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Investigation of the polarization dependence in the

XANES spectra and the specific heat of Na,CoO,

student : Chia-Chih Hsu Advisor:Dr. Jiunn-Yuan Lin

Institute of physics

National Chiao Tung University

Abstract

The soft X-ray absorption  spectra+(XAS) of NaCoO, reveaed
marked and puzzling polarization dependence. It can not be explained by
the degeneracy of g, states generally believed in Na,CoO,. We fabricated
the thin films of x = 0.68 and x = 0.75 to investigate the polarization
dependence of XAS. We also try to explain this phenomenon with the
first principle DFT calculations. After the analysis of the DOS of
Na,CoO,, we propose that the pre-edge peaks at 529 eV and 530 eV of
Na,CoO, O-K edge may be not solely due to the unoccupied states of
Co* and Co* e, states, but also due to the spacial asymmetry in the

occupied Co 3d orbitals. Due to the hybridization between Co 3d & O 2p



orbitals, the pxy and p, states will be non-degenerate.

Besides the XANES measurements, we performed the specific heat
and magnetization experiments on Nagg:,CoO, single crystal to
investigate the phase diagram. It is found that there are two new phase
transtionsat T = 8 K or T = 15 K, respectively. The occurrence of the
phase transition at T = 15 K and T = 8 K depend on the cooling rate
through the temperature region that the mobility of Naions exists. Findly,
we conclude that both the 8 K and 15 K transitions are of the
antiferromagnetic  ordering « a  zero fi'eld. The transition from
antiferromagnetism to ferromagnetién was observed for both ordering
states. Therefore, metamagneﬁsm was observed in both 8 K and 15 K

transitions of Nag g3,C00..
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Step 1 Pulsed-laser deposition

Basé*prassumr
~1x 108 Pa

$tnp 3 Heat treatment

Stepl: Pulsed-Laser Deposition of CozO04
Epitaxial layer.
Taubstrate:610~700°C, Pyp:~0.2 Torr

Step2: Capping: Al,03(0001) substrate ;
Putting Na,CO3 powders on
specimen.

Step3: Latera diffusion of Na
CO3O49 Nag gsC00,
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N&y75C0o0; & Hoirgt ik 4ch F Y > § & @& * 1] NagzsCo0, iifs % >
Btk A% Nag7sCoO 45 & el # = i
1. P g X v bl Cos04 2 NapCOsits & > & B 30 IG 3875 7 42
BrA40~60 ~ 45 0 @ HiR L0 o
2. MBS s A LR RIS R A g
3. A#-F KU iR T 800°C s ¥ ik MhriE MY o

4. 12 800°C##ig 12 /[ Fris s & o
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PAEER S 2 A G “rapid heat-up”[S] 0 .4 T. Motohashi 4% ) » #-4k

Moo PR s A3 FEaE 4 SRR EF itk B
2-4 #]E, 4 F A A & * “rapid heat-up” > @ AR ST F B R R Z R
I 800°C pFgpcnE £ 4 4 o

F#F AR L Nay7sC00, & e i 4cin 4

14 PLD 447 651 CoO, 840 » F 1+ dc % end it 48 fh 47 (sapphire) - LK
+ Nag7CoO s & » = F £ B E - K NaCOghs A3+ H b » I -5
B o b B a0 4o B 2-3 (D). %;» 3 g kg ¢ 1 780°C 4%

E5 RS

NN )
[ Coverture (Sapphire) 1 Na,CO,

N Co,0, (111)
7777 Substrate (Sapphire) N Nag 75C00,

B 2-3 R L FI[4]
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0 L | T |
i g
2 | 860°C
o
evaporation & 12h
| of water £ 6h 3h
[t
. .
33 B
o
7]
°
£ |
o
o100} -
g L decarbonation
+
I Na evaporation?
- JL e
S 7
i I L 1 L | i |
0 200 400 600 800
Temperature (°C)
Bl 224 izt 4422 ERE 2RI[5

