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U„As1ÀxSex… solid solutions. I. Resonant x-ray and neutron scattering study
of the magnetic phase diagram
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We report on a study of the magnetic structure and phase transitions of the UAs12xSex solid solutions
employing x-ray and neutron scattering. We have focused this study on compositions 0.18,x,0.22, in which
magnetic structures having double-k and triple-k configurations are found with increasingx. In general, our
findings are in excellent agreement with those reported by Kuznietzet al. using solely neutron diffraction.
However, our x-ray studies have added several important details about~1! the incommensurate transitions near
TN , ~2! the nature of the 2k-3k phase boundary, and~3! the discovery of a new magnetic phase.
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I. INTRODUCTION

The uranium monopnictides and monochalcogenides w
the fcc rock-salt structure~the ‘‘UX’’ compounds, whereX is
a pnictide or a chalcogenide! display a fascinating range o
magnetic properties and structures.1 The uranium pnictides
(X5N,P, . . . ,Bi) have antiferromagnetic structures in th
single-k, double-k, and triple-k (1k,2k,3k) classes~see Fig.
1!; on traversing the pnictide series with increasing U-U d
tance, the ordered magnetic momentm and Néel temperature
increase~from 0.75mB for UN with TN550 K to 2.8mB for
USb with TN5215 K). All the uranium chalcogenides ar
ferromagnets with â1 1 1& easy axis. Once again, the ma
netic properties mirror the increasing U-U distance. US
an ordered moment of 1.7mB and a Curie point of 180 K,
whereas the corresponding parameters for UTe are 2.2mB

and 104 K, respectively.1 The scientific interest in these ma
terials is much enhanced since detailed experiments ma
performed on single crystals of the parent compounds as
as solid solutions. For example, antiferromagentic USb
ferromagnetic UTe form a continuous series of solid so
tions, and the magnetism of the USb12xTex series has been
studied in detail.1

This paper deals with a systematic study of UAs12xSex
single-crystals employing resonant x-ray magnetic scatte
~RXMS! and neutron diffraction. The two end member a
ions, arsenic and selenium, are neighbors in the Peri
Table. The arsenic free atom configuration is@Ar# 3d3 4s2

4p3; selenium has one additional electron in the 4p level.
The atomic configuration of uranium is 5f 3 6d1 7s2. The
0163-1829/2001/63~13!/134401~8!/$20.00 63 1344
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band structure of UAs has been studied by opti
spectroscopy.2 The 5f level lies between the outer 6d and
inner 4p levels, and mixes with the 6d and 7s levels and the
4p level of the anion.

Doping UAs with Se increases the number of electrons
the conduction band and hence alters the environment of
magnetic 5f level. Electron hole transitions may take pla
between the 4p and 6d level via an exchange with the 5f
level. UAs and USe both have the NaCl-type crystal str
ture with similar lattice parameters (a;5.78 Å), and hence

FIG. 1. The multi-k structures associated with the actinide roc
salt structure compounds in the type-IA phase. The 1k structure is
composed of layers of ferromagnetic sheets, which are antife
magnetically coupled, and for the type-IA (1122) phase the
magnetic moments are directed along the propagation vectok3

5@0 0 1
2 #. The 2k structure is formed by the superposition of tw

orthogonal propagation vectors, for example,k15@
1
2 0 0# and

k25@0 1
2 0#, with the moments in the~0 0 1! plane. The 3k struc-

ture is made of three orthogonal propagation vectorsk1 , k2 , k3 and
the moments are oriented along the^1 1 1& directions.~Taken from
Ref. 1.!
©2001 The American Physical Society01-1
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a continuous series of solid solutions is obtained on mix
the two. The end members of the series display contras
magnetic properties; UAs is a type-I 1k (5^0 0 1&) antifer-
romagnet between 127 K (TN) and 64 K (TIC). At 64 K
there is a second phase transition to a type-IA 2k structure
(m52.2mB). The net magnetic moments are aligned alo
^1 1 0& directions and the magnetic modulation wave vec

