arxiv:2505.00623v1 0 0O [

W W1 U R Ak FeTe, _, Se iy 14714 il it -

Ralph Romero III* and N. P. Armitage’
William H. Miller III Department of Physics and Astronomy,
The Johns Hopkins University, Baltimore, Maryland 21218, USA

Hee Taek Yi and Seongshik Oh
Department of Physics and Astronomy, Rutgers: the State University of New Jersey, Piscataway, NJ, 08854, USA
(10Dated: 2025 4£ 5 H 4 H)

o 1 A A v L % G T R e P 28 TR I Y
P, fERESERER TN T, SEPh SIS AL, VYR TCIL IR -
SR LRI, (H X R EE RO 5 1% Seit 4 s PiLie
AHIZY, B RE AR L - F O TS,
VIO 1/ WA T B PR PR X T
RSP Pty b D8 B 36 15 S R K 2wl i 22 it AR I
T Z BRI G o il It R 22 8% (TDTS)
B, WA ¥ WA~ FeTe, . Se, (FTS) i LK
I PR IAT A, P AR B AT LA R R
Wi, PO R, PR LB, il
R B LB 2, AT IR BT AN IR i
WU, —ABRIZ HEEAREE S , 59—t
BREGE W BRE R ~ KT/h 1. e AU
Srp, AT ¥l S BER A 2R [ 22 D X ARk Y]
5 HCH R 5 -

B e 3 2R 5 FeTey . Se, (FTS) $2{4t 7—4>
SRR, TR A P S 2 F T R E R
KR (1, 20 it FeTe ARAR M, I H
TERZ) TOK I S A2 MDY 5 AH 21 B R A 5 R AL
BESCEkRE (AFM) 56742 [3, 4] J5— P imhi it FeSe 7
90K I 28 Py MU 5 A EI IESZAH A 5 5 A8 HE N — 4]
M, HAE OK WS 5] FE—A> “efE” BT, B
TR AEH) Se/Te Ll (z = 0.45), T. JF 2 145K, -
53k %] 50T (2] FEH X KME T BB, fmefd
BRI BIR T REULSS [6-12], £ FTS J&T—
RGN SE, BEBRRDARATE (MZMs), X
PO 2R TR R [13].

* rromero@jhu.edu

t npa@jhu.edu

o8- Y s A LNIOE /B ENE SAWN S K E Tl iE o R
&, R S5 TR B I A (QCP) ~ [14].
BIRXARA R, (B R AT, FEATEE T B B Sk
FHA TR RGP, FeTe Al FeSe HA i = AT
RGN, T [15], WAL BN TRAT A9 T
P GRS , X SUAH b &Y R 45 A A R
WIS A N, ERf 245 (2 = 0.45)
Bl SRR TR, I ERATE BN AR
ARASWE? FEAREREL T, EHEIAHK Te 75 5 AR —
HIB AR T IRR R A AN, BriX i
FE RS FEORII B T, X EEHKIE ORI
AR L s v ) 8 L2 P L3R B 5 () 1 PR AT R R T
WHATEA ~ KT/h [16] (F HIRLT H A SR 22
PERR). R, RSk Tk . 7 FTS
o, BN Pk R 5 FeTe $EASHH &) SOk
IR T (17]. SR, FOlAFsR R, FTS i
FEBR K ATES [14]) MR R IR S, I BB
W E— TR & IR ST A — A R
FIRE, % HRERMIT w?/? [18].

— A FEE AR TDTS A iF S22 [a] i )
% i L A B M B RTAE L o 30 o8 A5 T DA A 2 Y
WY R FRIPNTRY, o1(v) il oo(v), TR
v RO B R KR . HE 0.5 ZKIE CaFy £IK
I AR AME AR K2 100 442K FeTe, _,Se, #
I, o = 0.45 F10.35, FF 100 99 KA = . HAVEE MR
(AR LA A 13.2 1 11.8 K, 5 4 77 FL FEL= )
=4 (PREIEE 1), B/ 18R TR o1 (v)
() Al oa(v) JEH) . 2R T EB ke
ST, A MR T 2 = 0.35 B AR R I
AR AT N R, T > T,,01(v) 25%) H
BEARHER), T o2 (v) WAR/S, FHREERR GG .
POBHUT R T MRS 1 (BRI T >3 THz) 148 s


mailto:rromero@jhu.edu
mailto:npa@jhu.edu
https://arxiv.org/pdf/arxiv:2505.00623v1

o1(mQ~lem™1)

