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In this manuscript, the X-ray absorption spectroscopy studies on BaCoO; and TbFe;(BO;),
under high magnetic field are briefly introduced. For BaCoO;, the effective magnetic moment
(2.23 pp) extracted from the magnetic susceptibility is larger than 1.73 uy (the value without any
orbital moment), while its crystal structure prefers the hole occupation of the alg orbital with m
= (. Combining the X-ray magnetic circular dichroism and theoretical calculations, we found that
the short distance between Co ions along the c¢ axis makes the alg orbital lower in energy and
thus leads to the finite orbital moment. On the other hand, we employed X-ray linear dichroism
to determine the antiferromagnetic structure of TbFe;(BO;), and performed experiments under
various magnetic field to investigate the significant enhancement of the magnetization in the
antiferromagnetic phase.
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JFF- N R EE T B DB E 2 E 1 (dipole selection rules) » {515 A 28 = HYBEBEL X Ol
T HERED » Al X R ILEERE (X-ray absorption spectroscopy, XAS) HIFEHRINEE L 7S 5
PRI E AR PRI R 0B R s A B+ FTLART 2RI E BB F-A5HE - 40 - (HRE ~ WuE(5IRE
BLE fiERE - AR XAS 5 R AGTE - oA a] DUA I FF 7€ R i ot sk JE AU 2 1R
B o X Ot ERIR A (X-ray magnetic circular dichroism, XMCD) == 24/ F ElfR #REEE5E
SR RLERERG AR - T X BRI IRIR — Mm% (X-ray linear dichroism, XLD) HIIA] {5 AR
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2H-BaCoO; % e iy A L B HY « 55 » /ML 11 1 IR BaCO; fll CoOyy; » ¥
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(2) TbFe;3(BO;),

TbFey(BO,), BALAE AT « fEMHEH TS/ ME S Tb,05 (8.24 g) » Fe,05 (6.20 g) »
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2. BEEEERENE

FE A [E A B8 B mT B2 (it = o AT BB RE & Y X O » [RIEE X SEIRIRRERE (X-ray absorption
spectroscopy, XAS) FYE B2 15 [F A SR AT AHRAR METT + DLABHERIRIRIERE 73 - — it
IR EIRIR T Y XAS ~ S RIROEE X e RIE M (X-ray linear dichroism, XLD)
DU EWmIRYERT X e BRI =1 (X-ray magnetic circular dichroism, XMCD) » B4t @ 3%
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(1) ;B SR8 EERG (Low-temperature high-field end-station)
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(2) B X FRUFAESE (soft X-ray absorption spectroscopy, soft XAS)
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(3) B X HBERIR M1 (soft X-ray magnetic circular dichroism, soft XMCD)
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XMCD) & FEF AW RIS - AR S B0E A EIEA/E T R I% (absorption edge) 1
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FAR/IMBAT - B R GR A 50 & R o 1 2 YA AL (E RS - Rl sl XMCD #8F
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FRELERIZR - FI#EHOHT BLITA TS 7RI S5 B Bl - FLEC i HOE S s nT 2 (i
ERE 10 T BISMINIGS - #E R RIESE T XMCD RIS R In RIERGA RIS - S5— 5 » &
ERESE I (8 2 SN HUTE DL T - AEEERHEARY XMCD FRE% - IMREE 6 A X Otit Rk
A (X-ray linear dichroism, XLD) AR SIRMEAT I o 2810 > &SNS A o il S8 iy
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(4) B X 18 RIR_ @14 (soft X-ray linear dichroism, soft XLD)
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(5) [RF4&8.5tE (configuration-interaction cluster calculations)
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TR EIBALRRAR 5 BT R BN - LRI A B ER - AIREEER AR RE
ERGETE R g KiE A

= - BRI

1. BaCoO,

1A BaCoO, HfY Co EARMEHE KA 1.73 up » FAHER 1, WIEETFIENTE ] HUE (&
4(b)) + MIEA EL AT AE RIS a), BUE (B 4(2)) + REEPEPUEEIRARGE - FELL
XLD BEE - AR - IR E R %A BaCoO, B » KILFMEEFEH XAS B XMCD
AN G Bk E T REFBIESY » MEM R E LB IERE -

