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Abstract

The magnetic excitation spectrums of charge stripe ordered La2−xSrxNiO4 x = 0.45 and x =

0.4 were studied by inelastic neutron scattering. We found the magnetic excitation spectrum

of x = 0.45 from the ordered Ni2+ S = 1 spins to match that of checkerboard charge ordered

La1.5Sr0.5NiO4. The distinctive asymmetry in the magnetic excitations above 40meV was observed

for both doping levels, but an additional ferromagnetic mode was observed in x = 0.45 and not in

the x = 0.4. We discuss the origin of crossover in the excitation spectrum between x = 0.45 and

x = 0.4 with respect to discommensurations in the charge stripe structure.
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I. INTRODUCTION

Recent understanding of how charge-striped ordered phases containing significant disor-

der can produce hourglass-shaped magnetic excitation spectrum add further support to the

charge stripe picture of hole doped cuprates[1, 2]. With evidence for a normal phase charge-

stripe order around 1/8 doping in yttrium based cuprates also highlighting the potential

ubquitous nature of stripes beyond La based cuprates[3]. These studies strongly moti-

vate all efforts to improve our understanding of the charge-stripe ordered phase, to further

our studies in non-superconducting charge-stripe ordered materials such as La2−xSrxNiO4

(LSNO).

The magnetic excitation spectrum of charge-stripe ordered LSNO, has been studied in

detail for several doping levels, x = 0.275, 0.31, 1/3 and x = 0.5[4–7]. Despite the success of

modelling the excitation spectrums, significant differences in the role of discommensurations

in the magnetic excitations of LSNO x ∼ 1/3 and x = 0.5 are observed[6, 7]. Discommen-

surations are variations in the charge stripe spacing, caused by pinning of the charge stripes

to either the Ni or O sites of the Ni-O planes of LSNO. For doping levels near x = 1/3

discommensurations cause damping of the spatial extent of magnetic excitations. While the

x = 0.5 magnetic excitation spectrum can be understood as a checkerboard charge order

state containing discommensurations that lead to a spin stripe order, where discommensura-

tions cause the development of new gapped magnetic excitation modes. Figure 1 shows the

two types of discommensurations that can exist in LSNO, that cause (a) antiferromagnetic,

and (b) ferromagnetic excitations in the x = 0.5. The ferromagnetic or antiferromagnetic

character of these modes is implied from the wavevector centre that they disperse away

from with increasing energy transfer, being either a ferromagnetic or antiferromagnetic zone

centres. We do however note that an alternative theory has been proposed to describe the

antiferromagnetic excitation as due to stripe twining[8]. In this study we wish to address

how discommensurations effect the magnetic excitation spectrum on doping towards x = 0.5,

and determine the role, if any, of checkerboard charge order.
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FIG. 1: (Color online) Two types of discommensuration that exist in La2−xSrxNiO4[9]. The spins

on nearest neighbor Ni sites have (a) antiparallel and (b) parallel alignment, respectively, in the

discommensuration (indicated by a dashed line). Circles and arrows denote holes and S = 1

spins, respectively, on the Ni sites. The encircled crosses in (b) denote the positions of an oxygen-

centered charge stripe. Discommensurations help stablize the magnetic order at half doping by

increasing number of nearest neighbour exchange interactions J between Ni2+ ions, compared to

the weaker next-nearest-neighbor interaction J ′ across the Ni3+ ions. In the x = 0.5 the two type of

discommensurations are believed to be responsible for antiferromagnetic (a), and ferromagnetic(b)

gapped excitation modes

II. EXPERIMENT DETAILS AND RESULTS

Single crystals of La1.55Sr0.45NiO4 and La1.6Sr0.4NiO4 were grown using the floating-

zone technique[10]. The La1.55Sr0.45NiO4 crystal was a rod of 6mm in diameter and 25

mm in length weighing 2.6 g, and the La1.6Sr0.4NiO4 crystal was a slab of dimensions

≈ 15 × 10 × 4mm and weighed 1.8 g . The samples used here are the same samples

that were studied in our previous neutron diffraction measurements, which are reported

elsewhere[11, 12]. Oxygen content of the La1.6Sr0.4NiO4 was determined to be stoichiomet-
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ric by thermogravimetric analysis,[10] whereas the results of the neutron diffraction study of

La1.55Sr0.45NiO4 are consistent with stoichiometric oxygen content[12]. The bulk magneti-

zation of the x = 0.45 is consistent with that of an slightly oxygen deficient x = 0.5[13], but

studying the x = 0.45 has the advantage of being well away from the half doped checkerboard

charge ordered phase.