2.2 ¥ %%/ % -NaggCoO, ¥ 5 | &
(edd o xaERY o B3 RBHEL)

1. X g biNa: Co=085: 12 Co0s% NaCOsfs & » ¥ #-H
BnpERYRESS
2. 11 3.1.3(b) ¥ # | ev“rapid heat-up” = & "R fodF s R SR

B s 800°C: gL 24 B o
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3. it * XRD $8t Rk EL = 2 2 .7 5 %495 NaCoO,» #
T 3 Co04 A g o

4. #-NaCoOyis A H4) »  § » B FE P &7 H > P hid F
RERELHImm/hro &3 5HEARY 50 R 4Tk > ¥R
Ot Ar=4: 12 & 5 8 3 BRO0.75MPa)id »pP o 8 fi & &
MREE L 24 pF o

5. ™ & + # i ik (Electron Probe X-Ray Microanalyzer) ¥t ¥ § i {7 &
Bl X ETH IR 4 S B o - Lk E Ak 2 ¢ Na:Co=0.85:1>

PIE B2 44782595 0.82~0.$4 o
23 RETEKEZ R
2.3.1 X-ray ¥E8+4 47
F1 % X-ray 547 G ARE b 2 B R Y #ice ¢ Xeray »
SRR 0 € & 4 MESE > 4 3 12 (Bragg) $E44 iE 2 2dsinb=n) > H

Pood A HRTe FapERE >0 5 2k BEREZ Bk koL 5

ke £ oon G ¥ e
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232X ke 1(3515%%@&%;% (XANES)

A g o X ke ok (XANES » X-ray absorption near edge

structure) AL iF T + Bl Y o
2.3.2(a) XANES R 32§ 4

XANES 2.4 74 se e i § 3 e i (T ) 2 i1
2 o j$ XANES %3 2 47 ¢ 7@ Bl A fadicdhs > 7 5 A % ( Total eectron
yield) & Xk ¥ k 2 & (xray fluorescence yield) - € > %3+ 2 F+#

Hark 54 o hfF > Fl g Xray RS RS f e P IRk 3 L

s
=1

HaEad e Hd o md T I T D BT 24 € R FRIFER

et

A i

%
-
fen
i

F o 42T FAFREL FHELe P

=

RloARET 2R T AF 0 X B F LA F L RHE S EM SR
BA AT e XERb L3 esf (2 6 T 2R RA DTS g
LT LE SRS T S RLPS £ LTSS
PEEIIRGIEY S PR gleips AL P X LY LA F L i

RS s 47 (4R 25) -
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X-ray Fluorescence: An x-ray with energy =

the difference of the core-levels is emitted.

Continuum

K
‘\/{/\’ f\/\J—T(a
Oo—@ K
Kao: L — K, Kg: M — K.

W25 Xkojekz 23 24 EAS AR : P@VX’ID%T)‘%\FF’/‘;&%E;
h%@m+4@%u:1@?x%#»ﬁwﬁ%w@ BT P R
E*#AF\%\L/B{’*”’}%*NJ&O

2.32(b) p ek (sdf-absorption) it

FHKP 2 AT 2 2PEF RS ERY AR S AP
TR UEAR G P ST o AP R TR Ak o p At
2T g R b AR P

;\.,Fal,}ijx%m,!og npg.xﬁ,j—ﬁ_afﬁg,a;

a(E) = |O(E)CO§OH— | 9O(E)Si "o (3.3.2-1)
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I() ! »8Fk a2 X X5 LA FpRE o
o A ORZ XKY¥KE XA o
o0 *EE QB2 XKFXFE IR -
AN (B22-) R e

| (E)—I ¢
loo(B) = (B Si;’éi)co * (3.3.2-2)

PTIL g A ()2 I(E) > i ¥ e 38 (3-3) I oo
EF o APEREN O 218 TR d nyso E Ref.6 ¢ 7
1l %’E'E'J

