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Abstract

Abstract

In this paper, the transport, magnetic and thermodynamic properties of Ce-based
heavy-fermion semiconductors and geometric frustrated compounds are studied at the
low temperature. We dicuss possible existence of a "hidden order", topological
electronic state and quantum paramagnetism in frustration in CeRu2Alio, CeRusSnes and
CePdAl, respectively. At the same time, an exploration of new Ce-based heavy-fermion
conpounds was also carried out.

(1) Heavy-fermion semiconducting compound CeRuzAlio enters an unkown order
phase below 7o = 27 K. There is no consistent understanding of the order parameter.
And the charge dynamics has a dramatic change at 7o, which has significant influence
on the electrical and thermal transport. Most significantly, we have found that the
thermal conductivity has an extra contribution in the ordered phase, which can be
suppressed by magntic field. This unique feature can be attributed to low-energy
magnetic excitation in the unkown phase, which is similar to the "hidden order" phase
of URu2S1i2. It is a common problem for these two materials that how to generate a great
contribution of thermal conductivity through a tiny magnetic moment.

(2) The heavy-fermion semiconductor CeRusSne¢ was recently predicted to be the
first Weyl semimetal realized by highly renormalized heavy-fermion bands. As the
quasiparticle bands in heavy-fermion systems are sensitive to external conditions like
pressure and field, extremely abnormal phenomena may emerge with changing external
parameters. By performing electrical transport measures in high pressure and down to
very low temperature, we found that two energy gaps of CeRus4Sne are both gradually
enhenced with the increase of hydrostatic pressure. This indicates the electron-
correlation nature of the hybridized band in this compound. The resistivity platform at
the lowest temperature is insensitive to magnetic field and pressure, which semms to
be closely related to the topologically nontrivial electronic structure, as is realized in
SmBs. How it evolves at pressures appear to be interesting topics for future
investigations.

(3) Frustrated Kondo-lattice systems have recently attracted much attention
because of the emergence of exciting novel quantum phases. CePdAl is a prototypical

heavy-fermion compound with a geometrically frustrated lattice. Reflecting the spin
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frustration in this compound, it reveals an antiferromagnetically ordered state with only
2/3 of the Ce moments involved. The other 1/3 magnetic moments remain to be either
disordered down to the lowest temperature, or Kondo screened. Instead of a quantum
critical point, we have discovered a field(pressure)-induced quantum paramagnetic
state (p phase) between the magnetic order phase and Fermi liquid state. It is believed
that the geometrical frustration plays an important role in this phase. Furthermore, we
found a sudden jump of the Fermi surface at 7 = 0 K in the vicinity of the quantum
paramagnetic state. These results suggest that a Kondo-destroying quantum-critical
point can exist in a stoichiometric(non-doping) heavy-fermion metal, near a

paramagnetic phase and far away from any kind of magnetic order.

Key Words: Heavy fermion, QCP, Hidden order, Topology, Geometric frustration
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B 1.1 (a) MoxNby H1 HLFHLAR/IME (Sarachik %, 1964) , (b)REMET LT HiH () L BELBH IR
FEMARAL, o (1 — M Ay AR RE R RUE. GERRIEE)  (White A1 Geballe, 1979) -
Figure 1.1 (a) Resistance minimum in MoxNb;. (Sarachik et al., 1964) (b) Temperature
dependence of excess resistivity by scattering off a magnetic ion, showing universal dependence

on a single scale, the Kondo temperature. (White and Geballe, 1979)
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Figure 1.2 (a) Single impurity Kondo effect builds a single fermionic level into the
conduction sea, which gives rise to a resonance in the conduction electron density of states
(b) Lattice Kondo effect builds a fermionic resonance into the conduction sea in each unit

cell. The elastic scattering off this lattice of resonances leads to formation of a heavy electron

band.
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Figure 1.3 The quantum phase transition of heavy-fermion system. (a) Pressure-temperature
phase diagram of CePd,Si,. (b) Magnetic field-temperature phase diagram of YbRh,Si». (c)
Magnetic field-pressure phase diagram of CeRhins. (d) Chemical doping-magnetic field
phase diagram of YbRh,Si,. (Qimiao Si and Steglich, 2010)
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Figure 1.4 The second order scattering process of spin-flip.
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+V > (CLfw+ 11C) (1.15)

X FR RO Ak R R Ry, C B C A BIRTE @ R j A% s L RA B e
Ao BT IRFE SERER, fTRf R £ I8 bR A 5K
i USRHB T ZIE AT FRE, VR SRS PR ML &80
£ IE RAFAEAE — AN B, B 1,15 AT DAZY A A B2 T 22 AR A A0 0141

A £HUE B SRR CE g BB R RENLHE D XM
R AT RAE R, 2 AR R AR 9 RGN RIS . B AR AL T 1)
KR PT LA — /A B I, X L HF 10 ERRE T DA BB R 3 sk A
I, Schrieffer 1 Wolft >V — i Ptk P v 45 2 —/M 5 2hs 5 i

H=tY (C.C,+HC)+JY S5 (1.16)
J#i,o i
X
&::%EZdeﬁ;ﬁ& (1.17)
S; = % .7 CLC. (1.18)

TR, S7ANS, 73l fe A T LT A R R T 1 B e A AT . (116D

WA T R P AR ALY
1.1.3 KB FZ

1.1.3.1  UUN¥RFE%E
N T P HR N BEAR T R SR RS L, R BIR L/ N R, XK N
TR PUEME IR, XINEERA N A HE R — BB B
Coqblin 1 Schrieffer! /5 F.5] N1, IS %t & A

EilﬂcimC&M-+j§ > 2 SnCuClLf (1.19)
k

m,m =1 1

H =

—_
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B2, 1/NY REIFAREIR I MR U i fn A% I REME, TSl A& i . 45
o, TEHBAHES T Wi >0 5 Sz R R 2 OK AR R FFGRE S S AN E .
1.1.3.2 Gutzwiller 5%
T RRE I E AL, BUS Y 22 5K 5] N T Hubbard-Gutzwiller FA117-191
FH— A R ECR F IR R W RS, HEREN E, [ LAl A

184

E,=(¥,|H|¥,)+UDL (1.20)
XH DR f PUBXCE IR, L fatk mrg 8 H
Heff = ZEkCIIO'CkU +Ef2f;7»fka +VZQ(nfO')(C11LO'.f;m' +f}jcrck0) ( 121 )
k,o k,o k,o

TR (12D shEEET g(n,,,) 7T U Guezwiller ST AR, Kk U
BRI, T B

q (nﬁ,)zll_nf (c=T.4) (1.22)

_nfo

{5 TAE AR SO RN Ty = 202 p(e,) ~ (1—n, )« L T7E EHLIAN
Tl Z AR AT 1 —n, (FPUEZEZHILR) AT ERBAMIE . T U
WCPEERITE LR, q(n,) RAAFEINE A, (H2 U FBUEX SO 7k A0