Neutron scattering were performed on the triple-axis spectrometers PUMA at FRM II,

and IN8 at the Institut Laue-Langevin. The data was collected with a fixed final neutron

wavevector of kf = 2.662 Å. A pyrolytic graphite (PG) filter was placed after the sample

to suppress higher-order harmonic scattering. We measured the excitation spectrum of the

La1.55Sr0.45NiO4 on PUMA, and the excitation spectrum of La1.6Sr0.4NiO4 was measured on

IN8. On both instruments the neutrons final and initial energy was selected by Bragg reflec-

tion off a double focusing pyrolytic graphite (PG) monochromator and analyzer respectively.

On PUMA the La1.55Sr0.45NiO4 sample was mounted inside a cold cycle refrigerator, and on

IN8 the La1.6Sr0.4NiO4 sample was mounted inside an orange cryostat. Both samples were

orientated so that (h, k, 0) positions in reciprocal space could be accessed. In this work we

refer to the tetragonal unit cell of LSNO, with unit cell parameters a ≈ 3.8 Å, c ≈ 12.7 Å.

In the x = 0.5 we observed for E > 40meV that the magnetic excitations of the acoustic

magnon branch dispersed towards QAFM = (0.5, 0.5, 0) without a counter propagating

mode[7]. In figure 2 we show the magnetic excitations from the ordered moments of LSNO

x = 0.4 and x = 0.45 for E > 40meV. The magnetic zone centres for the x = 0.45 and

x = 0.4 are (h+ (1± ε)/2, k + (1± ε)/2, 0), with ε = 0.425 and ε = 0.371 respectively. For

the x = 0.45 we see in Fig. 2 (a) excitations that disperse towards QAFM on increasing E

from 42.5meV to 47.5meV with no observable counter propogating mode, consistent with

magnetic excitations of the x = 0.5. Similarly in Fig. 2(b) we observe magnetic excitations

in the x = 0.4 are shifted towards the QAFM from the magnetic zone centre at 47.5meV.

It appears the magnetic excitations in LSNO lose their symmetry in the dynamic structure

factor at a doping level between x = 1/3 and x = 0.4, with this effect decoupled from

checkerboard charge-ordering.

Having studied the magnetic excitations from the acoustic magnon branch we searched for

evidence of additional magnetic excitation modes. In figure 3(a)-(d) we show constant energy

scans over the energy range 25meV to 37.5meV in the x = 0.45. In this energy range in

La2−xSrxNiO4 magnon, phonon mixing in measurements by inelastic neutron scattering is a
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FIG. 2: (color online) Constant energy scans of the excitations from La2−xSrxNiO4 x = 0.45 for

E > 40meV measured on PUMA, and for b) x = 0.4 at 47.5 meV measured on IN8. Solid lines

are used to indicate the result of a fit of two Gaussian lineshapes on a sloping background to the

data. In (a) we indicated the centre of the Gaussian peaks by arrows to highlight the dispersion

of this mode, while in (b) solid vertical lines are used to indicate the magnetic zone centre of the

x = 0.4
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problem. We first measured the excitations from the acoustic magnon dispersion at 30meV

at 3.5K and 260K, as we show in Fig.3(a). At this specific energy and wavevector we

expect to observe no phonons in a constant energy scan[4, 6, 7]. Consistent with a magnetic

excitation measured above and below the magnetic ordering temperature, we observe a

reduction in intensity of the acoustic magnetic excitation on increasing temperature from