. Ia (E) ><[:uother(E) + ;utot(E_R) XG] =F ><:qusZp(E)
Has ™ F _Io(E)

(3.3.2-3)

Wother - @DSOrption cross section of all element except of oxygen -
wot(E) © absorption cross section of all element -

Hoosop - @SOrption cross section of 2s2p orbital of oxygen atoms -
a: »EE o

B:Fith o

_Cosx  COsx
Ccosf cosé5-a)

(3.3.2-4)
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~ 1,(600) - 1,(525)
~ U(600) —U (525)

(3.3.2-5)

— ;uols(E) +;u0232p(E)
[:uols(E) + :uther(E)] + :utot(ER) xG

U(E) (3.3.2-6)

2.32(C) HSGM %% ff 4

4o B 2-6 5 B 7 i s~ 3 ¢ o (National Synchrotron

Radiation Research Center »:NSRRC). # 22.6m high energy spherical

grating monochromator (6mHSGM ) <& & & BL20A £ 5 % Xk 3 @] -
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00558 0CX0S X08lL : 3
0C60L1 0BX001X009  :WJA
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S
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2.3.3 " FE R

EFEVRERTHRRT RESS PPMS. a4 &7 o up R ¥

Wi CRERIZ . 2 P RFARLEEFAL
2.33(a) PPMS # # #i3

oA e 70 44 XL + 3 F1& (Calorimeter Puck) ~ *He [k 3t »
5 TGt o PPMS @ 20 i il i MR E A 5 2K I 390
K>E4et *He t i v 48 2 0.35 K - HRFLPNE G AR RS
S 0~9 Teda- + 3+ l}‘?*]}l Pl & 7 4k 5T~ (sample-mounting
platform) ~ 4v #t % (heater) ~ T 5§ & 3+ (platform thermometer) ~ [f] A
B & 3+ (puck thermometer) - % #: 3 4 (thermally conducting wires) - #
¢k ST S e B A F % (sapphire) s B2 4 248 i gk Platform
2 Puck BF A EAGRE > o)t T R BT e f R T Yt

R o
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ChhNECT NG —
WUEET

| |____IF

",.._E ﬂu“; e | ——
Bain l

g ] r'ﬁ*.l.l':':

FHERA

. : BT
-; '; (BLOd  FEANE ]

T TR —

et AR

B 2-8 Calorimeter Puck 7 % BI[8]
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2.3.3(b) 1 # Bl E R

4ol 2-9° Co Ty & B E_F Rk ot £ 2 JF B > Cy~ Ty, &_platform
gl F R R k55 platform B E_E 09 > platform §2 puck A

Mg F o ToE_puck e/ & o

Sample Cx, Tx

Platform | C5.Tp

S LSS S S S S S S S
To Heat Sink

B 29 v #pET 3L E[9

PPMS & {71t #p| £ @ * ch g “# 3 3 /2 ”(thermal relaxation
method) » #t3¢ 5k ;2 ¥ & 5 heating 2 cooling = i Ff £ » & heating 9
R4 > heater € 11 Pyt 44 platform 2 2 F en 0% 2 4R 5

. cooling £h¢% 4 - heater vt 3 § % 2 MR kst p AR o Bl
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F ik platform 2 sample SLAL 5 &Ry 0 BT e ‘%'JII‘* Fipl &

Heat sink ¥ e @ % > 2 platform ¥2 sample B e @ 7)1 3 3 2

250
dTp
P=C, i Ko(Ta =T,) + Ky(T, = To) (3.3.3-1)
dT,
0=C, N Ky (T =T,) (3.3.3-2)

# &_sample £7 platform ¥ s i 8 2L F 47 (T Ky >> Ky) o B 38 i

T E T, =T, o #(3.33-1)% (3.33-2dp 4 57 7 :
dT, '
P=(C, +C) " FK, (T =T;) (3.3.3-3)

VLR R AR 20 P=0 % » RS ARSI E iR E
Tp (t) = TO + AT exp(—t /T) (3.3.3-4)

