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Fig. 1. Intermetallic compounds with lanthanides or actinides form the majority of heavy fermion materials.

177101-3


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 2 3R Acta Phys. Sin. Vol. 68, No. 17 (2019) 177101

(b)
(a)
2
Q@ Si g
=
Q Cu a g
—~
. Ce L
>
5 3
2 El
7 z
k7 =
Q <
~ 3
H =
0.5 06 0.7 0.8 0.9 1.0 1.1 1.2 1.3 1.4 1.5
Temperature/K
r 05 r - - - .
27 (o) (d) Te Tn @ CeCuy(SirGey)
P O(X) " \'\‘
--- 0! TN
- 2.0 - 0.1 : N, T
— e
f M . 0.1 ! N,
% B
2 =S
o £
£ g
= :
St =
)
Z,, . . =
0.4 0.6
T/K Ap =p—pei(z)/GPa

Kl 2 (a) CeCuySiy G5M7R EIE; (b), (c) M-S HLPETE H BN LU b AR BEE), (d) 075 S i U S A0 1

Fig. 2. (a) A schematic illustration of the crystal structure of CeCu,Siy; (b) and (c) evidences for superconductivity in CeCu,Siy
from resistivity and heat capacity, respectively®; (d) temperature-pressure phase diagram of CeCu,Si, and CeCuy(Si; ,Ge,)s,

suggesting two separate superconducting domes!®l,
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B 3 (a) Ce,M,Ing, .0, (M = Co, Rh, Ir; n, m HEEH) (KRB AL (UL M = Rh J); (b) Celny il CeRhIng (1 1E J1 -7 BE 4
PR B 24
Fig. 3. (a) Schematic illustrations of crystalline structures in Ce, M, Ins, s, (M = Co, Rh, Ir; n, m are integers) (M = Rh for ex-

ample); (b) a schematic pressure-temperature phase diagram of Celng and CeRhIng?%.
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Fig. 4. (a) Magnetic field (B)-temperature (T) phase diagram of YbRh,Si, and YbRhy(SijsGes)2/*"; (b) B-T phase diagram of

YbRh,Si, at lower temperature, suggesting a superconducting region*™.
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FHINCTE. BT R R R AR T Al
SALA R DB, (Hn T H R . H
AT & B R 3 il T 3 oK 8 SRR R T
LAY

UBe,5 BA 7 NaZn, 5 ZHEHAZE (K] 5(a)),
23AIRER Fm3c, S5 =AM R 3ok 1S
185 CeCuySi, —HF, HIE W Ao F AR
$ikF) 1.1 J/(mol-K?). UBe, 5 B S04 HLHI a5
T X Xof AR 2R A AT T A 1992 ] 5(c) TR
U, ,Th,Be; ffiZs Th B4 « WA L2 £
AR, T LS AR TR A LR AR 3, 2
F AJEHYR (Muon spin resonanc, pSR) 5255l &
R BRENE S TR o I EASTER N IAE, ST
2T PR PN & A B i) S T B PR it (time-reversal-

symmetry breaking)l.

(c) 0.9+

Magnetic SC
+
sC

z/%

TEH T, UPts IR FAH (A #1 B), 1
K 5(d)PY B, Hols SR i B 7E 0.5 K it
JHAE Ty = 5 K AR A RREFAS D). 55 UBey4
K, B+ A BedhdR P9 A Kerr 200 7 4R
H] UPt, 7088 S AR R B2 LAT Y 3 A 8] S s FR
sk, EAMINEEAHERT, UPty B =M%
A0 CB8L GniEl 5(d) s, FEAMINEIIMERT, 85
AH A F BR8P Z AR
B AIL R FORFREATY 2P 5E.

Fh, R E PR TR UPd AL T
ROk KA B AR G e, (iR A
BRI 1 G B 1 23901, 7E UG, 0!, URRGel® L)
S UCoGel® by, ZhmitE 5 S IL77, B &
BEXT A FTHEN H e —FE A (spin-triplet). URu,Si,
AP R BT (hidden order) T [# 44, BRI
FRARRE R T, =~ 1.5 K, R 5RET X R
ATh IR A figp 2 1k (011,

IR T B YN — DR EHA R, R
T ERN AL EMA RS, I FERS (Pr) 5.
BR (Pu) . 2 (Np) 5255 £ L F AP RHA R DL Kb
BaprEARTAEY. Hi, R FERED
PrV,Aly0), PrTiyAly 00 &5 k40 £ 1 1-2-20 1k &
PLK PrOs,Sby,l7 AR 1-4-12 (A R, X 2efb 5
WEFEAFAE Z )T (multi-polar order) FlHE .

