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Fig. 2. Elephantine version of Fig. 1 (art work by PWA).

thing. So the work on Ce on that kind of thing and the work on the
SmS_black-to-bronze transitions, which of course are verv imnortant.

e _ One of them
which seems to be a very Tikely one in many cases was mentioned

by Kasuya. Namely, this heavy Fermi Tiquid can localize because
the bandwidth is so narrow and because the random potentials can
be gquite Jarge in these systems. There 1s no reason at all why

it shouldn't Jocalize and maybe there are cases where it Tocalizes,
Kasuya gave an argument for one of them.
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Discovery of SC in UPd,Al; and UNi,Al,
by C. Geibel and F. Steglich
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Discovery of SC in UPd,Al; and UNi,Al,
by C. Geibel and F. Steglich

B L RHED IR

U Pd2A|3 Journal of The Physical Society of Japan
Vol. 61, No. 1, January, 1992, pp. 32-34
T

LETTERS

/L
T — T _] T 7 71 —
BEREB REARIEIES
3 o . . .
_ 03 i | 06 - Anisotropy in a Heavy Fermion
‘g b i 4 = Superconductor: UPd;,Al;
e o [e]
o S =
x 0.2 S ~ Noriaki SATO, Takuo SAKON, Naoya TAKEDA,
- 2 {fgiiﬁ Lo 404 f Takemi KOMATSUBARA, Christoph GEIBEL"'and Frank STEGLICH®
- . N : Department of Physics, Faculty of Science,
~ L] _.' Tohoku University, Sendai 980
(&} /..- . B=0T :’ t "Institut fiir Festkorperphysik, Technische Hochschule,
— o . _ (&) Hochschulstrasse 8, W-6100 Darmstadt, Federal Republic of Germany
£ 17 |} 0.2
N + . N
& . (Received November 7, 1991)
s ° 2 T : ———
* LT H We report on the anisotropy of magnetization, electrical resistivity and upper
0 1 1 | L N | s I ) critical magnetic fields (H¢,) of UPd,Al;. The magnetization curve in the antifer-
K romagnetically ordered state shows large anisotropy, indicating that the sublattice
0 1 2 0 10 20 moments lie in the basal hexagonal plane. The value of —(dHc,/dT) at T is esti-
mated to be about 36 (kOe/K) for the magnetic field parallel and perpendicular to the
K
hexagonal c-axis, and the upper critical field seems to be rather isotropic.
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Discovery of SC in UPd,Al; and UNi,Al,
by C. Geibel and F. Steglich
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Magnetism of UPd,Al,
dHVA ZhREER

Presence of heavy mass quasiparticles
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J. Rossat-Mignod (International Conference on Strongly Correlated Systems (San Diego) August 1993) .
G. Lander G (L. Paolasini, B. Rossli, N. Bernhoft, A. Hiess) . o
RmERX G (ILHEME. IMEHFMA) . Brookhaven N. L. (S. Shapiro, G. Shirane)

PHYSICAL REVIEW B VOLUME 53, NUMBER 21 1 JUNE 1996-1

Anisotropy and two length scales in the magnetic critical scattering
in the heavy-fermion superconductor UPd,Al;

N. Sato, N. Aso. K. Hirota, T. Komatsubara, and Y. Endoh
Physics Department, Graduate School of Science, Tohoku University, Sendai 980-77, Japan

S. M. Shapiro
Brookhaven National Laboratory, Upton, New York 11973

G. H. Lander
Commission of the European Communities, Joint Research Center, Institute for Transuranium Elements, Postfach 2340,
D-76125 Karlsruhe, Federal Republic of Germany

K. Kakurai
Neutron Scattering Laboratory, Institute for Solid State Physics, University of Tokyo, Tokai, Ibaraki 319-11, Japan
(Received 21 December 1995)

We have performed neutron critical scattering experiments on the heavy-fermion superconductor UPd,Als
above the Néel temperature in order to characterize the short-ranged correlations associated with the magnetic
ordering. The magnetic correlation length along the hexagonal ¢ axis is longer than that in the basal plane,
suggesting that the antiferromagnetic interaction along the ¢ axis is stronger than the ferromagnetic one in the
basal plane. This antiferromagnetic correlation is discussed in connection with the pairing mechanism of the
superconductivity. We also find that the magnetic fluctuations exhibit the two-length scales reminiscent of
features observed in Tb and Ho. [S0163-1829(96)06422-3]
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Observation of two low-energy responses in UPd,Al,—interaction of
magnetism and superconductivity?