3.5K to 260K due to the Bose effect. In Fig.3(b) we show a constant energy scan at 25meV

parallel to (1, −1, 0) that passes through (2, 0, 0) at 3.5K and 235K. At 25meV the

background increases with increasing temperature and the observed excitations appear to

be temperature independent. This scan passes over the wavevector of the acoustic magnon

mode, at 235K the acoustic magnon will lose the same intensity as in Fig .3 (a) in the scan

of Fig.3(b). Therefore to account for the apparent temperature independence of the scan in

Fig.3(b) an additional excitation must exist at the same wavevector. This excitation gains

in intensity with increasing temperature; this temperature dependence implies it should

be assigned as a phonon excitation. In Fig.3(c) we show the same scan as in Fig.3 (b)

but at 35meV . We observe the excitation to lose intensity with increasing temperature,

with the loss in intensity being larger than that expected for the acoustic magnon branch.

The additional excitation observed in Fig.3(c) loses intensity with increasing temperature

implying a magnetic origin, consistent with the additional ferromagnetic mode observed in

the x = 0.5.

In figure 3(d) we show how we measured the dispersion of the additional magnetic exci-

tation in the x = 0.45 with increasing energy transfer, and observe a dispersion apparently

consistent with that observed in the x = 0.5[7]. After finding evidence of an additional mag-

netic excitation in the x = 0.45 sample, we searched for the same excitation in the x = 0.4.

We performed the same scans in reciprocal space in the x = 0.4 as in the x = 0.45 in

Fig.3(e). In Fig.3(e) there is an excitation in the x = 0.4 that appears to disperse, but there

is a problem with this observation. To compare the excitations observed between 32.5meV

to 37.5meV in the x = 0.4 and x = 0.45 we compare in Fig.3(f) the fitted intensities ob-

tained from fits of a Gaussian lineshape on a sloping background, relative to the intensity

of the acoustic magnon at 30meV, without correcting for magnetic form factor or doping

variation of the acoustic magnon at 30meV. In the x = 0.45 the intensity of the mode at

32.5meV is a factor of 6.4±0.5 times greater than the acoustic magnon at 30meV, and

at 37.5meV the excitation is still 5.3±0.7 times larger than the 30meV acoustic magnon.

6



Whereas in the x = 0.4, the intensity of the mode at 32.5meV is a factor of 2.3±0.3 larger

than the 30meV acoustic magnon, but by 37.5meV there is no intensity difference, with

a relative intensity of 1.2±0.2. Tentatively we conclude from the observed intensity varia-

tion, that there is a ferromagnatic excitation mode in the x = 0.45 but not in the x = 0.4,

and that there is a presence of a flat phonon mode at 32.5-35meV at both doping levels.

Within this interpretation we can estimate the strengths of the different excitations present

in the x = 0.45 at 32.5meV. We know that between 30meV and 32.5meV the intensity of

the acoustic magnon is small[7], assuming this loss is negligble we use the measured inten-

sity of teh acoustic magnon at 30 meV to estimate the relative intensities of the acoustic

magnon and phonon measured at 32.5meV in the x = 0.4. Assuming the ratio between

the acoustic magnon and phonon at 32.5meV has little doping variation, we estimate that

the ratio of acoustic magnon to optic phonon to ferromagnetic gapped excitation in the

x = 0.45 at 32.5meV shown in Fig. 3 3(d) is 1:1.6:3.9. We can, however, definitely say that

a ferromagnetic excitation rapidly gains intensity on doping from x = 0.4 to x = 0.45.

A second additional magnetic excitation was observed in the x = 0.5 above the top of

the acoustic magnon branch, and due to the mode centring it was interpreted as due to

antiferomagnetic discommensurations[7]. We searched inconclusively for this mode, due to

the difficulty in establishing the maximum energy of the acoustic magnon dispersion, and

not knowing the effect of charge ordering on the phonon modes at high doping levels[14] .