—~
Q.
=

(V)

(928

Normal phase

—= = N
[=) w o
T T T

Magnetic field/T

.
<)

0

0 0.1 0.2 0.3 04 0.5 0.6
Temperature/K

Kl 5 (a) UBeys Z5#/R B (b) UPty 45478 B (c) Th 824411 UBe 3 HIE P2l; (d) UPty #8541 P 159

Fig. 5. (a), (b) Schematic illustrations of the crystalline structure of UBe;3 and UPts, respectively; (c) superconducting phase dia-

gram of UBe,; as a function of Th-doping/); (d) magnetic field—temperature superconducting phase diagram of UPt;.
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MR PR F 5| AR Z L PuCoGas AR
M Pu it 115 (R R 08 Hrh PuCoGas 8 T 5%
AR EE I 18 K, & H RIS ok A b i
T 5 e PRI AR 1091,

3 ERKTIRAR AR A

TEEPOKRFIRZR T, B, A RERPLESE A B
JFE 2 3 2R AH BAE W] S 30F & 18 W 21
S, QT AR SRR | BRI OGNS A
WRPAE TP, Ry S84
YA S T ORI i R [ R

FUN KT8 32 24 i e 2 W 2R
HF G MIRER, NHAFURHE A O LR G = 3
fif . BEE SRR AW R, 4 R A
(molecular beam epitaxial, MBE) A4 | %A

8% (scanning tunneling microscopy, STM),

i 4y HE HL T O 1% (angle-resolved photoemission
spectroscopy, ARPES) ., dE5ME R FHUT (inelastic
neutron scattering, INS)., e AE M X G 28 i
%} (resonant inelastic X-ray scattering, RIXS) LA
KW g S5 A0 P 0 e 2 2P 1 S 36 Dy v LE 32 g FH
THEIOKFOSE, R HAE I TR & . i
AR, NITTEE SRR R 451 . 2K+
iU RS R AN o Sy s I e LR IUE 2 2
e 5 3 M A R R ) R ERAS TR B
SFINIR I 2K 2 b i Z2 AR AR R R i it
B AL

(], E % KA 3L B SRS ) B ) HLAth i
IV SRS A, A T — SR S 7 T, A
KRR L B KT A EPH A% (spin frustration)
AR EIOK AR YA, AR S A
T AR A, AATTAT DA A B b A S 2 i i
AT ARG, DA 2 H 8 S et Y B 9 oK i il
HoREAnA%, A BIFSE S U AE G R Y B AR AL 1T
. [FIRT, 4ERE R F A — N S0,
[OREREY RSt ¥ 3 L A T LRIINY T DO 7S
(inversion symmetry) # 2B IR, KA BT 245
S O S TH R PR it o 25 R T S A S )

3.1 EBERBRAXFBES

H Ok TR RERAARE WSS BIH
BRIk, AMTEATE 40 RAOEIKRTEW P A

M (WK 1), HIOK TS — MR e
IR A R, IR AR R AR R R 15 S
), HH S AR Z R R, (HHE AL
TSR FE 1701,

3.1.1 ERATFTHEFHFAZHTAMAME

S5 (superconducting order parameter)
S RO LA 5T TP i — D Y . T
B KT 0 5 A I R AR (K2 AE 1 K L)
T), IF HAEAR ZAE O T B2 R 155 A 1, X (il
15— AE E R A Tz N R SRR
Ui ARPES #1 STM 4%, fE# %K 1 FHF 5 R
AR PRYE. BT, BRSO T 0% 5%
BIE (magnetic penetration depth). il H + kb
PP RIEZREILYR (nuclear magnetic resonance,
NMR) 855050 F-Be, W el k.

