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Fig. 1 (A) Phase diagram of Yb-based valence fluctuating systems.
Blue region indicates the condition where critical valence
fluctuation is strong. (B) Phase diagram of a typical gas-lig-
uid phase transition including supercritical fluid state.
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Fig. 2 (Color online) Crystal structure of (A) a~YbAIB,, (B) -
YbAIB,. (C) The perspective view of o—YbAIB,.
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Fig. 3 (Color online) (A) Phase diagram of temperature versus Fe
concentration x for o—YbAl,_,Fe,B, with the contour plot
map of the power law exponent a=9In(p,(T) —p,(0)) /9 In
T of the a axis resistivity p,(T). Ty denotes the AF Néel
point determined by magnetization (closed circles), specific
heat (closed squares), and resistivity (closed triangles). (B)
Doping dependence of the Yb valence estimated from HAX-
PES at 20 K (closed circle, left axis) and doping dependence
of the unit cell volume measured by powder x-ray diffraction
at several temperatures (closed square, right axis). (Ref. 18)
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Fig. 4 (Color online) (A) Yb 3ds), core level fitting based on the a-
tomic multiplet calculation of pure o~ YbAIB,. (B) HAX-
PES data and the fitting results of o~YbAl,_,Fe,B,. (Ref.
18)
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Fig. 5 (Color online) Temperature dependence of the inverse mag-
netic susceptibility of a—YbAl, - Fe,B, along c-axis below 30
K. The inset shows the Fe density dependence of the effective
moment and the Weiss temperature estimated by the Curie-
Weiss fitting between 5 K and 15 K. (Ref. 18)
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Fig. 6 (Color online) Normalized powder X-ray diffraction data at
around 400 peak of a—YbAl, _ Fe,B,, where the intensity and
the scattering angle 26 are normalized by those values at the
main peak (26/20,e,) . The main peak and the hump at the
higher angle correspond to the Cu K,; and K, radiations,
respectively. Broken line represents the situation for the case

where the phase separation should occur between x=0.005
and 0.022. (Ref. 18)
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Fig. 7 (Color online) (A) Fe density dependence of the lattice con-
stant and volume changes, which are normalized by those for
pure o—YbAIB,. The broken line indicates the lattice contri-
bution of the normalized volume change estimated by using
the volume of a~LuAIB,!® and o~LuFeB,!. (B) Valence
change vs. 4f (Yb ion) contribution to the volume change
AV, (Ref. 18)
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Fig. 8 (Color online) Schematic phase diagram for the valence QC
mechanism, which is shown as a function of temperature 7,
magnetic field B, and the Fe substitution of x in a—YbAI,_,
Fe,B,. (Ref. 18)
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Fig. 9 (Color online) Substitution dependence of (A) magnetic
susceptibility and (B) 4f electronic contribution to the
specific heat divided by 7 in e~ YbAl,_,Fe,B;. In magnetic
susceptibility, both zero-field-cooling (ZFC) (open sym-
bols) and field-cooling (FC) (closed symbols) sequences
were used. Magnetic susceptibility of a—LuAlyoFeq,B, is
also shown. (Ref. 18)

ar (T
ey (1) W
p(t) = AH(A -+ 2)el2-2 @)

22T, a=3/2ThHY, ROBNEHFTET 2 VK
RORE T3, CORGBRR LY, WALROREKRFE
¥ (T) BB>0DBET-12Thsb, BFHEREOME
R TR B. BEROGET A —V v 758 T/BT
137K T/(B-B,) TERINHRB, 2. OFBEZITIFELET
B %, WHHINT X0 RHANIET 2V IWEP ST 2L
IWEAN EBALT DT, BRESROBERGEOR
DOHhZ—7vvy  (Fig.10B) 2563 BCTlitn, o
ICTCS5K>T>1K TIRIEEICK L THEGR, 1KXED L
FHEIRT T 2o 72 OB FTE T2 07 2 VIR
HRORD TN TR T,

T2 OEEKREN S T/B A — ) v 7 Rt RL®
L2, THo TW (CEBS L HEKMPRT, BAMEBRE S

AT R teeFenorB] B > i : , -
o107 T gy -emi  2GLSLSiAt21o0 EPLHBNCHFSN LB THRABRSG L —HL v
g . ‘ ot %32, Fi, WAKFEHD %6, RO 7 1A% —
S — NI TRAET B ORE D & D7 DR BRI
8 % 50 —UHEBRICIE AT 5 S & A HARHIC PRSI N TE
& % D22, SRR L FERIT RV AR L T D,
510“
S
sl 7. HEMEFHER AL OLEK

10"

Fig. 10 (Color online) (A) Scaling observed for the magnetization

M of x.=0.014 in the range of 7<2 K and B<50 mT. The
solid line is the fitted data for f~YbAIB,!9. The inset is the
temperature dependence of the DC susceptibility M/B for x,
under various fields. Data at x=0.042 under By=3.5 T are
also shown (black line). (B) Contour plot of the power law
exponent a=9In (p,(T) —p,(0)) /9InT of the a axis resistiv-
ity p,(T) as a function of magnetic field and temperature in
X.. (Ref. 18)
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Fig. 11

(Color online) (A) Field-temperature phase diagram of the antiferromagnetism and the contour plot of the

power law exponent a=9In(p,(T) —p,(0))/dInT of the a axis resistivity p,(T) in x=0.042. The Néel points
determined by the specific heat C (circles), magnetization M (diamonds), and the resistivity p (squares) meas-
urements are shown. (B) T dependence of the DC susceptibility M/B under various fields close to the critical field
By. Both ZFC (open symbols) and FC (closed symbols) sequences were used. (C) Magnetization curve
measured at 7=80 mK (right axis) and its field derivative dM/3B (left axis). The broken line is calculated from
scaling Eq. (1) using the parameters determined for the fitting to the data of x.. Note that the critical field B, is
shifted from zero field to By~3.5 T. (D) Magnetization divided by the magnetic field M/B at T=80 mK as a

function of B. (Ref. 18)
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Quantum valence criticality probed by HAXPES
and physical property measurements

Kentaro KUGA Toyota Technological Institute, 2—-12-1 Hisakata, Tempaku-ku, Nagoya
468-8511, Japan

Yosuke MATSUMOTOQO Max Planck Institute for Solid State Research, Heisenbergstrasse 1, 70569
Stuttgart, Germany

Mario OKAWA Tokyo University of Science, 1-3 Kagurazaka, Shinjuku-ku, Tokyo 162-
8601, Japan

Satoru NAKATSUJI The University of Tokyo, 7-3—-1 Hongo, Bunkyo-ku, Tokyo 113-0033,
Japan

Abstract Valence is usually integer in materials. However, in so-called valence fluctuating systems, the ion
will have non-integer average valence due to the frequent charge transfer in ions. Basically, the
valence fluctuating systems show normal metal properties due to the strong suppression of mag-
netism. However, recently quantum critical phenomena including superconductivity were disco-
vered in valence fluctuating systems YbRh,Si, and f~-YbAIB4. The origins of these interesting
phenomena have been open questions. In this article, we will introduce the valence fluctuating
and quantum critical material a—YbAl, _,Fe,B4 which is newly discovered by our group, and we will
show the first experimental evidence of the relation between a quantum critical phenomena and a
critical valence fluctuation probed by HAXPES and physical property measurements, such as
resistivity, magnetic susceptibility, and specific heat.
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