N. Sato®*, N. Aso®, B. Roessli'®, G.H. Lander®, T. Komatsubara®, Y. Endoh®, O. Sakai®

*Physics Department, Graduate School of Science, Tohoku University, Sendai 980-77, Japan
®Institut Max von Laue-Paul Langevin, Grenoble, Cedex 9, France
“Furopean Commission, JRC, Institute for Transuranium Elements, Postfach 2340, D-76125, Karlsruhe, Germany
Center for Low Temperature Science, Tohoku University, Sendai 980-77, Japan

Abstract

We have performed neutron inelastic scattering measurements for the heavy fermion superconductor UPd,Al,. From comparison of the
results with calculation, we suggest that the spin fluctuation determines the superconducting transition temperature 7., and that the strong
coupling between the heavy electrons and spin waves may lead to the observation of two low-energy responses. We also suggest, within
the model investigated, that the spin wave excitation energy may be reduced below 7. © 1998 Elsevier Science S.A.
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Study on interplay between magnetism and superconductivity

International weekly journal of science
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Strong coupling between local moments and
superconductiong 'heavy' electrons in UPd2Al3

K. Miyake

N.K. Sato*!:2, N. Aso*?, K. Miyake**, R. Shiina*2, P. Thalmeier*2, G. Varelogiannis*>©,

C. Geibel*2, F. Steglich*2, P. Fulde*> & T. Komatsubara*’
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o FInctituto nt Kloctranie Ntructirs an. ; Since 2000, you have been cited 57 times for your article,

STRONG COUPLING BETWEEN LOCAL MOMENTS AND

T SUPERCONDUCTING 'HEAVY' ELECTRONS IN UPD2AL3
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¥
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Magnon _t Exchange > CEF This means that the number of citations your article
Magnetic exciton: Exchange < CEF

received places it in the top 1% within its field according
(P. Thalmeier K & D &) to Essential Science Indicators*™. Your work is highly

influential, and is making a significant impact among your
colleagues in your field of study.

N. K. Sato, N. Aso, K. Miyake, R. Shiina, P. Thalmeier, G. Varelogiannis, C. Geibel, F. Steglich, P. Fulde and T. Komatsubara, Strong coupling between local moments and superconducting ‘heavy’ electrons in UPd2Als, Nature 410 (2001) 340-343.
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The electronic structure of heavy-fermion compounds arises froia
the interaction of nearly localized 4f- or 5f-shell electrons (with
atomic magnetic moments) with the free-electron-like itinerant
conduction-band electrons. In actinide or rare-earth heavy-
fermion materials, this interaction yields itinerant electrons
having an effective mass about 100 times (or more) the bare
electron mass. Moreover, the itinerant electrons in UPd,Al; are
found to be superconducting well below the magnetic ordering
temperature"” of this compound, whereas magnetism generally
suppresses superconductivity in conventional metals. Here we
report the detection of a dispersive excitation of the ordered f-
electron moments, which shows a strong interaction with the
heavy superconducting electrons. This ‘magnetic exciton’ is a
localized excitation which moves through the lattice as a result of
exchange forces between the magnetic moments. By combining
this observation with previous tunnelling measurements on this
material’, we argue that these magnetic excitons may produce
effective interactions between the itinerant electrons, and so be
responsible for superconductivity in a manner analogous to the
role played by phonons in conventional superconductors.

Study on interplay between magnetism and superconductivity

Intensity (counts)

0.5 1.0 1.5 2.0 25

Energy transfer (meV)

Figure 1 Temperature evolution of the inelastic neutron scattering spectrum. The
experiments were performed at the IN14 spectrometer at the ILL Grenoble, and the
experimental details are described elsewhere'®"®. The region of w smaller than
~0.15meV was inaccessible because it was masked by the strong intensity of incoherent
elastic scatterings and by a tail of the antiferromagnetic (AF) Bragg peak at w = 0. The
momentum transfer q varied along the ¢ axis around the AF zone centre

Q, = (0,0, g, = 0.5). Solid lines represent fits using the expression for the spectral
function given in Fig. 2 legend with the assumption that «, A cer and Jrare independent of
temperature. As inferred from susceptibility®, microscopic properties®?* and our own
calculation of the AF order parameter, the local component is described by a U**(5/3) CEF
singlet ground state |g) and an excited state e}, probably a doublet, at an energy Acgr
(=7 meV. The formation of an induced local moment in the AF regime is caused by a
magnetic matrix element « = {e|J. |g) (=2.8) between them and Jx{q) (= 0.7 meV for
q = Q). Inset, the dispersion relation of magnetic excitons at 7 = 2.5K (crosses) and
0.15K (circles). Dashed lines are guides to the eyes. The dispersion corresponds to an
acoustic mode in the AF structure, and its finite gap at q = Q, is caused by uniaxial
exchange anisotropies.
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ic glue exposed

holds matter together. According to

quantum mechanics, forces are not
instantaneous, but are transmitted by the
exchange of tiny packets of energy, or ‘quan-
ta, between particles. So electromagnetic
forces are produced by the exchange of pho-
tons, and the strong forces that keep quarks
tightly bound inside protons are driven by
the exchange of quanta suggestively called
gluons.

