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Abstracts
Valence fluctuations and quantum criticality

K. Miyake ! and S. Watanabe 2
1Graduate School of Engineering Science, Osaka University

2Department of Basic Sciences, Kyushu Institute of Technology

Some Yb-based heavy fermion compounds exhibit non-Fermi liquid behaviors which cannot be understood as those
near magnetic quantum critical points. They are B-YbAIB4, a-YbAlixFexBs, YhRhaSiz, YbAuCus, YbCussAlis,
YbisAus1Als1, and so on. The behavior of CeCus.9Auo.1 also cannot be understood as that of magnetic quantum critical
phenomena. On the other hand, anomalous properties of CeCu2(Si,Ge)2 under pressures can be understood in a
unified way if those are triggered by sharp valence crossover of Ce ion from the Kondo regime to valence-fluctuation
one.

In this talk, I will discuss that non-Fermi liquid behaviors of Yb-based compounds above can be explained in a
unified way if it is assumed that those compounds are located near the critical point of valence transition of Yb ion
[1,2]. Namely, this implies that there exists a new universality class of quantum critical phenomena other than that

based on magnetic quantum critical point.

[1] S. Watanabe and K.Miyake, J. Phys.: Condens. Matter 24, 294208 (2012).
[2] S. Watanabe and K.Miyake, Solid State Physics 47, 511 (2012), in Japanese.

Overview of experiments on Intermediate Valent YbAIB4 systems

Yosuke Matsumoto, K. Kuga, Y. Karaki, T. Tomita, E.T.C. O’Farrell, J. Hong, K. Sone and S. Nakatsuji
Institute for Solid State Physics, University of Tokyo,

Quantum criticality has been frequently discussed based on critical spin fluctuations associated with magnetic
quantum critical point. In particular, 4f electron based heavy fermions have provided the prototypical examples,
which have been restricted to the Kondo lattice systems with integer valence. This is because local moments in
intermediate valence systems are supposed to be screened at high temperatures. However, in sharp contrast to the
conventional understandings, a-, B-YbAIB4 provide unique examples of quantum criticality in the intermediate
valence systems. Here we overview the experiments on these materials focusing on how these systems are different
from the normal intermediate valence compounds. The unconventional zero-field quantum criticality in B-YbAIB4[1]

and large anisotropy in the both systems and 7-B phase diagram will be discussed.

[1] Yosuke Matsumoto, Satoru Nakatsuji, Kentaro Kuga, Yoshitomo Karaki, Yasuyuki Shimura, Toshiro Sakakibara,
Andriy H. Nevidomskyy, Piers Coleman, Science 331, 316 (2011).
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Thermal Transport Properties of the Quantum Critical B-YbAIB4

Y. Machida?, K. Tomokini!, C. Ogural, K. Izawal, G. Lapertot?, G. Knebel2, J.-P. Brison?, J. Flouquet?,
K. Kuga3, and S. Nakatsuji?

1Department of Physics, Tokyo Institute of Technology

2INAC, SPSMS, CEA Grenoble

3Institute for Solid State Physics, University of Tokyo

Understanding quantum criticality realized in strongly correlated electron systems is a fascinating and yet
unresolved issue. We have addressed this issue by means of thermal transport coefficients as promising probes of
low-energy itinerant electronic excitations near a quantum critical point (QCP). Here we present comparative
thermal transport studies on the two representative Yb-based quantum critical materials, B-YbAIB4 and YbRh2Sis.
In the vicinity of their QCPs, significant differences in the behaviors of the thermal transport coefficients are
revealed between the two systems. We will discuss possible distinct type of critical fluctuations influenced on their

non-Fermi liquid properties.

Valence Fluctuation probed by Mossbauer Spectroscopy

H. Kobayashi, and Y. Sakaguchi
Graduate School of Material Science and Center for Novel Material Science under Multi-Extreme

Condition, University of Hyogo

In Mé6ssbauer spectroscopy using synchrotron radiation, SR, the forward scattering from nuclei excited by a pulsed
X-ray of SR is observed in the time domain. So, this nuclear forward scattering, NFS, method is sensitive to the time
dependent properties of resonant isotopes in samples. In 4f electron systems, valence fluctuation phenomena are
observed in Ce, Eu, Sm and Yb compounds. Unfortunately, there is no Mdssbauer isotope in a Ce atom. The NFS
method is effective for Mossbauer isotopes for *'Eu and 49Sm but is not easy to be applied to those for 1°Yb and
174Yb. A new method has been developed that yields Mossbauer absorption spectra measured in the time domain
using SR. We have applied this new method to 174Yb Méssbauer isotope to investigate the electronic states of a- and
B-YbAIBs. We have measured 74Yb Mossbauer spectra of YbAIBs at 5 K using single crystalline samples and

evaluated timescales of valence fluctuations in Yb ions from high quality 7*Yb Méssbauer spectra.