B HOKRTR R A B R E I,

1.1.3.3 RKBEETHZE
FHEOTF FEEH T U = o B2 EAR AT, - HAEME S 8™ M
fi& n, <1B1221, Kotliar 1 Ruckenstein!* MR X NIk e 2 — I oL . ZANT7

VR R R SRR £ TS S KT f R T b R, T RUK B

\4

T 21 £ BB RN, B AEARRKT £ R AR ET b S,
X
fi =1,
fo=b'1,,

i /2 )7 RE

(1.23)
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> fafa+blb =1 (1.24)
LR AR R A DL S Oy
H = Zekcliacka + 6f Zlef;a + VZ(C;LO'bi' JFiO' + -ﬁi‘b[cia )
k’g i,G i,O'

+Z/1i [Z ﬁi‘ﬁo‘ +1;in1' _lj (1.25)
RE ARMS PRI H R, BRI RN, — R L R e
Wit (1.24) TR, 1ﬁﬁﬁ%ﬁé?ﬁﬁfﬂi@?§%§%<é> =b,, FHFHXTHAEN

I I HR T A = Ay, IXFPIREIAGETIE B G HBEMER. T T

HIMS W& 5 Gutzwiller /7S B EE (1.21) M.

1.1.4  BEBRRFHARNERBLET

MRPEHE WG B, RSB ORIk, SREH A1) & A [H
HLF RS ARER L, T DAAS 31 E 9 oK TR R S B AR T B, Wl 1.5 (a)
fiw, B EICKFIRE 2 N = A0, iR — AN EHEEEA R, 2 FRJT by
o, 5o, RN o, AP, MEAG SR, BTHEBKTEE,
TG SR A WA A A O L bt A, AR R I A s i, W T R L Ak
BE— 5 AT LA B 5 ol 7N S T RE A B
17 (eew))
p(@)=12D (0-E,) (1.26)
0 (TEZR AL A1)

1/2D (0, < o< w,,0, <0< 0,,0 € &)

(1.27)
0 (fEZALHAL)

p.(@) :{

5

Hih D REEESH TR R, VigESh TSR T2 S/,
1.5(b)72& o) M p (o) MBI, IXBEEE (0-E,) K p (o) KM,
f R T RS AR SEL RE SR AL B S B KM, @i K T SR TS E, R
i (@) HTEEERR T N EE. Hn, =v, B, nN BRI R, |6
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I Bl o] 2 RAHEFEE T, I HENZRIEAAE DA A AR E R
JETIEREE G . MM S LRI T Hn, =0, +n, <v, B, XA RE

WA BT, POKITE N o, 29, ZMEE TERKTE)E.

(b)

Pw)

e ' i !
{10 Wl 120 | wo—

B 1.5 EIOR TR RERBARET () MEHE (b mEEl,
Figure 1.5 The schematic renormalized band (a) and density of state of heavy-fermion
system. (i

E XTS5

kyT, =E, - T =2V*/2D,T" = zr*V* /2D (1.28)
KB CARZERSBEI D f BRI RITTEE, ARy HE B
B Cr=1) o T, W& T 2 BRI P i) — MFIERE, kT, iR BB RR S
PORBER A 2 E
AR £ REH A BT AK T PR, B E)— < OB, W] URAFRFAE IR FE

:(D+ﬂ)exp(——”|E0_ﬂ|) (1.29)

va

e > W, kT B4 (D + p) NUMERS, HH
mﬂumﬁwgw;%~¢¢%,@ﬂﬁmu%ﬁ@:pﬁ,ﬁi
P kT, v, T o SRR R PR A0 £ TR 0 005 1, R I
FEWE/NT | T RS DA, — AR 9026 46 08 o BB A3 MK
BB, K B LCBEBR 1 oof 2R A0 £ T — R I, S f AR
BIPORTI L, 72 2Ok T4

13



il A R - S AR TR FEL 14 A 2 b T DSt 9

1.2 BEKigik

BRI A e 1 S, AIRIR T oK 2 rP (A T A P it B D H 8 3 A AT
SORME, U 772008, RSP T EEA R,

1.2.1  BREZKRAIER
FORMRIE, ORBIIEELS O TAH AR oK FIME R B0 & 5L TE
kL FHES Al E (Landau, 1957a; Landau, 1957b; Landau, 1959) . fiik
e A SR ELATE FH R T B K SR AT 9 25 B AR 9 K TR R AEAIGIR T 1k
Ji, ST FOKIAR (FL) WRRASTEROW AN S b ™ 8% 32 1AIE BA ) 2 ph 384k,
LR MR YY) (Feldman, 1993; Shankar, 1994) .

NE-ATEMEENRE R, BASE K MR TE

k%ﬁ%ﬂ%ﬁ

'’ =0k, k), XH Ok, —k) ZHr RS FKBNE k, 7] DLk 10 % R e

o_ ke
= =0 _ ZF (1.30)

n %nk; 37[2
N S ELAE AR R IR BEUR IS 2 1 %) 1 B35 PRk e A X B, I H.
BEAS U WUR R 58 X FR, XA A0 AT BN IR 1 2 KB4 (Baym, 1991)

K I EE o i) FL ICAE R TR IE R T, 263625 T, YR T
A1 RN n . HERL T IR BB E SO &= é’E/O”nkA , X on . FER B 5K I AT

e

3 m

PR AR . VENM BEAERIIEE R, X T — A% [FPE A TARRE R &, HERL T
E‘Jﬁ'é%y%%ﬂ:ekA(nTj‘?):uF(k—kF), KB o, =k, /m", ARREM P TEHA

m’k,
2 o
7

H e PR REH M HE N, =

NTRAEEM LSRR R, MEER FL 0 mEdk 2 Hk
SEF AN E R KR K2 15 4 LA S AT 2 1 1 e ELA o A oA" , R T LS
5/ (Baym, 1991)

LS PRI +F o] (131)

kok'o 0 =0

.=
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. o=+1, B(X)REHELTR, F A F 5B 1 e
SERRAT VeSO AR I BE S 80, HAAR ELE FR VR TR (AT . 76 Rideh, R4
OISR P ISP ST I 7 B A et o R LA e A SR, st 2 S E A 45

Mo UL FLAREARM £ VIREAETE LB & Stk TESLhRi& B,

ka'ko‘

T 3D EENE 2D KRG — MK S HIFEMEERL, AR BT FL M LR ] 58
FRRE o
1.2.2 BAOEEWREMR
A PRI FE T B 70 A1 BB E ] BLE R
1
n', =ny(e )=—
ko ko ek%_i_l

P REXT X B B S EOT IS B A, U T < T0f, ek E AR IR

(1.32)