14 132
T(K)

30.0 290.0

0,(mQ~1cm™1)

1.4 11.8 300  290.0
T(K)

g(mQ~tem™1)

E 1. KhhizE 200 Se=0.45 1 0.35 . MEIRT%E LAK i, = = 0.45 #ifh a), b) fla = 0.35 Bift¢). d) fE 0.2 &

3T Hz i Bl A0 F) A 2 PR 5 30 A SR A R T

1R MERERAL, o(v) FFIRIGMIF RS R,
FAUF Drude I, — HBSHASR BRI, o (v) I
/NI oo (v) FFIG R 1/ v OB , X0 Y5 il E AL
BN BN FHATH M L AT H#EANLT v = 0 BkHL
SERREL, PG . TEE ST, AT
BRAEE DA RIS E, 2A = 3.5kT, ~ 1THz,
BERE v = 0, WMEAETC)TH NN b E 21—
BE[19]0 SRV, FE M4BT OLR, RO RAE SRR T
=14 K, [EBRHNTRA RKRERE.

TERR T, SEEAEERB R RS RS
i, BRI LR BE 2K, FEARIE T 22 B0t T . SR,
WA L AT, AT DA A A S 2 I 454 o FRATT T A
ML PRI L AR R DA B Sk (5 s
AR € W) 6 (v) = S/(I'—iv) + 00 + 5S50(v =
0) + iSs/v — i€o(€oc — 1)v HUBLAL Ay RERBRARIX L
e XH S BIEFRSHR TSN, T 2IEFE
THER THHUN R, 0o 250 RAF i 3%,
Ss J2AE v = 0 AR L HEALE, 1 eoo ZHALT

s AL R TIN5 Z RIROGF i R R [17] —
B, BATERATRE T eo = 4. TEFTL T, Kl 2a) F
b)), EAEAR ST HIAT A PR B SR e AR A, X R
[EVHICR 5 =S, ATREAOH Tl S FTS X2
WM. FEERE T, 2R 2¢) Al d) ol PAFE H,
- fEERRT IR R 8k, A & — 80
BTl o9 XMmE ] AN ) — AN EEETTER, (H
HEGT R KT RATI G AEX e SR AT
A PV ASAS A B2 AT v DA P
Ko MBIATEE T 0, Kl 2e) F1f), FERS S THAS R
FERIRE L T a5 1 1 /v Wi, X RIA KT . &
JG, BB ARIREER, A Drude QRS
KR AT, IR ARG R G 2
PRI FE AT o0 XSSP pTmk i £ 5. B Rl &
2 B TRz = 0.35 BiRm G .

Bl 3 S T WA e R RS R AL S R
A, B Drude T o0 TUAS A W2 AETUZATH 3K
R T HR T AR E R p X 2 = 0.45a)



[V
(2]

(6]
(&)

o o1 T=3K
=== Drude fit

T=26K

O o

N
1

m— Drude + 0y fit

W

. oo

g (mQ~tem™1)
N
o1(mQ~lem™1)

V(THZz)

8 - > 02 d
. == = Drude -
n 6 - == = Drude + 0y n
g I Drude S
S S
n [ in
(@] (@]
S S
S S

V(THZz)

V(THZz)

o1(mQ~tecm™1)

8 - > 02
. = = Two fluid + 0g
7 6 - . 65(v=0)
§
|
(@]
S
S

T=16K T=8K

o o

o 01

e TWO fluid + 0

o
N
—_
N
w

V(THz)

-

V(THZz)

2. AER BRI FXE Se=0.45 FERMIRBERZZ LR R IULY . a), b) FE— DI —ITEEEI LRI (38 K) F, 01,020 ¢), d)
TR S B RUAS Bk oo IUIRIE (26 K) N, B TIEEEIL. o), f) @T Te (16 K) ML, 7ML R /56l PR L

g), h) HLF A BB A M U SRR v = 0,

Flaz = 0.35¢) BB . T A 50K 22 il B 3] il £ e
AAF I A AR THRATGEN EE (T < 0.2THz),
EAERERE, 76T ol A ] i 2 AR e 2R . X
SR A T Ty + kT /h, M 20K 3] 40K, If-oMfE 2
T=0K (SIESHRRTEHS HEER ) PR
SR T SR 4, X @ = 0.45 B
iAo = 3.02 f1 Ty = 10GHz, TiXFT = = 0.35 BEf
MK o = 2.42 F1 Ty < 10GHz, S ¥ H. oo WE T
TRTEE 3 G —4T . X T 2 = 0.45 Bif, 246 Bt
T, P m TB0E, S BEFREVN, 1M oo TSI
U R BRI . St = 0.35 FEA R = et B2k
RUNAT R, (HAUBERIN, W% oA 55 )R HOm M .