But inside metals, different sorts of
quanta become possible, and electrons that
exchange these quanta can experience new
kinds of attractive forces that profoundly
change their properties. The most celebrated
example of this is superconductivity —
which occurs when electrons at low temper-
ature pair up and flow without resistance.
Now, on page 340 of this issue, Sato et al.'
reveal a_magnetic_origin for the ‘glue’

Physicis(s are fascinated by the ‘glue’ that

4

Figure 1 Two ways to make a metallic sup

Overcoming electrons’ mutual repulsion is the key to superconductivity.
In simple metals, the forces that bind these charged particles in pairs are
well understood, but what is the glue in other superconductors?

between electrons in_an_unconventional

superconductor.

In the late 1950s, Bardeen, Cooper and
Schrieffer (BCS) showed that superconduc-
tivity involves the formation of bound pairs
of electrons, named Cooper pairs. BCS
argued that the electron pairs were ‘glued
together’ by tiny deformations in the crystal
lattice, called phonons, that accompany the
electrons’ motion. But although phonons
were implicated in superconductivity many
years before the BCS theory, it was not until
the 1960s that it became possible to defini-
tively identify them as the glue in conven-
tional superconductivity.

In the early 1960s, the Russian physicist
Eliashberg’showed how the electron-pairing
forces created by phonons could be elegantly
incorporated into BCS theory using a set of
equations that now bear his name. It turns
out that the exchange of phonons between

1 " .
a,In y the glue

4.

ible for binding el mlo

pairs is derived from the exchange of ‘quanta’

indicate direction of spin).

320

of Inmu vibrations — phonons, shown here as a wave passing through the lattice atoms — tlnt
bind electrons into ‘s-wave’ pairs. b, Sato et al.' provide new
superconductor UPd,Al,, the glue responsible for the electron pairing derives from the exchange of
magnetic quanta — magnetic excitons — that bind the electrons into ‘d-wave’ pairs (blue arrows

id that, in the 1

72 ©2001 Macmillan Magazines Ltd
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iR F IE TR EL b RILARTEIL troscopy’. In the late 1960s, McMillan and
BR AXJ R ' . 13 Rowell” confirmed the long suspected role of
R \ phonons in conventional superconductors.
They showed that the phonon energy spec-
trum measured by neutron scattering from
superconducting mercury and lead agreed
with the spectrum that they had deduced
from their precise electron-tunnelling
measurements. In so doing, they also con-
firmed that the Eliashberg refinement of
BCS theory was accurate to about 1%.

]
NKS et al. Nafure 410 (2001)
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Eliashberg
i

Sato et al.' provide new evidence for
this magnetic glue. They studied the heavy-
fermion superconductor UPd,Al,, so called

Energy transfer (meV)
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il because the conducting electrons in it

. acquire very large effective masses, often

4 hundreds of times that of a free electron.

g o UPd,Al;isone ofahandful of heavy-fermion

% °f superconductors in which both antiferro-

AU T ; magnetism (a type of magnetic order) and
Boson i U o ; superconductivity can coexist. In essence,
exchange t ST the work by Sato et al. is an attempt to extend
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i unconventional superconductivity.
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They showed that the phonon energy spec-
trum measured by neutron scattering from
superconducting mercury and lead agreed
with the spectrum that they had deduced

hundreds of times that of a free electron.
UPd,Al;isone of ahandful ofheavy-fermion
superconductors in which both antiferro-
magnetism (a type of magnetic order) and
superconductivity can coexist. In essence,
the work by Sato et al. is an attempt to extend
the approach of McMillan and Rowell to
unconventional superconductivity.
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High Pressure Magnetization Measurey

Takashi N1sHIOKA, Hitoshi MUKAI, Setsfiji NAKAMURA,
Gaku MOTOYAMA, Yasuhisa UsHIDA ang Noriaki K. SATO
I

Department of Physics, Graduate School of Scignce, Nagoya University,
Nagoya 464-8602

(Received April 19, 2000)

‘We have made high pressure magnetization measurements on a single crystalline URu2Sis
up to P = 1.61 GPa, in magnetic fields up to 15T and in the temperature range between
4.2 and 100 K. A characteristic temperature T which corresponds to an antiferromagnetic phase
transition shows a slight increase with pressure, while Tiax, at which the temperature dependence
of the magnetization exhibits a maximum, remains nearly constant with pressure. We have also
observed that the pressure dependence of the high field magnetization at low temperatures
shows a shallow minimum at around 1 GPa, in contrast to a strong and monotonic increase in
a staggered magnetic moment revealed by recent elastic neutron diffraction experiments under
pressures. To reconcile this discrepancy, we suggest, in conjunction with other experimental
results, that the observed large staggered moment in the neutron diffraction experiments is not
static but fluctuating in time.

LETTERS

B e
5| % L1}

N,
Y

EHHEE:
ERESRHE CIERTE




MBFDREE L oA/ A—

[_

MEFF B

1999411 A

[BMET (B  FIMBT (EEEZH)
B 7 &

D3:4-H ) [HT7—V0F=
D1: AL E==)  URu,Si,, UGe,
M2: 7K & _—) |7 —V0xx
ML:EF . FE EEE) BZE- SmS, CaBg N
P4:HpFt m==) UGe, bz 0
(BEAHK. REFREAKD) Al EGRAEXD)
211H#2COE(2004? ~) RAA—

d

2P A A - coox O -
L

71

URHTE B IR S

D witaE 4 o W

CaBg
CeBsTIEZRLY !




