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Fig. 1. Schematic diagram and expression of the orbitals,
quadrupoles, elastic strains and their corresponding elastic
modulus classified into the six irreducible representation of

point group Dy, 19
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Fig. 2. Definitions of stress and strain: (a) Normal stress
and normal strain; (b) shear stress and shear strain, zo
and yo are the coordinates of the original point, and Az
and Ay are the displacements of the point. lp is the origin-
al length of the solid, and !; is the length of the strained
solid. F' is the stress applied to the solid, and Ag is the

area of the stressed surface.

FEELAAAR AR, BEAR i ] LS 1

Exx Eay Exz
E= | Eyz Eyy Eyz . (1)
€z Ezy Ezz

HOXT A IR AN AR, AR AR 3R 5 U A dn A 2
JIE 7. AE S I 7 R R AR () R A, R RS2 )
R BN Ty FR AR RGP C AR, RIS € o =
Ee (E R4 TR AL ), BTDIR ) FW 722 22 1]
HERMKR T = Ge (G HB U &), 78 =42
[Erf, B G a] L) S — A uprsk i, nTLIZR
H6 x 6BEERE C, RINIEE K& (stiffness tensor):

O-./L’ZL’ E(EI

Oyy Eyy

O-ZZ — C EZZ (2)
Oyz 2ey;

O-ZI QEZI

Oy 2e 4y

HI T XS FR1E, WIBE sk & — DB 5, 2
21 MSEHYITER . AR EA i — 2D R FR T,
TR BB i — 2000 X T V07 i &R AR,
HRIEE TR H A 6 Mot R, W (3) PR:
Cn Ciz2 Ci3 0 0
Ciz2 Cnn Ci3 0 0
Ciz Ciz3 C33 0 0
0 0 0 Cyuq O
0 0 0 0 Cy
0 0 0 0 0 Ce

ARBA G, TE AR R AR B TR A, S5 BTPI
Y DI FRERE D, W& AR ST Rk, wT
D] B I B2 5k 5 Dy

A 0
C:<0 D). (4)

Al 38 3 AR FIN g B 56 RIA ] LAUE LR
JE 5K & (compliance tensor) S, e = So (JF & b4k
KRS Voigt 75, BTVIRAZ vi; = 225,01 # §).
FEERRENE RS = 1. H (3) K.
(4) AT LA R Bk a2k =X

S = A0 5
_< 0 D1>’ (5)

0
0
0
0
0

Hor,

197103-3


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
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. 73, No. 19 (2024) 197103

011033 — 6123 0123 - 012033 (012 - C11)013

det(A) det(A) det(A)
Al — C33 — C12C33 C11C33 — C3; (C12 — C11)Ch3
det(A) det(A) det(A) ’
(C12—C11)Ciz (Ci12—C11)Cis  C} —Ch
det(A) det(A) det(A)
det(A) = (C11 — C12)[C33(Cy1 + Ch2) — 2C%], (6)
1/Cu4 0 0
D '= 0 1/Cyu 0 . (7)
0 0 1/Ces

X TR AR, o A SR DT M)k T PO 7 AHAY [100] b, 384 U5 AHEY [110] J51a), JRED Fe—Fe
Tl (k2 Fe—Fe S5 015E SCA o/b ). AEXFE LT AN B Bk &, o] DURHAERFSE o fliie
B 45°. TRF T HINL S R BB R B AR KB CR N e = S'0’, K e/ = Re, 0/ = Ro, RANER
FEFE (rotation matrix). Iefs /5 REKE KRS =R-S- R,

XFFAT e AT 0, Roxo M—RAA N

cos? sin0 0 0 0 2 cos 0sin 0
sin? 0 cos20 0 O 0 —2cosfsinf
0 0 1 0 0 0
R= . : (8)
0 0 0 cosf —sinf 0
0 0 0 sinf cosf 0
—cosfsinf cosfsinf 0 0 0 cos? f — sin’ 0
\
TiEt e ) 2R B sk i R RR PR AR R AN A (y, 2BIZEAL), = Hlh i & E N ) 55 )Rl

St S S5 0 0 0 NG SRS ZIETJTT*% ﬁfﬂlﬁzﬂ’ﬂlﬂfﬁl

5 S5 Sz S 0 00 (9) TR TC. IR HERE SO vy = —¢j /e, B4 4 4l
O )

0

0 0 0 Sy ? (57 277 2 e ORISR, FIEAABON , 753 15 1
R FHIZ VRt R B8 =5 T X Z R,
00 0 0 0 S 0 < v < 0.5. Z2HE kAT LU i 304 H L 4%

ARSI I .
, (C11 — C12)C33 1 1
Sll 2 det( ) 2066 ’ (10) F _% - VEQCZ 0 0 0
, (Ci1—Cr2)C33 1 v 1 v
Sip = 2 det(A) ST (11) _ 59 o Ef 0 0 0
; _ (€12 = Cn)Chis Ve Vw1
S:
r C’121 - C'122 1
Sig = det(A) (13) 0 0 0 o 0 0
Shy =1/Cuy, (14) 0 0 0 0 1 0
/ Gyz
ST PUI7 R, B R BRI ¢ T o0 000 e
7Tl 3 AR RRPER A B AR By = 00 /0 (16)

197103-4


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

¥ 1B ¥ Acta Phys. Sin.