FYOK T TR TR MR, il SEE
ATDUEEBERA . Al —EA, E2WENIRS.
WEEOLT, Hol S Re B R 2L 7 [n] EAEAE Y A
(nodes). 4N, 4ili 5 3K 18 T4 CeColns 1T
SRS T Z S, © R #E ) 28 1 VR B B
B AR AL, AR T A LU IBE b T TN #E
AR ELAG DU E O Bk B3 7072 SR d-T e S AT
R 5107, B OK R RK UPt AR
£ (Knight shift) 7EA% i ARG RS
2, I HZF A e 4 525 Kerr R0 5% 56 iE 52
MR A T R T ] SR R e 106-5775]
FUZA BT BB —~ F e — A8 K. mil,
FIBTE UPty & — M TE R M AR 74

KA T4 A A Py e iR A, SEET S5 g
i 37 HF CeCuySiy Hy - A, HH R REBAETE
L AL SR, S5l PG 7 2 s TR BE 101 AR AP ek
Ll A 0 S0 R Y, PR A S R A T A,
RPN ZE “s- B M TR (8] 6). (B B A X £
B SE I & AT — A A SRR R, 25855 —
PRI, ATAELS B4t T s M R
TR 121 SR, 1 A AR AR X i R T I Y SE B 45 AR
AR SPE Hp T EOE ISR 2 ) A e L PR 1% (spin
resonance peak)!'’. fziff, Pang 55 [0 $& 1 T —Fp
TCREBR T AP RET d-JIR A R RO B BE
AT A58 56 M AP F 0T A A O 288 P R F - L A 5
e, XOAT LLG BRAE R U G SC B 45 R ik
X LEF A I 1 [a) A g T — R i SR B AL,
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F 1 HIOKRTHRPME (BSRERE T, IWARE y, LAY Ha(0))
Table 1. A summary of heavy fermion superconductors (7, is superconducting transition temperature, v is specific heat

coefficient, H(0) is the upper critical field).

e ey T./K 7/mJ-mol K Hy (0)/T
CeC,Siy 0.64 1000 0.45//a
CeCuyGe, 0.64 (10 GPa) 2//a
CePd,Si, 0.5 (2.7 GPa) 65 0.7//a 13//c
CeTyX,
CeAu,Si, 2.5 (22.5 GPa)
CeNi,Ge, 0.3 350
CeRh,Si, 0.35 (0.9 GPa) 23
CeRhSiy 1.05 (2.6 GPa) 110 7
CelrSiy 1.59 (2.6 GPa) 120 30
CeTX, CeNiGey 0.48 (6.8 GPa) 34 2
CeCoGey 0.7 (5.5 GPa) 32 22
CelrGeg 1.6 (24 GPa) 80 17
Celn, 0.25 (2.5 GPa) 370 0.45
CeColng 2.3 300 11.6—11.9//a 4.95//c
CeRhlIn; 1.9 (1.77 GPa) 50 10.2//¢
CelrIng 0.4 700 0.53
Cep ToIng,mson CePt,ln, 2.3 (3.1 GPa) 340 15
CeyColng 0.4 460
CeyRhlng 2.0 (2.3 GPa) 400 5.36
Cle,PdIng 0.68 550
CesPdIng, 0.42 290 2.8
CePt,Si 0.75 390 5
HoAlb i3
CePd;Al, 0.57 (10.8 GPa) 56 0.25
PrOs,Sby, 1.85 500 2.3
st PrTiyAly, 0.2 100 0.006
PrV,Aly, 0.05 90 0.014
o YbRhySi, 0.002
B-YbAIB, 0.08 130 0.03
Ulr 0.14 (2.6 GPa) 48.5 0.026
UGe, 0.7 (1.2 GPa) 100 14
UBe,3 0.9 1000 9
UPt, 0.55, 0.48 422 2.8//a
bk UCoGe 0.66 55 5//a
URhGe 0.25 160 2//a
UNi Al 1.0 120 1.6
UPd,Al, 2.0 150 0.8
URu,Siy 1.5 65.5 10
eIk NpPd;Al, 5.0 200 3.7//a
PuCoGaj 18.0 s 74
- PuColn; 2.5 200 32//a, 10/ /c
PuRhGay 9 80-150 25//ab
PuRhIn; 1.7 350 23//ab
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120

r -0 S-type ™™
ool & —0— A/S-type
L5
=
r <
60 Ot

0 02 04 06
T/K

ANA

sor O S type
—— Fully gapped
T2.24
O n 1 n 1 n 1 n
0.04 0.08 0.12 0.16 0.20
T/K
T T T
6Cse/T/J-mol ~LK~2 (b)
0.4 S
A