CaB;H (CLaZzEIC F

letters to nature

— 793 £ 600 KDIEBLEH HIR 12

NATURE | VOL 397 |4 FEBRUARY 1999 |www.nature.com

‘ ‘ 0.07 8001 W%
H - Cayg g95L80 005B!
High-temperature weak _tof o = -
3 20.995-30.005°6 -
f - - % o5 S 600} %,
erromagnetismina E o5y 2 \
= & g b
- °
low-density free-electron gas 2 004 2 2 400 o
" 5 :{: é” -0.50 F 30K o
D. P. Young*, D. Hall*, M. E. Torelli*, Z. Fisk*t, J. L. Sarraof, = oo 50K %
J. D. Thompsont, H.-R. Ott, S. B. Oseroffs, R. G. Goodrichll s 100 = 2001
& R. Zyslers 0.02 4 2 0 2 4 s ;
* NHMFL, Florida State University, Tallahassee, Florida 32306, USA H(10%G) 0 ‘ ) %I’%»w -
+ Material Science and Technology Division, Los Alamos National Laboratory, 0.01 0 200 400 600 800 1000
Los Alamos, New Mexico 87454, USA T(K)
¥ Laboratorium fiir Festkoperphysik, ETH-Honggerberg, CH-8093 Ziirich, 0.00 . ; : : » : n
Switzerland 0.00 0.01 0.02 0.03 0.04 005 006 0.07 008 0.09 0.10
§ Department of Physics, San Diego State University, San Diego, California 92182, X
USA Figure 3 Saturation moment at 7 = 5K permol La as a function of La concentra- ~ Figure 4 Magnetization of CagggslapoosBs in a fixed applied field of 01T as a
I Department of Physics, Louisiana State University, Baton Rouge, tion in CaBe. The line is a guide to the eye. Inset, hysteresis loops at 30K and 50K function of temperature. These data were measured using a Faraday balance
Louisiana 70803, USA for Cag.gesL20.005Bs. magnetometer.
9 Centro Atomico Bariloche. Bariloche RN 8400. Areentina

HAYIEZ S (2001)

FE 7 )V I FROBHEMEEE

— EREFOBFRELARBERBOERKR —

— AL Eﬁ Fo (202-0005 FsseititERT 4315 email: STichimaru@aol.com)

WET - VKT (BT, BT ROMLE(EEE 2R 2HKEHEL, Ca-LaB CHMllS NERMHYE L,
WS EER TR S i REBISO BB LR T

1. IC®IC
1998DE, 7TANVYHEFE LYy —-TT)kba 1A
75 /N i 2 (Elihu Abrahams) 75 [HIIVEER S 5 D71IH ]
LA LOEYD, 0RTFIEZXADT 1 R (Fisk) D37 7
b ATk TERERT— v EAEL., ThiE, ~F4 K
54 FLDCaB I/ VBDLak F=7F 5 LIEDES
N5 Ca LaBe i, HEE 7x10%cm * O HHEFH
Mo piEEh, 2N 5I3EE 600K TR E VR (=
0.07 OEBREMEIREEIC 5 5 C &5, ERic kv HERShD

=Ry

5.

Beomzns

HBHIEROIRERTH 5. “HPEEHFE K wHE -
S e AL¥ER T v v v ADHEHTELY THIAONE
Lm L, & OCP TCREREDOHMEREMNDHSDT,
ZO&MT B EE A~V LAKLVYHBT R VFE =N
FETELWY &5,

B, HEE, X EVamRE

(=my—n.)/n, (n=n:+tn.) )
OB E LT, HOIKHBEF OCP D~V AFILYHE
IRINFE—% Fo(rs, 6;¢) THY. TIT,

2 143



https://www.jstage.jst.go.jp/browse/butsuri/-char/ja
https://www.jstage.jst.go.jp/browse/butsuri/56/11/_contents/-char/ja

L)

Shedcfor | Journal of the Physical Society of Japan

Vol. 70, No. 2, February, 2001, pp. 341-344 LETTERS

Ferromagnetism Induced by Ca Vacancy in CaBg

Tomoaki MORIWAKA, Takashi NISHIOKA and Noriaki K. SATO*

Department of Physics, Graduate School of Science, Nagoya University, Nagoya 464-8602

(Received October 26, 2000)