LEMEAAL I, ROT B R SORAE, ST ERANSEEN, = F QIS

272
CV:%:;/T (133)

AT <TI0, PR TR T LU R

2 *
HplNo _m Im (1.34)
1+ F 1+ F

XE AR BRWE T, 18 B PR SARRIRLE, £ 18545 T80 B i TR
[ =00} FL 2%,
EARIRT < T, N, 180 & B A s B F GOk ERL T, 2 K TH Y

z:

ITHERLF 32004 1/ 7 E B 2 BT AR AR e I, RSN 1) = ‘kl é,>

HERL T 5 0R A5 | 2) WKL T R AR Rl 7= A YR T | 3) | 4) o ZEIZRIEAE (Baym, 1991)
I AL 0 2rdg 2 2

—=(T +?)@ Odcos(z)jo E[|AO(9,¢)| +3]4,(60,9) ] (1.35)

T

15



il A R - S AR TR FEL 14 A 2 b T DSt 9

IX B Ay A 53 ) 2 4 B T 0% A AN = S 3N ETE (M BUN R IE[ 4,, = Nya(1,2,3,4) ],
018 k, Mk, Z 1A A1, ¢ 36711 (k. ky) 5 (ky, k) Z 1A S0 #E 2D 150U
T2 (AT R 42 RO SO i, 1/ 7~ T2 In(T, /T) (Chubukov, 2005) .

St F—APREITFRUE (A 3R, R T2 18] (Rl B0 A1 ) B <y, AR 2 ) P BEL
FONFE, ARIE MR E Y —H 5 2 s 1 22 B T A% B s O, R K
BF T2 ARERR 1/ ~T> (K135, LA H

o(T)=p +AT* +--- (1.36)
X B g FRERFE S R T BRI AR BBLEE,  RE 4 7T L e AR T U R IR 45 2
Aoc |4, (0.9 o NZ o TEFGH—IRTIE , W8 I0TRH 7] 7, SR T & 5 103074
RIS, 3 B ARSI R 51— cos @ IR AFAE «

1.2.3  Kadowaki-Woods tt{&

S bR B R T AR R R 72 (0 R R4 SRR R Ky 2 1
FAE IR AL — 3 5 A/ v* =107 uQem(mI/mol - K), 3 5 42 A T J& 1111 Kadowaki-
Woods HUAE R SRS TE E oK 8 2 Tz & ), R ERZEE AT
HIE R K-W KR, TEESCT fHUER I N AR &, #igy)
P2 OOR AR T — I K-W KGR, RIRER T — Ee 2 BN B Ak A 4126271,
R f BRI N N AR, SR K-W ELAE AT DB 1 75 R AR R 2027]

hic: 3x°
- ezB EYEP N(N-DI7.(0,0)p(0)
F
72,2
y=N k; ?N(N -177,.(0,0)p/(0) (1.37)

XH h R EYE R, e T HRME, kL a2WKaE, 1, 0,0)REK T2
BIA A AR, p, (0) R £ TAESOKII BRI, XN p, (0) 52
BHETEAEE. BT IE, BREEERLN N, BT r,.00,0) ST
N, ARy FEARRFERIEL T NV -1), (B2 A4/ y° 7Lk &N
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A h 1x10°

y Nk

937°) " 1

a3 3 zl (1.38)
N(N-1) EN(N_I)

n*a’ 1
2
TN =2 BI50L, B/ (n*Pa®) = 4x10%em , FJLAEFE] A4/ y* =107 uQem

(mJ/mol K)? . fF—f N1, 30 (1.38) A —RFIMER, WE 1.6 Fix.

10° B T T 10 T T
: N=2 UBers @ E UBe;y ® eal,
) . CeCuy S S YbRh.Si. (OT {CeCu;, 1
A = xi0” CeAly At =1x10° OR1aS, 0D 5
1Qem(K mol/mJ) . - 2 i =
. " CeCusiy £ R E |uQem(K mol/mJ) . 3
100 F E
Fo¢ N=8 P, ¢
B N=6 ¢ Ce @ J
N=4 ok Sm CeBy g YBRA,Si, (6T) _|
e Nz  YbRhSD : ‘CeRU:Siz E
® 5f H= A Eu USn, ¢ vpNi,B,C ]
oL 4 ® Yb UAL @
10 N=6 g
ok © U UP%&% SmOs,Sh,, 4
. SmOs,Sby, o UPt
~ L o /® Ay SmFe,P,, % Uy & gopep
B UGa, /3 al
E YbCug g 30
g 10 E MU 2 YbCuAl R 3
= pb:ce:C - Eu(PlyNi),8i,] G ; E
= v e ] = Yb,Co,Gag, YbCu, Ag, s
YbCu, Ag 'Y
CePd; m 450805 <t N CePds’ i
) Eu(Pty5Nig 25)S1 10°F ¢ E
107 F /C E F YbinAu AYPCUAS Bl NIy 09,81,
E * "YbCu,Ag o 9
[ # YbNi,Ge,
i  CeNigSi, ok J
: ‘o E
r 'YbNi,Ge, CeSny
107 _ & voincu,
E “|N=8 § [ 2
: 8 0°F  voan/ YoAL _:
[ o ANy =036x10" E E
[ YbAL uQem(mol K/m.l)l
0 / | ¢ ol vl v v
10 2 3456 100 2 3456 1000 2 3 104 100 ]OI 102 103 104

¥ (mJ/mol K°) v (mJ/mol K%

K16 ERFREFKRTIER Avs.y KR, BEAER KW HWHE, HERRER
KT HERAMMI A vs. ¥, RERR ALK K-W AR,

Figure 1.6 Resistivity parameter 4 vs. y of heavy-fermion system in left panel. The solid
line denotes K-W ratio. Reduced resistivity parameter 4 vs. ¥ of heavy-fermion system

in right panel. The dotted line shows the generalized K-W ratio. [2°

SR N E T DAAESESE B 5E ROk, 29I R0 BUS R

- A

A= 4

Lvov-n ’ yle(N—l)
2 2

(1.39)

WL, S TAEAT N A EE T BLEE] A/ 7% =10 yQem(mI/mol K) 2, 3XFh— i
S E KW AR IR N BB, IF L& TAE 2 N BUE. 51 K-W 2%
ZIUERT N =2 M0 CaisE A A B 7 9E A t T 5 77 208 B 249 1k
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Kramers doublet 2£75) o 2RI, HIR TGV NIfEIFE (B F 0L
FRIRLRE LR S HIEOH D IRAS R T i e f T i A7 BE 2R 3 B0, i, 1 T Ce,
N=6, X+ Yb*", N=8, BB, S8 7IaRRIEa K, IFSE0t
% Kramers XUEASZ VU EL . R FHEAEROU FL B0 b i B KEA 2405
B, HUTDAES - RAE) K-W S8R, X — a8 FL B LE 70 B o o< B4 &
I KBRS