B FIFH XAS GEFE (B 5 FRAVALAR) BdEAth 22 F AR LAY LI (Na, sCoO, » EuCoO; Bl
Co0) » FAMTATH] Co 1E BaCoO, HHEE FVU(H - IHFF—1 » BaCoO, RERE H EHRAYEL /7Ky Ba-
M, s BB - BAMFI A E BaFeO, Y XAS BEREAFERR Ba HURRGE « FAMAEELE—SF
HIERR R IUE Co YA ERE - HET2MREBURT I SEBEETE  RAEAESE T
PRSI © BRI - BAMTR0R Co MIEBEGIEIERAIREI D,y - WFAIEFR Co HYEITEIEE(R
A Dyq o 2RT > WIERGEIET 36 © XAS BEREIG AN 2 DVMERVER AT LR 2R - KL IR F] A
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Co-Ly —— Theory
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[ 6. (a) Co-L,; XAS A& (B4R fLR0 348 (42 82)
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{KETERE Co* 1 1, WE(EE BN - ABMaTEAYGRSEH » A LB o #uH -
It EEE— DB > DR KBS AIEER - QUM 4(c)®7? 5 RILFRAME | AEIMNY S 585
0 IEREEE B TESRIRERE - BB RERRIAE 6(a) Bl (b) (DIAL B H) - 353
AT B R RERG B B B Pl S BUAE SRAHT - M5 LUBEEE Co 1£ BaCoO, HHIRERINMEH
fiERe » HJF R B MR Co-O # (1.874 A) R34 L EEI5CY o S—TTE - HEIFAEIR
fHOFAY ef WUERF - BERETEAYAEREEL XMCD B EREIR R R AET - SR OLRERE SO —4 8%
ZAFEHACY » 11958 BaCoO, WIELEETERS (B 1) » 1, REREW R EERL R H NS ¢ Bi1Y Co
MRS - Co* B TH Co*' Mt T 2 RN MK 327 WUBNEEE - EEEFER
PRAE ef Wil ; FHER AR E R ARERS SOBETE La, sSr, sMnO, TR EZZE] -

FEA TR [ S e 14 B MY L BE 85 T REJE S B B s B it &+ M IBRAS ef T FF
fE0f - B RHEEREEREAE0E - —HEG RIS [BYUERE PRy - e E
BIMRIRER—E® 0 o ghoh - of BREEE | up WHUERIE - BORBERAMEAELE - F
7 BaCoO, HEATRE I & HI B R B I AM B A EEHRAMECY - &7 B SR TEH T -
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Intensity (arb. units)

FAFREER XMCD #8F17E HIZR R E BaCoO, FYSLERERE B H fEhd A YNNG TE 50 K
L Co HIRAE TS 2 AT - IRIL I & Al B e Bd @ E Ry Lh(E SR R E WOE R -
G B AR AT EE ISRV BB LLEL - AR - FRAMEEE XMCD #&A1E RIFT S EIRYELE R R 0.40
up * A G R RS IHLERE R 0.61 up » HETE /R SRR L RS EBES BT H
A+ TR BB LR AVAS SR —20 A3 XMCD #8F1ER - B IEER - 1E F NI NE B
iR I E A R - H—328 B B e B LR U T~ (magnetic quadrupole) HYELAE »
A LS - BRI R A ERIR R - HEIRAYEBEE /N ] DL 20 - R B
P XMCD #8A17E R E H hetdrl - M b EARERFIRYE N T EEPLUERE 5 A
I+ HFY BaCoO, B THE MATHEE MM - WEPUMR R AR B E IR 2 - S RUERE R
R AECAd T BRI EHAAS S NE] - IS < - BN EEWERERIAME - (I XMCD
HEFNE HILLVEEERETE - I —2 - RIBIERMAT - ef HUERIBTZEEE Co HYHLERE R
WE/INA 1.0 g ©

