 1 T

T (K)
0 50 100 150 200 250

1/
χ  

(1
07 m

-3
. m

ol
)

0

1

2

3

4

B || a-axis
B || b-axis
B || c-axis CePtSn

T = 18 K

B(T)
0 10 20 30

M
 (µ

B /
 f.

u.
)

0.0

0.2

0.4

0.6

0.8

1.0

1.2
B || a-axis
B || b-axis
B || c-axis

Figure 5.20: Left panel: the inverse magnetic susceptibilities in CePtSn along the three princi-
pal directions measured at B = 1T (symbols); the curves result from calculations using our final
CF parameter set (c.f. Tab. 5.7). Right panel: calculated magnetization curves for CePtSn at
T = 18K.

5.2.11 Quasielastic neutron scattering

The previous INS data extended over the energy range ∼ 14−45 meV which corresponds
from the thermodynamical point of view to the temperature scale ∼ 160−520 K which is

B. Janousova, PhD thesis (2004) 
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•  neutron scattering by transitions between 
CEF split levels is a single-site process 

•  access to local site-symmetry for general 
lattice positions 

•  PA reveals directly the angular momentum 
projections 

•  bulk techniques & powder scattering provide 
access only to the symmetrized part  

15 (c) J. Kulda ILL/MFFUK2015  
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CeAl2 

16 (c) J. Kulda ILL/MFFUK 2015  

•  cubic structure (MgCu2) Fd-3m 
•  Ce sits in a general position 
Ce  [0.125 0 0]  Al  [0.5 0.5 0.5] 

"unexpected" signature of a triplet splitting in 
a cubic structure 

Loewenhaupt et al., JMMM 93-94 (1987) 73 
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CeCuAl3 

17 (c) J. Kulda ILL/MFFUK 2015  

Adroja et al., PRL 108, 216402 (2012) 

vibron states? 

CEF 

CEF 

ISIS 
unpolarized TOF 
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CeCuAl3 

18 (c) J. Kulda ILL/MFFUK 2015  

•  tetragonal (BaNiSn3) I4mm 

•  Ce sits in a special position 

BUT Cu/Al are probably disordered 

Ce 

Cu 

Al 

Al Cu/Al 

Cu/Al 

I4mm ideal I4/m mm disordered 
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ThALES: CeCuAl3 (unpolarized) 

Polarization analysis needed! 

ΔE [meV] 
CEF signal? 
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Concluding remarks 

20 (c) J. Kulda ILL/MFFUK 2015  

•  the splitting of the ground state energy depends on the local 
(single ion) environment 

•  for atoms in general positions it will not correspond to the 
full crystal symmetry 

 neutron spectroscopy with PA provides 
•  clean separation of CEF excitations and phonons (even on a 
polycrystal) 
•  extensive information on the CEF Hamiltonian (on monocrystals) 

•  CEF excitation lines are (in an ideal case) dispersionless 
•  but their intensities may be strongly anisotropic 

only single  crystal data provide full information 

details of crystal structure are important 

use neutron PA & crystals whenever possible! 
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IN12B cold TAS 

Three Axis Low Energy 
Spectrometer 

m = 2 guide 
tapered end 20 mm 

Vivaldi 

D33 

new IN12 velocity selector 
supermirror polarizer 

CRG funded by 
FZ Jülich(D)/CEA (F) 

ILL (guide & relocation) 

•  m = 2 cold guide 
•  extended kinematic range 
•  full 15T compatibility 
•  polarised beam option 

45 x 120 mm2 
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IN12B polarizer  

polarizing mirrors with m=0.7 / 3.8 

June 13, 2014 TAS-WS 

Latest Results (3)

Separation of incoming and outgoing polarization with Heusler sample:

exp

1.5 2.0 2.5 3.0 ki ⇤ Å⇥1
90

95

100

Outgoing Polarisation ��⇥

Sharp dips: Renninger effect in the Heusler crystals of the analyser !

beam polarization 

June 13, 2014 TAS-WS 

Latest Results (4)

Transmission of the cavity (comparison of monitor counts at sample position):

exp

sim �cavity⇥

1.0 1.5 2.0 2.5 3.0 3.5 ki ⇤ Å⇥1
30

35

40

45

50
Total Transmission ��⇥transmission [%] 
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 Polarized beam:  
•  any configuration 
•  transmission 35% 
•  P ≈ 90 (<95) % 

IN12B neutron flux 
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 DIT (2.5-diiodothiophene) 

IN14 12 August 2013 (ILL)  
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ThALES (ex-IN14) 
12 September 2014 (ILL)  
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ThALES flux 

Φ at k=1.55 Å-1  

measured   2.7 x 108 [n/cm2/s] 
calculated   2.5 x 108 [n/cm2/s] 

M. Boehm 5-Dec-2014 

PA option to be installed & 
commissioned in 2016 