1.3 ETIER

XA FEAART BRI ERRESRISLI bR, 5 5 i sk
tE CAFMD B 11l 7 1. (QCP) o B 26/ 4 Rudderman—Kittel-Kasuya—Yosida (RKKY)
MEAER, RETIRESIEBAN 1555, SHEIKTEMSHENES, &
A GINE TR MEAM S . HATC TR FARR B HA  AE: —K2
Hertz-Moriya-Millis #it, w2 AIE#ER (SDW) KM, H—RKEfEE Tt
MORAUERL TR, BN BEMIAEA (B REE TR , &EFHEIESFRR
TRAT 9

1.3.1  Rudderman—Kittel-Kasuya—Yosida (RKKY)tHE{ER

JRISE R ) B A - GLE e S AR AGIR 3R I PR MU AT ) BEAIZ 18]
FHELAFE I 38 4 o0 2R, IR S AR HIOR B ELR I BRAE B fHUE 2 AR 2SR Y
FEARIR T, KB R REAE i S S R M P B BRRE N, — N xo ARRITLIE

Vo 223l BT F NGB BE P Friedel <é(x)> =) (S() 5 KK
x(x—x,) & BRI ZEP, RAE x 5N ZAMEFE, 5 Friedel #R
e, MNEEEAJ <S (x) (;'(x)> , % 3 Rudderman—Kittel-Kasuya—Yosida

(RKKY)MH HAEH (Ruderman, 1954; Kasuya, 1956; Yosida, 1957) . Fi&x U
T
H ey :_JZZ(X_XV)S(X)'S(XV) (1.40)
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R B B . FEMT G e GERD o, |1 RKKY MHEERERG R
(K1, BRBEAZ A AN S Bkt S e A RIS A2 AE, BE TR R B e R A0, A8 H 9%
Ky zd, RKKY A AR S8R R R B Sk a e .

1.3.2  Doniach 5[

ULHERBON S RKKY AH AR Z (B 564+ E T IR TR R E, FRM
Doniach &%, Doniach I\ H HOK ¥k R PEEFARER L, 202k
BT, = Dexp(—=1/2JN,) 1 T,y = J° N, o F— AL Doniach #HE Y A& 1.7
i, 24JN, leBoNE, RKKY ABTEAEM & SHhn, RRERAE, 24N,
U LEBORI, IR RN 54 Sy, — OB RE Sk T2, 5 JN, B (e
TELEE, %o I S B 1 R A 2 L v

{ non-magnetic
magnetic dense Kondo system
magnetic 4/ metal dense Kondo system  Valence Fluctuation

T~ Dexp(-1/JN,)

Fermi liquid
heavy
quasi-particle

(N,), IN,
T.<T, T > T,

RKKY RKKY

K 1.7 Doniach #H K.
Figure 1.7 Doniach phase diagram.

L Doniach # Bl PEMRRE 1 B FOK Ik S S 14708, (BRVRAFAAETF
Z A AR R IR T REE RS ERIXT L, JFBCR U SOK TS AR I
BRI (AFMD BN XSRS BOL AR Y R, HL 3K
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T I THEE BRI N, B BEfEE— P58 £ P8 N EREIHFEN, T
N =883 &Y, " UASRTBERE T, = D(NJN,)"" exp(=1/ NJN,) BU,
Doniach A El$5 AL TREA FP X380 5 H 38K 7 X3 8], JIN, B — Al 5t
(N M, TELXNFRET, EAIGRAEERA T, 8N, — AR R
e, SRES BARUIR A XS [ AR AL U8 T 87 IR F R (QCP) o B T
/D HOA R AE A () AR TE I T BT, — SO RS 5 L5 I NS AR A (15 2%
JE DRI ¥ RGAEEE] QCP M. 78 QCP BT, wJ LAYE# Iy 2% Rz M i
AU SR B w5 SRR BAT g, X e 5 2 B SRR AR, RO Ak
PORMBAAT N (NFL) , Y5 TG 5 Rl 27k . seie b, RN QCP X M1
b A — Mt 2 Ui P R AR log KL C(T) /T oc —log (T) » R MEFBHZ, Ap = AT .

1.3.3 EFHET

S — 5 AR E AN (—HIAE) RESARAE () o 1E—Z]
A, MHASIE R AL AETEWIARIEAE, WG] T3E2 0 CI ARSI LK 100°C
N KRR ZEORE . MIELZ . AR BRI, SR T3 2
BRTE 770 CRREEANAS, 53] 770 CREVER S e, —JhHAR HIARAS 55— AR 9
G, M T U S B, R — AR TR, RS EAE,
TT7EA FEAR P U9 BRAE o — Rt 0 5 2 BRI U 43 5 {8 ) LS8 1 5 LK,
FTRRREARAS, BB T DUE N 2o, (R, 7SR pk il T, e —
D EIEIFZ RIS AR

R TR (0 A SachdeviIZE 1999 4E3I N, MALLT > 0K i 2 Lk
A, RAETEFE—AME R, 75T = 0K ALIHIAE 3 22 i i RO e . [
1.8 JER TAESTRIAMBET > 0K [WFIARE, 168 —Fifn T, MR AR
T=0K &b, —fsesh b, 7E4 IR F WS AR ENE (T SLBRAA AR o

EHMIER T, B 1.8 (b) 'l —%T >0 RMEL, 4TIk
R g=g,, GHI GRS — S X AR e R ke o 7R I AR A
LRI, ho<<k,T, AU ML) 0 A B AR IR, S8 |g - g | A0
T FE AT BLFT RGEHIRES . QCP ] BLE A BRI FHIMASTE g=g M T=0
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K18 i E AR ER, () AFRKAELE T=0, BEAXKISARE T IRAX
B, (b) ARPREEARIRET, BT g0, R IR A Rz kP,

Figure 1.8 Schematic phase diagram of typical quantum phase transition. (a) order is only
present at 7= 0. The shaded area indicates the boundaries of the quantum critical region.