#e¢ AT=P/K,» 7=(C, +C)/ K, o T(t)#s i ¥ 12 ¢ platform
thermometer £ ¥ » To ¥ ¢ puck thermometer £ i » 4opt S v 12 d

To(t) %P B t Bl end 3@ % & (fitting) ! AT 2 T & » d »% heater #

FPLem Fpvd ATHE DK ) @5 Kitsv g 5d T80
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(C,+C,) » @ C i v % platform + 7 22 ix v & & ek T )

el ¥ SampteFlatiom Temp [t [ Sampie Temp [t fit]
) fod Hﬁat.l:m I?}:?_EE_?_UTE'%"K v Sampie Flattom Temp [méas] [ Héater Poser [meas)
Sample Heat Cap o samale
| Addsnda Heat Cap (77.325 7016 8 /K T e e E e e e e T
1 N | |
Tirme Const tau]] B 3495 ! L o ! !
i e e S e e e S
Time Canzt (k2] [zec = P : : | i
\ | Sample Couplng 100% Em:g... e e e
e £315 Jeon
Bags Samp Temp 312778 K A :
-é't'\’-QSEIITIPTE'ITLP |i‘:ﬁ : Ki ] _- T b __I.. T e T
| Teinp Fite NBIA1EK (2017 sl
e ——— PO
Fil Quslty (Chi S (046083 <
1 Efﬂl_j!,:ﬂ Témp |ha%_al_u-_e L e E iy H-Ed'p

v b g anipl £ B0 4E 5 “Simple model” s 4k 5-27 platform &
AR L EFEEY > FE R G AR TAPT LR LT, 2T,

ip 3 simplemodel » PPMS ¥ ¢k 3% i

)

- #8752 platform &
WA TR gupE 2 N ' #- & “Two-tau model” 14 7 -4+ Two-tau

model iT- 4 % o
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# * Two-taumodel p& » d T =T, > (3.3.3-1) % (3.3.3-2) % = fic

A AR Z R T AR

T,(t) =T, + Aexp(-t/7,) + Bexp(-t/z,) (3.3.3-5)

v, =1Ua+p) - 7, =1 - B)

_ Kl + K2 + K2
2C, 2C, C, _ (3.3.3-6)

JKZC2+2KZC,C, +KACZHKZC2 42K ,C2K, - K,C,K,C,

2C.C,

...... (3.3.3-7)

AR L TO)HER ARGy R JFENABET T,

& x(3.3.3-6) ~ (3.3.3-7)¢ *¥ f2 4 C,
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2.33(C) 4 F Sk (TinAT

1. k&8 H ©d * sample-mounting platform & ## = £ &3 mmx3
mm > FJp R &R S k) AT K 25 mmx2.5 mm =

o BERHS05mMM-Imme 20 ik & & platform ag 324

SR 0 SRS A TR BT LA
2 WEFEIAE I MBI FEARESEE RF LESAIE

FE R o Bt Bt 1 AP 5k platform & > /42 % &
0 R E LR R 1 EE BRI R RS
3 platform o 4] 2—13(a).o

3. &% » @ #-puck F_} Radiationshield > p =5 50 £ PG4
2 g S H T 4E 0 1R S4B ~ - puck 22 ~ PPMSH L #0Y 4 T

B 4eg P o
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Bl 2-11 k&2 platform & &
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NaCoO; = » & § i (Hexagonal) x4 > ¢ 7 7 Nadg+ % 4% Nadg
F A B ehs e Co0, T & (B 3-1) HihE a=28407 A chhk pl ¢
FEQZEAR A G R[4 AR EAEFHZER D chhk
Rige s bimv @ ek F RHx=0682%2 x=075% %>
Hc#hE A W H 109328A 2 10.877A Na 5 £ & cihi B hBE 4

B 3-2 57 o
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ane
OOV BN
AL
ABE

2.88

2.86

a(A)