2. TbFe,(BO,),

AR - R TER R R B A A S E T EE M AR RN R
i > Fe’' 1 3d SR A (RDREE THEE co®' #FE - AI2EE 2(c) @ BIEETESE
—EET - SR XLD EEmA A /ERERVN - IAh - MHBESCRIR B - ]85
BN E 2L Fe-L, 7Y XAS REREIE - RIMLAIHEST XLD EEAISE Fe WY ERIEHEY
A o ABHERIESNE ¢ BEETE E o SRS R 2N E 7(a) - B AT DURZR P (E
XAS BEREEAMAMN 2R o 758 SmFeO, RS RILERCY - BIF K ERRGHERL T E R o il 8
FEERG LR EHIFTES AR R s R b2 Rk | RS A IR - R
DAE P B S B A ST L[] SOBRREAE R Y XAS BEZL » DUERE TbFey(BO,), HIS SRR -
HERERFS R 2R 7(b) 5 fRAHILEE 7(a) B (b) AI1541 > TbFey(BO;), M S HhHE
B o il - BRI RIS R NI o EAEERERE - FRMEEE g
2 E M) XLD BB S SEREAERE - A R B 0 i S R A 1T T B g -

b

TbFey(BOs3), ——Elc ®) 125« —Elc

Fe-Ls 25 K —E/lc ——Ellc
)
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7. (a) #1 A 7 5] 7 & 09 8243 4k £ 2 8] TbFe;(BOs), 89 Fe-L, 5 XAS #t3% (25K) : (b) 7 B R4
i EE AR 0 B R AR Fe-Ly XAS #83% (25K) ©
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bR T SRR RS 2 A - SemiAIE I IR ZEE] TbFey(BO;), R L& BN IE
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FI - R R S (E ab SEIE © 55— JT1E - AE 8(b) AR EIE ¢ SHHYSMINGS Ry 4.0
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=
:‘é’ Fe-L2
=}
g
S
2>
®
C
(0]
S
716 718 720 722 724 726 728
Photon energy (eV)
b
(b) TbFe;(BO3), Fe-L; —y
25K w
0
'c
=]
8
&
>
®
[
Q9
£ 65T
40T
704 706 708 710 712 714

Photon energy (eV)
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09k R 7 @3 B A ¢ #h) 5 (b) M mEE3 5 4.0 T $2 6.5 T 49 Fe-
Ly XAS #8378 (NG L& A v e k)
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BEFEFT R A/ INEE - Fe HURGHE B IMIIRESML A AT ¢ BiRY & - BREERSm Y
e R > H 4.0 T £ 6.5 T MINAYRGHET R/ NARGE BRI ZRE - R b a0y
IFEGZE Tb ISR ; KL - FAIRHET T Tb-M, s XMCD RYE M - FEFAGHIAE 9 - &
SIS E 4.0 T 325 6.5 T » XMCD HAS I MR8 - BHVR Tb WA SE A AE% 5 R0 -
XMCD FRERRIBEIRAI AR 0.625 » BHR Tb BURGHEELAMINNGS G IE 2IRAR1ERIGR - IRIEE 3
AL AR - T RRYEREEE AR Tb Bl Fe ZRIAVEEREE - Kt Tb MEIBEYI AR T EARE
BOIARHY Fe AT EHEE/INA Fe DI SEREGHENEAT TR 0UERF - AMINRES LG To ARG
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SMNINESRGAL - Rt b E g 2ogny LTt -

03 TbFe;(BO3)4 ——— 40T
I 25K —— 65T

o
N
R |

Tb-M,

.
|

|
©
=
T

Normalized XMCD
S
N

|
o
w

04t

1 n 1 L 1 - 1 " 1 1 1 " 1 " 1

-0.5
1224 1232 1240 1248 1256 1264 1272 1280
Photon energy (eV)

9. 5 AnaEd; 40T (B &) ¥ 6.5 T (4 &) BF » Tb-M, 5 49
XMCD 33k -

I - #5ER

ZARTCRIEITIREDS) » X eI REREAEMT7EA LR M P 2RI » BRI
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