XN A 2 HL T 28 ) A T s T — N R T
P SERE U B A% lAE , 3X A Lo B FeekcfE FTS
W]y ARt R B AR B B — N, W AT R E
WS opo = 1/ p W E PR AT AR oo
INEN—ZEL S/T 1) 0pruge(v — 0) HRWE (97
B 3) . REXFXRRAERERTZ W, HE
X ELA TR A B RIS . s AR PR it T
DORE—NFIU X T8 FRaly e JE, R [R] AU
LPEAIN, B0 Crotar = Trntrinsic + L mpurity + 555 o

AR TR BRSSP v 305 7 T DA T 3 R B %) S [ P L)
Oy CERE, B R PR R . SR, TR 5 axX—
FISRAHE . FRATIERE A 2 o B () e e
11T S 15 Sl T e 2 A . MFRATTRY LG TR JniE T
5 T EHERS], W ope = 00+ S/T = 00+ 57
AIABCH a+b/T . X4 T— M ERHEHSE, HA%
WOE ppe = sy e WA T B R BCHEATHY
A (PREREE 1) REHPTE T A 200K £ 25K [
B, X AR R L P A S B T e B

RXAPFHAT S A E LR e [20-22], X
XA R BADEHE AP R s R L 1
R, —ANBRASHIIBIRGEIE , HHUN ARAERAT B I
RE N, IR B Ol AR, 55— PRt
BadiE, HARm KT RO EiEsE 0. A& 3b)
Hd), ATPATE AN S AL R AN ] . R
I E A AT BA B LT B A2 S, T
A CHEACE AN T AIE 2, FTAHERFMRID
WALEPEAN S 7o Sl A HO G E T AR
PR AL R P R A BB (v = 0) SRFEALE. 7E
—MERR BCS s P AR T, X AERAE R
B BEA N EPIRAS o IR ANFHAT T T 2 R B IR



a=3.02xksT/h |
o =0.01 (THz)

0 13220 30 40 50
T(K)

(1 Wy _Tw)®

1
I T T T — 0
0 13.220 30 40 50
T(K)

a=242xkgT/h
l[o=0(THz) -1

0 118 20 30 40 50
T(K)

0 118 20 30 40 50
T(K)

K 3. WS BRI, 2SR T o = 0.45 AR, MAMMYT » = 0.35 B4, a) flc) R THEHRT, EHEL
PR Te, KOPIBEFRTADEIRERRYAZ . FTAEENLEE FZrEL Bl X &, RERL420 3kT/h. b) fl d) &7RT Drude Jif)

W, S, (ZEfh) MEEREE, oo, (A%

XFPGIEAEE 2k H TR I AR SR A B AT
I o

FTS rp AL il i 1 5473 98 S — AN T O ) A
ML EE, RATHIGHELE NBRAR B ol “HEH M
HES A4 LCCO [23]. LSCO [24] F1 SroRuOy [25] 1y
Ji . AT AP AAR AL rp B L B S
Wi T 924k, gl 4b) A1 d) PRI x iR, 55—
MR SE Ss 17538 e 38 o T A A1 e SO ok 2
o2(v) x (S/T?)v + Ss/v. BITH KEHE oov,
IRIGHMER] v = 0, FATATRATSE S5 [23]. X LE4U A 45
RUNE 4 BEE—ATHR . TERARGREE T, KRR
RiF, POMESEES TR ST T 1
IR, EXFEXBUIA KA RN, P LICRTER 4a)
) AR RS X LEAY A I 25 B R i B2
AL AN IE] 4b) F1 d) B s .

R T HERRA PRI A R R R A R, FRATIOR
BiF Ferrel-Glover-Tinkham (FGT) Y&=FIFLN [26,

27), Hh S5 = Sy — Sy, Hp Sy RSP AR
SRR T IR, Sn RIEFEAE Teo + 2K ALHITEAL
FGT BB AT S5 A IEFAREHR TR Sy
FISALT T RETMHRSR Sy = 5 [;° ou(v)dv Z 1)
AR ZE . R4E FGT SAELNITHER S5 ZEE 4b) F
d) FRAG B FRIR .