(b) Order exists at finite temperature, which is second order transition terminating at the

quantum critical point. [**]

K 1%, Bk, XTEFHEZRREME ST AT > 0K £ 8L AR 15
B, ELHPARL T, A HAEKVE RS, TEEXS BT, MEERKTE: L
2T, EEFHEREY, WMERERES, HTEREAHEXR, NARFEETIK
V&, AN EET, BEFIKESBIERKERBIHEL. £8T7LFXE, ¥
PR B kR T, fE RTINS X, kR AN R v AR AR
TE, TEA MR TR ZS 5 W2 2 AR5 B power law FEAEZOKRIBIAAT . BTl
FIXIEHIA T LA kT > heo oc g - g |7 PUERT, IXH 2 Ml v AR I 1R AL SL00
E2RMETIRFAHEEE 1.8 (b) B, ETEHSMEFEETE. BEE
LA B BRI AA X 3B s o

SO QCP AR N Eo, EABREE NMEE —ANELAHAE, WL
I IERCES B S B T = 0K, HIk, 78 g MHE— e i s, Bk
I HE USRI REAE 0, 7R SEEG BN B AR PR AT A RS
WA PRI N AT NAMERI T =0K &b, WS RIE T IR A Ao, B
an, m FHREFREEAT R, Wk 1.2 PoRBY
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1.3.4  RiztEE

— BT, AR IR B AR, SRR RIS E A T AR RS
VB NS 5y, XSSO T AR I R A 2 HEE$E . X5 T Josephson-junction £
&, XANSHOTLUETOA AT RE R (P S-SR EAR) B30, i S AR
F B (R SRR ) BT40), 8RR G, R T8 RN
FaZIEMERE) W, fLpittrSah i (B Ising 3NN
42, POR MRS SR AR R BB R RHIESTER T
FITCFPAH Z AR ) (32431,

TEREII IS RHE R, BETIRA CEW 2R, 15Xk RPis
I RS R E K T (AFMHF) &8, m TR T ERETE KK
AR R, FEOLTCKGEAER /N, IRE 522 ASHNRE, ARG
BRI, JTRRRONAN RKKY AHBAE R AR AR, BEMisEm RSN, 7
U2 EIKTERPA AT LS BB R QCP, #lil, CeCusxAux 54T
1441, CePdaSiz # 1k /7 #5%), YORh2Si1:*0F1 YbAgGel* Wi k37 4%, X Hefk RAE
BT L S B IS A R D82 9 ARG 7T, Stewart £
2001 4F0f ST I R ARES BT T R G I, A5 IR SR AT .

1.3.5 JEBAKBIKITA
e B KA TR N “strange metal”, SRR AN B T KBAEAT NIIE R B
TIRIAT NN AR 1.3 Fram o e a7 B Rl B K A i o — 2 A0 B AR FH ) 2 K 1A

® 1.2 BRI AR, B EAMAERE m, = |T-T. /T, d 2&=4EERF,
Table 1.2 The critical exponent fot magnets, where the order parameter is magnetization m, ¢ =

|T-T.|/T, d denoting space dimension.

Exponent Definition Conditions
Specific heat « C o |t|™ t—=0,H=0
Order parameter Ié; m o (—t)? t — 0 from below H = 0
Susceptibility v X o [t t—=0,H=0
Critical isotherm d H « |m| t=0,H—0
Correlation length v o |t t—=0,H=0
Correlation function 7 g(r) o< |r|~42=n  t=0,H=0
Dynamic z Te o &% t—=0,H=0
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Figure 1.3 The contrast of behavior between typical Fermi liquid and non-Fermi liquid.
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Figure 1.9 Temperature dependence of resistivity of typical heavy-fermion compounds (a),
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Figure 1.10 The reversed magnetic susceptibility vs. temperature for CeCu,Si; (a), UBe;3 (b)
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2.1 HEmAEmFEE

FEmb 5 AZ BmEREBEEH, —RIBOT, BREERKMN T2 84
KN E AR —LE . 2 FG BT VEAT A BONE R I I R B AP s M
&5, WS TIEA Czochralski.  Bridgeman. Ye2EiF XA, SARAE B A
AN, BT BERNE, — SRR sUK S DA DK #GE & . R E 2K
THED, BTETEEELEY, MEZRLEERE, 2RE8TE K
e[ AH S AT SIS M, B B BTV — RO BB 1, A EE AR D7 2%,
BERNE O TR, X B R AP E SR TE Y R L& o7 2.

2.1.1 EfRE

X —ME R IR T2 N E A UNE, TR RIEL, &2 MM R
A DME R 5 o A A RHZ B A &P e R BT RO L, 38 AR 78 43
WFBE BSOR R E Ay, AR A4 B E] 1000-1500 5, ibkEBRIRGE [, 24
A TR R K, A B s &P SR PGER AL R, HA s
WEE RS AR R IR S BT DA R #8233

o

2.1.2  HIMEE

ARG A SO, PRSI T8 Y B 2 — 28, JUE - SR AR E b kb
FETEP RO X B EIUE R B, DGR 2.1 P, AR A
FEARI SR, JF B SR e L AR AR, 2 R e 1A 3 RS U Ao
SEN 0.7 DR, PR, R4 AR S I A I B AN e A, o 2 el U
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27



il A R - S AR TR FEL 14 A 2 b T DSt 9

B 2.1 BE BRI

Figure 2.1 Arc-melted furnace.
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MoEL SRA B IE : —R—AEEATFRMEL, “RAE S EMEL ik,
=RAEGHERVER L Bl
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VIR T 2 I o BhIEFORTE M s P AR K, ek R R R
&R E BB R, TEROGE MBI BE R, R EM AR R, TR
KRB A T B T, o RIIETE RN R AR R A T R Bha
bt S5 AR I R, Ik A AR AN RS, AT AT, IR IR,
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i 4 2> LU A% IR, T LA OT R T EE, WU FERC bE DA R B it 5
ANNETE AL, BISFRNER S V2, i, SHEFIEEIIERE AT LA, AU
VL% A T B, B A R AR B, R R AR A 1 SR AR o B B T

W, ARMEIRAR B EE WA R: B, FER BRI RV, R =
KA o B ARG 40 ke, AT 2488 (Ni, Fe, Cu, Sn, Bi %) .

HFEG 4 (Fe-As, Al-Mg%5) . AN (B20s, Bi0s %) « EHE MY (KOH,

NaOH %) F1#h% (BaO, PbO, PbF2%%) o BHIEHIA T ER @M EILIRE, —
A 1000 $EQEAARIF, Ed RS R E, A—MERIAERX, TRt
BT W5 B i S AR, — A 5 RS R ml e MR AE 45 . 25 1& 3]
ASTE I B 70 LA B S RERE i, SHSRAT R B2 2 B 2 AR, 2 B2 R o
S, MRS SR R 55, ANRE S IS DA R BIE R A RN, T
JREL RS IIRRE o WIHIRADRIR A i A R KR JGR AN 2.1 . | -3
SRAERLRIRE i DL S BB R AR AR RN, 456 BATTRIE s, BT DUE A RS
S A — 58 IR R, Q36 2.2 Fr7 o HEBR B 77 5 i b2 18 14 s REX AN R 3R

R 2.1 HHIRAVE MR R IR IR DL 5

Table 2.1 The maximum annealing temperature and melting point of crucibles and tubes.

