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Magnetic order and fluctuations in the quasi-two-dimensional planar magnet Sr(Co1−xNix)2As2
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We use neutron scattering to investigate spin excitations in Sr(Co1−xNix )2As2, which has a c-axis incommen-
surate helical structure of the two-dimensional (2D) in-plane ferromagnetic (FM) ordered layers for 0.013 � x �
0.25. By comparing the wave vector and energy dependent spin excitations in helical ordered Sr(Co0.9Ni0.1)2As2

and paramagnetic SrCo2As2, we find that Ni doping, while increasing lattice disorder in Sr(Co1−xNix )2As2,
enhances quasi-2D FM spin fluctuations. However, our band structure calculations within the combined density
functional theory and dynamic mean field theory (DFT+DMFT) failed to generate a correct incommensurate
wave vector for the observed helical order from nested Fermi surfaces. Since transport measurements reveal
increased in-plane and c-axis electrical resistivity with increasing Ni doping and associated lattice disorder,
we conclude that the helical magnetic order in Sr(Co1−xNix )2As2 may arise from a quantum order-by-disorder
mechanism through the itinerant electron mediated Ruderman-Kittel-Kasuya-Yosida (RKKY) interactions.
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I. INTRODUCTION

Two-dimensional (2D) magnetism has been studied by
condensed matter physicists for decades. In 1966, Mermin and
Wagner showed rigorously that thermal fluctuations destroy
the 2D long-range magnetic order at finite temperature in
spin-rotational invariant systems with short-range magnetic
interactions describable by a 3D Heisenberg Hamiltonian [1].
On the other hand, the exact solution of the 2D spin Ising
Hamiltonian reveals a finite temperature magnetic phase tran-
sition in a 2D magnet, where the anisotropic spin component
opens a gap in the spin-wave spectrum that suppresses the
effect of thermal fluctuations [2,3]. For planar 2D magnets
where spins are confined within the layer described by the
XY model, although the susceptibility diverges below a finite
temperature TKT through a Kosterlitz and Thouless transition
[4], spin correlations are characterized by an algebraic decay
with quasi-long-range magnetic order instead of a true long-
range order [5,6].

In quasi-2D bulk van der Waals magnetic materials such
as CrI3 [7–9], Cr2Ge2Te6 [10], and MnBi2Te4 [11], a small
spin-orbit-coupling induced magnetic anisotropy or interac-
tions along the c axis can result in a 3D magnetic order.
Since the c-axis magnetic exchange interactions depend on
the layer thickness and/or stacking, and can be either ferro-
magnetic (FM) or antiferromagnetic (AF) [7–11], a detailed
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investigation of the relationship between the 3D magnetic
order and c-axis exchange couplings in quasi-2D materials
will provide important information on the spin Hamiltonian
that governs the magnetic properties of the system.

Recently, the Co-based ACo2X2 (A = Ca, Sr, Ba; X = P,As)
system [Fig. 1(a)] has attracted considerable attention due
to its complex magnetic behavior and close relationship
with iron pnictide superconductors [12–16]. CaCo1.86As2 has
strong Stoner-enhanced 2D ferromagnetism with the A-type
AF stacking of the FM CoAs layers with the ordered mo-
ment aligned along the c axis [12]. When Ca in CaCo2−yAs2

is partially substituted by Sr to form Ca1−xSrxCo2−yAs2,
the single-ion spin anisotropy tunes the c-axis easy axis in
CaCo1.86As2 to easy plane. In addition, the AF propagation
vector suddenly changes from (0,0,1) in CaCo1.86As2 into
(0,0,0.5) in the intermediate doped compounds which corre-
sponds to a periodicity of four CoAs layers [12,13]. Since both
FM and stripe-type AF spin fluctuations are present within
the CoAs plane [Fig. 1(b)] of ACo2X2 [14,17,18], the subtle
balance and competition of the associated FM and AF interac-
tions are responsible for the A-type AF order in CaCo2−yAs2