284

2.82

® 3-2

3 To 4 55 o lTiES > Ao n WY RS R B
FhFIFRF; A NERF AT FZLGARTGAE > 8 H

BREEARPAHCEIRITFPEGRIIEYS Ak o3 A 3d
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BT BEAHERALAIA BRERF D I 2 = B ER

M G B 0 5 fjf‘u{fﬁﬁ hfy tHa 2 (crystal field splitting) - %

T tRHA A BT R —E’mniﬁg’%i%@' v j2 o AN E
LE nAe(111) > »HR(B] 33 m @ Fh A "o T

Bz AR 31 T R) R § S Gy Fus A A S5 R

B R Mae it 2 - Ba £ RE hagui[13] o

B 3-3 455 o Mo 2 2]

2005 & W.B.Wu % 4 % NaCo0,i& 7 7 XANES % 5%[22] - 4
WrAF N R trigonal sz A g S gl IEA N o @ €1
tog L3 A B F 5 B i B @ B 2 — B i B IR h ayg B ()

3-4) -
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B 34 HLtedz = &0 % Co ;%:,g_;;gd s o i FE A 20 ) -

i
L

Ref. 22 ¥ 4% 1007 2% ¢ NéXCoOZ E-GR i hx= 1
e > Co+3 g W iyME2EER BT ZE A AV - X
= 0&* L Co 5+4 B4R > G B> F - BRI &ty (g
BHimm agp - RiF) Bk F s o F &2 NagsCoO, O K-edge
Bojc k¢ (B 3-5) #-pesk A 5 Ols#k T3 Ei# 1 O2p& Co*
Qg TR = LI ATid = e fTE > peak A’ 0 peak B A B 75 O 1sEK
TIEEI 0208 Co™ g% O2pr CO°™ gy efnfl & fds wirid & ch

SofciE o A7 peak A §EEEF ~ SR IRIE T w3 A IR )5
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RFle P FERCPHTL Z27 e PlaggF sd,, H T+ 24
FAK L FZIw N B FYLENlICEE/NADRFET 2RSS

A B 35" % 7 opeak A 1 IR AE AR % I % ¢F o peak A% peak B
» B FHReaFA) > @ f4v% peak A’2 peak B E 4r Ref. 22 1
doawu ki FIEERI 028 CoM g R A 2 O2p & Co™'
€ TR AP > M ey [ o BRI RABMARRSDE L 0 FA
e BHALETFZAGAZE Y 53— sfAHH 2 3%~ 5
LI o 5 le o i B ARD - b SRHERA R

35 ¢ “rhi en? 4 0 7 LRef. 228 PR § 4 i mmp -

IIII|IIII|IIII|IIII|IIII|IIII|IIII IIII|IIII_|_
—Efe A < [
- E |Lc B

HAS -tail of A

526.0 527.0
Photon ener gy (V)

Absorption Intens ity (arb. units)

tail of A’

526 528 530 532 534
Photon ener gy (V)

B 3-5 Ref. 22 ¢ NaysCoO, ¥ & O K-edge w Jck# i pre-edgens » H ¢ o)
SEHER] 2 527 eV ik 2R3k < ¥ dei peak ACend B o

32



2006 # T. Kroll % + 4 % NaCoO, it 7 7 XANES ¥ %[23] » §)
3-6 2 Ref.23 # Nay4Co0, 2 NaysCoO, 7 O K-edge v < sk 2 » £ 8]
# ¥ g F] i peak A i NagsCoO, i3k 3 38 &~ 2 NageCo0, » &4
d % NagsCoO, ¥ Co*#r Co* et 6] B ++ NaggCoO, ¥ «hvt ] » @ ayg
Tk d Co™# i o Tt NagsCoO, t gy 2 fi Hicdi NaggCoO, % e 5
peak A Jp ’*fr}wﬁ $ag a2 2 B pesk B ~ C AL Nay4CoO, 2
NaosCoO, 731 5555 53 B (47 12 * ok ehPe 4 1398 » & pesk B fud ¢
NeoCoO, £ § #ef v+ il e CO Mty o B it st s 5 7 pek C /Aol

L F 5 NagsCoO, & § bt Blen COT o+ 1 #F 11 U BLf5E

_ | Nacoo B..

g o 2 [

(= " [ -
E'_: —o—x=0.4 .F C
€8 | = x=06 A
Ex 5k A M
85> | Ele P W
M {4 4l
m 52 ]

!

