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Novel physical properties in 5f electron systems opened up by inversion-symmetry
breaking and Fermiology
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High quality single crystals of ferromagnetic superconductors, URhGe and
UCoGe were successfully grown, Using these samples, Shubunikov-de Haas effect and the quantum
oscillations of thermopower were observed. In this system, the spin-triplet superconductivity and
field reentrant (reinforced) superconductivity were established. The ferromagnetic fluctuations can
be tuned by the magnetic field with fine tuning field direction. As a result, a very peculiar Hc2
phase emerges. We clarified the Fermi surface instabilities, that is "fluctuations of electronic
states™, play an important role as well.
We also grew high quality single crystals of U3Ni3Sn4 and clarified the Fermi surface properties
without inversion symmetry in the crystal structure for the uranium based heavy fermion system.



¥ XL C—19, F—-19—1, Z—19, CK—19 (@)

1. WFZEBRAAE S D5

FEEREE SIS B R AT « FERFTZE M RO RERRE O & A B LB BEAER X, ITHEOY)
PRI BT A BEER S TH D, BIGE, ~VF 7 a7 A, A TIVENE - BIGE,
R B UMK, AV hr =g A7 PR DE TEOEREEENEHRINLTWD, Bis
EZBA LT, CePtsSi O Z2 ] SHE sk FME DAL 72 BV VEE 7 R IBIEE D% FLICHIV T, CeRhSis,
CelrSis (233U T, SR &1 SRS TR R LI AR He 2 R BR8N R S h
72 F7=. MnSi 72 EKEERFMEDHNT= 1 A T NG Z HOWE CTlid, RAFALI A D
FRFEAS R LT 5, 7o, BERKFED R TaAs 72 X TF 1 7 v 7 By RASMA S,
b DA VETARIED U A VERRAEH 2D T D, SRR 5 SOEERFME
DENDOHI2 5T, R KEERFREOEN S EDO TEETHDZ ERNbhsTE T, W
TR FFH IR LT BB {EE A URhGe & Z O] Téb % UCoGe 13 TiNiSi l(Z2[E#E:P
nma) DFEEEEEZ D, VI VIRFN Y I IRE RIS, V7Y G A MLEZRET
W CHEERIFE DT R TH D, BT OBGRMIFIEIZE D . RERAY U HLuEMAEIER &N
TR L BREOPER IR T X B 2 L Ao TV B, EEE, URhGe & UCoGe 1334
Wtk LB E A L TR Y, A Y ZEEREENER L TS, S5, mE e H iR
TR B 2\ IS LB RS 2 n e £ S TR REOVEE S HMZ 72> T
W5, Pnma OZEMBHZOWTIE,  RIHK O TEEEARMP, CrAs, MgPtS)BN R S b
I8 Y TG L R A Y CHUEM BEAE OB EENERNICLH LM I oo h D,
TS JRATH « FERFTR M DR 7= Bf BB (T 7 F ) A NEAEWIL., ZnET
SCEEREFRRIE DAL &0 9 IS CREANIFZE S VTR o Tz, s EIE, BETS 3dET
ERET D AL B O PRI 2o, O A B VLA E/ER ORE R L L CafEEHE J
NEETHY ., BRESWHFZ2E0SEIEICEATTYNEEZ RTON 5f BF+RThD, “hbxkx
WARENZTARD LT 72 VI HOZR(T =2 A I AP )IE b TEETH DL, RERD,
A CHEFBEER T L7 2 LI H WA FREEIL, UV 7y y ViR, 280 F
RARE, 7 2 VI EORLZEE, bR a U HERIE, 7o - Tl SEIERY
HCHEHT N THD, 2FV, 7o)V IWEHEMT D Z L3, ZELRYEMEORIFIZE
5L EEWT S,