PR T T B, PSRRI Ss 8RR, X
FUVEER Y A S (M B A By sl 488, 7l
B2, HERERBERT, FHISHHmE RS
—Ff TLP” BEESPOGEACE —B, X PG EAE IR
TR T WA B (A BRAY 982 . 6T 14 4b
FIRIBAEB IR, 76 S BARY G, B L
FFE B R TK B . = = 0.35 A (B 4d) &R
HRRIAT R, AR RN HAR RN, REAE
FET, » = 0.35 WIEAEA X T A A ML 2R
FEM SR B2 i S 2 0

L 2 L R HR O — B AR



w
=)

N
o
1

N
=}
1

S
S

av(mQ~lem~1THz)
o
1

1.0
15K
0.5 - g0,v-0
O 14K
0.0 T T
0.0 0.5 1.0 1.5
V(THZz)
3.0
b
N
E
|
g
©
c
S
o
%)

10 13.2 20
T(K)

Bl 4. REREEIE, R (] =R R PR A )

c Se =0.35

©
<)

N
[
1

n
o
1

ov(mQ~lem~1THz)
5 @&
1 1

o
[

Fm =T

0.0 I .
0.0 0.5 1.0 15
V(THZ)
3.0
d . ov, V=0
2.5
N Sic @ Sw—Jorwidv
’L:E 2.0 1 8 S5 from two fluid
|
g
S
c
g
el
w0

REIE . FEPIRIRAEIBARE R, AR = 0.35 Fidh. a)

Hc) R T oav 8 v =0 WHIERENE. FERZZN Te i, “UOBREAIERE . b) M1 d) BoR T =MIrRmtee. %@
1 x TR Sso BAE AR ER T RAFSKAMN A TURE. BERER a) 1 o) FER. EERBLIR Te, MKTFRELIR

Drude BEf)GHANE S, TR FHIETT U DAL 2K BRI I

PERG £ B M2 . FTHE s RS (28] 19
—RIRAEMIEN S . KT, h T G
B, @ = 0.45 HERAIIBE S To T8N 18K, T
T 1 = 045, =, Mk 16K, 3 ATRARRE A G F]
BRT BCS RIEE (232 = 3.53), s iR KBIHE 5
BCS A %5 (RIRTE T, ML) . XT3z
HRB S, KRR TR SEL,

FER 4b) A1 d) ft, Drude WEAfE Too + 2K ALRIIE
B2z KPR X T X AR, FeAT A& B
it T FY Ss AR XA TEAUE . X R 2P v
AU G T2 BER S E8S 5% . AMTHEH
HIEAE, Z5H oo, FEAXEESIEMH DTk .

oo PR 5 K A DAy ARG R 7 ) 95 AN i 1) 3 AR
o B5 Ref. [29] HPoEgksf vk s A 508 51k
(NFMS) #5 R R E e i e e —8, X
FGOLT . v R PRI AR RE B A B 0E T AR R A9l Y

WA PRSI TE e A B & 1 5 7 B8
A PO R (23, 24], RAEENTARFERIE
XM B B4 [29] FEEAY, T8 FeSe Hify
NEMS FIZ s e, I B i LB A 2
Tt BCS @ AMEN, F£T — 0 WBRTF, Ss 1)
(B E B A ) — 2Pl A, I LRl % 4= A
PRGNS (Ss/Sy < 0.5). FRATAT DAKF LTI 55
Sy TE Too + 2K 401 o RO T I, I H. S5
& MO 1LAK BT X T iR e
Ss/Sn = 0.53 il x = 0.35 #fih S5/Sn = 0.30. XFHA
BUEH S 17AE L T NFMS (M. Fei1ib i
W, BB s 9 BCS Wil RS E ., X5
NFMS #US i Hi [29] —2. ARIMFATEL, h T E
i LR B AR, A ) 3 SR XL I
PRI A TR I 2 I B J A B2, B AE FeSey oS,
T AREE [30],



