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Fig. 1. Transport, magnetic characterization, and magnetic structure of the CaCo,As, single crystal: (a), (b) Isothermal magnetiza-
tion curves for H//ab and H//c, respectively; (c), (d) temperature-dependent magnetic susceptibility under different magnetic
fields for H//ab and H//c, 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 CaCo,As, single crystal from neut-

ron diffraction at 45 K.
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Fig. 2. Quality of the nuclear structural refinement based
on the single-crystal neutron diffraction data at 45 K. The

observed integrated intensities F2

ubs are compared with the

calculated intensities Ffalc s

and the reliability factor Rp is

shown.
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Fig. 3. Low-temperature magnetic reflections, candidate magnetic structure models, and magnetic refinement results for the
CaCoyAs, 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) Pr4/nnc, (2) Prds/mnm,

(3) Camca, (4) Camem , (5) Prmmn, (6) Prnnm ; (f) comparison between the observed integrated intensities F2  and calcu-

obs

lated intensities F2

wle of eight magnetic reflections in the Pr4/nnc model.
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Table 2. Observed intensities, experimental uncertain-
ties, and calculated intensities of eight magnetic reflec-
tions in the CaCo,As, single crystal at 4 K for two candid-

ate magnetic space-group models.

hkl F02bs U(Ffbs) Prd/nne Ffalc Pr4s/mnm Ffalc
(111) 3.10 0.18 3.99 0.00
(113) 2.29 0.13 1.81 0.00
(115) 2.40 0.18 0.55 0.00
(T11) 351 0.29 3.99 0.00
(113) 243 0.30 1.81 0.00
(115) 1.40 0.18 0.55 0.00
(201) 1.95 0.20 2.33 0.00
(203) 1.77 0.12 1.30 0.00

A UL Prdg /mnm B89 H R0 1 =7 50 H. b A
k AR PEAR SIS AFTERE R IR 3% 2 TPy 8 MG
WERY BRI kAR AT, DT Ppdo /mmm BEFULE |34
FAYT S WA A7 " P A2 BN FR PR 2T AR 2 A R BETH O,
F2 0 =0. [A3A] LI B] Prd/nnc B8 H A iF 128
AHCE bR A AR R Y REEBC, X5 S
Z5R—30. Prd/nnc AVREAS I DL T i S0 G 05
SR Y S, W5 BE 5 AR5 R A LR LI 3(f).
SR T LI R AR, AR AL RS n] S R
Ry =18.97% , HxZ 45351 Co WK 0.311(15) up -
HI LGP LA AE | 20F A IR G BE 35 Pra/nnc G
23 () FEFIT R 1Y A B SBRRE S 1 : Co REFRT ¢ il
W, [7]— Co J2MFATHES, AHAR Co R P4 T
Heg), s [RHET R B LA 1(5). 4585 AT
TR Co BRALFRBEAN [ AAE i RG2S 1 — 3 10,

3.4 Co SRAIXHK R FRAIR M0

A S g P ¥ A mT LASRAE WG A e B P 2
AR A, T VA SR JRE T O A T RE T IO A O
ARSI LN B, (111) REAT S e 1% o B2 i Yk J3E T g
S B B R B A B, JFTEZ) 36 K ALRER
HRAKF (K 4). X Rk 5 AR B R
2 FP B AR AL S (0 B R E W, DI ZE oo
JURE BRI T I8 a1 SO BREARAZ IR T~ 36 K.

S SCER TG T CaCoo Asy 1 R AUARIE AR L,
A TARBTIAE i B T 25 [ R W B2, 12 B Ge
FIRES s T ECRREE Y Co iz (Co deficiency)
WUIME. Serrb i E IRaE L, 2R R BRI REAT
FP25%E Co 7 i B SEPR A HOAR A ARl 16.17.261,

WG ThF A HAIE A R, AR Co B A
25 11.2(1.6) %, k2588 H 2L A1 SCHRHRGE Hh A ol e
BEAK 16 5 i R s, T A G AR T 2 850R
CoAs HIEFEA KRS 1Y 70—76 K, FRETFIH
Sn ISR A KRR AY 52(1) K14 161, & 4 46 EE
BT B SRS A TAEH CaCo, ,Asy B9 Co Sl
WEE 5 TN XTI OC R . Zhang 55 29 fiRiE 1Y 24 L
5 AL EER CaCoyAs, (2=0) AL 80 KM
PRGN S 2ok A & BT
L, SEBR Co (AR I A i 25 WA IS HERA I E
BE BT AR AT i o L R 192 2% . Quirinale
A5 10 X S B FIA AR A SR X S mnhF
MRS E] T Co iR 93(1) %, Xkt
H CaCoy go)Asy( 22014 ); ZFEMIN Ty =52(1) K,
B AT A T AR A R R Y R Y
0.6up/Co . Anand %5 7 i f5 % [a]— Ak 273 12 LU Bt
I CaCoy gsAs,y HLEMTT R T 451 | fitiz . 445
11 ARPES il & , H: XRD ¥ 1515 2 4 6% 1Y
Co BRA7, FF45 H Ty = 52(1) K A M A IR T g Ak 8
PEAG T2 0.3 /Co /N P RERE. FHELZ TR, A&
TAEREGEY Co i i R i — LRI 2 88.8(1.6)%,

500

80 fe ® Zhang et al. 2022
S + Anand et al. 2014
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Fig. 4. Temperature dependence of the (111) magnetic re-
flection intensity. The magnetic reflection disappears at
about 36 K, corresponding to the Néel temperature Ty .
The inset shows the relationship between the Co deficiency
concentration z and Ty, including the results from Zhang
et al.?l Quirinale et al.'%, Anand et al.'”), and this work.
The data point from Zhang et al.?fl corresponds to the
nominal full-occupancy stoichiometry CaCo,As, (z =0),
whereas the actual Co occupancy was not accurately de-

termined by structural refinement.
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SPECIAL TOPIC — Quantum magnetism
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Abstract

CaCo,yAs,, 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 CaCoyAs, 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//c reveal pronounced
uniaxial anisotropy. In particular, the low-temperature M (H) curve for H//c exhibits a field-induced spin-flop
transition, identifying the c¢ axis as the magnetic easy axis. Single-crystal neutron diffraction at 45 K, in the
paramagnetic state, confirms the ThCr,Siy-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 CaCo 1 73y Asy, 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 c¢ axis. Symmetry
analysis yields two candidate magnetic space groups compatible with c-axis moments. The P;4s/mnm model is
ruled out by the observed extinction conditions, whereas the P;4/nnc model accounts for the measured
magnetic intensities and gives an ordered moment of 0.311(15) us /Co at 4 K. Temperature-dependent neutron
diffraction of the (111) magnetic reflection gives a Néel temperature of T\ =~ 36 K. Compared with previous
reports, the present crystal has a higher Co-vacancy concentration, a substantially lower Ty, 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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