2. e BEM

FROXIBREROL EARMEOBRNILLTD 48 ThH D,

® FHTHY « IERFTHINC S FRE DL T 5f B SRWE (T T o ALEY. b U U AMEA W)
DRl B S LB & B E R,

o MM ETERTHE NAN—Z 777N 72 [AHVADRIC LY . 7 =V 2 & 2R
AR D, RESTFREDRBAUCIER T 5 7 = )V S [H DS E N REFE 72 PO & ik
T5ZEICED, AV UHLEMRAEIERB L OZOMXERIEREZH S NNTT D,

0 AV UHEICLEBR LN ONA TV T 47 VI HOBEBRERONZT D,

° ﬁfﬁ@#%ﬁ%ﬁ%ﬁ%ﬁ@@ﬂﬁE%ﬁ?%%%%ﬁﬁﬁ%@bﬁmyﬁw%%ﬁﬁ
E)YDHE L,

3. WFgED Ik

vZ e MU T MEEOMEBRERBREZ1TR o7, TSIz o TREERFRED
Wn-itemzslE Lk 79 v 7 RiE, 7 v V= ok, RAAREER S ESERFIE
ZERE U CHAER B R AT/ o 72, & BICHRBEIMEEIZEIR URhGe, UCoGe (ZfF SN D V7
THEETR Y RPN SR OB 2B IO W T b W ERER 2D D L & b ISR E
K EATe o T, fF DT RE R W T B IREEZ I 02T 5 7 OIS @iy 16T, M{EKIE 30mK
FCOMBETECLIA RAN—Z T 7 T AT7 = (dWVA) SIRAEE{TeoT7, $77. V=
T =37 e IR BVERICE 2B TIRIIRR L. WHRIC LD 7 oV HERD
1T o7z, AT « FERFTHISCESRIFRME OV & 72 & T8 e T HHORKR 21T 2 72912,
FE, WMKIR, RS OMRERSE T OBEXEIUE, BVERAES bITR o7, S LTI
THLNRENT, ENOFEE IRt D & & b, BFFEREHZ N 7 7 A CEA-Grenoble
TEH LY 7 AbEPERENIL T — o v OKE O EH I & #24E U CEBSILEAFE 2 R
L7,

4. WITERR

SRRGMER IR ER URhGe, UCoGe |2 DWW TCITMB HFERBERICHKIIL, 27 =37 « K/—2
R, BEROE TIREBIG R EABIH Lz, AV = HEBEE TSGR W5ab) B
RSS2 R T X, B E T OF MK VD 5 ENTF 2 —=0 7 TE, ZD7HIC
BRI EARN 2 v TS, FRLUAMC S 7 2 VI EDOARELERE W) [EBHREDD S X
HEERAEEHEZREZ L TWDZ ENbhotz,

URhGe |Zf#35 % b B A RIS Il &2 7 & &1, REEMES = U —IREEDS OK 1220 He=12T DA B
HEAICEERE L TN D, MEERO SR b b RETDHEZATHY . TDODITHIEHZE
NAGBIRE N BIN D, AVERROBERTIZE Y, I THEXEBEED 7 = I moEIM 2l
EBIAI LT, F72, RETHRIZFH O —REE TH Y | KT TEEFERASLRH L ELRHL



720 34T F TOMBBSRIE CIIETES LB L, 7 =V I & EVWE HIREEO BB AL
L7,

UCoGe (ZBWTix, W 2Bt A S Hh 5 0N 2 7= OB A HRHT, A— L 2h 5, BGEREHIE %
TV, 4, 9, 12, 16, 21T IZBWTHERMZZREE LB L7, £/o, a7 =a7 « F/—2
hE, BEROE TRENC L > C7 = VI mE2 EHEEHIT 5 & L bic, IREEDRIG L L bl
FALTNDHZEZHLMNI LT, TILHDFERND UCoGe IZHBWTY 73w VHEIBE N & T
WA Z ERbiroTz,