M2 T FTS 2 HE 7 R 22 615 4t
FATREZ RN PR S EE . — D Em AR T
PSR R BR300 B A R T FAT DG S el Ay it
B HAOTMERR] T —FgiEE, BRI BIETK
WARFERAT R, Bon it 58 wIE ~ KT /h &A%
KAEMME R . X P NFL 19470 SR KA
BRI E] , 41 FeSe [31, 32] F1 FeSe; .S, [33]. iX
SR MR SN AT e SRR A B
TR A K, ZEA S ITE L RS a3
MTATRESEE R 5 BT X Pl s 1) 0 e ) 4 5 A
ol [29]. EeG I ATEH B, A2 BAEIRIR TSR
HER 5 1E RS 3 Y s REHIGE 8 B RS A T
o X R FEUTH EFRASHE A T RE 551
A R A . AT EIRATT) TARRRI &
X FeTey_,Se, IEHARSHHE—HWF5% .

I. Jjk:

AT FTS WRZAER ST H 10 x 10 x
0.5 ZKH) *CaF(100) K L, @l A HRAZ 1071
FEEAH I A # MBE 4t (SVTA) %1, CaF,
HLJRAE 300°C B K FTS ¥ 2 |, £ 400°C FafAT 1
15 73 B JRALIEYE . B Knudsen 3 HUb S & R4
J& Fe. Te Al Se JfAKME. Frf Jid fy b £
e AR AT IR A, IR e AR R

6

WA T AN EASHE . AR TR AR N UTAR T Se E i
JZ o I TRIECRRR 22 6HE =2 A A W B BT, 2%
FERAY A 564 R & 1 Toptica TeraFlash Pro % 4
AR o AR A A BRI I S U
i E AR LAK I BeR s S AR R E R as .
AR E R IR, Esamp(t), PARBRFIKS %
W, Erep(t), FHFHBEATOMREMAS L, WA HAER
IR R O U E T AR RS o(w) #
FxRFRL,

o(w) =

n+ 1 (exp(i“éAL(”_ D) _ 1) NGY

dZo T(w)

ol T(w) = Bzl GAIRIGHTAIS, Zo R i
SR, d RUIIEREE, AL R KGRI
SRESH IR 2 2%

II. it

T TR 20 A 4 T 2 RN B AR B 2 ) AR
#'7 ARO MURI Tl H “4fF M BEAI &5 v b1 ri 3
FIFY LI WOLINF2020166 (57 17 2417
REEFATAGERTT K, EEX S B P fE, %I &A%
F| T Gordon fll Betty Moore # 44 EPiQS 1 X%
B GBMF-9454 (#3245 . FAT1&H A. Chubukov #1 P.
Coleman [ HZilPE 8

[1] Hsu, F.-C. et al.
structure a-FeSe. Proceedings of the National Academy
of Sciences 105, 14262-14264 (2008). URL https:
//www.pnas.org/doi/abs/10.1073/pnas.0807325105.

Superconductivity in the PbO-type

https://www.pnas.org/doi/pdf/10.1073/pnas.0807325105.

[2] Her, J. L. et al. Anisotropy in the upper critical field of
FeSe and FeSeq.33Teg 67 single crystals. Superconductor
Science and Technology 28, 045013 (2015). URL https:
//dx.doi.org/10.1088/0953-2048/28/4/045013. Pub-
lisher: IOP Publishing.

[3] Li, S.
phase transitions in Fei4ySe;Tei—,. Phys. Rev. B 79,
054503 (2009). URL https://link.aps.org/doi/10.
1103/PhysRevB.79.054503.

et al. First-order magnetic and structural

[4] Bao, W. et al. Tunable (é7, dm)-type antiferromagnetic
order in a-Fe(Te,Se) superconductors. Phys. Rev. Lett.
102, 247001 (2009). URL https://link.aps.org/doi/
10.1103/PhysRevLett.102.247001.

[5] Kreisel, A., Hirschfeld, P. J. & Andersen, B. M. On
the remarkable superconductivity of FeSe and its close
cousins. Symmetry 12 (2020). URL https://www.mdpi.
com/2073-8994/12/9/1402.

[6] Yin, J.-X. et al.
bound state in iron-based superconductor Fe(Te,Se). Na-
ture Physics 11, 543-546 (2015). URL https://www.