is ^0 0 1
2 &. USe transforms atTC5160 K to a^1 1 1& easy-

axis ferromagnet withm52.0mB . Neutron-diffraction mea-
surements of UAs12xSex , by Kuznietzet al.,3 have shown a
rich series of magnetic structures forx,0.35 with incom-
mensurate phases nearTN , and commensurate phases w
2k and 3k structures at lower temperature~see Fig. 2!. The
incommensurate modulation wave vector@0 0 k# varies
with concentration and temperature. Commensurate ph
exist at low temperature with multi-k configurations which
depend upon the selenium concentration. At low tempera
the 2k type-IA (1122) structure occurs and is the on
commensurate phase forx,0.15. At higher temperatures a
incommensurate phase exists. For 0.20,x,0.35 the low-
temperature stable phase was proposed to have a 3k configu-

ration, again with the wave vectork5^0 0 1
2 &. For

FIG. 2. The magnetic phase diagram~temperature versus com
position! of the UAs12xSex series of solid solutions as determine
by the neutron-diffraction measurements of Kuznietzet al. ~Ref. 3!.
The multi-k structures of the phases were deduced from meas
ments with finite magnetic fields parallel to the@1 1 0# direction. IC
represents an incommensurate phase. The shaded area is the
of the 2k-3k phase boundary suggested by Ref. 3.
13440
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0.35,x,0.45 complex antiferromagnetic structures ex
and forx.0.45 ferromagnetism is found. Our study is co
fined to the region 0.10,x,0.25 in which some of the in-
teresting phase transitions, particularly those between dif
ent multi-k configurations, take place.

II. EXPERIMENT

The crystals were grown at the Laboratorium fur Fe
korperphysik, Eidgeno¨ssische Technische Hochschule Zu
ich. The average size of the samples was;33332 mm3.
The full width at half maximum~FWHM! of the rocking
curve of the charge~0 0 2! reflection measured at 3.73 ke
was about 0.05°. The first set that we examined (0,x,1)
came from the same batch of crystals for which the neut
studies were made.3 A newer batch of crystals of simila
composition (x50.18 and 0.20! was also studied. The
RXMS experiments were carried out at the ID20 beam l
of the European Synchrotron Radiation Facility~ESRF!,
Grenoble, France, and the X22C beam line at the Natio
Synchrotron Light Source, BNL, USA. For magnetic me
surements the x-ray energy was tuned to the uraniumM4
absorption edge~3.73 keV!. Detailed measurements of th
crystal lattice were carried out using the XMaS beam line
the ESRF with a photon energy of 8 keV and a Ge~1 1 1!
analyzer in the scattered beam to improve the resolut
Neutron-diffraction measurements were performed with
D10 four-circle diffractometer at the Institut Laue Langevi
Grenoble, France. Neutrons with a wavelength of 2.36
were selected using a pyrolytic graphite~0 0 2! monochro-
mator. Thel/2 contamination was suppressed with a grap
ite filter.

III. MAGNETIC PHASES NEAR TN

The solid solutions forx,0.10 have been studied b
Kuznietzet al.3 and we have not reexamined these samp
Our primary interest is in the region where the 2k changes
into the 3k structure as a function ofx. We show in Fig. 3
reciprocal space scans alongc* around (0 0 21k) as a
function of temperature for thex50.10 sample. In agreemen
with Ref. 3,TN is of order 122 K, and we confirm that ther
is a coexistence of the incommensurate (k.0.5) and type-IA
(k51/2) phases, suggesting a discontinuous phase trans
between these two, as also suggested in Ref. 3. In
sample the value ofd inc ~defined as the incommensura
wave vector offset atTN ; kinc51/21d inc! has a value of
0.047. The excellent wave vector resolution of the x-r
technique is especially useful when there are coexis
modulations, as in the case of Fig. 3. For thex50.15 sample,
a rather similar situation occurs except that the value ofd inc
in this sample is 0.025 atTN . For thex50.18 sample, scan
alongc* are shown in Fig. 4. HereTN is somewhat reduced
~to ;120 K), but the more interesting aspect is that there
no sign of an incommensurate phase, i.e.,d inc50. This fea-
ture is not apparent from the Kuznietzet al.3 phase diagram
~see Fig. 2! but is implicit in their Fig. 10, which showsk as
a function ofx. The situation for concentrations close to, b
abovex50.18, is shown in Fig. 5 forx50.20. Here we note
that d inc520.025 atTN5125 K. These results agree we
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U(As12xSex) SOLID SOLUTIONS. I. RESONANT . . . PHYSICAL REVIEW B 63 134401
with those obtained by neutron diffraction, but we establ
more clearly the lack of an incommensurate phase in thx
50.18 sample.

