[2R2 Exflsks U H—FURI Y

Science Tokyo Research Repository

oo /00000
Article / Book Information
oo@a) BOODODODODODODODODODODODODODODODODOOoODoOOooOooDOoDaoo
00
Title(English) Topological Electronic, Magnetotransport, and Superconducting

Properties in Layered Compounds with a Bi Square-net

oo@a) oood
Author(English) Masayuki Murase
oo@a) O0:00@0),
oOooooo:0oo0ooa,
OO000:00113870,
000 00:20200 30 260,
ooooo:0o0o0a,
ooo0:000do0,0o00,0000,000,0000
Citation(English) Degree:Doctor (Science),

Conferring organization: Tokyo Institute of Technology,
Report number:J [0 113870,

Conferred date:2020/3/26,

Degree Type:Course doctor,

Examiner:,,,,
oooo@oD) oooo
Category(English) Doctoral Thesis
oo@o) oooo
Type(English) Summary

Powered by T2R2 (Science Tokyo Research Repository)


http://t2r2.star.titech.ac.jp/

()

Doctoral Program

WO B

THESIS SUMMARY

Hoea—2R R PR HREh. FUo) « it (F22)
Department of, Graduate major in *j‘ *4’ a— A Academic Degree Requested Doctor of
2L . B = ) -
A K E A Rt () 2 o 2
Student” s Name Academic Supervisor(main)

FOHEER (A - R

Academic Supervisor(sub)

FE (Fn3C 2000 FHEEE)
Thesis Summary (approx.2000 Japanese Characters )

T, EERDEROSEICB W TAE VHUEHAERRN 26T MR U VEFHEPER Z4E9D T
W5, FRIZ.3RIET 4 7 v 7 BRI EDBIHEICT 4 7 v I B E S TME CEBZE R 5
&L R EIRENBIN D Z ERHIFES LD, L, RESNTWDT 4 7 v 7 B8 RIZIE,
Tz NVIZRINANX—TICT 4 T v 7 BBFEET, X x V7 R—Er IES72 E OB E
RN EBIRERZ RSN EWIEN DD, AR TIX, /T UEBAT 4 v 7 IRt EIC &
STIREESNTEX Y Y TS VART A T v 7 MTHRRENTZT 4Ty ) —FANTA &L, 7o)b
RTERNANFX—ERETDHARMEO D DT AT v ) —FNTA U EBICER LT, /Y BT
o 7 TR ZE[ERE PAmmm (2B T2 LaAgBi 1Z Z OIRFEA KB TE 5 LB 27, BT, LaAgBi 38R
fRER (Car.lac) FeAsy & REROREE A FFO7-0, BIEEORBL L MRS 5,

B oEm T E T LaAgBL N T 4 T v 7 ) —EINTA LR TH DD EMHERT 57208 —JFREGHE
RV EIHEEDHELZIT T, TORE., BxXHESHE IRy vy TV RRT 4T vy ) —F )
TAVNFEL, DD, TDT AT I ) —=FNTAUNT 2 VIR X =585 Z L 25
\Z L7z, WIT, LaAgBir DHFEHERICOWT, Y= AL MEICK VR L La JFB 2 W5 Z &
T RRR=131 &\ ) BB 72 BAS S 35 D V7o BERU SRR Tl RRR O] EICEWBEEHRPL S K& <
720 AT CHE SN TV RN T 2 VI HOE FIEB OB LB Lz, & FRENC OV T#F
MaEToTEZA, XY v T VAT 4 Ty 7 08ICHET D o XU —(HZBRE L, SR o8l
MHET7 2 VI TRV T FX Y v T VAT 4 T I BB GET D aRL, BT, MIKIE
TOWEREEZRFME L2 2 A, To=202K CREEIEETHZ 2R LT, Ha(0)=392T, ¥
PEXIEOR Z 537 0 U 2 v b Hy=186xT. % LAl D EZ /R LTz, 20 2 & IXFENERABRE B 528
L TCWAHREMEEZRET /R TH D,