F 7. ERIREERREORE L UINi3Snd Offi B B4 BICRII L, 207 = LI mEAH 6T
L7, N REHE LD TRW—EER L, HFIED D AR A U iuEE/ERIC L 503
TRNAFX—ZRFES D Z LTS Lo, WKL /3 0 R & B L C L AR IR/ &0,
F 7=, alpha branch (23 TlX, dHvA SREVER D M FERAFIED 2O R B BR S T-, i
WX, DELE7 oV I EOMERSE /R Y &S orbital crossing IZ&L2HDTH W, 73
HEDAE LTI AF KM LD &> TWND, ZOWEIIN—TRA AT —HEE b
2 UPth Ol R HFEM B & 7 = /L I ORI F 8 Uz, 2 SRR RRME DR 2 KB LT 7
VI EIERIFV HRELTEY, NURRREELRW—EERT, B HAICK > TEED
ZINAZTEBY., MBEED 5 WITEENE RN 2185 orbital crossing IZ K-> T, ZHHAFH
TEBHZEnbholz,

5. ERRERmLE

UEEsmse) GG 61 fRLefR%k))

LUF O THEA

(D D. Aoki, K. Ishida, and J. Flouquet: J. Phys. Soc. Jpn. 88, 22001 (2019), Review of U-based
Ferromagnetic Superconductors: Comparison between UGe2, URhGe, and UCoGe
DOI: 10.7566/jpsj.88.022001

@ HAK: RADIOISOTOPES 67, 403 (2018), 77T /A R{LAH D Bk i 5 ik
DOI: 10.3769/radioisotopes.67.403

@ W. Beilun, D. Aoki, and J.-P. Brison: Phys. Rev. B 98, 24517 (2018), Vortex liquid phase in the
p—wave ferromagnetic superconductor UCoGe
DOI: 10.1103/PhysRevB.98.024517

@ A. Maurya, H. Harima, A. Nakamura, Y. Shimizu, Y. Homma, D. X. Li, F. Honda, Y. J. Sato, and
D. Aoki: J. Phys. Soc. Jpn. 87, 44703 (2018), Splitting Fermi Surfaces and Heavy Electronic
States in Non—Centrosymmetric U3Ni3Sn4
DOI: 10.7566/JPS].87.044703

® D. Braithwaite, D. Aoki, J. P. Brison, J. Flouquet, G. Knebel, A. Nakamura, A. Pourret: Phys.
Rev. Lett. 120, 37001 (2018), Dimensionality Driven Enhancement of Ferromagnetic
Superconductivity in URhGe
DOI: 10.1103/PhysRevLett.120.037001

® Wu, G. Bastien, M. Taupin, C. Paulsen, L. Howard, D. Aoki, J. P. Brison: Nature
Communications 8, 14480 (2017), Pairing mechanism in the ferromagnetic superconductor
UCoGe
DOI: 10.1038/ncomms14480

(@ G. Bastien, A. Gourgout, D. Aoki, A. Pourret, 1. Sheikin, G. Seyfarth, J. Flouquet, G. Knebel,
Phys. Rev. Lett. 117, 206401 (2016), Lifshitz Transitions in the Ferromagnetic Superconductor
UCoGe,
DOI: 10.1103/PhysRevLett.117.206401

G. Bastien, D. Braithwaite, D. Aoki, G. Knebel, J. Flouquet: Phys. Rev. B 94, 125110 (2016),
Quantum criticality in the ferromagnetic superconductor UCoGe under pressure and magnetic
field
DOI: 10.1103/PhysRevB.94.125110

© A. Gourgout, A. Pourret, G. Knebel, D. Aoki, G. Seyfarth, J. Flouquet: Phys. Rev. Lett. 117,
46401 (2016), Collapse of Ferromagnetism and Fermi Surface Instability near Reentrant
Superconductivity of URhGe
DOI: 10.1103/PhysRevLett.117.046401

D. Aoki, A. Nakamura, D. X. Li, Y. Homma: J. Phys. Soc. Jpn. 85, 73713 (2016), Large Upper
Critical Field of Superconductivity in the Single Crystal U6Co
DOI: 10.7566/JPS].85.073713