IV. COMMENSURATE PHASES

A. Domain effects

In standard diffraction experiments, an assembly ofk
magnetic domains cannot be distinguished from a mulk
structure.1 It is possible, however, to make the distinction
applying a symmetry breaking magnetic/electrical/str
field, which would favor a particular domain. Rossat-Mign
et al.4 showed that uniaxial stress may lead to the chang
the domain population from their study of UN, UAs, an
USb. For example, ifc/a,1 and a uniaxial stress is applie
in the @0 0 1# direction, then the domains withk5@0 0 1#
will be favored as the stress will reduce the length in thc
direction at the expense of the other two directions. It is a
possible to detect a change in the domain population w
the x-ray probe does not average over a large numbe
domains. This is the situation for RXMS,5 where the penetra
tion depth for uranium compounds~employing an x-ray en-

FIG. 3. RXMS reciprocal space scans alongc* for UAs0.90Se0.10

at decreasing temperatures through the incommensu
commensurate phase transition. Data at successive tempera
have been shifted by an order of magnitude for presenta
~X22C!. Note the logarithmic intensity scale.
13440
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ergy of 3.73 keV, the UM4 edge! is of the order of 1000 Å,
in contrast to neutron scattering, which is a bulk probe a
thus averages over many domains. Of course, the x
method depends on the domain size, so if no effect is see
does not necessarily imply that the structure is 3k. Such an
effect is shown in Fig. 6 for thex50.20 crystal. FromTN to
60 K the variation of the intensities from potentially differe
domains are the same, whereas they are very different be
60 K.

The intensity differences below 60 K may be understo
qualitatively by assuming a transition from a 3k (T
.60 K) to a 2k state (T,60 K). In the 2k structure~see
Fig. 1!, there are domains corresponding to the magn
moment components along different directions. In thek
structure, the domains contributing to the intensity
~0 0 2.5! have resultant components along@0 1 1# and@1 0 1#,
and we specify the population of these domains asp(yz) and
p(xz). In all there are 12 domains corresponding to mome
along all equivalent̂1 1 0& directions, but we may restric
these to three domains with populationsp(xy), p(yz), and
p(zx) without loss of generality. If each of these populatio
is 1/3, then the measured intensities will be equal, apart fr
geometrical factors. Ifp(xy) increases from 0.33 to 0.6 an

te-
res
n

FIG. 4. RXMS reciprocal space scans alongc* for UAs0.82Se0.18

at decreasing temperatures. No incommensurate phase was
served. Data at successive temperatures have been shifted b
order of magnitude for presentation~X22C!.
1-3



or

ec
y,

lly
o
e.
ed

e

he
ce

the

ym-
true

bic.
to

ts

t to
14

-
le-

nal

h

r in
e te-

of
ting
s

to
are

ra
tu

sity

rmal-

M. J. LONGFIELD et al. PHYSICAL REVIEW B 63 134401
p(yz)5p(zx) both decrease from 0.33 to 0.2, then the c
responding reflections (0 0 21k) and (k 0 2) would have
relative intensities of approximately 0.4 and 0.8, resp
tively, which gives the factor of 2 difference in intensit
shown in Fig. 6. This suggests that forx50.20 the magnetic
structure is not 3k below 60 K, but possibly 2k.

B. External tetragonal distortions and volume effects

Actinide compounds with the rock-salt structure typica
display magnetostriction effects that are the result of the c
pling of the orbital moments with the crystal lattic
McWhan et al. studied a UAs single crystal and observ
several magnetostrictive effects.5 A change ofda/a51.5
31024 was observed in the lattice parameter as the magn
structure changes from type-I 1k to type-IA 2k. This is in
agreement with a previous measurement6 of the volume ex-
pansion that gave a value of~1/3! dV/V51.331024. A te-
tragonal distortion ofc/a51.0002 about the~0 0 6! position
corresponding to (c2a)/c52.031024 was also found. Fi-
nally, a 2k charge modulation was observed from t
type-IA structure that corresponds to an internal displa
ment of the atomic positions ofdx50.002 Å.