CaBg doped with a La atom, Ca;_,La,Bg, is a ferromagnet, but the magnetic and transport
properties of the nondoped mother material, CaBg, remain unclear. In order to reveal these
we prepared a nondoped sample of CaBg from CaO and B by the oxidation-reduction method.
We observed that a sample synthesized at an appropriate temperature shows a diamagnetic
magnetization, while a sample prepared at a higher temperature exhibits ferromagnetism which
is one order of magnitude larger than that in La-doped CaBs. We have ascribed this appearance
of ferromagnetism to Ca vacancies which were produced during the synthesis. When we compared
experimental results of the electrical resistivity with the magnetic properties, we failed to find any
correlation between them. From these observations, we wish to suggest that the Ca vacancy yields
not only the carrier doping effect but also another effect such as inhomogeneity or lowering of
local symmetry in the crystal, the latter being possibly more effective in terms of the appearance
of the ferromagnetism.
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Revised P-T phase diagram of URu,Si,
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Abstract

We present a revised pressure—temperature phase diagram of URu,Si, determined from AC magnetic susceptibility, DC
magnetization, and thermal expansion experiments. We have observed that the superconductivity does not coexist with a large moment
antiferromagnetically ordered state which appears above a critical pressure.
© 2006 Elsevier B.V. All rights reserved.
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Superconductivity on the horder of
itinerant-electron ferromagnetism
in UGez

S. S. Saxena* i, P. Agarwal*, K. Ahilan*, F. M. Grosche*:, R. K. W. Haselwimmer*, M. J. Steiner*, E. Pugh*, I. R. Walker, S. R. Julian*,
P. Monthoux*, G. G. Lonzarich*, A. Huxleys, I. Sheikin§, D. Braithwaite$ & J. Flouquet$

* Department of Physics, Cavendish Laboratory, University of Cambridge, Madingley Road, Cambridge CB3 OHE, UK
 Materials Science Centre, University of Groningen, Nigenborgh 4, 9747A(
§ Département de Recherche Fondamentale sur la Matiére condensée - SPS

The absence of simple examples of superconductivity adjo
many years cast doubt on the validity of conventional mode
however, very few systems have been studied in the extrem
temperatures required to test the theory definitively. Here
ferromagnetism in a pure system, UGe,, which is known 1(
superconductivity that we observe below 1K, in a limited pr :
same electrons that produce band magnetism. In this case, 3’ e
opposed to lattice interactions, and by a spin-triplet rather &=
antiferromagnetic metals. g

The origin of the remarkable stability or rigidity of structur
nature is a question of universal interest. The stability of si .
systems of particles, such as atoms and molecules, is now descr,
in great detail in terms of elementary quantum mechanics. B
the more complex systems that are of interest in condensed-m:.
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Correlation between Superconductivity and Ferromagnetism in UGe;

Hiroyuki NAKANE, Gaku MOTOYAMA!, Takashi NISHIOKA™ and Noriaki K. SATO
FEERIX

Department of Physics, Graduate School of Science, Nagoya University, Nagoya 464-8602
'Department of Material Science, Graduate School of Material Science, University of Hyogo, Hyogo 678-1297

(Received October 27, 2004:

We measured the ac magnetic susceptibility of the ferromagnet UGe, that exhibits superconductivity
at high pressures within a ferromagnetic phase. It is known that the ferromagnetic phase is separated into
two phases and thus there are two critical pressures, namely, Px ~ 12 kbar at which an unknown phase
transition terminates and Ppy; ~ 16 kbar at which a Curie temperature is suppressed to zero. We observed
the following features in the vicinity of Px: the discontinuity in the plot of superconducting transition
temperature versus pressure, the maximum superconducting volume fraction in contrast to the small
volume fraction near Pry, and the markedly enhanced initial slope of the upper critical magnetic field
(exceeding 200 kOe/K). These results indicate that the superconductivity directly correlates with Px. We
conclude therefore that it is the critical point Py, rather than Pgy, that plays a crucial role in the
appearance of the superconductivity.

T T N. Kabeya et al; 2010
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Possible competitive coexistence of ferromagnetism and superconductivity in UGe,

Gaku Motoyama, Setsushi Nakamura, Hiroyuki Kadoya, Takashi Nishioka, and Noriaki K. Sato
Department of Physics, Graduate School of Science, Nagoya University, Nagoya 464-8602, Japan
(Received 14 June 2001; published 19 December 2001)

We have measured magnetizations of the ferromagnet UGe, which shows superconductivity in a narrow
external pressure range, P;< P<P,, in the ferromagnetic state. When P is close to P; in the superconducting
phase, the ac magnetic susceptibility indicates a peak-anomaly associated with the ferromagnetic transition and
an imperfect superconducting shielding effect. As P increases away from P;, the peak anomaly becomes
substantially broad and obscure, while the diamagnetic susceptibility approaches a perfect superconducting
shielding. We have also observed that a saturation magnetization at low temperature shows a steep decrease
with increasing P in the superconducting state. From these observations, we suggest that the superconductivity
coexists in a competitive way with the ferromagnetism; as P increases, a volume fraction of the superconduct-
ing state grows over the system, while the ferromagnetic ordering possibly becomes spatially inhomogeneous.
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Unusual Nature of Ferromagnetism Coexisting with Superconductivity in UGe;