[12] and paramagnetic state without magnetic order down to
0.05 K in SrCo2As2 [14]. While SrCo2P2 and SrCo2Ge2 are
both paramagnetic, a FM quantum critical point and weak itin-
erant FM order were induced in SrCo2(Ge1−xPx )2 for 0.3 <

x < 0.7 [19]. Furthermore, doping electrons into SrCo2As2

by replacing Sr with La/Nd drives the system into a FM
ordered state, thus suggesting that SrCo2As2 is close to a FM
instability [20,21]. In contrast, electron-doping SrCo2As2 by
substituting Co with Ni to form Sr(Co1−xNix )2As2 results in
a helical ordered state with spins aligned ferromagnetically
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FIG. 1. (a) Crystal structure of Sr(Co1−xNix )2As2. (b) Schemat-
ics of spin fluctuations in reciprocal space and the Co lattice in
real space. Red (blue) areas represent FM (AF) spin fluctuations.
(c) Helical magnetic structure in the x = 0.1 compound. (d) Neutron
diffraction intensity in the [H, H, L] plane. The red arrows indicate
the helical wave vector. (e) Magnetic wave vectors and 3D transition
temperatures in Sr(Co1−xNix )2As2. (f), (g) Electronic band structures
and the Fermi surfaces for kz = 0 in x = 0.1. Green (red) color
represents the dx2−y2 (dz2 ) orbital and blue is the contribution from
the t2g (dxz, dyz, dxy) orbitals. Yellow is the mixture of the red (dz2 ) and
green (dx2−y2 ). (h), (i) Calculated 3D Fermi surfaces of the x = 0.1
compound.

within the layers, but rotating along the c axis for 0.05 � x �
0.35 [Figs. 1(c) and 1(d)] [22–24].

Although the helical order in Sr(Co1−xNix )2As2 can be
phenomenologically fit by a 1D frustrated Heisenberg Hamil-
tonian with an easy-axis spin anisotropy, it should have
large itinerant electron contributions as reflected by the large
Rhodes-Wohlfarth ratio [22,23]. The presence of a saddlelike
flat band nearby the Fermi level results in a high density of
electronic states, which should affect the low energy magnetic

properties [25,26]. Since the flat portion of the band structure
near the Fermi level can provide enormous soft particle-hole
excitations which can couple to the magnetic order parameter
and modify the original phase diagram [27,28], a determina-
tion of the evolution of the magnetic order and spin excitations
in Sr(Co1−xNix )2As2 will form the basis to unveil the micro-
scopic origin of the magnetism in these materials.

II. RESULTS

Here we report neutron diffraction studies on the evolu-
tion of magnetic structures in a series of Sr(Co1−xNix )2As2

compounds and inelastic neutron scattering measurements on
magnetic excitations in Sr(Co0.9Ni0.1)2As2 and SrCo2As2.
While previous work has established the presence of in-
commensurate helical magnetic order and the Ni-doping
dependent phase diagram of Sr(Co1−xNix )2As2 [18,22–24],
there are no detailed determinations of the Ni-doping depen-
dent magnetic structure and spin excitations. We find that
the magnetic propagation vector evolves from q = 0.6 in
x = 0.05 to q = 0.38 in x = 0.2, suggesting that the TN = 0
in Sr(Co1−xNix )2As2 with x ≈ 0.25 may be driven by FM
fluctuations. Based on our inelastic neutron scattering results
on Sr(Co0.9Ni0.1)2As2 and SrCo2As2, we conclude that the
Ni substitution into SrCo2As2 induces strong FM magnetic
excitations which are 2D and dispersionless along the c-axis
direction in the measured energy range. By comparing the
magnetic ordering wave vectors with the band structures cal-
culated using the combined density functional theory and
dynamic mean field theory (DFT+DMFT) [18], we find no
conclusive evidence for Fermi surface nesting induced he-
lical order. Since transport measurements reveal increased
in-plane and c-axis electrical resistivity with increasing Ni
doping and associated lattice disorder, we conclude that the
helical magnetic order in Sr(Co1−xNix )As2 may arise from a
quantum order-by-disorder mechanism through the itinerant
electron mediated Ruderman-Kittel-Kasuya-Yosida (RKKY)
interactions [27].