Publisher:

Observation of a robust zero-energy

nature.com/articles/nphys3371. Nature
Publishing Group.
[7] Zhang, P. et al

ductivity on the surface of an iron-based superconduc-

Observation of topological supercon-


https://www.pnas.org/doi/abs/10.1073/pnas.0807325105
https://www.pnas.org/doi/abs/10.1073/pnas.0807325105
https://dx.doi.org/10.1088/0953-2048/28/4/045013
https://dx.doi.org/10.1088/0953-2048/28/4/045013
https://link.aps.org/doi/10.1103/PhysRevB.79.054503
https://link.aps.org/doi/10.1103/PhysRevB.79.054503
https://link.aps.org/doi/10.1103/PhysRevLett.102.247001
https://link.aps.org/doi/10.1103/PhysRevLett.102.247001
https://www.mdpi.com/2073-8994/12/9/1402
https://www.mdpi.com/2073-8994/12/9/1402
https://www.nature.com/articles/nphys3371
https://www.nature.com/articles/nphys3371

tor. Science 360, 182-186 (2018). URL https://www.
Pub-

American Association for the Advancement of

science.org/doi/10.1126/science.aan4596.
lisher:

Science.
Wang, D. et al.
in an iron-based superconductor. Science 362, 333-335
(2018). URL https://www.science.org/doi/10.1126/

science.aao1797. Publisher: American Association for

Evidence for Majorana bound states

the Advancement of Science.

Machida, T. et al. Zero-energy vortex bound state in the
superconducting topological surface state of Fe(Se,Te).
Nature Materials 18, 811-815 (2019). URL https://
www.nature.com/articles/s41563-019-0397-1. Pub-
lisher: Nature Publishing Group.

Zaki, N., Gu, G., Tsvelik, A., Wu, C. & Johnson, P. D.
Time-reversal symmetry breaking in the Fe-chalcogenide
superconductors. Proceedings of the National Academy
of Sciences 118, 2007241118 (2021). URL https:
//www.pnas.org/doi/abs/10.1073/pnas.2007241118.
https://www.pnas.org/doi/pdf/10.1073 /pnas.2007241118.
Farhang, C.
Reversal Symmetry Breaking in Fe-Chalcogenide Super-
conductor FeTei_,Se,. Phys. Rev. Lett. 130, 046702
(2023).  URL https://link.aps.org/doi/10.1103/
PhysRevLett.130.046702.

Roppongi, M. et al. Topology meets time-reversal sym-

et al. Revealing the Origin of Time-

metry breaking in FeSe;_,Te, superconductor (2025).
URL https://arxiv.org/abs/2501.02818. 2501.02818.
Sato, M. & Ando, Y.
tors: Reports on Progress in Physics 80,
076501 (2017). URL https://dx.doi.org/10.1088/
1361-6633/aa6ac7. Publisher: IOP Publishing.
Mukasa, K.
ing strength near a pure nematic quantum criti-
cal point.  Physical Review X 13, 011032 (2023).
URL https://link.aps.org/doi/10.1103/PhysRevX.
13.011032. Publisher: American Physical Society.

Yin, Z. P., Haule, K. & Kotliar, G. Kinetic frustration

and the nature of the magnetic and paramagnetic states

Topological superconduc-

a review.

et al. Enhanced superconducting pair-

in iron pnictides and iron chalcogenides. Nature Mate-
rials 10, 932-935 (2011). URL https://www.nature.
com/articles/nmat3120. Publisher: Nature Publishing
Group.

et al.

Legros, A. Universal T-linear resistivity and

Planckian dissipation in overdoped cuprates. Nature
Physics 15, 142-147 (2019). URL https://doi.org/10.

1038/s41567-018-0334-2.

(17]

[20]

21]

[22

[26]

Homes, C. C. et al. Optical properties of
the iron-chalcogenide superconductor FeTeq 555€0.45.
Journal of Physics and Chemistry of Solids 72,

505-510 (2011). URL https://www.sciencedirect.
com/science/article/pii/S0022369710003185.

Guo, H., Patel, A. A., Esterlis, I. & Sachdev, S. Large-n
theory of critical fermi surfaces. ii. conductivity. Physical
Review B 106, 115151 (2022).

Cheng, B. et al. Anomalous gap-edge dissipation in disor-
dered superconductors on the brink of localization. Phys.
Rev. B 93, 180511 (2016). URL https://link.aps.org/
doi/10.1103/PhysRevB.93.180511.