T. Nishioka, G. Motoyama, S. Nakamura, H. Kadoya, and N. K. Sato

Department of Physics, Graduate School of Science, Nagoya University, Nagoya 464-8602, Japan asCormerereee,
(Received 22 November 2001; published 23 May 2002) "7 7 Magneticfield (kOe)

(b) 1

We report the discovery of a jump in the magnetization of a macroscopic single crystalline sample
of UGe, that shows coexistence of ferromagnetism and superconductivity. In particular, we observe
that the jump occurs at regular intervals of field and only at very low temperatures. This novel feature
implies that the magnetic field induces a sudden change of the direction of the magnetization between
two equivalent easy axes of magnetization even in a macroscopic sample. We ascribe it to a field-tuned

1 ] . . oin e asb— v v v vy
resonant tunneling between quantum spin states, and we propose that the size of a magnetic domain is 4208 0 08 12

A Magnetic field (kOe)
smaller than a superconducting coherence length. . ) '

agnetization M as a function of applied external mag-
netic neld H. Arrows indicate the sweep direction of the field.
(a) Measurements were done at atmospheric pressure and 4.2 K.
Closed circles correspond to H applied parallel to the a axis, and
the dotted (broken) line to the field parallel to the b axis (¢ axis),
the latter being taken from Ref. [11]. Measurements were also
carried out (b) at atmospheric pressure and 0.52 K and (c) at
11.5 kbar and 0.44 K. The ambient pressure data were taken
after pressurization. Note the jumps in the hysteresis loop that
were observed only at low temperatures.
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UCoGe candidates for odd parity superconductivity

Journal of the Physical Society of Japan
Vol. 79, No. 8, August, 2010, 083708
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Absence of Meissner State and Robust Ferromagnetism
in the Superconducting State of UCoGe:
Possible Evidence of Spontaneous Vortex State

Kazuhiko DEGUCHI", Eisuke OSAKI, Seiko BAN, Nobuyuki TAMURA,
Yasuyuki SIMURA'!, Toshiro SAKAKIBARA', Isamu SATOH?, and Noriaki K. SATO

Department of Physics, Grajﬁﬁ'ﬁ%ﬁ:y%ienw, Nagoya University, Nagoya 464-8602, Japan
nstitute for Solid State Physics, The University of Tokyo, Kashiwa, Chiba 277-8581, Japan
2Institute for Materials Research, Tohoku University, Sendai 980-8577, Japan

(Received May 19, 2010; accepted June 21, 2010; published August 10, 2010)

We report ac magnetic susceptibility and dc magnetization measurements on the superconducting
ferromagnet UCoGe (with superconducting and Curie temperatures of Tsc ~ 0.5K and T¢yie ~ 2.5K,
respectively). In the normal, ferromagnetic state (Tsc < T < Tcurie), the magnetization curve exhibits a
hysteresis loop similar to that of a regular itinerant ferromagnet. Upon lowering the temperature below
Tsc, the spontaneous magnetization is unchanged, but the hysteresis is markedly enhanced. Even deeply
inside the superconducting state, ferromagnetism is not completely shielded, and there is no Meissner
region, a magnetic field region of H < H.; (a lower critical field). From these results, we suggest that
UCoGe is the first material in which ferromagnetism robustly survives in the superconducting state and a
spontaneous vortex state without the Meissner state is realized.




Spontaneous vortex state in UCoGe
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Spin fluctuation mediated SC
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Spin fluctuation mediated SC
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FM vs. AFM coexisting with SC
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High-field superconductivity at an electronic
topological transition in URhGe

E. A. Yelland"?*, J. M. Barraclough?, W. Wang?, K. V. Kamenev? and A. D. Huxley"?
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Journal of the Physical Society of Japan 86, 123705 (2017) Letters

https://doi.org/10.7566/JPSJ.86.123705

Discovery of Quantum-Criticality-Like Behavior in Dilute Kondo System:

Ce,La;_,Cus2Au 33

Takayuki Shiino*, Yuta Shinagawa, Keiichiro Imura, Kazuhiko Deguchi, and Noriaki K. Sato

Department of Physics, Graduate School of Science, Nagoya University, Nagoya 464-8602, Japan
(Received August 9, 2017; accepted October 23, 2017; published online November 16, 2017)

We report the discovery of a new type of non-Fermi liquid in Ce,La;_,CusgAugsg. When the Ce concentration x is
decreased, the system changes into a dilute Kondo system. Its low-temperature susceptibility for x < 0.05 is not
described as a local Fermi liquid but characterized by a divergent behavior, 1/y « T¢ with the unusual exponent ¢ ~

0.67. Correspondingly, t
T/H (where H is magne

PHYSICAL REVIEW B 103, 054510 (2021)

system together with unj

T. Shiino
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Superconductivity at 1 K in Y-Au-Si quasicrystal approximants

Takayuki Shiino®,!:" Girma Hailu Gebresenbut,” Fernand Denoel,! Roland Mathieu®,! Ulrich Hiussermann,
and Andreas Rydh ®*