Single crystals of Sr(Co1−xNix )2As2 with different Ni-
doping levels, x, were synthesized from solution using a
self-flux method with the molar ratio of Sr:NiAs:CoAs =
1:5x:5(1-x). The starting materials were placed in an alumina
crucible and sealed in an evacuated quartz tube. The sealed
mixture was first heated slowly to 830 ◦C and then cooked
at 1195 ◦C for 20 hours. Then the furnace was slowly cooled
to 980 ◦C at the rate of 3 ◦C/h. Single crystals with typical
sizes of 0.5 centimeters were obtained by cleaning off the
flux. To confirm the nominal compositions of the samples, we
used inductively coupled plasma mass spectrometry analysis
to determine the actual chemical composition of the resulting
single crystals. For this purpose, we looked at eight single
crystals with different Ni-doping x. The results are summa-
rized in Table I. We benchmark the chemical composition
by comparing to the As concentration (set to 100%) and find
close correspondence between the nominal and actual chemi-
cal compositions, indicating that the Ni substitution level is a
good representation of the actual composition.

Our time-of-flight (TOF) inelastic neutron scattering (INS)
experiments were carried out at the fine-resolution Fermi
chopper spectrometer (SEQUOIA) and wide angular-range
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TABLE I. Inductively coupled plasma mass spectrometry anal-
ysis of chemical composition of Sr(Co1−xNix )2As2 single crystals
used in our neutron scattering experiments. We have carried out
measurements on eight samples. After normalizing the measured
concentrations of Co, Ni, and Sr to the 100% As concentration, we
find that the nominal Ni doping is fairly close to the actual Ni doping.

Samples As Co Ni Sr Nominal Ni doping Actual Ni doping

1 1 0.78 0.19 0.5 0.2 0.2
2 1 0.78 0.19 0.5 0.2 0.2
3 1 0.81 0.14 0.49 0.15 0.15
4 1 0.84 0.13 0.5 0.15 0.13
5 1 0.89 0.09 0.47 0.1 0.09
6 1 0.86 0.09 0.5 0.1 0.09
7 1 0.91 0.05 0.5 0.05 0.05
8 1 0.88 0.09 0.49 0.1 0.09

chopper spectrometer (ARCS) at the Spallation Neutron
Source (SNS), Oak Ridge National Laboratory (ORNL). The
neutron diffraction experiments were done on the HB-3A
four-circle diffractometer at the High Flux Isotope Reactor
(HFIR), Oak Ridge National Laboratory [29] and high res-
olution powder diffractometer—BT-1 at the NIST Center for
Neutron Research. To facilitate easy comparison with INS re-
sults of SrCo2As2 [18], we define the momentum transfer Q in
3D reciprocal space in Å−1 as Q = Ha∗ + Kb∗ + Lc∗, where
H , K , and L are Miller indices and a∗ = â2π/a, b∗ = b̂2π/b,
and c∗ = ĉ2π/c with a = b ≈ 5.614 Å, and c = 11.566 Å.
For TOF experiments, our single crystals were co-aligned in
the [H, 0, L] scattering plane. At T = 5 K, the incident beam
with energies of Ei = 12, 30, and 80 meV is parallel to the
c axis of the crystals. In neutron diffraction experiments on
HB-3A, neutron wavelength of 1.553 Å was used from a bent

perfect Si (2,2,0) monochromator. A closed-cycle refrigerator
was used to provide temperatures above 4 K. Aluminum pins
were used to mount the crystals.

