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Fig. 1. Transport, magnetic characterization, and magnetic structure of the CaCoyAs, single crystal. (a)

and (b) Isothermal magnetization curves for H || ab and H || ¢, respectively. (c) and (d)

Temperature-dependent magnetic susceptibility under different magnetic fields for H || ab and H || ¢,

respectively. (e) Temperature dependence of the resistance R. (f) Schematic illustration of the A-type

antiferromagnetic structure, in which the Co moments point along the ¢ axis, with ferromagnetic

alignment within the ab plane and antiferromagnetic alignment along the ¢ axis.
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Table 1. Refined atomic, lattice, and refinement
parameters of the CaCoyAs, single crystal from

neutron diffraction at 45 K.
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Fig. 2. Quality of the nuclear structural
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Fig. 3. Low-temperature magnetic reflections, candidate magnetic structure models, and magnetic
refinement results for the CaCosAs, single crystal. (a)—(c) Representative w scans through the (-111),
(-113), and (-115) magnetic reflections at 4 K; red lines are fits using a Gaussian peak plus-a linear
background. (d) w scan through the (001) position at 4 K, showing no resolvable magnetic reflection. (e)
Six candidate magnetic space-group models obtained from MAXMAGN: (1) P;4/nnc; (2) Prds/mnm;
(3)Camca; (4)Camem; (5) Prmmn; (6) Prnnm. (f) Comparison between the observed integrated

intensities F3 _ and calculated intensities F% of eight magnetic reflections in the P;4/nnc model.
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Table 2. Observed intensities, experimental
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crystal at 4 K for two candidate magnetic
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Fig. 4. Temperature dependence of the (111)
magnetic reflection intensity. The magnetic
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inset shows the relationship between the Co
deficiency concentration x and Ty, including the

1. 261 Quirinale et al. [16],
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from Zhang et al. corresponds to the nominal
full-occupancy stoichiometry CaCogAss (x = 0),
whereas the actual Co occupancy was not

accurately determined by structural refinement.
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Magnetic Structure of the Iron-Based Superconductor
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1) ( Center for Advanced Quantum Studies, School of Physics and Astronomy, Beijing Normal
University, Beijing 100875, China)
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3) ( Institute of High Energy Physics, Chinese Academy of Sciences, Beijing 100049, China)
4) ( Oak Ridge National Laboratory, Oak Ridge, Tennessee 37831, USA)

Abstract

CaCoyAsy, an isostructural cobalt analogue of the “122” iron arsenides, provides a useful platform for
investigating the interplay among a collapsed-tetragonal lattice, itinerant Co 3d electrons, and transition-
metal-site vacancies. Although its low-temperature magnetic ground state is known to be sensitive
to the Co 3d states near the Fermi level and to Co deficiency, the connection between the actual Co
occupancy and the magnetic ordering temperature remains to be clarified. Here we investigate the crystal
structure and low-temperature magnetic order of a self-flux-grown CaCoyAss single crystal using electrical
transport, magnetization, and single-crystal neutron diffraction measurements. The resistance decreases
monotonically on cooling, confirming metallic transport. No pronounced resistive anomaly is observed
at the magnetic transition, suggesting that the onset of long-range antiferromagnetic order only weakly
affects carrier scattering in this itinerant system. Magnetic susceptibility and isothermal magnetization
measured for H || ab and H || ¢ reveal pronounced uniaxial anisotropy. In particular, the low-temperature
M(H) curve for H || ¢ exhibits a field-induced spin-flop transition, identifying the ¢ axis as the magnetic
easy axis. Single-crystal neutron diffraction at 45 K, in the paramagnetic state, confirms the ThCr,Sis-
type collapsed-tetragonal structure, with a = b = 3.989 A, ¢ = 10.330 A, and an interlayer As—As distance
of 2.7577 A. Refinement of the nuclear structure gives a Co occupancy of 88.8(1.6)%, corresponding
to CaCoy 75(3)As2, indicating a relatively high concentration of Co vacancies. Upon cooling to 4 K, eight
additional Bragg reflections, (111), (113), (115), (-111), (-113), (-115), (201), and (203), appear at positions
forbidden by the body-centered nuclear structure. These reflections are magnetic in origin and can be
indexed with the propagation vector k = (0,0,1). This magnetic propagation vector identifies an A-
type antiferromagnetic structure, with ferromagnetic alignment of Co moments within each Co layer and
antiferromagnetic stacking between adjacent layers. The absence of a resolvable (001) magnetic reflection
further indicates that the ordered moments are oriented predominantly along the ¢ axis. Symmetry analysis
yields two candidate magnetic space groups compatible with c-axis moments. The P4, /mnm model is

ruled out by the observed extinction conditions, whereas the P;4/nnc model accounts for the measured

* Project supported by the National Natural Science Foundation of China (Grant No. 12174029,
11922402). This research used resources at the High Flux Isotope Reactor, a DOE Office of Science
User Facility operated by the Oak Ridge National Laboratory. The beam time was allocated to
HB-3A on proposal number IPTS-7104.1.
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magnetic intensities and gives an ordered moment of 0.311(15)ug/Co at 4 K. Temperature-dependent

neutron diffraction of the (111) magnetic reflection gives a Néel temperature of Ty ~ 36 K. Compared

with previous reports, the present crystal has a higher Co-vacancy concentration, a substantially lower

T, and a similarly small ordered moment. These results indicate that Co vacancies primarily weaken the

Co—Co exchange network and suppress the ordering temperature of the itinerant A-type antiferromagnetic

state, rather than substantially altering the ordered moment. Our results provide microscopic evidence for

the coupled roles of collapsed-tetragonal bonding, transition-metal-site vacancies, and itinerant magnetism

in CaCoyAs,.
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