C./T/J-mol~1.K~2

Bl 6 K F PR CeCu,Si, B (a) B35 50 15 IR E
ANIOTAT (o) AR LEF R H G/ T, W 7 I T 2 48 4k
Fig. 6. Temperature dependence of the magnetic penetra-
tion depth AM'Y (a) and specific heat C,/T!"(b) of
CeCu,Siy, both showing a fully gapped behavior at the low-

est temperature.

MNATR B oK F 1K UBes AR LEIAE T
5 CeCu,Siy HHRL, HoE T BEFR 7] fE -t A BERR 1Y
JLPUL XS AT S R R B, SR TR
¥ 2 80 FRi R HE RO HLEE AR TS A, TR
Z IS 5.

2004 4, Bauer 2 71 F U AT AR b X FR
H 9K T M B CePtySi AU . B, JE
S R U A e B Ry — A E ) R R A
], FA R At — R TE RN (topological
superconductor) Bk 76, 24 SR 25 Ry B = Hhois )z
BOMFRI, SO FR A E-FLE RS (anti-symmetric
spin-orbit coupling, ASOC) 2 i H Jig i I 1 ety
RAEEBFRL SOVE RS A E S E AR A L
R 37 2532 TR BE 178 FNAZ g e (7981 20 1 3R

B, CePtySi M- 2ARE RIS RIT s- 3Ol T 1)
FROE, R B iE = 858 50— Lo i -1,
CeTSi3 (T = Rh, Ir) J& 7 —ZIE O X FREE 2K
TG B8 T R ) T H ORGP gl i il 42, JF
R . X APRLEY Il S G R I AR SR £
m S, I Bk I # g B Ay Pauli % R EH
(H//c 1)), B, JErfue MR E 28Kk 1 51 4
TIEARZ, HU X FRBE B  H - OGRS AH S5 5 BT
SEEURB SO 2P KR

3.1.2 ETHATRFEAMNEESFFOAAL
1R

B LG H P OK R T 5 R N R e R R
BEEA AL Y REAH I, HoB S 5 R B A,
38 R IR RE R FR S (magntic instablilty)
BT AH F A B AN SRR AR T =, B2k
TPRLE AR T, HOR Sl R 5T (B
BHEIE), MR ER 23 TOF R0 SR R T,
AT B A A T T A BURAE. 53— 7T, H
T PR IR R FRRIE TR RS LR, #E3 AN
FERAE S AR AT LAAT S e HEE S o, b
8 5 AT 4 A B SR T — MR AF Y
T4

TER PR TALE YD, WS AR R A
K. NHETC A WM EMA RS, B 2K 1 Sl
B AR SO I S B, T HL S SR
O ILAF B 58 4 B4, SEHT— EIAh, SR T
SR IAE A OIE R R A AR (i
CeCuySiy), MM Jay & ik A A F] T A 1P
B . e A B SE S F B, CeRhIng (JE S1i5 %) M
YbRh,Si, (#575T) B9 SCBRME 11l s A7 AR 3
KA 978 991, 3 5 Jry Bl et 1t A s AEAT s B D) —
D5 T, X PSRRI IR AR B T TR T Rk
T B i S S BT AR = Ak (A 7(a) BTR), A
fITETE UGe,®, UCoGelt™, URhGel! 252k mi b1k}
1Y) i AH AR SRR S B T (T IR Y
F M A S — By A AR B = R REE R T R RS
(ferromagnetic quantum critical point, FM-QCP).
YEHR—A01F, B 7(b) 45 1 T UCoGe 11 J7-1
JEAHIE B b, H 2ok 7 S Al R Hh BLZE 7
(valence) (4N&l 2(d) Fr7s Y CeCuy(Si;_,Ge,), 75 H
S A B BCE 2 WO T (B 7(c) BT R 1
PrTiyAly ) S5 FAHAS s B, HoH S50 A
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(a) CePd,Siy -5 i1 BUTE ST Bk 1t 11 S s BT 19 (b) UCoGe, 8 tH BUTE B