To study the changes of the helical magnetic structure with
x in Sr(Co1−xNix )2As2, we carried out neutron diffraction
measurements to investigate the x dependence of the in-
commensurate magnetic ordering wave vector (0, 0, q) along
the c axis [Figs. 1(c) and 1(d)]. Figures 2(a)–2(d) show
detailed scans along the [0, 0, L] direction at T = 5 K for
x = 0.05, 0.125, 0.15, and 0.2. These scans reveal incommen-
surate peaks at (0, 0, n ± q), with n being an even integer
and q = 0.6, 0.51, 0.48, and 0.38 for x = 0.05, 0.125, 0.15,
and 0.2, respectively. Figures 2(e)–2(h) show the temperature
dependence of the magnetic order parameter for this series of
Sr(Co1−xNix )2As2 compounds, where the results of x = 0.1
are reported in Ref. [18].

Figure 1(e) shows the Ni-doping evolution of (0, 0, q) and
the magnetic transition temperature TN in Sr(Co1−xNix )2As2.
While TN has a maximum at x = 0.1, the magnetic prop-
agation vector q monotonously decreases from q = 0.6 in
x = 0.05 to q = 0.38 in x = 0.2. According to the 1D frus-
trated Heisenberg Hamiltonian with the easy-plane anisotropy
[30–33], q < 0.5 means that the turn angle between the mo-
ments in neighboring layers are smaller than 90◦ and thus
the effective interlayer exchange coupling is FM [22,23,34].
Although it is unclear that q will reduce to zero for the sample
with TN = 0, its magnetic properties are likely dominated by
FM spin fluctuations. In the 1D Heisenberg Hamiltonian, the
presence of a next-nearest-neighboring (NNN) AF coupling
Jc2 and its competition with the FM interlayer coupling Jc1

induce a helical magnetic order. In the limit of Jc2 → 0,
Sr(Co1−xNix )2As2 will become FM. The small but finite AF
Jc2 causes ripples in the uniform FM background of Jc1, thus
inducing the helical magnetic order in Sr(Co1−xNix )2As2 by

FIG. 2. Neutron diffraction results for Sr(Co1−xNix )2As2 single crystals. (a)–(d) Scan along the [0, 0, L] direction for x = 0.05, 0.125,
0.15, and 0.2, respectively. (e)–(h) Temperature dependence of the magnetic order parameter, where solid lines are guides to the eye.
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FIG. 3. (a)–(d) Constant energy slices of spin fluctuations of
Sr(Co0.9Ni0.1)As2 within the [H, K] plane at E = 12 ± 2, 17 ± 3,

35 ± 5, and 52 ± 7 meV, respectively. (e)–(h) The dynamic spin sus-
ceptibility from the DFT + DMFT calculations at the corresponding
energies for Sr(Co0.9Ni0.1)2As2. (i)–(l) The same constant energy
slices in pure SrCo2As2.

an order-by-disorder mechanism through the RKKY interac-
tions [27].

To explore spin fluctuations in Sr(Co1−xNix )2As2, we per-
formed TOF neutron scattering experiments on single crystals
of x = 0 [18] and x = 0.1. Figures 3(a)–3(d) and 3(i)–3(l)
show images of spin fluctuations in the [H, K] plane for
x = 0.1 and 0, respectively, at E = 12 ± 2, 17 ± 3, 35 ± 5,
and 52 ± 7 meV. The stripe-type AF fluctuations are clearly
seen at (0, 1)/(1, 0) positions in both compounds and are lon-
gitudinally elongated, forming ridgelike excitations at higher
energies. On the other hand, FM spin fluctuations near (0,0)
are greatly enhanced in the x = 0.1 compared to those in
x = 0, as confirmed by neutron polarization analysis [18].
For comparison, the spin dynamic susceptibilities calculated
by the DFT + DMFT method at energies similar to ex-
periments are plotted in Figs. 3(e)–3(h). The DFT+DMFT
calculations are identical to those described in previous work
[18]. The only difference is that the Ni doping is approxi-
mated by a virtual crystal approximation. For example, for
10% Ni doping, a virtual Co atom was used, with a nu-
clear charge 27.1 and a number of 27.1 electrons. While
the overall results of the calculations are consistent with the

experimental data, the calculations indicate much stronger
FM intensity [26].