Low temperature NMR study of YbAIB4

M. S. Grbi¢, K. Kimura, T. Shun, K. Tajima, M. Yoshida, M. Takigawa, K. Kuga, E. C. T. O’Farrell and S. Nakatsuji
Institute for Solid State Physics, University of Tokyo

Quantum critical behavior is a perfect playground of condensed matter physics as it can lead to discovery of new
phases of matter and better understanding of strongly correlated systems. Two structural isomorphs of YbAIB4 (o
and B), show an interesting sensitivity of quantum criticality on local symmetry of B ring which encircles the Yb ion.
While at ambient pressure and zero magnetic field B-YbAIBs shows non-Fermi-liquid properties of quantum

criticality [1], a-YbAIB4 has a Fermi-liquid ground state.
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We will present most recent results of an NMR study in both compounds, in particular the low temperature
behavior of the spin-lattice relaxation rate. While in B-YbAIB4 magnetic field suppresses quantum criticality, in
a-YbAIB4 at finite magnetic field we find a clear change from the Fermi-liquid temperature dependence to a
divergent non-Fermi-liquid behavior. Existence of a quantum critical point in both isomorphs is a stringent

constraint for possible mechanisms of the Kondo-lattice physics in these compounds.

[1] Y. Matsumoto, S. Nakatsuji et al., Science 331, 316 (2011).

Strange Metal Phase Without Magnetic Criticality

T. Tomital 2, K. Kugal, Y. Uwatoko?!, P. Coleman?*, S. Nakatsujil-2
INihon University, Japan
2[nstitute for Solid State Physics, University of Tokyo, Japan
3Rutgers University, USA
4London University, UK.

Recently discovered heavy fermion superconductor B-YbAIB4 exhibits a field tuned quantum criticality despite
strong mixed valiancy.[1] We performed the electrical resistivity of single crystalsp-YbAli.xFe:Bs at the low
temperature down to 40 mK under pressure and decided the pressure vs temperature phase diagram as a function of
the Fe concentration. Here we observed a strange metal phase detached from the magnetic ordering and will discuss

unconventional type of quantum criticality in this lecture.

[1] Yosuke Matsumoto, Satoru Nakatsuji, Kentaro Kuga, Yoshitomo Karaki, Yasuyuki Shimura, Toshiro Sakakibara,
Andriy H. Nevidomskyy, Piers Coleman, Science 331, 316 (2011).

Anisotropic meta-magnetism in a-YbAIB4

E. O’Farrell!, K. Kugal, J. Hong?!, Y. Matsumoto?, D.A. Tompsett2, M.L. Sutherland2, and S. Nakatsuji!
11.S.S.P., University of Tokyo, Kashiwanoha 5-1-5, Kashiwa, Chiba.
2Cavendish Laboratory, University of Cambridge, Cambridge, U.K.

We present quantum oscillation measurements of a magnetic field induced Fermi surface reconstruction in ao-
YbAIB4. At the reconstruction we observe non-Fermi liquid behavior that strongly depends on the quasiparticle
momentum. These behaviors suggest that the Fermi surface reconstruction is driven the same features of the
electronic structure that give rise to the anisotropy.

We discuss these findings in the light of other experimental and theoretical works on YbAlB..

[1] Y.Matsumoto, S. Nakatsuji, K. Kuga, Y. Karaki, N. Horie, Y. Shimura, T. Sakakibara, A.H. Nevidomskyy, P.
Coleman. Science 331, 316 (2011)

[2] E. C. T. O'Farrell, Y. Matsumoto, and S. Nakatsuji. Phys. Rev. Lett. 109, 176405 (2012)

[3] Y.Matsumoto, K. Kuga, T. Tomita, K. Karaki, S. Nakatsuji. Phys Rev. B 84, 125126 (2011)

[4] M.Okawa, M. Matsunami, K. Ishizaka, R. Eguchi, M. Taguchi, A. Chainani, Y. Takata, M. Yabashi, K. Tamasaku,
Y. Nishino, T. Ishikawa, K. Kuga, N. Horie, S. Nakatsuji, S. Shin. Phys. Rev. Lett. 104, 247201 (2010)

30 PMEWIZEXOUESIBHE2E TR R R N



Valence Instability and Quantun Criticality in a-YbAIB4

K. Kuga, K. Sone, Y. Matsumoto, E.T.C. O’Farrell, and S. Nakatsuji
Institute for Solid State Physics, University of Tokyo,

Quantum critical phenomena in f-electron systems have been studied enthusiastically by both experiments and
theories in the light of spin fluctuation. In mixed valence systems, valence fluctuation generally promotes the
screening of local moments and suppresses the critical phenomen. However, recently, we discovered non Fermi
liquid behavior and superconductivity in the mixed valence system B-YbAIB4 [1,2]. Additionally, we found that
mixed valence system a-YbAIB4 shows valence crossover by doping Fe with accompanying quantum critical behavior.
This result provides us the importance of valence fluctuation for the quantum critical phenomena. We will discuss

the detail of the physical properties in a-YbAIB4 induced by Fe doping.