FIG. 5. RXMS reciprocal space scans alongc* for UAs0.80Se0.20

at decreasing temperatures through the incommensu
commensurate phase transition. Data at successive tempera
have been shifted by an order of magnitude for presentation~ID20!.
For clarity only some of the scans are shown.
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We have studied the temperature dependence of
~0 0 6! charge reflection for thex50.18, 0.20, 0.22, and 0.25
compositions of the UAs12xSex series. An example of the
reciprocal space scans is given for thex50.18 crystal in Fig.
7~a!. In the paramagnetic phase, the crystal has cubic s
metry and there is a single charge peak. The same is
betweenTN (;125 K) andT* ;60 K. The latter is defined
as the lowest temperature for which the lattice appears cu
Below T* the single lattice Bragg reflection develops in
two peaks split along theL direction about the~0 0 6! posi-
tion @see Fig. 7~b!#. This double peaked reflection resul
from the two different lattice parametersa ~andb) andc. In
the analysis, the two lattice peaks about the~0 0 6! position
have each been modeled by Lorentzian functions. The fi
the low temperature reflections gives a distortion of 0.00
rlu at the ~0 0 6! position for UAs0.82Se0.18, which gives a
value for (c2a)/c of ;2.331024. The temperature depen
dencies of the lattice distortion for three values of the se
nium compositionx are shown in Fig. 8. Thex50.25 crystal
does not distort at low temperature. Details of the tetrago
distortions are given in Table I.

In lowering the symmetry from cubic to tetragonal~as
shown in Fig. 8! there is a change in the cell volume, whic
may be characterized asda/a. The valueda/a was deter-
mined from the difference between the lattice paramete
the cubic phase and the average lattice parameter in th
tragonal phase; the results are shown in Table I.

C. Internal distortions

As can be seen from Fig. 1, the magnetic structures
these materials consist of Fourier components propaga
along the cubiĉ0 0 1& directions with the moment direction
perpendicular to the propagation direction. This gives rise
planes in which the Fourier components of the moment

te-
res

FIG. 6. The temperature dependence of the integrated inten
for the specular (0 0 21k) and off-specular (k 0 2) commensu-
rate (k51/2) magnetic satellites of UAs0.80Se0.20 represented by
closed and open symbols, respectively. The data have been no
ized at 60 K~ID20!.
1-4
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U(As12xSex) SOLID SOLUTIONS. I. RESONANT . . . PHYSICAL REVIEW B 63 134401
perpendicular to the plane. An interesting magnetostric
effect is due to a small difference in the separation betw
the 11 moment planes and those oppositely directed12.
Unlike the external tetragonal distortion discussed abo
this effect is independent of the multi-k nature of the mag-
netic structure, and may exist in all configurations belowTN .
The difference in separation between the planes induc
distortion internal to the unit cell with a periodicity of twic
the magnetic wave vector. Ifk51/2, this produces a charg

TABLE I. T* is the temperature range over which the latti
peak begins to broaden and the lattice distortion at low tempera
~12 K! is given as (c2a)/c. The volume changeda/a upon low-
ering the temperature from the cubic to the tetragonal phas
given. The errors in (c2a)/c andda/a are to within 20%.

T* (c2a)/c da/a
x ~K! (1024) (1024)

0.00a ;62 2.0 1.5
0.18 ;60 2.3 3.9
0.20 49–54 1.9 16.7
0.22 55–63 1.7 0.07

aReference 5.

FIG. 7. ~a! Reciprocal space scans for UAs0.82Se0.18 about the
~0 0 6! lattice reflection at decreasing temperatures.~b! Contour plot
around the~0 0 6! lattice position at 12 K~XMaS!.
13440
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reflection at forbidden lattice positions, e.g.,~0 0 3!. An ex-
ample, for thex50.18 sample, is shown in Fig. 9. Simila
peaks were observed in all samples in the ordered ph
Unlike the lattice reflection, a double peak isnot observed at
the ~0 0 3! position because the magnetic propagation of
2k structure isonly along thea andb directions. The posi-
tion of the lattice modulation corresponds to the position
the larger scattering vector of the lattice reflection for all
the UAs12xSex crystals studied, which givesc/a.1 in the
tetragonal phase. This is in agreement with unixial str
measurements4 and the x-ray scattering measurements
McWhanet al.5 on UAs.