To understand the magnetic exchange modulations along
the c axis in Sr(Co1−xNix )2As2, the L dependence of the
FM spin fluctuations has to be measured. In Figs. 4(a)–4(c),
we plot 2D images of the background subtracted scatter-
ing intensities of the x = 0.1 compound in the [H, H, L]
plane at T = 5 K for energies of E = 3 ± 0.75, 7 ± 1, and
16 ± 1.5 meV. The 2D nature of FM magnetic fluctuations
is clearly seen as rodlike scattering without L modulation, as
confirmed by the corresponding 1D cuts along the [0, 0, L]
direction [Figs. 4(d)–4(i)]. Since the x = 0.1 compound has a
c-axis helical magnetic ordering wave vector at q = 0.56, we
expect critical scattering and low-energy spin waves to stem
from this wave vector [22]. However, we find no evidence
of the expected 3D magnetic excitations down to 2 meV
around q = 0.56, much different from the spin excitations
associated with the 3D AF order in NaFeAs [35]. On the
other hand, the widths of the rodlike magnetic scattering are
broadened with increasing energy [Figs. 4(a)–4(c)]. These
are attributed to the sharp dispersion of magnetic excitations
along the [H, H] direction, indicating extremely anisotropic
exchange couplings. In Figs. 4(d)–4(i), we show a series of
1D cuts of magnetic excitations along the [H, H] and [H, 0]
directions at different L values and energies. The FM corre-
lations within the CoAs plane are isotropic at all measured
energies.

To further understand the evolution of spin fluctuations
in x = 0 and 0.1, we compared a series of transverse cuts
of the stripe-type AF spin fluctuations in these compounds.
Figures 5(a) and 5(b) show Gaussian fits for cuts along the
[1, K] direction at E = 10 ± 2 and 40 ± 5 meV, respectively.
While spin excitations at 10 meV are similar for both com-
pounds, the peak in x = 0.1 is much broader. In CaCo2−yAs2,
there is strong frustration between the NN exchange coupling
J1 and NNN exchange coupling J2 within the Co square lat-
tice. The frustration leads to the dimensionality reduction and
hence the 2D Co lattice is described by an array of nearly
decoupled FM spin chains [17]. From this perspective, the
peak widths of the [1, K] scans at the (0, 1)/(1, 0) positions
represent the inverse correlation length along the 1D spin
chain. The broad line width of the x = 0.1 sample at 10 meV
in Fig. 5(a) indicates a short magnetic correlation length along
the FM spin chain and is likely due to the disorder introduced
by Ni substitution. As the energy increases, such a broadening
effect is reduced and observed to ∼20 meV [Fig. 5(c)]. The
shorter spin correlation length caused by disorder disfavors
the stripe AF alignment of the magnetic moments and thus
supports the FM order within the plane. This is consistent
with the observation that the 2D FM layers are formed in
Sr(Co1−xNix )2As2 in spite of the fact that FM fluctuations
are considerably weaker than those in CaCo2As2 [17,26]. At
40 meV, the line widths of the x = 0 and 0.1 compounds
are basically the same. There is a slight peak broadening
with increasing energy in both compounds, which is due to
the sharp dispersion of spin excitations along the 1D spin
chain [Fig. 5(c)]. Figure 5(d) shows the longitudinal cuts of
magnetic excitations along the [H, 0] direction at E = 12 and
46 meV, respectively, demonstrating the large FM contribu-
tion in the spin excitation spectra induced by Ni substitution.
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FIG. 4. (a)–(c) Constant energy slices of spin fluctuations of Sr(Co0.9Ni0.1)2As2 within the [H, H, L] plane at E = 3 ± 0.75, 7 ± 1, and
16 ± 1.5 meV, respectively. The corresponding 1D cuts along the [0, 0, L] direction are shown in the bottom panel. (d)–(f) 1D cuts of spin
fluctuations along the [H, H ] direction at different L and energies. (g)–(i) Corresponding 1D cuts along the [H, 0] direction. The solid lines are
Gaussian fits to the cuts.