[1] S. Nakatsuji, K. Kuga, Y. Machida, T. Tayama, T. Sakakibara, Y. Karaki, H. Ishimoto, S. Yonezawa, Y. Maeno, E.
Pearson, G.G. Lonzarich, L. Balicas, H. Lee, Z. Fisk, Nature Physics 4, 603 (2008).
[2] K. Kuga, Y. Karaki, Y. Matsumoto, Y. Machida, and S. Nakatsuji, Physical Review Letters 101, 137004 (2008).

High Magnetic Field Effect on Valence in Yb systems

Y. H. Matsuda
Institute for Solid State Physics, University of Tokyo,

Since the electronic state of matter can precisely be controlled by magnetic fields, a high magnetic field is a
powerful tool to investigate the quantum phenomena at low temperatures. Valence fluctuation is a phenomenon due
to the strong hybridization of wave functions between localized and itinerant electrons. Phase transitions or
crossover of the valence in some rare-earth compounds are observed by applying a high magnetic field.

In this presentation, recent results of synchrotron x-ray absorption spectroscopy and high-field magnetization
process at pulsed magnetic fields in some Yb-based intermetallic compounds are presented. We found that the
valence increased with increasing magnetic field in YbInCu4, YbAgCus, YbRh2Si2 and a— and B—YbAli.xFexB4. The
valence changes Av of a— and B—YbAli.xFexB4 are very small ~ 0.01 at 30-40 T compared to that in a typical valence
transition compound YbInCus (Av~ 0.13 at 41 T [1]).

[1]1 Y. H. Matsuda, T. Inami, K. Ohwada, Y. Murata, H. Nojiri, Y. Murakami, H. Ohta, W. Zhang and K. Yoshimura, J.
Phys. Soc. Jpn. 76 034702, (2007).
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Photoemission Spectroscopy as a Probe for Valence Fluctuations

S. Shin?!, M.Okawa?2
Institute for Solid State Physics, University of Tokyo,

2Department of Applied Physics, Tokyo University of Science

Electronic structures of the quantum critical superconductor B-YbAIBs and its polymorph a-YbAIBs are
investigated by using bulk-sensitive hard x-ray photoemission spectroscopy. From the Yb 3d core level spectra, the
values of the Yb valence are estimated to be 2:73 and 2:75 for a— and B-YbAIlB4, respectively, thus providing clear
evidence for valence fluctuations. The valence band spectra of these compounds also show Yb2+ peaks at the Fermi
level. These observations establish an unambiguous case of a strong mixed valence at quantum criticality for the
first time among heavy fermion systems.

I would like to talk about a plan of the time-resolved photoemission using SX-laser, which will give us the new
information about the relaxation time for valence fluctuation in YbAIBs. We think time-resolved photoemission

might be a direct experimental method to know the quantum criticality by valence fluctuation.

[1] M.Okawa, M.Matsunami, K.Ishizaka, R.Eguchi, M.Taguchi, A.Chainani, Y.Takata, M.Yabashi, K.Tamasaku,
Y.Nishino, T.Ishikawa, K.Kuga, N.Horie, S.Nakatsuji, S.Shin, Phys Rev. Lett., 104, (2010) 247201 (1-4)

Local symmetry effect on electronic structure in the zigzag structure material YbAlB4

Hisatomo Harima

Department of Physics, Graduate School of Science, Kobe University,

Band structure calculations have been performed both for B-type and a-type RAIBs (R=Yb, Lu). The crystal
structure of B-type and a-type RAIB4belong to space group #65 Cmmm D2n'® and #55 Pbam Dan?, respectively. Both
are orthorhombic lattices, but the former is the base-center lattice, so contains two (four) R atoms in the primitive
(conventional) unit cell, the latter does four R atoms in the primitive cell. However, the local structures of the two
crystals are very similar, and then the calculated density of states is very similar. This fact helps us to understand
the similar behavior of both Yb-compounds. The B-type has higher symmetric, so the symmetry might be the key

issue to distinguish the physical property of these compounds in lower temperatures.
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