' Department of Materials Science and Engineering, Uppsala University, Box 35, 751 03 Uppsala, Sweden
2Department of Chemistry, Angstrom Laboratory, Uppsala University, 751 21 Uppsala, Sweden
3Department of Materials and Environmental Chemistry, Stockholm University, 106 91 Stockholm, Sweden
4Department of Physics, Stockholm University, 106 91 Stockholm, Sweden

® (Received 24 November 2020; revised 5 February 2021; accepted 8 February 2021; published 22 February 2021)

We report the structural and physical properties of two Y-Au-Si (YAS) compounds, Y4.1Aug»Sije7 and
Y 5.4Aues6Si16.1, Which are 1/1 approximant crystals of a Tsai-type quasicrystal without intrinsic magnetic
moments. The compounds differ by the presence of either a tetrahedron (Au,Si)s or a single Y atom at the
center of their characteristic structural building unit consisting of concentric polyhedral shells. Both compounds
exhibit bulk superconductivity, which seems to be of a conventional type-II BCS type. The compound with Y
atoms at the cluster center has a slightly higher transition temperature with a sharper step in the specific heat
than the compound with tetrahedral units. We discuss the occurrence of this superconducting state in the light of
the specific structural and physical properties of these quasicrystal approximants.
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Quantum critical state in a magnetic quasicrystal
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OPEN Concomitant singularities
of Yb-valence and magnetism
at a critical lattice parameter
of icosahedral quasicrystals
and approximants

Keiichiro Imura®*, Hitoshi Yamaoka(®?, Shinjirou Yokota!, Kazushi Sakamoto?,
YoshiyaYamamoto?®, Takuma Kawai?, Keisuke Namba®, Shinnosuke Hirokawa’,
Kazuhiko Deguchi®?!, Nozomu Hiraoka*, Hirofumi Ishii*, Junichiro Mizuki®?,
Tsutomu Ishimasa® & Noriaki K. Sato!

M) Check for updates

Non-Fermi-liquid (NFL), a significant deviation from Fermi-liquid theory, usually emerges near an
order-disorder phase transition at absolute zero. Recently, a diverging susceptibility toward zero
temperature was observed in a quasicrystal (QC). Since an electronic long-range ordering is normally
absent in QCs, this anomalous behaviour should be a new type of NFL. Here we study high-resolution
partial-fluorescence-yield x-ray absorption spectroscopy on Yb-based intermediate-valence
icosahedral QCs and cubic approximant crystals (ACs), some of which are new materials, to unveil the
mechanism of the NFL. We find that for both forms of QCs and ACs, there is a critical lattice parameter
where Yb-valence and magnetism concomitantly exhibit singularities, suggesting a critical-valence-
fluctuation-induced NFL. The present result provides an intriguing structure-property relationship

of matter; size of a Tsai-type cluster (that is a common local structure to both forms) tunes the NFL
whereas translational symmetry (that is present in ACs but absent in QCs) determines the nature of
the NFL against the external/chemical pressure.
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Discovery of superconductivity in quasicrystal

K. Kamiya”, T. Takeuchi?, N. Kabeya3, N. Wada', T. Ishimasa?, A. Ochiai3, K. Deguchﬂ, K. Imura' & N.K. Sato'
MAEEBEDBLTIHRI

Superconductivity is ubiquitous as evidenced by the observation in many crystals including
carrier-doped oxides and diamond. Amorphous solids are no exception. However, it remains
to be discovered in quasicrystals, in which atoms are ordered over long distances but not in a
periodically repeating arrangement. Here we report electrical resistivity, magnetization, and
specific-heat measurements of Al-Zn-Mg quasicrystal, presenting convincing evidence for
the emergence of bulk superconductivity at a very low transition temperature of T, =2 0.05 K.
We also find superconductivity in its approximant crystals, structures that are periodic, but
that are very similar to quasicrystals. These observations demonstrate that the effective
interaction between electrons remains attractive under variation of the atomic arrangement

from periodic to quasiperiodic one. The discovery of the superconducting quasicrystal, in

which the fractal geometry interplays with superconductivity, opens the door to a new type of
superconductivity, fractal superconductivity.
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Electron Correlation and Geometrical Frustration Effects on Magnetism in

Icosahedral Quasicrystals and Approximants
— An Attempt to Bridge a Gap between Quasicrystals and Heavy Fermions —

Noriaki K. Sato' Tsutomu Ishimasa® Kazuhiko Deguchi' and Keiichiro Imura'

' Department of Ph
*Toyota Phy:

ics, Graduate School of Science, Nagoya University, Nagoya 464-8602, Japan
al & Chemical Research Institute, Nagakute, Aichi 480-1192, Japan