Using elastic and inelastic neutron scattering, we have
demonstrated that Sr(Co1−xNix )2As2 is close to a FM insta-
bility and hosts strong 2D FM spin fluctuations. However,
Ni-doped Sr(Co1−xNix )2As2 has a helical order of the stacked
FM layers along the c axis, meaning that the interlayer
magnetic exchange coupling cannot be purely FM [22–24].
From the in-plane electrical resistivity measurements on
Sr(Co1−xNix )2As2, it is known that the resistivity is es-
sentially Ni-doping independent at room temperature but
increases with increasing Ni doping at low temperature [23].
In contrast to FM La-doped SrCo2As2 in which the La
is located out of the CoAs plane, Ni substitution directly
causes disorder in the magnetic Co lattice and therefore
induces an in-plane resistivity increase with increased dop-
ing. However, since Ni doping causes a decreased c-axis
lattice constant and interlayer distance [23], it is unclear if
doping will increase or decrease electric resistivity along the
c axis. Figure 5(e) shows normalized c-axis electrical resis-

tivity ρc(T )/ρc(300 K) for Sr(Co1−xNix )2As2 crystals with
x = 0, 0.1, 0.2, 0.5. ρc(T )/ρc(300 K) increases with increas-
ing Ni doping at low temperatures, suggesting that such an
effect is also determined mostly by substitutional disorder in
spite of the reduced layer distances.

To further study the evolution of spin fluctuations in Ni-
doped SrCo2As2, we consider the energy dependence of
the local spin dynamic susceptibility, defined as χ ′′(E ) =∫

BZ χ ′′(Q, E )dQ/
∫

BZ dQ, where χ ′′(Q, E ) is the wave vec-
tor and energy dependence of the imaginary part of the
dynamic susceptibility within a Brillouin zone (BZ) [black
diamond in Fig. 6(a)] [16]. Figure 6(b) shows the comparison
of the energy dependence of the local dynamic suscep-
tibility of Sr(Co0.9Ni0.1)2As2 and SrCo2As2. Figure 6(c)
shows the energy dependence of integrated FM (red) and
AF (blue) spin fluctuation intensities for Sr(Co0.9Ni0.1)2As2,
where the corresponding integration region is marked
in Fig. 6(a).
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FIG. 5. (a), (b) Transverse cuts of the AF spin fluctuations in
Sr(Co1−xNix )2As2 with x = 0, 0.1 at E = 10 ± 2 and 40 ± 5 meV,
respectively. The solid lines are Gaussian fits to the data. (c) Energy
dependence of the line widths of AF spin fluctuations along the
[1, K] direction. (d) The longitudinal scans of the spin fluctuations
in the x = 0 and 0.1 at E = 12 ± 3 and 46 ± 5 meV. (e) Temperature
dependence of the normalized electrical resistivity ρc(T )/ρc(300 K)
along the c axis for x = 0, 0.1, 0.2, and 0.5.

III. DISCUSSION

To understand these observations, we first consider if
the helical order can be induced by Fermi surface nesting.
Figures 1(f) and 1(g) show the electronic band structure
and Fermi surfaces at kz = 0, respectively, obtained by
DFT+DMFT calculations for x = 0.1. The 3D Fermi sur-
faces for different orbitals are shown in Figs. 1(h) and 1(i).
Considering the large variation of q with a relatively small
amount of electron doping [Fig. 1(e)], the band dispersion
related to q has to be quite flat so that a small change of
chemical potential μ will lead to a large variation in the Fermi
surface. This may be related to the flat portion of the dx2−y2

band around the M point [Fig. 1(f)], where its hybridization
with the dz2 orbital adds a finite kz dispersion. Due to the
small energy scale, this effect is not captured accurately by the
calculation. However, the variation of the 3D Fermi surface
along the diagonal direction (� − M) from x = 0 [26] to x =
0.1 [Fig. 1(i)] qualitatively agrees with the observation that
the magnetic propagation vector decreases with increasing Ni
doping. Nevertheless, there is no evidence of Fermi surface
nesting induced helical spin structure [Figs. 1(c)–1(e)].