Tmax (0 C) Tmelting (0 C)

borosilicate glass (Pyrex) 515 820

gold 1013 1064
silica (quartz) 1200 1853
platinum 1720 1770
alumina (Al,O;) 1900 2072
zirconia (ZrO,) 2000 2700
magnesia (MgO) 2400 2852
tantalum 1400 3017
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2.2 JEARHS BT SRR S A 1

Table 2.2 Container and tube choices for different elements.

Elements Container & tube choices
Alkali & alkaline-earth metals Ta, steel

Al, Ga Al,0;, MgO, BeO
Mg MgO, Ta, graphite or steel
Cu, Ag, Au graphite, MgO, Al,O,, Ta
Fe, Co, N1 Al,0O,, ZrO,

Zn, Cd, Hg Al O,

In Al,O,, Ta
Rare-ecarth metals Ta, Mo, W, BeO
Bi1, Sn Al 05, Si0,, graphite
Sb Si0,, graphite

Il 0] 0 226 38 T i 2 S e 7 LU AR R IRLBE R SR A R LA A, X HL R 5 T —
LTI, DU — SRR A I 2.2 B, () BEIPR I E AAER 3t
s sy AR DX ) e IR 5 B TR SR e ) A8 R LI AR 2% s BT, 35X
FE AT LA Y S IR PR B SRR RHA AL, BRARSCIRXERE , afascia . (b) A
PESIE i, B i i Sk TR R R NI SO SR, AR M) S WA I AR R b5 2 [T AH 14

R 2.3 W HBIIE TR R BLRGE A IR Ao

Table 2.3 The melting point and suitable samples for different flux.

ﬁj%ﬁu Al Ga In Sn, Pb Sb 7n Bi Cu
%){_:T\PC 660 30 157 232,327 630 420 272 1085
RB,, RS, | CeCuGe,, | YDCu,Si, | RSy, | InSh, UPL, | RPhB,
agp | YOAB, | RPUGa, | CNiGe, | TiNiSn, | UsSht, | GaSh, | PMash, | RCuSi,
e RB,, TyCu,Si, | MnSiNi, | PtSh, | InAs,Si, | NiMnSh, | V3Si, Rlry,
HH RBe,3, RSb, Ge UAL;, GaP, Ulr,
RAL, TiB,, RBiPL, ZnSiP,,
CeSiy,, RPbPt CdSiP,
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Figure 2.2 Typical binary phase diagram.
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2.2 FIERE
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Figure 2.3 (a) Wire cutting machine. (b) Circular cutting machine.
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K24 (a) HWPFEPYHBBREREZ, (b)) EREL.

Figure 2.4 Four-electrode measuring method for resistivity (a) and hall resistivity (b).
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2.3.2.1  ERWiLE
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Figure 2.5 Home-made device of ac magnetic susceptibility.
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Figure 2.6 Schematic diagram of specific heat sample table of PPMS.
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Figure 2.7 Thermoelectric puck of PPMS.
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2.8 Hil#H pucke

Figure 2.8 Homemade thermoelectric puck.
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Figure 2.9 Historical development of refrigeration.
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R 2.4 VAR *He Il *He FEATER .
Table 2.4 Properties of liquid helium.

*He "He
Boiling point, T}, (K) 3.19 4.21
Critical temperature, 1. (K) 3.32 5.20
Maximum superfluid transition temperature, 7 (K) 0.0025 2.1768
Density®, p (gem ™) 0.082 0.1451
Classical molar volume®, Vi, (cm® mol ") 12 12
Actual molar volume®, Vi, (01]13 mol_]) 36.84 27.58
Melting pressure”, Py, (bar) 34.39 25.36
Minimum melting pressure, P, (bar) 29.31 25.32
Gas-to-liquid volume ratio® 662 866

*At saturated vapour pressure and 7' =
PAL T =0K.
“Liquid at 1K, NTP gas (300K, 1 bar).

OK.

PR ERSRSYET, — it E R f 28 %) 102 K RITT, X H 3 2R A *He

N 4He X P FMICIESAK,
3t H *He/*He N 1.4x10°, ‘He FE R [ RIRA,

AR TRAE

AR, RKEFHHIEEZN 0.0005%,
— & EN 0.01-0.03%, b

RIRFI T He EGEILER, ik 8-9%. *He RAERIETIZEAR, MikdEs &
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K2.10 (a) *He IR JIAIE (b) *He IR 1A

Figure 2.10 Temperature-pressure phase diagram of “He (a) and *He (b).
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Figure 2.11 Phase diagram of *He-*He at low temperature.
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Figure 3.1 (a) Electrical resistivity p(7) curves for different magntic field applied

perpendicular to electrical current, the magnetoresistance MRst = (pst — pot)/ pot, and

the derivative of p with respect to 7 for B = 0 T. (b)Temperature dependence of Hall

mobility £4, .
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Figure 3.2 T dependence of magnetic susceptibility of CeRuxAljo. The inset shows
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Figure 3.4 (a) The muon depolarization spectrum at 30 K (upper graph). The line shows a least-

squares fit to the data by Eq. (3.1). The muon depolarization spectra (lower graph) of different
temperatures [namely, 1.4 K (blue) squares, 10.8 K (red) triangles, and 23.0 K (black) circles].
The same data at shorter times (inset). (b) The internal field (upper graph) and the muon

depolarization rate (lower graph) as a fuction of temperature. [’
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Figure 3.5 (a) Temperature dependences of integrated intensity of the (101) reflection
and the background (left panel). A low-Q region of two diffraction patterns collected
at T=1.5K and T =30 K (right panel). (b) Rietveld refinement of the neutron powder-
diffraction pattern at 1.5 K. The inset indicates the refinement of the pure magnetic
scattering, obtained by taking the difference between data sets at 1.5 and 30 K. (c)The

schematic magnetic structure of CeRupAljg projected onto the (bc) plane. 17
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Figure 3.6 Thermal conductivity »#(7) measured in different magnetic fields. The solid line

represents the phononic thermal conductivity xpn of the nonmagnetic analog LaRuAlio
and the dotted curve x(7) of single-crystalline CeFe,Alig along the most heat-conductive
direction (a axis). The dashed curve at temperatures below Ty is an extrapolation of the
measured x for CeRupAljg, ignoring the excess contribution below 7y and following
essentially the same T dependence of xpn of LaRu2Aljo. By applying magnetic field, the

excess heat conductance below Ty is significantly reduced.
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Figure 3.7 The excess thermal conductivity xm in the ordered phase and its suppression in
magnetic field, denoted as the difference of thermal conductivity measured in zero and
applied magnetic fields, i.e., Ax = kot — k. Note the appearance of nonzero Ax in only the

ordered phase and its strong field dependence.
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Figure 3.10 (a) Thermopower S(7) measured in different magnetic fields for CeRu,Aljo.
The curve of p(7) is also shown in order to highlight the similarity of the sharp peak at 22
K in both S(7) and p(7). Inset: The magnetothermopower defined AS = Sst — Sor. (b) Nernst

coefficient v measured in different fields shown as —v vs T.
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Figure 4.1 (a) X-ray diffraction from the single crystalline CeRusSne. Inset shows the
photograph of a typical single crystal. (b) X-ray diffraction of the polycrystalline

CeRus(Sn;-<Gex)e with different x values. (¢) Lattice constants a and c¢ as a function of x.
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Figure 4.2 The p(T) curves of ¢ axis of CeRusSne with magnetic applied along the a axis.

