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Exotic behaviors of spin dimers in quantum ferrimagnet Cu,Fe,Ge O3
-From recent neutron scattering study in quantum spin systems-

Takatsugu Masuda

International Graduate Schools of Arts and Sciences, Yokohama City University

ABSTRACT

Comprehensive study by neutron scattering technique in a weakly coupled quantum
dimers and classical chains compound Cu,Fe,Ge,Oy; is reported. Thorough survey of
the spin dynamics in four dimensional k —F space by triple axis spectrometer reveals
that the dimer behaves as a media that transfers exchange integrals from one Fe spin to
another. The obtained effective parameter of the indirect magnetic interaction is totally
consistent with that estimated by static measurements including neutron diffraction and

magnetic susceptibility measurement.
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Fig. 1 Crystal structure of Cu,Fe,Ge;O3. Ge and O atoms
are omitted for clarity to see.
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Fig. 2 Magnetic susceptibility of Cu,Fe,Ge,O13 and of the
reference compound Cu,Sc,Ge,O13.
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Fig. 3 Scan trajectories in the reciprocal lattice of twinned
crystals of Cu,Fe,GeyO;s.
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Fig. 4 Typical constant q scans.
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Fig. 5 Magnetic dispersion relation. Symbols are

experimental data and curves are the fit by spin wave theory
described in the text.

Table 1 Exchange parameters obtained by inelastic neutron
scattering (INS), neutron diffraction (ND), and magnetic
susceptibility (y).
Jp (meV) J. (meV) Jegr (MeV)
INS (effective 1.59(2) 0.13(2) 0.09(6)
model)
ND, y, and - - 0.13(4)
powder NIS
JCu JCu-Fe/JCu JCu-Fe (meV)
INS (effective - - 2.0(5)
model)
ND, y, and 24.(2) 0.10(5) 2.4(2)
powder NIS

T RRBEISR D AT & 3, R ME T HEGELBRE & Fe A B
VORI EEBLI-AYNIN =T U TRHBHAIN
% .CuyFe,GeyOp3 D b J51H10D Fe A B EHIT BEA
WZIE =7 3 — 28T D0 M amiE Sty
Ty 7 MEEER LTV, 2=y L
WX 4 OD Fe A F LV BFEIELTWS. LIRS T,



AT AODE— RBFEL TN EDE
— RBBR SN 20 BER Ik oikED. 2
NHOE— KD 9 B Fig6(a)d Hik & OFNI /RS
X 97 ho, k12 W TI=0 1X[EE),—~H D h scan %
MEAR T 0y b L2 h DA Fig.6(b) T 5.— 77 Fe
A DFEININL = 7/%%&K%§éﬂk
%a_l% 3 Wiy AR D FRRE RIS & T T 2
Frial—vs /fk%# Fig.6(c)TH 5.(b) & (¢)
T D & FEHICRV—FERTZ ENDb)n
5.

Intensity (arb units)

H (riu)
Fig. 6 A set of constant energy scans on the surface of spin

waves. (a) Curves show four modes of spin waves. Open
circles show scan trajectory projected onto Z@-k plane. (b)
Contour plot of a series of constant energy scans. (c)
Contour plot of the simulation for the data shown in (b) (see
text).

. R BT Cu ¥ A ~— L B R LF
~JJ§JJ£

IHETFe AV RDNCHERREEZE 2z TEz
N, TCuHA~—IZBZERITTAHADLASETD
M B, T<Ty O Néel JREETIX Cu 4 A ~—1IX
R FIeB A Y « XA ~v—FF N % E
HLTWB EEZ LD BRI DK E Z1E Fe
E—RA U FORE ZICHHIT DO TIREEIIC
LVarhre—nNTBHILENRNTEDL.LEN-T,

PPEF-[EHTEBRIC LY Cu®E— A > k& FeE— A

VN EKIE TRIED VA& & b RgEh s LT
2y b5 LI R TIZBIT D S=1/2
H A~ —DOBbHfRE S5 2 LN TEX LT TH
5 I=40K TH Y Jou~25meV =290 K & T+
LINE WD T I< Ty DIRJEDEW ITEL T

% Fig. (@R Cut—AL FEe Fe®—XA h&ar
2y hL7ebDTH Y, ZA ~— DAL B (5EHR)
TELSHAINTWDLZ RN XA ~—ill
BT Jeure Jea D/NT A—HZ L LTEHEENTEY,
T AT AT JordJe=0.10(5) & K& BTz,
e AL 12 B LTI, By RBUEHT K 2 FEo P AL
FER LV ho=24.2)meV (2 ISR RS S B

NTWAFigT(b). A ~—DEE AL Xy v

TOREENZOFETEMAEFEHORESILERDD
TJeu=24.2)meV & AL b7z,

Fig. 7(b) Dy R F- EBRD 22 6 Cu H A ~—
FhiE ThdZ LExFERTHI LT, ATLL &R
U3, CuyFeyGeyO s DS IME Td % CuyScy,GeyOy3
DT —HEJETEZDE Joy DRED D 3ZY
TdHDHZ &N D .CunSc,Gey0; Tl Fet' 28 IR
Pe7p SCTICEHBMENTVWDHIDO T,y v Pk
CU'(S=I)DAE Y « B ~v—LipoTWNDH.E
B Fig.2 OBAL=RRE (B Z ANARN G50
REDE, T X IE A A v —RTHI ST,
HJ =254 meV ERABELLNTEY,Z X
CuyFe,GesO3 D Cu XA ~—fihift L &< —&H L T
VN5 .CuyScrGeyOys (2D T, FRE 7 FE S AL

FBRIZ K > THRBROFERNAE BTV D[12].
(a)

e
'S

- O Experiment
L Dimer

Cu moment (]J,B)
o
[y~]

o
oo

0 10 20 30 40
Fe moment (i)

50 &
(b)
40 -
m 3
30 -4
E :
FE 03
10
o 0

2 3
Fig. 7 (a) The plot of Cu n?o(ﬁlénts vs. Fe moments and the
fit by dimer curve. (b) Cu dimer mode observed in powder
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