Alternatively, if we assume that the NNN interlayer cou-
pling Jc2 cannot arise from the direct exchange coupling due

FIG. 6. (a) Schematics of spin fluctuations in the [H, K] two-
dimensional reciprocal space, where the red (blue) areas represent
FM (AF) spin fluctuations. The black diamond marks the in-
tegration region for calculating energy-dependent local dynamic
susceptibility. The red and blue squares are the integration re-
gion for calculating energy-dependent FM and AF local dynamic
susceptibility. (b) Energy-dependent local susceptibility χ ′′(E ) of
Sr(Co0.9Ni0.1)2As2 in absolute units normalized by using a vanadium
standard. The black line is a guide to the eye. The purple line is
the result of SrCo2As2 from our previous work [18]. (c) Energy
dependence of the integrated χ ′′(E ) of FM (red) and AF (blue) spin
fluctuations of Sr(Co0.9Ni0.1)2As2.
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to the large layer separation, the itinerant electron-induced
RKKY-type oscillating magnetic interaction may be respon-
sible for the dominant Jc2 rather than Jc1 in the intermediate
doped compounds with q ∼ 0.5. In the simplest case of the
RKKY model, the magnetic exchange coupling is oscillating
as a function of J (Q) in which Q = 2kF (where kF is the
nesting wave vector). This mechanism will give a magnetic
ordering wave vector from RKKY interaction similar to a
nesting picture. However, the situation is different when there
are multiple Fermi surfaces with different nesting wave vec-
tors. The flat band at the Fermi level may also contribute
to the RKKY interaction. Consider a simple case in which
there are two competing nesting wave vectors Q1 and Q2.
The frustration between Q1 and Q2 will lead to a magnetic
order at a third wave vector Q3 that is different from Q1

and Q2, and thus cannot be explained by a nesting picture.
Therefore, the absence of a nesting vector does not imply the
failure of the RKKY mechanism but actually suggests that the
frustration (either in the real space or reciprocal space) plays
a significant role in the formation of a helical magnetic order.
In this picture, the Ni-doping induced disorder only affects
low energy spin fluctuations and causes a small change in the
effective couplings Jc1 and Jc2 through the RKKY interactions
that stabilize the helical modulation of the magnetic moments
near a FM instability [36,37]. While the RKKY interaction
induced magnetic frustration may be able to explain the ob-
served helical order, we cannot rule out the possibility that
the helical order arises from the Fermi surface nesting not
captured by the DMFT calculation.

Recently, intriguing correlation effects were found to arise
in partially flat-band systems comprised of the flat and dis-
persive portions in the same region of the reciprocal space
[28,38–40]. When electrons are filling the flat portion of the
band, non-Fermi liquid behavior arises even for systems with
intermediate electron-electron interactions. Sr(Co1−xNix )As2,

which has a saddlelike flat band at the Fermi level and inter-
mediate electron correlations [22–24], provides a platform to
study the correlation physics in a partially flat-band system
and offers versatile controls via electron/hole doping and
band engineering.

In conclusion, we used neutron scattering to study the
doping dependence of the magnetic wave vector of the helical
order and spin fluctuations of Sr(Co1−xNix )2As2. We find that
the magnetic wave vector monotonously decreases with Ni
doping. The spin fluctuations in the probed range are 2D like
at x = 0.1 in spite of the underlying helical magnetic order.
While we find no evidence of Fermi surface nesting induced
helical magnetic order based in DFT+DMFT calculation,
our results are consistent with an order-by-disorder phase
transition induced by the itinerant electron mediated RKKY
interactions.
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