U0 ClX, LaAgBi, ORI G L& L CTHUMEEZ R ON T VBT 0 v 7 R ERIEEICET S
(Sr,Ba)ZnBi, [Z DWW TR Z 1T > 72, BB HELFHEIZ L U (Sr,Ba)ZnBir 12V 11 LaAgBi, &3 LWV
FHEEZFFON, YA T v 7 RZERBHCHEFK LEXFREERETT 4 7 v 7RI Xy v 7
ZRFOZ EMB LM/ 572, (Sr,Ba)ZnBi, TIEEMELZR Zn JFELZ WD Z & THRATHFZEIZ LT 2
5D RRR Z RO HfERM BRI EE) LTz, Bk O @i i X0 BRI H K& < 72V | BaZnBi,
WZBWTOAETREBABIH SN, BRSNS o XY —(HidRb ST, Fxr v 7127
4TI ERTRNE W) F B E LG L WEE R & oo, BT, WRKIE T Ot REE
Rl L7=& Z A, SrZnBi; Tl 7. =0.52 K C, BaZnBi, TI& T.=021 K THIZEIE T 5 Z & 2% A
L72, StZnBi (22T Hp(0) = 021 T TH Y, LaAgBiL, DX I Xv VU Iy b2 EHI R &
TR & TWieho T,

¥ HEETIX, LaAgBi» & (St,Ba)ZnBi, DWMEIZ DWW T ORI AT > 72, BEEIHID RRR MAFMETIL,
(St,Ba)ZnBir (XT3 H T LUV ME & &2 FF > C RRR & LTSI ORI EH-3 5 2%, LaAgBis IX
(St,Ba)ZnBi, 5 D 3 D & TRIFICBAIRPIOMEN EH- L Cniz, Z O RITE FEST 655
Nz g XY —ffHOFEL ELE T, 7oV IZXAX—IIBITDEIX Y v T VAT 4T v 7 00
SIEPUCE L RFT 2 e 2R L7z, £, BEEREIC OV T, LaAgBi & SrZnBi, D Heo(0)DiE
WEX Y v T VAT 4 T 7 BOGENEEL TWD EEZDZ LD, S%ICHGRM i 23 1
L2 ERWIRFINS,

% - WU B, I3 2000 52 & 5630 300 5B 1RSI 50y, b LIS 800 554 1 iR L T< 2 a0,
Note : Thesis Summary should be submitted in either a copy of 2000 Japanese Characters and 300 Words (English) or 1copy of 800
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If superconductivity occurs in a material containing Dirac dispersions in an electronic structure such as a Dirac semimetal,
it is expected that an unconventional superconducting state will appear. However, the Dirac semimetals reported so far have
not been ideal in that the Dirac dispersions do not exist near the Fermi energy and do not exhibit superconductivity without
carrier doping and/or pressure. In this study, we focused on Dirac nodal line semimetals (DNLSs), in which Dirac nodal lines
are composed of gapless Dirac points protected by nonsymmorphic symmetry and may cross Fermi energy. We chose
LaAgBi>» with the nonsymmorphic space group P4/nmm. Since LaAgBi» has a similar structure of an iron-based
superconductor (CaiLax)FeAsz, superconductivity is also expected. For comparison, (Sr,Ba)ZnBi> with the symmorphic
symmetry was also studied.

By first-principles calculations, LaAgBi>» was confirmed to be the DNLS, of which gapless Dirac dispersion crosses the
Fermi energy. High-quality single crystals of LaAgBi> were successfully grown, in which the magnetoresistance (MR) was
enhanced with RRR, and the m-berry phase due to the gapless Dirac dispersion was detected by analyzing the observed
quantum oscillations. Furthermore, LaAgBi> was found to exhibit superconductivity (7. = 2.02 K).

On the other hand, calculations revealed that (Sr,Ba)ZnBi: has a band gap at the Dirac point. In high-quality (Sr,Ba)ZnBi2
single crystals, MR increased with RRR. Quantum oscillations were observed only in BaZnBi2 but n-berry phase was not
detected. Superconducting transition was observed at 7c = 0.52 K and 0.21 K in SrZnBi2 and BaZnBia, respectively.

The MR in both LaAgBiz and (Sr,Ba)ZnBi: increased linearly with RRR, where the slope in LaAgBiz was found to be three
times larger than that in (Sr,Ba)ZnBiz. This result suggests that the gapless Dirac dispersion near the Fermi energy
significantly enhances the MR in LaAgBi». Regarding the superconducting properties, the difference of Hc2(0) between
LaAgBi> and SrZnBi2 may be associated with the presence or absence of the gapless Dirac dispersion, which should be
theoretically clarified in the future.
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