re

is

FIG. 8. Results from the analysis of reciprocal space scans a
the ~0 0 6! lattice point at decreasing temperatures for UAs12xSex

with x50.18, 0.20, and 0.22. At temperatures down to about 60
the crystal lattice has cubic symmetry, whereas below this temp
ture the lattice is tetragonal. The open and closed symbols co
spond to thea ~and b) and c lattice parameters, respectivel
~XMaS!.
1-5



du
ra
t
na
e

o

-

te

e

tio
e
o

er

o

to
to
om

k
u
al
e

itu

e

e
ion
n
lo-
if-
ho-

o
ag-

ame
netic

-

-

mon-

re.

hat
odu-
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The amplitude of charge scattering from the lattice mo
lation is proportional to the internal displacement of the u
nium atomswithin the unit cell. For UAs the displacemen5

is dx50.002 Å. We have attempted to calibrate the inter
distortion amplitudedx in our samples by comparing th
intensity of the~0 0 3! to the very strong charge~0 0 4!.
Within the considerable errors bars associated with this n
malization, we find a value similar to thedx50.002 Å re-
ported for UAs.

V. NEW MAGNETIC PHASE

Using RXMS at the uraniumM4 edge, we have discov
ered a feature of the UAs12x/USex phase diagram. An extra
diffraction peak coexists with the main commensurate sa
lites at low temperatures (T,60 K). This feature, which has
been observed in x-ray measurements for each of thx
50.18, 0.20, and 0.22 crystals, is shown in Fig. 10~a! for the
x50.20 sample. As the temperature is lowered the posi
of the incommensurate peak moves away from the comm
surate position and increases in intensity to become appr
mately 1% of the main commensurate peak at low temp
ture. To confirm these results, a secondx50.20 sample was
grown, and identical results were obtained.

The incommensurate peak was also observed at
specular positions, i.e., (k 0 2). The wave vectors of the
new satellites in thex50.18 and 0.22 samples are similar
those found in thex50.20 sample, but do not exist down
low temperature. Table II gives the temperatures and c
positions that form the boundary of this new phase.

At first sight, it is not clear if this extra diffraction pea
originates from the charge or magnetization, surface or b
of the sample. To determine whether the extra peak re
comes from the bulk of the sample, we have performed n
tron experiments on the D10 diffractometer at the Inst

FIG. 9. Reciprocal space scans alongc* at decreasing tempera
tures at the ‘‘forbidden’’ Bragg position~0 0 3! for UAs0.82Se0.18.
The charge diffraction peak at~0 0 3! results from atomic displace
ments internal to the unit cell~XMaS!.
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Laue Langevin on thesame x50.2 sample as used in th
x-ray experiments. The results are shown in Fig. 10~b!. They
confirm that both reflections originate from the bulk of th
sample, and the maximum intensity of the extra modulat
is ;1% of the maink51/2 peak in both x-ray and neutro
studies. An additional method of determining the spatial
cation of the magnetic modulation giving rise to a new d
fraction peak is to examine its dependence on incident p
ton energy with the RXMS technique.7 The resonant
enhancements~at the UM4 absorption edge! of the commen-
surate peak (k50.5) and of the ‘‘extra’’ peak (km;0.44) are
compared in Fig. 11. The scattering intensity for the tw
peaks has been normalized and shows clearly that the m
netic signal from both peaks is enhanced, and at the s
energy. The extra peak is therefore considered as a mag
modulationof the main commensurate1122 structure.

FIG. 10. ~a! RXMS reciprocal space scans for UAs0.80Se0.20 at
decreasing temperatures in the commensurate phase.~b! Neutron
scattering reciprocal space scans for UAs0.80Se0.20 at decreasing
temperatures in the commensurate phase. Both techniques de
strate that an extra diffraction peak develops at km;0.44 which
varies in intensity, width, and position on lowering the temperatu

TABLE II. The range of temperatures and wave vectors t
characterize the low temperature incommensurate magnetic m
lation.

TM k
x ~K! ~rlu!

0.18 35–55 0.44–0.47
0.2 12–58 0.44–0.47
0.2 ~new! 12–58 0.44–0.47
0.22 40–55 ;0.45
1-6
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The slightly different energy widths may be related to t
absence of a completely long-range ordered peak ak
;0.44, since its width in momentum space is considera
greater than that of the main modulation.