(P& Gt 1410)

(D Dai Aoki, Tuning reentrant superconductivity and Fermi surface instabilities in
ferromagnetic superconductors, Novel Phenomena in Quantum Materials driven by
Multipoles and Topology, 2018

@ Dai Aoki, Tuning ferromagnetic fluctuations and Fermi surface instabilities in



® © O

Q@

© ®

® & 6 ©

®

ferromagnetic superconductors, A.A.Abrikosov Memorial Conference, 2018

Dai Aoki, Fermi surface studies of uranium heavy fermion compounds, Fermi—-NEST, 2018
Dai Aoki, Fermi surface instabilities and superconductivity in uranium compounds,

PCFES2018, 2018

Dai Aoki, Ferromagnetic superconductivity and the field-induced phenomena, IWDN2018,
2018

Dai Aoki, Tuning ferromagnetic fluctuations and superconductivity in uranium
ferromagnets, Frustration, Orbital Fluctuations, and Topology in Kondo Lattices and
their relatives, 2018

Dai Aoki, Turning ferromagnetic fluctuations and Fermi surface instabilities in the
spin—triplet ferromagnetic superconductors, Emergent Phenomena in Strongly
Correlated Quantum Matter, 2018

Dai Aoki, Ferromagnetic superconductivity and field induced phenomena in uranium
compounds, Actinide conference, 2017

Dai Aoki, Ferromagnetic superconductivity and field induced phenomena in uranium
compounds, Open space between aperiodic order and strong electronic correlations

2017

Dai Aoki, Unconventional superconductivity and field induced phenomena in uranium
compounds, CalCon2017, 2017

Dai Aoki, Fermi surface instabilities and field induced phenomena in ferromagnetic
superconductors, LT28, 2017

Dai Aoki, Unconventional superconductivity in uranium compounds ——Ferromagnetic
superconductivity in URhGe and UCoGe—, SUPERSTRIPES2017, 2017

Dai Aoki, Tuning ferromagnetic fluctuations and superconductivity in uranium
ferromagnets, Physics of Uranium based Unconventional Superconductors, 2017

Dai Aoki, Turing ferromagnetic fluctuations and Fermi surface instabilities in
field—induced ferromagnetic superconductors, CEMS Symposium on Trends in Condensed
Matter Physics, 2017

(Z Dfh)
B HE
O v I MALEYMOIREESE A R 2 38 730 FER O KIS IR M Rl 3 B & &

b7 59—, BT, 2016, 11. 18

Q@ ~BTOXEBELEICHE~ B &R BWEBEED A = X L &2 RE, BefEE,
2017.03. 10

@ T AEEMOTREESG A VR A A% R 30 Ak OFR T IREESS P T [T A R &
b7 59—, BRI, 2017.11. 18

@ T7x—ATHREDDIBLE ~HGHEBREL ) CHlfE~, B8R, 2018.01. 30

® ==XV TF v I7EEEROELEE TR FACRESIE 2, B, 2019.03. 22

6. MFFCRLRE

(1) WFge s

R HERS - K L&
n—< K4 : (HONDA, Fuminori)
FTBAFJERRa 4 « BIER T

IR - SRR

Wk o WEHdR

W& (847) : 90391268

WHoE i R4 o PR 3
n—< T4 (NAKAMURA, Ai)
PrIEMTIErkRa 4 « AL
R4 - R EHITSERT

W4« Bh#
oeE%& 5 (8471 : 30756771



M ERL © KE 15k
n—<7K4 : (ONUKI, Yoshichika)
FTBAFJERR 4« BER R

s B

W4 - & B#d=

WFPE#EE S (847) : 40118659

KEFEIC & 2 PFEIE, BFEE O BT L BIRICBWCERT 2D TH, D7z, HIED I CHIZEHIR D AFKFIC
ONTE, EOEGEEEICES b T < ZOBEARICET 2 RMPHEMmE., IRFEFEACRESNET,