III. CONCLUSIONS

Our measurements of the magnetic excitation spectrums of the x = 0.4 and x = 0.45

appear to show two effects, with neither effect requiring the presence of checkerboard charge

order. The first effect is that the excitation spectrum at high energies (> 40meV) for both

the x = 0.4 and x = 0.45 are not centred symmetrically about the magnetic zone centre,

but are shifted towards QAFM = (0.5, 0.5, 0). This contrasts with the symmetric spin wave

cones observed in the x = 1/3 and x = 0.275, with counter propagating modes that disperse

with equal intensity towards and away from QAFM in reciprocal space. Between x = 1/3

and x = 0.4 the only change in the materials we are aware of is the change in nature of the

free charge carriers from electron like to hole like, but it is unclear how this should effect

the magnetic excitations[15].
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FIG. 3: (color online) Constant energy scans of the excitations from x = 0.45 (a) 30meV, (b)

E = 25meV and (c) E = 35meV excitations measured at 3K and 260K. In (a) we show a scan

through the acoustic magnon excitations, while (b) and (c) are scans through additional excitation

modes. (d) Constant energy scans of half a Brillouin zone at 25 meV, 32.5meV and 37.5meV of

the x = 0.45 at 3K. In (a) and (d) the solid and dashed lines are results of a fit of a Gaussian

peak on a sloping background to the data. There is no offset to the data shown in (a) - (c), and

in (d) the 260K data was offset by the addition of 400 counts. (e) Constant energy scans of the

excitations from x = 0.4 E = 32.5meV, 35meV, and 37.5meV, with the equivalent constant energy

scan of thw x = 0.45 at 32.5meV from (d) included for comparison purposes. Solid, dashed and

dotted lines in (a), (d) and (e) are the results of fits of the data with a Gaussian lineshape on

a sloping background. (f) A comparison of the intensity of the 32.5meV to 37.5meV excitations

of the x = 0.4 and x = 0.45, relative to the intensity of the acoustic magnon mode at 30meV

measured at the wavevector indicated in (a). The relative intensity at 30meV is one by definition,

with the x = 0.45 data point at 30meV being obscured by that of the x = 0.4.8
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FIG. 4: A proposed phase diagram of the magnetic excitation spectrum from the ordered Ni2+

S = 1 spins of LSNO for ε > 0.3. Indicating in purple the additional antiferromagnetic and

ferromagnetic magnetic excitation modes caused by discommensurations in the spin structure for

for ε > 0.417.

In the x = 0.45 an additional excitation mode is observed, that appears not to be present

in the x = 0.4. In the x = 0.45, over the energy range 32.5 to 37.5meV we have shown

evidence of a ferromagnetic excitation, which is consistent with one of two additional ex-

citation modes observed in the x = 0.5. In the x = 0.5 the additional magnetic modes

are qualitatively explained as arising from discommensurations in the magnetic structure.

That discommensurations produce new modes in the excitation spectrum of the x = 0.45

and not x = 0.4, we tentatively propose is due to whether the discommensurations are

distortions of the checkerboard spin state or the charge-stripe phase with stripes 3 Ni-Ni

distances appart. That is, is the charge stripe order closer to the checkerboard order state or

a stripe state with charge stripes three Ni sites apart, i.e. is ε (= 1/charge order periodicity)

> 0.417 or is ε > 0.417. For ε < 0.417 discommensurations only broaden the excitations,

but for ε < 0.417 discommensurations lead to new excitation modes, as we depict in figure

4. Whether this means there will be a doping crossover in the magnetic excitation between

charge stripe order with ε = 0.25 which has an optic magnetic excitation, and ε = 1/3

which only has an acoustic magnetic excitation branch, we cannot say. But oxygen doped

La2NiO4.11 with ε = 0.273 appears to have an optic excitation mode, whereas the x = 0.275

and x = 0.31 appear not to have an optic magnetic excitation mode. As the number of mag-

netic excitation modes is a distingushing feature of theories of the magnetic excitations of

the cuprates[16], we need to resolve the issue of whether the charge stripe ordered nickelates
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have the magnetic dispersion relation of their nearest commensurate charge-stripe structure

or the dispersion of admixtures of different commensurate charge stripe ordered phases.
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