VI. SUMMARY

We have reported in this paper a series of RXMS m
surements onx50.10, 0.18, 0.20, 0.22, and 0.25 samples
the UAs12xSex solid solutions. In general, our findings are
excellent agreement with those reported by Kuznietzet al.
using neutron diffraction.3 This is expected as many of ou
samples are the same ones as used in the neutron s
However, the x-ray studies have added the following imp
tant details.

A. Incommensurate transitions nearTN

As summarized in Fig. 6 there is a distinct change ax
50.18 when the extent of the incommensurability chan
from d inc.0 ~for x,0.18) tod inc,0 ~for x.0.18), where
the wave vectork51/21d inc . All systems forx,0.25 adopt
the k51/2 magnetic structure at low temperature. Forx
50.18 there is no incommensurate phase~see Fig. 4!.

B. Nature of the 2k and 3k phase boundaries

The boundary between the 2k and the 3k magnetic
phases can be determined by applying a magnetic field
neutron diffraction experiment. This is more difficult in x-ra
experiments where complementary methods involve com
ing different reflections and searching for lattice distortio
as a function of temperature. Since the probing depth
RXMS is only about 1000 Å it is possible for the 1k and 2k
structures@both of which involve domains~see Fig. 1!# that

FIG. 11. X-ray energy dependence of the commensuratek
51/2; open symbols! and incommensurate (km50.44; closed sym-
bols! diffraction peaks for UAs0.80Se0.20 at 12 K. These data hav
been normalized at the peak position~ID20!.
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different temperature dependencies may be observed
nominally equivalent reflections. Such differences may ar
from probing different domains, even though they avera
over the total volume. A good example of these effects w
shown in the study8 of NpAs and is shown for thex50.20
sample in our study in Fig. 6. The similar temperature d
pendencies forT.60 K suggests~but does not prove! that
the structure is 3k. The inequivalance forT,60 K proves
that the structures cannot be 3k in this temperature range. A
less ambiguous way to establish the multi-k nature is to ex-
amine the lattice symmetry. This is demonstrated in Figs
and 9. The samples withx50.18, 0.20, and 0.22 all show
tetragonal distortion atT* ;60 K. Below this temperature
they cannot be 3k ~which has cubic symmetry!, and since
this temperature (T* ) is close to that at which pure UA
transforms into the type-IA (k51/2) phase, we propose
line across the new phase diagram~Fig. 12! separating the
low temperature 2k phase from the phases at higher tempe
ture. The magnitudes of the tetragonal distortions appea
dependent ofx, as shown in Table I.

Another magnetostrictive effect is related to an intern
distortion of the planes so that the distance between

(

FIG. 12. The modified magnetic phase diagram~temperature
versus composition! of the UAs12xSex series of solid solutions in
zero applied magnetic field determined by the present RX
~closed circles! and neutron diffraction measurements~open circles!
of Kuznietz et al. ~Ref. 3!. The multi-k structures of the different
phases were deduced from neutron measurements with finite m
netic fields ~Ref. 3!, and from x-ray charge scattering~open
squares! to deduce the lattice symmetry, as discussed in the t
The phase discovered in this work is shown as a cross-hatc
region.
1-7
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planes with parallel magnetic moments is different to t
where the moments are antiparallel. This effect was p
dicted by Cooper9 and first observed by McWhanet al.5 in
UAs. We observe this internal distortion for all our sample
the effect does not depend on the multi-k nature of the mag-
netic structure. As shown in Fig. 9, the internal distorti
appears just belowTN and has its greatest magnitude at lo
temperature, as expected. This modulation, which may
thought of as a charge-density wave, has a periodicity tw
that of the magnetic modulation.

C. Observation of a new phase

Our experiments have led to the observation of an ‘‘e
tra’’ magnetic peak within what would appear to be a sta
type-IA structure. This is shown forx50.20 in Fig. 10. It is
seen in thex50.18, 0.20, and 0.22 samples with its max
mum intensity close to 50 K, and with similar modulatio
s

13440
t
e-

;

be
e

-
e

-

wave vectors. We have verified that~1! it is magneticby
measuring the intensity dependence as a function of incid
photon energy,~2! that it is found in a freshly made x
50.20 sample, and~3! that it exists in thebulk of the sample,
as it can be observed with high-resolution neutron diffract
@Fig. 10~b!#. The part of the phase diagram where this n
‘‘phase’’ has been observed is shown hatched in Fig. 12
possible origin for this unusual peak is discussed in Ref.
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