Inset shows the magnetoresisitance at 80 mK.
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Figure 4.3 The electronic specific heat C/T of CeRu4Sn¢ as a fuction of temperature for

different fields. C/T data for the non-f-electron counterpart LaRusSns are indicated by

open squares. The inset shows C/T versus 72, *?]
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Figure 4.4 (a) Temperature dependence of magnetic susuceptibility y(7) of CeRusSne for

different magnetic fields. (b) Magnetization isotherms. ©°!]

BRAT LA —5. 7E 50 K PA b, WAL & 5 BAM e, MAEMREIA R
W pete=2.41 up, FLERAR Ce® H UL 2.54 up WK — 1L, REH fHTIEEET
HA MRG0 Rkt 75 50 K BUR, T iR, wiZR I an i & fE A T
ST, JF HBCA IS BT R Sk vh i DL . 7E 20 K BLE, WAL LT ANBE
Wish kAR, TE 20 K VLR, GG B Rl 37 36 I mg s/ . AR Axt B,
LaRusSne BiAL R JLF-AREIR AL, 20 S  FURREYE . M-H 280 B
44 (b) Pirx, fE2K M 14T %MHTF, REMEHEHBM, HEMAHF02u ki
i, R A G EAR Ce* i 9.3% Al

4.3 CeRusSne HIBETITE

CeRusSns FIRE R 45 N1 4.5 FrzrB), B (a) @ik GGA+SOC J7ikit 545
B, BT S50 AL EAZ S, K CeRusSns J&E T F- 28 . HIKIE GGA
Tk, 1A BN IX S AR HEERE M . £ e f T 2 WA E R AR 1EH,

61



il A S AR TR FEL 14 % 2 b AT DS 0T

(b)

L/ A+G[ AL —

0.6

0.4

02}/

L/
hP
A

0.2F

S

N

Energy (eV)
Energy (eV)

=]

o
(5]

<
=

<X

-0.6

o
2

A

K45 (a) MM GGA +SOC J5i% (S2k) M Wannier + SOC J7ik (HEZ) 1321
CeRusSng fiET - (b) LDA+Gutzwiller J7i513 BRI EARALREH . R E R AR
1.5meV, ZHERKISMR FAFAE T E,

Figure 4.5 (a) GGA + SOC (solid line) and Wannier + SOC (dashed line) band structure of
CeRusSng. (b) LDA + Gutzwiller band structure of CeRusSng. The inset shows the gap A =
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Figure 4.6 Spatial distribution of the eight pairs of WPs in the BZ of CeRusSns. [5°
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Figure 4.7 The occupation of J = 5/2, J. = £1/2, £3/2, £5/2 orbitals. (b) The quasiparticle
weights of J = 5/2. (c¢) Phase diagram of CeRu4Sn¢ of nr. (d) The histogram of the atomic

configurations for the case of ny=0.9. (¥
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Figure 4.8 Electrical resistivity p(7) measured with current applied along c axis at various

pressures from P = 1 bar to 22.9 kbar.
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Figure 4.9 (a) Energy gap Eg estimated from the high-T resistivity curves, shown as a
function of pressure for CeRusSne. (b) Energy gap E,» estimated from the low-T window.

Inset shows Inp vs. 1/T, where a linear change follows the Arrhenius equation.
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Figure 4.10 (a) (a) Isothermal magnetoresistance measured as a function of field at 7=0.08
K at three selected pressures. Panels (b) and (c) display the low-temperature p(7) measured

in different fields at ambient pressure and at P = 22.9 kbar, respectively.
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Figure 4.11 (a) The resistance of CeRusSng as a function of temperature for differernt

pressures. (b) The resistance vs. magnetic field at 7= 0.08 K for differernt pressures.
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Figure 4.12 (a) Resistivity p(7) and (b) thermopower S(7) of the polycrystalline samples
CeRu4(Sn;i-<Ge,)s. Left inset: the energy gap E; estimated for CeRua(Sni—Gey)s. Right inset:

thermal conductivity x(7) of the same samples.
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Figure 5.4 Different frustrated Heisenberg models. (a) The geometrically frustrated S =

1/2 Kagomé lattice. (b) The Shastry—Sutherland model. (c) The 2D Heisenberg

antiferromagnet with a spin ring exchange term. [12%!
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Figure 5.6 Schematic Kagomé structure.
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Figure 5.7 (a) Crystal structure of CePdAl. (c) The distribution of magnetic moments in ab face.
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Figure 5.10 Temperature dependence of electrical resistivity p(7) (a) and ac susceptibility
xac(T) (b) for various dc magnetic fields (H || ¢) of CePdAl. Both values are offset vertically

for clarity. Arrows indicate the positions of possible phase transitions or crossovers.
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Figure 5.11 Low-temperature isotherms of resistivity and ac susceptibility as a function of

field. (a) p(B) measured in the configuration / || ab and B || c. (b) Derivative of the resistivity
with respect to field, dp/dB. (c) A round-trip field scan of the resistivity at 7= 0.1 K to
illustrate the hysteresis of the multiple metamagnetic transitions. The inset shows the profile
of p(B) in the higher-field region up to 14 T. (d) ac susceptibility ya.(B) measured with a
superimposed dc field applied along c.
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Figure 5.12 Isotherms of Hall resistivity pxy(B) and the differential Hall coefficient
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dpxx(B)/dB obtained for different temperatures.
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Figure 5.15 (a) The specific heat as a function of field at 0.34 K. (b) Isotherms of
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Figure 5.18 The low-T resistivity as a function of temperature for magnetic fields between

4 T and 7 T in a linear-linear (a)and double-logarithmic (b) representation (B increases

from the top to the bottom curve).