3 Fai
- (2
0 —J

524 525 526 527
Energy (eV)

Bl 3-6 Ref.23 7 Nay4Co00; 2 NaysCo0, ¥ # O K-edge ¥ 4z & 3 1 pre-edge 7%
Ao RHE e TiEchh BRG 2B5Ke
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2

B 36° @k FL4FT W.B. WuZE A Ref. 227 3% e

~ Z,
ES I

(a1

|

P

L4 g ReiEiA R G -

AR FRRT I e f Ry ? (B 37) frik RARET

7 | Na,Coo,
-; 4 L

;E‘E —o—Elg

25 | [=e—Elp

1= % T=25K

B>

H e

@ Szt

58 A
E ]
g I
= § o

P
o o J‘P i . |

524 625 526 527 628

Energy (eV)
B
5 | Na,CoO, ,5&!%
=4
4k
z 3 —o—ElC ¢
[
55 | ekl ;
E2 | 1=25K r
.
g i) g L
252} . e %
¥ ioa
Z uw " 0
z !
) —mjﬂ
D 4 '] L 1

524 525 526 527 528

Energy (eV)

529 530 531

Bl 3-7 Na4Co0; 2 NaygCoO, ¥ & 12 O K-edge w4z k& 3% e pre-edge 37 4 > 12
TH e TECEE T I LE cEFFR ERF 25K



PR AR R s FIE AR P T A i - 0 B P A g
states fij & enA5T o sc 8~ Sk IR S w § @ ] 3-7 ¢ peak B &
pesk C chjp a5 B3 4 e % 2 @ L F % om 7 pesk B &7 pesk C ch 7]
FAHEHED A CodpTF F#eh? b 723 PFRA5%T 3¢ 2 XANES

R B B eI B g R et o
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%2 & NaCoOte B # 4

2004 &# M. L.FOO % A 7 p4p Z £ b by 277 - (B
2 3 e pI[15] > 4rB 41577 o 5§ x=05FF > &l y-THP 7 12
4|t 88 K2 53 K /kj ApEs » 2 ¢ 88 K duiiiiqd 2005 &
Mai Yokoi % 4 4% NMR % # 3 ¥ei4% 5% % 5 — & edp %[16] 0 o
bpTRIY MV FE AR ERM KPP Refg - g3
A% > FI T A B3 K AL A T - B A% 0 Foo & A dup

PG AR L DR FALD %’fﬁ’ﬁ )4 Ao\ # (charge ordering) -
Gas“parovic’ % 4 2 F.L.Ning % 4 o B 3 stz PCoNMR 4
Bk 4F BB ERE[17,18]- g X %) o 23 pF ik ‘;ﬁfCurleWass
Law > y=C/(T+6) » T2 & p-THI® R EF A REFRER- RN
B 7% > F]pt ¥ B-H AL “Curie-Weiss metal” o § X34 32 0.75 pF > [§]

417 7Kg 3 T-22 K e i o s 43— 47 5 T. Motohashi

TES\"\

F A ¥ NagsCo0,:8 (7 7 W~ it 50 2 RIEFOF % (Bl 4-2) ¥
RGeS EEE R M GEIER 0~-150K s A deplE i - F

A Ap % [19] o

36



. FA 112y
81 5 X=0.75 =111
® 2 1.0} *
— © m powder e
g % o 1091 & crystal :
S51.0 1068 .'N"'-.., 10853 0205 06 07 0.8
£ s
Q
o
o
— 0.
o~
0.0
0.8
£ 0.
o
£ 0.
0.2
Na,CoO,
0.0 == I , 1 , 1 , I .
0 50 100 150 200 250 300