Cooper, R. A. et al. Anomalous criticality in the
electrical resistivity of Laz_;Sry;CuO4. Science 323,
603-607 (2009). URL https://www.science.org/
doi/abs/10.1126/science.1165015. https://www.sci-
ence.org/doi/pdf/10.1126/science.1165015.

van Heumen, E. et al. Strange metal electrodynamics
across the phase diagram of Biz—,Pb,Sro_yLa,CuOgs
cuprates. Phys. Rev. B 106, 054515 (2022). URL https:
//1link.aps.org/doi/10.1103/PhysRevB.106.054515.
Clayhold, J. A. et al

electrical transport in optimally doped Las_,Sr,CuOq4

Constraints on models of

from measurements of radiation-induced defect resis-
tance. Journal of Superconductivity and Novel Mag-
netism 23, 339-342 (2010). URL https://doi.org/10.
1007/s10948-009-0580-8.

BCS d-wave behavior
terahertz electrodynamic response of electron-doped
cuprate superconductors. Phys. Rev. B 104, 064501
(2021). URL https://link.aps.org/doi/10.1103/
PhysRevB.104.064501.

Mahmood, F., He, X., Bozovic, I. & Armitage, N. P.
Locating the missing superconducting electrons in the
Phys. Rev. Lett.
122, 027003 (2019). URL https://link.aps.org/doi/
10.1103/PhysRevLett.122.027003.

Wang, Y. et al.
and interband scattering in thin films of SrRuOs,
CaRuOs, and SroRuO4. Phys. Rev. B 103, 205109
(2021). URL https://link.aps.org/doi/10.1103/
PhysRevB.103.205109.

Tinkham, M. & Ferrell, R. A. Determination of the su-
perconducting skin depth from the energy gap and sum
rule. Phys. Rev. Lett. 2, 331-333 (1959). URL https:
//link.aps.org/doi/10.1103/PhysRevLett.2.331.

Tagay, Z. et al. in the

overdoped cuprates Lagz_,Sr,CuQOy.

Separated transport relaxation scales


https://www.science.org/doi/10.1126/science.aan4596
https://www.science.org/doi/10.1126/science.aan4596
https://www.science.org/doi/10.1126/science.aao1797
https://www.science.org/doi/10.1126/science.aao1797
https://www.nature.com/articles/s41563-019-0397-1
https://www.nature.com/articles/s41563-019-0397-1
https://www.pnas.org/doi/abs/10.1073/pnas.2007241118
https://www.pnas.org/doi/abs/10.1073/pnas.2007241118
https://link.aps.org/doi/10.1103/PhysRevLett.130.046702
https://link.aps.org/doi/10.1103/PhysRevLett.130.046702
https://arxiv.org/abs/2501.02818
https://dx.doi.org/10.1088/1361-6633/aa6ac7
https://dx.doi.org/10.1088/1361-6633/aa6ac7
https://link.aps.org/doi/10.1103/PhysRevX.13.011032
https://link.aps.org/doi/10.1103/PhysRevX.13.011032
https://www.nature.com/articles/nmat3120
https://www.nature.com/articles/nmat3120
https://doi.org/10.1038/s41567-018-0334-2
https://doi.org/10.1038/s41567-018-0334-2
https://www.sciencedirect.com/science/article/pii/S0022369710003185
https://www.sciencedirect.com/science/article/pii/S0022369710003185
https://link.aps.org/doi/10.1103/PhysRevB.93.180511
https://link.aps.org/doi/10.1103/PhysRevB.93.180511
https://www.science.org/doi/abs/10.1126/science.1165015
https://www.science.org/doi/abs/10.1126/science.1165015
https://link.aps.org/doi/10.1103/PhysRevB.106.054515
https://link.aps.org/doi/10.1103/PhysRevB.106.054515
https://doi.org/10.1007/s10948-009-0580-8
https://doi.org/10.1007/s10948-009-0580-8
https://link.aps.org/doi/10.1103/PhysRevB.104.064501
https://link.aps.org/doi/10.1103/PhysRevB.104.064501
https://link.aps.org/doi/10.1103/PhysRevLett.122.027003
https://link.aps.org/doi/10.1103/PhysRevLett.122.027003
https://link.aps.org/doi/10.1103/PhysRevB.103.205109
https://link.aps.org/doi/10.1103/PhysRevB.103.205109
https://link.aps.org/doi/10.1103/PhysRevLett.2.331
https://link.aps.org/doi/10.1103/PhysRevLett.2.331

27]

Ferrell, R. A. & Glover, R. E. Conductivity of Su-
perconducting Films: A Sum Rule. Phys. Rev. 109,
1398-1399 (1958). URL https://link.aps.org/doi/
10.1103/PhysRev.109.1398

Tinkham, M. Introduction to Superconductivity (Dover
Publications, 2004), 2 edn.

