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Quasicrystals possess long-range, quasi-periodic structures with diffraction symmetries
forbidden to crystals. Recently, a new type of icosahedral Yb quasicrystal and approximant
was discovered. The Au-Al-Yb quasicrystal with Tsai-type cluster exhibits novel quantum
critical behavior as observed in Yb-based heavy fermion materials with intermediate Yb
valence: a diverging susceptibility toward zero temperature was observed in Au-Al-Yb
quasicrystal. Quantum critical phenomenon usually emerges near an order-disorder phase
transition at absolute zero. Since an electronic long-range ordering is normally absent in
quasicrystals, this anomalous behavior should be a new type of quantum critical
phenomenon. We have studied Yb-based intermediate-valence icosahedral quasicrystals and
we have found that the Au-Al-Yb quasicrystal is located on the verge of a critical valence
transition/crossover.
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(Al1,Gay)-Yb #EfE L B & O Au-Ga-Yb ﬁfn HH N
ZHOTH L. XBRILEIUSFEERIZ X 5 Fig.1 Geometric structure of the Tsai-type

Yb DAt FCIRTE & AR R K B A IRTE quasicrystal: aperiodic array of

O A A5, Au-AlYb #ekE 5 o JERE icosahedmfls (de.noted by blue
. N \\ polyhedron) in quasicrystal. Spheres

KRB TEABRITERL 2> T2 5 & denote Yb ions located on the vertices
IITHEE L7z ¥, of an icosahedron.
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BEAT o 770 XRRILIEFE 6928 1E SPring-8 @ BL12XU TAT\, #EFESH O Yb O
Wiz A7z ERE Lo EIZ1E SQUID #fEH L 72 bl €261 (Quantum Design
8 MPMS) & v 7zo IREEHIPHIL 2 K 205 400 K. S KEIINREEY 1E 90 kOe THIE % 17 -
720

3. EREER
(Auy.Cu,)-ALYb #EHE S, Au-(Al,Ga,)-Yb #EFE S, B £ O Au,Gagy, Ybis DR R X 4T
FEEAE L 6 O EZ W TREM T S, TS OEEIE Au— Cu EHRIER T (v
=0~0.5). Al = Ga BE#RHERM (y=0.1~0.5). Au-Ga-Yb ##E5hIcH@m LT 52 &
ARUEETH Y, Tsai M7 5 A ¥ — 5% FoIE =AM TDH 5 Au-Al-Yb H#iE
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Au— CuiB¥2 X ., Au-ALYDb #5550 Yb @ Fig.2 Substitution effects of (a) 6D lattice
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LTHIETRE < % b. —J7 Al— Ga i1 rmceptiby i (At.Cod) wile Ton
X . Au-Al-Yb #EHE S O Yb Ol EE Ga Aug (Al1,Ga,) 5 Ybyr, and Au,Gass.
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Yb mean valence

Quasicrystal

20! o (Au,Cu)-Al-Yb

(b)

WCHEELTWL LB WENT R oTz T2, g o

IS ORRAHIE, RS &P (RS & E
LRI AT 5 A AT B E)  Eoo|
ETEVDELVWI EDHLNE 5 T2 5, < Qéjasm(:{fg]t]gg%
KFER LR THY, ERERERROBENEE R 0001 & ArGavo

LNTWVEETEAILD robust ZHEE Dk
PO WT, EEEME L B0 E VISR Fig.36 D lattice parameter a6 D in

BOI. BT A M B T D bR quasicrystals dependence of (a) Yb
mean-valence and (b) magnetic

Twbe susceptibility. Lines are guide for the
eye.
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