FARAEHE B7; () PrTipAlyy, M55 Z R F B (d) B-YDAIB, M5 B 52 Bk it i 1 i 1)

Fig. 7. Heavy fermion superconductors and quantum phase diagrams: (a) CePd,Sis superconductivity (SC) near an antiferromag-
netic quantum critical point(QCP)!'%; (b) UCoGe, SC near a ferromagnetic QCPF; (c¢) PrTiyAly, SC coexists with multipolar or-
der and gets enhanced near its QCPP); (d) 3-YbAIB,, SC far away from an antiferromagnetic QCPPl.

BTN ESEEF (orbital order) [ Tk % .
WA —LekP R, W 7(d) B9 B-YDAIB,, HiHEF
FHIZ B R PR I A . Pk, R PR R
SR AT 2 A AT f] A R AR =5, i s E
oK 5 HAD T 5 e i AH BAE 2 2R A H
SEECXTHLE A HEAL, w T —D AR

3.2 =FHT

PRI KB (1 28 SR 2 AR, Fol 5
SIPREEAT O ] R S A A A, TR AR
TE28 X 2 JEE (14 14 S H A 14 e = 30 T A RS A
A, AT EER S B — A E A R R AL
HHAWSCH AR TR R AR, IR TARPRIZAR
FHE AR IR R R, HORZS it we s | s A
PBARSES I TIE SR N, TER— AP RMA R
e, AT AT DL Sk A ) f) 98 45 2 R A R A

A, AT LU ) 5575 5 i AR ] R R AR
AR 7RI AT R S R S R
ST A AR B A SRR
321 25 FRAENRBEETHE

JE 77 RG0SR TR R ) B 2R S
&3 AT ek d AR R PR R T AR AR, OF
HA 25 AGAM ) 2% 5T 8 TGP %00 (disorder
effect), J&—Maliirny a4 T-Be. SR, T2 3900
FREER BRI, 0T iR e v B P
HATE T S2 50 ) A5 ) T ey iz | b
WAL AL G LR A 1O A5, A e P+
BT A R 18 3 45 S F i 2 0 i W TS 7R R
TIFRE. ANRTETIR, R ATEM R E R RS 5
TAHAR S R HE T EEAER. ZEC A 40 20T
KT, ARZE R EES AR,
Celng ™, CeRhIngl, CeCoGes! Fil UGe, 0! 4
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[FIE, FEImT IS R A 7 48, A s In A
78, —J7 i, W R Uk A+ A e, As i
T AR AR B, DT AR B8 PE oL, 15 & it A
A% 41 YbRh,Si,"! Fll CeRhInsB) &5 . ZE#E 7175 S
T, — S HE PO R 2 N B REAS H  eAE, &
H ARG A A (metamagnetic transiton). 3 #E L
T, AR REARAR S —HARAE . fEHALS BEME T, A2
T AR S AT DA 2 4 i) B 20 P ilm A
M. (quantum critical end point, QCEP), M1
BB B 2R I AT R BB Y AR R A
BE KT E Y CeRu,Siy"?, CeRhySis %)
F URu,Si,P 45, X SuprRL AR 2 B =F & i 3%
R EEAH .

F T BRSO FIRR PRI AT, A
T4 T A A ) B A . Lohneysen 45 9918 28
WP 2E AR A e HE T B R AR R R, T DAY
b firp R O R U IS R ) RO I A AL,
CeCu,Sip 4. AT AR, XK AT
H T S kR R SR, Bk 2 1Y S0 26
U — B O E A A il AT AR
>k, Custer 25431, Si 25197 Fil Coleman 45 981 & J T
Jry ARG, A Bl SR PR
JEERL N (3 5 (Kondo breakdown), Jayl[1) f H ¥
FE 5 I A T RO I & AR AR R B Ak
(delocalization), MG/ NS TH- K SR TH A%
g HA IR AT I ASRE T 5 R P 2w ik i ok A
IR T8 2 T Bl AR B I A A 199
X —FRIE R f# B¢ YDR,Si, Al CeCug_,Au, %5

(a)
Tol TR TR TR

T~

i 7 // il

!
Small Fermi surface Large Fermi surface 6

PR il S AT A B3 100 B B FTA SR A S g
§Y O = W I Lo 7 N ST s i O R N7 4 NI R /N
(fractionalized Fermi liquids) #Hig 10U Hy B ¥k
7% 1l SIS 102 Il B R B (critical
quasiparticle theory)!%! — Ji & # it (two-fluid
model) 10 % FEXSEHS L BR T H IBRE)Y S
ATk TE A1, 0] REAEAE Rk 3¢ (X (Bosonic
mode) ., 740 fL B A i€ F# % (spinon excitation),
R IR (collective hybridization modes) %5
AR SRR (collective excitation).