Islam, K. R. & Chubukov, A. Unconventional supercon-
ductivity mediated by nematic fluctuations in a multi-
orbital system — application to doped FeSe (2024). URL
https://arxiv.org/abs/2412.07008. 2412.07008.
Matsuura, K.
with broken time-reversal symmetry in FeSei_.S,.
Proceedings of the Academy of Sci-
120, e2208276120 (2023). URL https:
//www.pnas.org/doi/abs/10.1073/pnas.2208276120.
https://www.pnas.org/doi/pdf/10.1073/pnas.2208276120.

Kasahara, S.

et al. Two superconducting states
National

ences

et al. Giant superconducting fluctua-

tions in the compensated semimetal FeSe at the BCS

— BEC crossover.
(2016). URL https://www.nature.com/articles/
ncomms12843. Publisher: Nature Publishing Group.

Jiang, X. et al.

Nature Communications T, 12843

Interplay between superconductivity
and the strange-metal state in FeSe. Nature Physics
19, 365-371 (2023).
articles/s41567-022-01894-4.

Publishing Group.

URL https://www.nature.com/
Publisher:  Nature
Huang, W. K. et al. Non-Fermi liquid transport in the
vicinity of the nematic quantum critical point of su-
perconducting FeSei_,S,. Physical Review Research 2,
033367 (2020). URL https://link.aps.org/doi/10.
1103/PhysRevResearch.2.033367. Publisher: American

Physical Society.


https://link.aps.org/doi/10.1103/PhysRev.109.1398
https://link.aps.org/doi/10.1103/PhysRev.109.1398
https://arxiv.org/abs/2412.07008
https://www.pnas.org/doi/abs/10.1073/pnas.2208276120
https://www.pnas.org/doi/abs/10.1073/pnas.2208276120
https://www.nature.com/articles/ncomms12843
https://www.nature.com/articles/ncomms12843
https://www.nature.com/articles/s41567-022-01894-4
https://www.nature.com/articles/s41567-022-01894-4
https://link.aps.org/doi/10.1103/PhysRevResearch.2.033367
https://link.aps.org/doi/10.1103/PhysRevResearch.2.033367

8 8
a Cc
7 74 Se=035
6 - 6
_, D
(o] 4 —— p=; o] 4 —— — 1
g ¥ bIT £ P=a5p7
T 3 T 3
24 | a=126 2 a=183
14 'l b=33.98 1 4 b=23.40
0 |l T T T T T T 0 T T T T T
0 50 100 150 200 250 300 0 50 100 150 200 250 300
T (K) T (K)
b d
B B
g g
aG
S £
Q Q

Extended Data figure 1. P HIBLEMEHFEPERHI poo PIAREAR B EERARAT & 3230 P R s EOB . TR IR T 58 B
IR, TREMECRE T 50K, a), b) XM z =045 H7, c), d) Mz = 0.35 HEA.

1Y
(7]
(]
«Q
o

o o T=38K o o T=14K o o1 T=8K
— == Drude fit - m— TWO fluid + 0p —~ 4
| == Drude + 0 fit T T
HE oo .-«E Hg 3
| | |
a (o] a
g
: E E
S ) S
V(THZz) V(THZz) V(THZ)
b d f h
8 > 02 8 - > 02 8 > 02

== = Drude — . = = Two fluid + gg —
h 6 - = = Drude + 0g |E 6 T 6 mm 5(v=0) 'E
g 5 Drude S % >
7 - 7 7 P
c 4 a 4 c G
E E € £
S 5 J S 2 S S

o e 0 _ﬁ
0.2 1 2 3 0.2 1 2 3
V(THZz) V(THz) V(THz)

Extended Data figure 2. #lf; Se=0.35 B AMzEr S 3. B 2 Sk HIES « = 0.35 #£4<



= 1/0pc
o sr

@ oo+SIT
Q@ oo

10

Extended Data figure 3. JF47 & FlBM# R . SCIBIHLRE N TS G A IR R EOE . a) XV T 2 = 0.45 #:#h, b) I

VT @ = 0.35 Fif



	普朗克散射和铁硫族超导体FeTe1-xSe中的平行传导通道x
	方法：
	致谢：
	References


