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Unexpected Magnetic Behaviors in an Altermagnet Candidate RuQO,
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RuO, is a prototypical altermagnet candidate that has attracted much attention due to its potential in spintronic applications. Despite
the extensive research, however, the exact nature of its magnetic ground state has not yet reached a full consensus. In hopes of clearing
out some of the ambiguity surrounding the magnetism of this material, we have performed temperature dependent magnetic
susceptibility and magnetic transport measurements on high quality single crystal RuO,. Two stable phases with different
stoichiometries are found via X-ray diffraction, and an unexpected splitting between Zero-Field-Cooled (ZFC) and Field-Cooled (FC)
magnetic susceptibility data is observed at 7° = 230 K. We also report an extreme magnetoresistance of 6,800% at 2 K. Such results
suggest that a combination of careful characterization of sample quality and a rigorous study on its electronic structures is necessary to
determine the exact magnetism of this material, on top of studying its apparent magnetic properties.
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gyl o3 2~ 7127 E=(spin splitter torque: SST),
71&olxl 2~ ZF(tilted spin current) & T ~WE=R
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4 Al HAE S5 1T AAEA $8E T Ae
S BAfste] & 7dE Bom gt A7t X1
I JoH10,11].

olgfgt AT FIIE BEslal HIZ7HAE Ru02] A
v dejel] #gh =Ao] A&EHI ok T4 3 A3
12], 39 o2 2kt A3 (resonant X-ray scattering)[13],
T 13 o] AH4elel BeF Bl o] RuOll T4
o] EANTFS SISk gHA, olof] ARk s
A&A o2 WHEI T} ErEolt Aol gle
T3 A ol FElEel theiM e 21 EXd E9
(muon spin rotation and relaxation) 42 F3lo] A4 w}
o HEE #5329 FHE o2 vgss 2~ g
o$t F2 29 457 HEFA| o} “AHIA| (paramagnet)
Pe AR A 23 BaEdoH14] =3 $EA
RuO,®| & B7E A3 Ay v & a3 A=A
oo}, Hht A|Rofxe] B} & E9E B Ay &
g 4R 71| Hal7phke R 29E 2lT15].
olo] tlaff ¥x Wk o]&3 M= 2d(Hubbard model)
Ball Akt A7, Ru0®] AMdS FHE A To=
St & %337} Hubbard U gkl wet 1 =717F 53] wizk
Al #gte] (58 nf dtHl16]. 712 Ru0,®] A34 ®Ha
o] AFehe AHAE Hole A A olHF IEHEFEH
(stoichiometric) F17Hgte] ¥1Y Aoz HRITH16]. o|E%
T8 RuO,®] AMd vber AdEl7E A1 A R1A el
gk =471 #9dle] o] FoiA|aL ik

WA Aol RuO= HiEAR] wAbd $R 242X
71207t 58 SN EF 2 A4S F Y=
ETekal, Lonke 2K iV ol 28 wgre] Wl
A NZRE 7o) 2lo], Ru0,S el B3l Fof7h
o|FoJR)A] ke AAoltt. 53] AR Al BvE,
T4 ol d¥ & olgd BEYXE Ashre 8jle
2 283t B AdMe ©@EA RuOS AFIFe=z A
A EE] Yle 1FE RuOd A Hie dEE
gatarat atxdnt. ol wet kol mE 2] s
HIAE), 2=jar & 27l gk AP |1AE S48
SRt 1 A %o mE 2] Aol T = 225
Kol EA5= 2™ (anomaly)2 SR1815.0H, #2004
HIZ A 913 #Eo] s & Ue Fe AIAF
(extreme magnetoresistance: XMR)S =43}= dl A-F3}

A,

—

iz}

o

o

AT

oz
B
i

N

4

o

1 o O



- 166 -

1. tHEE A= &Y

B Ze] Fg)2~" Ru0,S 9st dal = g
531, F& EFHY =R itk dEsAle e AdE
2 5SS i 7|20 go] & 7RIS 1,473 K&
2 WEA 52 28 1,023 K7 AlzFd 125 K &
=2 A 1,023 K7t HE A72E 113 wEA AEF
Aot G =R Wy FEdle] T AL g4
Aol AyAH, EAARES] HFAHA 7= 1 x 0.5 x
0.5 mm*°|ATHFig. 1(c)].
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Fig. 1. (Color online) (a), (b) Structure of RuO,. (¢) Typical morphology and crystallography of RuO, single crystals and microscope images of the
typical growth facets. (d) Powder XRD of the grinded single crystals of RuO,. The inset shows a detailed plot near the (110) peak, displaying two
well-defined sharp peaks. Note that the double-peaked feature of each peak comes from the Cu-K,; and Cu-K,.
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Fig. 2. (Color online) (a) Temperature dependent magnetic susceptibility (y4.) curves of RuO,. The blue and red circles each represent the Zero
Field Cooled (ZFC) and Field Cooled (FC) yq4. — T curves in an external magnetic field (B) of 7 T, respectively. B was applied perpendicular to the
[001] direction. The gray line displays the first derivative (d/d7) of the FC curve and the kink near 225 K is indicated by the dotted black vertical
line. (b) The filled blue circles represent the raw data while the open blue circles show the raw data subtracted by the background signal.
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Fig. 3. (Color online) Resistivity versus temperature of RuO,. The
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without an external magnetic field of 7 T parallel to the [100]
direction, respectively. The inset zooms into the temperature range up
to 7= 100 K where the large magnetoresistance is present.
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