T (K)

B 41 7 k4 782 NaCoO & i % & ¢ 1% 45 & M B[15] -
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' T " " | 1 .
= 8[(a) Tn=218K . g
= = : - ¢ —
4 - ! .
. 4 | : _
) i i
o 2 . -
. D i L | i i | 1 | 1 i
8 15 T T l : T I T I T
> a
= !
E 1
D I
IS i
T
= : ! ' '
L] I T I : Ll I 1 I T
_.02k(c) !
E i
] L 1
4 i
E 01 ! ! _
=~ [ i SN
0 I 1 : I 1%“50? 300
0 10 20 30 40 50
T (K)
B 4-2 Ref. 19 ¢ ¥} Nag75C00; st (7 (a)_l’_“-.’,%f&'f-i‘_iﬁ'l (it 2B (OR
PRFER - PV T E I F BRPRER Tn=22K -
T | T T | |
. H=100e
D 2_
O
o
"T: L
5
w 1F
o
'Té‘i -
1 | " H | M | L
-%OD -100 0 100 200 300
T(K)
B 43 Ref.197 12 H=100e 2. #icdp B2 1 5 5)dc > £ >t T~-150K » #

1t da s Nag7sCo0, t it Ty = 22K BF & I - & 4Beidp o
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"ﬁ% GO iR Pl e i FEF sk 0 1P NaysCo0, i T=22K &
SRR L F A %t 0 A 2004 # AT. Boothroyd % + ¥t
Nag 75C00; & T E% TP BMAT=6KE » = & CoO,

é] '—m$|n1;*g_lf‘r ’ __LIFU iﬁ@r}-} ):}? R @4_4%_[_ %‘&/‘J’ﬁg‘}i

Yl = T T = ) A
NE:H_T;‘((J{JE. T=0K.LE=10+ J._mLVL

=
vy

01

(—0.5k k)

0.5

0.5 {0 :"1.[5
(h.0)

0.5 | 1.5 ) p 2.5 1 3.5
intensity (mbh s me et o

Bl 4-4 Nap7sC00, ¥t BRI 35 B2 (hK)T 5 F an@la) > = &350 m
Fm s e LR 2 A0 L% 3 5 Co S dwEEL o [28]
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2005# L. M. Helme® 4 fhie 77 ¢ F %649 %([29] » %7 -
NagsCo0,rab T m ¢ > fp#kenCodt+ 2 S 4 7] > @ J Feph ™
v tCORL+ & + p g F T 77 m A) = F s > 4 1 Nay75C00,
Z A-typer Mg R S o Bl4-5(a) ~ (b)4 B 5 2R it B iE i ¢+ 4
(0,0,)% & Fcbf3a B > ~5td 3 i B F 57meVo B¢ i shl = 5
reciprocal latticeunit (r.l.c.)» #4-5@) " ¥ 15 | & & & IR A
=30 B 5 wB4-5(0)¢ d gt d FF e Rk p 2 BT S AT
ez B (spin-flip, SF channel) 2k p % £ 8¢ en2b 2230 5L (non-spin-flip,
NSF channdl) » 5t i ¥ 2 % 5|SF channel .1 F4-5(@)10 F o510 $4

3| =33 BE @ > m NSEchannel ? Rl & » & d ¥ 1 pr Tis s B
EAK AR &Y p e BI4-5(C) 24 B T = 15K T= 70K
pr o ARl =255 g 3 £ 0P Sl 7 2 F FIT= L5 Kehik
BanBHs12meVEN - BEE B AT= TOKEE L% @i 2

LA SR BE A ATOKILT .

40



150 T r
E=7meV T=15K

1O

50

MNeubon Counts

(110 s per point)

300

200

100

Neutron Counts
(~20 min per point)

150

100

50+
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