Icosahedral quasicrystals (QCs), which are long-range ordered materials with a symmetry incompatible with transla-
tional invariance, have revived since the observation of their non-Fermi liquid (FL) behaviors, owing to an interest in the
strong corre cact developing in quasiperiodic structures. Herein, we review the progress in our understanding of
maanatiem in hasis on comparison with approximant crystals (ACs) and heavy fermions (HFs): ACs
ructure (clusters) as QCs but form a periodic array of the clusters, and HFs are
intriguing phenomena such as mixed valence, Kondo effect, and non-FL
ality. Topics taken up in this review lie at the crossroads of two fundamental
. in condensed matter physics. The fundamentals of QC structure and basic notions of
disorder effect on FL) are, thus, introduced for readers who are not familiar with either QCs or

ing-edg i on mixed-val Yb-based QCs and ACs. the mean valence of Yb
shows instability at a critical lattice parameter, independent of whether the global structure is quasiperiodic or periodic.
In contrast, the QC and the AC show a difference in the emergence of the divergence in the magnetic susceptibility under
pressure: the Au-Al-Yb QC shows a robust quantum criticality against pressure, whereas the Au-Al-Yb AC exhibits
a pressure-induced quantum criticality as in the HFs. Using these results, we reveal the interrelation between valence
and quantum critical behavior and discuss that the quantum criticality arises from quantum critical valence fluctuations.
To get a unified view on the magnetism of these intriguing materials, we propose conjectures. One of them is that the
Au-Al-Yb QC belongs to the same universality cl: s the YbRh,Si, and S-YbAIB, HFs. In addition, an overview
of the local moment magnetism of the QCs and ACs is given with a focus on crystal-field and geometrical-frustration
effects. We find that the long-range magnetic order is disrupted or frustrated by quasiperiodicity in QCs, whereas the
ACs show an intriguing magnetic ordered structure.
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very important.

1984 1989

KIEHR (Qem)

%
-
o

[}

BERES

electron

ERa B ’ '“6 ‘
Golden phase L] H I:
T8 S "\
100 2 0 5 \\
4
ﬁﬁ@?lo(j w00e %—ﬂ“‘b(a;zldenphase peckptese .\ """""
= BERE
1999
2000
|
|:i
i | \ +
Elm m H % B 7 IR
T S 7 SR N B /N i S VRN
j; BBEKX (BKX
= HERIR) B
(&RXK



@) BIEY (RIEMKR) OO

SHME - Sr

| RETHEMR ] ]
n: lT.llliL l : LB p— - 3: RS

ma. L‘l ia "-- B o Planen > : 1 . .

’ il e st 5 | REERME | 1B FHIRE
Dl | 3RTTHEERIRER

: | i L BETEN?
Wikipedia E 2 &%, ]
1984 £ %@%Ww
Discovery of QC :) 0.. ..........

D. Shechtman et al.

##E& Quasicrystal (QC)

fam (BHEZR)
Blochik k&

HE i (ﬁl_.l HA%R)
ERSTINRE

¢ocia(a<l) =e—ar

r 2




rTea—4



PHYSICAL REVIEW LETTERS week ending

PRL 97, 017005 (2006) 7 JULY 2006

Competitive Coexistence of Superconductivity with Antiferromagnetism in CeRhlIn;

G.F. Chen, K. Matsubayashi, S. Ban, K. Deguchi, and N. K. Sato

Department of Physics, Graduate School of Science, Nagoya University, Nagoya 464-8602, Japan
(Received 26 December 2005; published 7 July 2006)

We carried out ac magnetic susceptibility measurements under pressures P on the heavy fermion
antiferromagnet CeRhlns. We report bulk superconductivity (SC) at ambient pressure with a transition
temperature 7, = 90 mK. The degraded SC in a powdered or polished sample was restored by annealing,
showing that the SC state is sensitive to inhomogeneity. In a coexistence region of the SC with
antiferromagnetism (AF), we find that T,(P)"Ty(P)'~" = const where T indicates a Néel temperature
and n denotes a ratio of electronic specific heat coefficients below and above Ty, indicating the
competition of the SC and the AF for states at the Fermi surface.
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Abstract
Abstract
The tetragonal compound U>Ru,Sn shares several properties with the strongly correlated semimetal CeNiSn. Here The resistivity, magnetic susceptibility, magnetization and specific heat under magnetic fields
we present, for the first time, measurements of magnetic, thermal, and electrical transport properties of single-crystalline were measured on a Eug7Nag 3Fe,As) 4Py ¢ single crystal. A decrease in resistivity to zero,
samples and compare them to results on polycrystals. The specific heat and the magnetic susceptibility provide evidence which shifted toward lower temperatures under a magnetic field, was observed at 7, ~ 25 K
for the opening of an energy gap of approximately 150-160 K. Both the magnetic susceptibility and the electrical due to a superconducting transition. The electrical and magnetic anisotropy was quite small. In
resistivity are anisotropic. The c-axis is the easy magnetic axis along which the resistivity is ‘metal-like’. The resistivity low-field magnetization, helimagnetism appeared at Ty ~ 19 K, which changed to

along the a-axis is ‘semiconductor-like’.
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