EZWR T, PR XL B(DEHA T B, HREFOREAARE Xk
TeeB)MHZ T — i, EHMWAERPHREILBWIH R, #H W
Yb(Rho.941r0.06)28i2!'% . FATTFRAE Bo™ Ml Bep ZNAHIAHA p A, 5 Yb(Rho.94Ir0.06)2Si2
o ) X I PE AN ], p A P R 2RI B 2 1) 9 K AR AT N o To(B)AE R TT
BTN 2EETFIRAS (42T,0.8K) , XHZ p HSHEME ¢ A —HAAL,
I BTG F B(T) 38 XERER AL 1o Ba(T) 58 LR 7 MR AR A AR 1 BHL 74
B EA R ARSI, B, AT LA SR p AR IE TR
BHAE, ZFd To(B)AE X £k, WIfekon A NTR 255 247 T (1 B e iAo i 3
P BH P T U B FERAATS o 7F To(B) VA I, FLBHFF & FORTBAAT A, Apxx = AT,
HHBEABRN A H, WE 519 fis, 7€ TuB)LAN, HIFHAR T B 3 i,
n>2, RUVEHM B TERIEL BT R4S, AT RS B TR T B FH R g R UL

87



il A S AR TR FEL 14 % 2 b AT DS 0T

1.5

1.0 4

T(K)

0.5

0‘0 T ' | l’ M T v 1 M 1 v T ¥ T
4.0 45 50 55 6.0 6.5 7.0
B(T)
K 5.19 CePdAlL ££ 4 T VL EHIR LA K, FIA RS T n HEH 5%
k.
Figure 5.19 B-T phase diagram of CePdAl for B > 4 T. Contour plot mapping the values of

n from the fitting p(T) = po+ AT".

Ko AR, CePdAl HIXASHT FRIR S T INMEASTE Bo Bz s FH 2 F IS A RIH
HA 2 (AR PRI AT g o TE S EE AN e METE L, v BLCH To(B)S BY(T)
A Tru(B)FEIT A AR g s Abft &, Bo*~ (4.6+0.1) T, fERERIZMET,
=K, BoY) 7 BA Ty(B)seE RS/ ORI RIIEAR R B Tru(B)REE R
JE 5 2R S oK THI ) B 9 oK T4

XEFEH Be M1 B RARKMIHEY, MRS AMREROAMRA, Be
BERAR B Tk VA AH S 1) 19 WS B, AT b AR K b W 82 1) 0 T 14 R i i —
(1391900 35X BB 28 8BS R0 CePdAL WIERPE BT REM . B 58, 4 B > Bo'lf, 1E
PORMARIRFE Tru(B)A b, FPHZEFEE TR FE M I AR LG T2 SEER, W& 5.19 Fiy
N, RUTRFER S, #3582 BRI 45 I R U B o R S ok, R
ATHURE Bo™ &b Bt I ANAEAE 2 14 L BEAT S LA K HAt B s FURFAE 0 7 M A 46 T B e
BHURRSS . B, TR, BMHEBAIMNIEHET Bo", SRR
RN R 25 RR IR SEN , IX SRR a4 B8 W3 R 35 0 B e AN % BE AR AE IR
WA, [, BEERLAIG N, CEAREELNS PRI A [ ERRENE
1, 7E Bop MAFTE—MRKAE, HBHZ pu(B)FIZE B ZE yac(B) I ZRTE Bep AEAH

88



%5 & HEIOKT LTI R CePdAL HH &1 I A

FAE—DWKAE, BT A RBFEREAE Bep AEAFAE—DACRAFN 10, X EEH R
RY] “c-p” MR MRS —HAHEL. K 5.18 (b) KIEET, 4 BEW7
B AL ZRAE Bo™AbAALA- I3 BEUE, B SR WA AETERAE BRI R RIR BB IR
IR, A BRI ZRAE Bo™ AR 15 AT AE R B IS IR A N+ Tk
BRI e

5.4 CePdAl EENTHIEFIRR

TRATIR v ZE [ 15 1 ) 25 X CePd AL AT IR, f i [k /734 £ 2.2 GPa,
B TAEANE S )N B S A R B A T AR A M 2, AR X 2 i AR R A
DA B] AN JIR AR, SRR B SRL,  ANEAE SOR & I AR A
M EAEREAT 75 9 R X AR AR — AN X, XN 2> 0> 1, R AR
KIAAT N, X — S5 W T S AN

5.4.1 CePdAl TEE I TFRUEEFEEMA R E

TR, AN R 7T 1 H BE 28 AN A SR 26 b A iR 2 A8 Ao it 26 a1 5.20 iy
7~ XE 520 (a) AFEEIITE p(DIE p(T)=po+ AT, FXTR) n fH, R
W n BT DAL A B A m 2 B, T )W AL I8 T oK MR AL A2 A B oK AR AT
N, NUAEEREMN . SERMAA IR Tn(P) AT DARYE SR ¢ (DR
R PRI R, W 5.20 (o) Az, AR Tn(P)BEZE K 7134 N B
fiX, 7E Pa=0.9 GPa ALy 2k, FFa—Miif. X T Ce EEWAK TG, KN
X H R R AT IR AR R, X AT R BB, N R
S5 BTARS, M g, BT RN S RKKY fEH 2 A2
TP RR, LA IIHI ST B, S Ce [T RIMASN M, BTy
Wit Ce JRTABAR, FrLlbEAE 3N Ce J& 1 A S 2 BEAC, X
BRIERR G55 5 BUR B IR B PG . TESSIRMAA R 0 (T) I U AE T b, W)
REFEGHAAR R FEG P HHIRTE R, JRAETE Pa=0.9 GPa &b, KEEMIHA FH
K, AR, TE To MWEIRATE R, RONHEN SERMEOCEAIRAAAE, — BEFEE
F P = 1.7 GPa AR, SARTE Per 55 Pex FONGURE X 80PN, PHA L 31 2 56 F 211
TEM .

89



il A S AR TR FEL 14 % 2 b AT DS 0T

a 100 c 015
"

80 - ' 0.10 |-
,560_ ; 0.05 Tm
S T
c 5 1
= T
Q40 X 000 \/VL

20 4 -0.05

p=0GPa
0 -0.10 — T T T T
. 0 1 3 4 5

2T (K)
K520 EIAFREJHEM (@) MR (o) MEREZLIE, (o) TR
P AR 20 T B B B o 2 24K

Figure 5.20 Zero-field results of both the resistivity p(7T) (a) and the real part of the ac
susceptibility »*(T) (b), obtained at varying pressures. (¢) dy(7)/dT vs. T at p = 0 GPa.
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Figure 5.21 Coefficients 4 and 4’ in Ap(T) ~ T", with n =2 and n < 2, respectively, as well

as the residual resistivity ppas a function of p.
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Figure 5.22 Pressure dependence of p (7, B = 0) as a measure of the “quantum critical

strength” within the quantum critical phase. For all the three pressures (p =0.93, 1.15 and
1.44 GPa) within the quantum critical phase.
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Figure 5.25 Non-Fermi-Liquid behavior studied at combined control parameters of
magnetic field and hydrostatic pressure. (a) 7-p phase diagram at finite field (B =2 T). (b)
T-B phase diagram at finite pressure (p = 0.82 GPa).
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