THh, [ —E IR TR R RS miAE T &
HEAEE TN BETTEIZ D7 i = REn it
Y. B, Jiao 45 B5105 IR A HBAF5Y T CeRhing 7
SRELS N R TR, RIZAL A YITE BY =~ 30 T
if & A PROK TR EE AL, LA A8OST ae 3 m, Xh R /N3
KE—RPOKRAEE A, 1 By = 50 T HIHLEL
I, G 9(b) Fran. X ELLE SRR, i
SRR BRI S SR e B 2SR, SRR T AR
wFIG A A AR, Sy—J7 T, i 9(a)
7R, FEJT AT LIELEAN ] CeRhIng Y RKRERE P,
JF HLAE T 5 5 R 8 oK i 5 A48 11061 DT S ¢
JaplE R (local quantum criticality) BESH39798],
TR, X T [ —MRUA R, F 1w TS
AN[RIZEA Y S G w1 I e, O HLAT DAE i 2K
AT ) 28 A AR A 73 4 28 B9, i — A i T 2
PoRTAEHN Z S B EAE (K 9(c)), MR
WES RGN R IG T T 0 USRS
FaIFIVEE IR ZRE AR Ak, X 7 A58 35 i AH AR 3L

(b)
To HELEEEEEEEEEEEREUEE R U VT L TR TR
loc
Tn
e TrL
// ///
L %
6
QCP

B8 U TR S () AR I S () LG AR I B T RS A AR R AR BT B RE S b 6, PR BRRRIRE T, A
Zed 6 AT LIS RKKY AF H A Kondo 1 HI BRI X 58 B2 ; 18] (a) 271 T I 5 5 R BE T S0, 1O 183 4, S B0 SR T 7 e Ok 2R Bk 7
MTER (b) o, IR RN K AR TR S BRBEAS N, SRR THITE Bt 1 S R 1 Al T SR BRI FE AR IR, Ty, 78 BRI I IR
JEEBR, By, ARic /NSO T E R SOR T #E7, Ty AU e AR BRI ] 191

Fig. 8. Schematic phase diagrams for itinerant quantum critical point (QCP) (a) and local QCP (b), respectively, proposed in one

theoretical model. The z-axis denotes nonthermal tuning parameters §, y-axis is the temperature 7. Ty is the antiferromagnetic or-

dering temperature, Ef:,g denotes the volume change of Fermi surface and 7|, is the temperature regime where kondo lattice

forms!®.
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Fig. 10. (a) Temperature dependence of resistivity for a possible topological Kondo insulator SmBg, where a clear plateau is ob-

served at low temperaturel'f
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Abstract

As typical examples of strongly correlated electron systems, heavy fermion materials exhibit diverse
quantum ground states such as antiferromagnetic order, ferromagnetic order, non-Fermi-liquid phases,
unconventional superconductivity, quantum spin liquids, orbital order and topological order. In contrast to
other strongly correlated electron systems, heavy fermion systems have relatively small characteristic energy
scales, which allows different quantum states to be tuned continuously by using external parameters such as
pressure, magnetic field and chemical doping. Heavy fermion materials thus serve as ideal systems for studying
quantum phase transitions, superconductivity and their interplay. In this review, we briefly introduce the
history of the field of heavy fermions and the current status both in China and in other countries. The
properties of several representative heavy fermion systems are summarized, and some frontier scientific issues in
this field are discussed, in particular, concerning heavy fermion superconductors, quantum phase transitions and

exotic topological states in strongly correlated electron systems.

Keywords: heavy fermion, unconventional superconductivity, strongly correlated topological states, quantum

phase transition, quantum tuning
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