TER RN (L) skE ST, ol LK
TARS EETHRE K. B0, JAFA Y vay (v12) Fll vae (113)
E ST ]

_ Sz |Cfs — Ci2C3s
2T ’011013013 -
_ Sz [(Ci2 = Cii)Chs

T " CnCro—Cty | Y
MUY I A [110] ﬁfﬂﬁ@ﬁﬂiiﬂb\ﬁﬁ TN

S

TSN A AT BB v12=— S = g
11

RS (B (10) X— (aﬁym?CwM*
5 FARMEDNAS, TS LEXE LIRS A TTAA, PRt SE 0w
BN RO 5. TR LT A R ARG AT
FERIEOCT , AT LA (58 M LAt 5 ™= A 1 g A8 3
A e, e, Mep,, (A il 3 FiR).
Ak, SEEe FAR 22 s = 19 5 AR Y [100]
1 [110] it fin Bl R B R X R EE A
N R A i R A T A A AT HARL. e (16) AT 0,
E, =1/Si1. Z8 (6) A (10) =X, AT LIS 2] H NI

JEE 5K AR TR R 9 U 7 AR [100] A1 [110] 7516 Y
P [
(@) (©
Dap, © - -
2. y ]
¢ VNP ¥
]4 e 1/2(esa+eu)
a ¢ € P O (d) .
1/2(eza+eyy)

[EI 3 Dap F Dep, SRR ATEAS [7) X Bt 38 18 v frly g AR A X

Vol. 73, No. 19 (2024) 197103
(2C12 — C11)CF5 — C1,C33
Y; =Cy1 + , 19
[100] = C11 CriCo — OF, (19)
Y9 =2 1 + ! - (20)
O™ %1 Ce6 '~ Ciy + Cra — 2075/ Cs3 ’

SEE bR Coe 32 2N T HLF 1) 51 AH S H ik 7%
(FFARUEME) BysRFUsEm, AR S A it
A AR, I Cge X524 AR B A
KZ, AR Z 5 m S A SR DR {5 B 550,
SEu b iR MR OC RN C = po?, 7]
V3 s 7 7 Bk e ] 90 000 A ] [ A S 15
TR SR BT AN, T AL R
FERZIKTT (capacitive dilatometer), ] LA B 42 Wil
Vi ML 9. 75 B IEAB S PR 1, (20) 34 o
N AR 2 T — i EE 2R 1 Ti/NR 22, R e AT DA i
Yinio) R SUBR Cog . 127 10 25 8 54 1) R 141
HLF [ S AR B RFFE v A H T B A H B

BT AFSHTFSE 53BN « ZHfF
EWFFRIGIE, —FRBA e B AR
4 (bilinear coupling), 75 —F 2 HA 2 AW
WEEAR S (G ARG, BT X PR &A=
AR BRI R REAG, DRI P 107 AR B R R X AR

EAlg
l €By, €By,
A

: o

1/2(8wz_5yy) Exy

oo

1/ &z 51/1/

2 ezy+syz
Ezz

(a) BaFeyAs, iR Z5F9 7R 3 &5 (b) CsVsSbs fb A (12544 /R &

&5 (c) PUJr b R AR P R AR FEAN AT YRR Argr, Aig,2, Big Ml Bog XTRREE IE P I R AR 40, A1g IR EHE Cy JiE R X R

T, Big Fl Bag BiZEH Cy XMARMEREARE] Co 5 (d) ANT7 BB R EFEAR AT AFRIR Arg,1, Avg,2 Fl Eag RFRPEE E i1 6z
Ao Arg BBYERF Co BEFEXIARIE, Fog ALK X FRAEFEARE] Co BEFe X FRIE, M1 6 R L3RR 4 Frél

Fig. 3. Irriducible strains of Dyj, and Dgp, point group: (a) Crystal structures of BaFeyAsy; (b) crystal structures of CsV3Sbs ;
(c) in Dyp, materials, strain can be decomposed into the irreducible strains in the Aig1, A1g,2, Big and Bag symmetry chan-
nels, the A, strain preserves the Cj rotational symmetry, and the Bi1y and Bgg strains lower the primary symmetry to the
Co rotational symmetry; (d) in Dgp materials, strain can be decomposed into irreducible strains in the A1971 s A1g72 and FEoq
symmetry channels, the Ajg strain preserves the Cg rotational symmetry, and the FEg4 strain lowers the symmetry to the Ca

rotational symmetry, the white dotted line indicates the axis of symmetry.
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A5 (BRI Ty —AE 90—200 K), BASHEESZEDEA
IEAS MR o= A AR 22 90° Y28 & 149, AnfA] 4(c),
(A) AR, AR5 1) 22 & 10 S35 o A (45 14 2R 1k
S Oy WEFRPE, HER TIRRIALNER Oy XFFRME 1.
R T R R AE IEASH A E L 1 5, 7 A
BRI TIR AR . PR S A ) fb A
S a, > b, (U1 BaFeyAs, Fil FeSe [ IEACHAE § =
(a—b)/(a+b) K 0.3% 24, WIESHIAY a/b
5 1w il Jin By o B R Ty, AT DA R bR AR
-8 (|7§] 4(e), (f))[21.50,51].

HAE 1990 4R, BT ) O SRS AT LI AL
T BR 1E S YBayCuy O s B 25 R 19, 2009 4F,
Tanatar 55 ) 1 56 2R F (i 9k > 5k f405E A s 2 9%
X STRATHI I AR T 2R T TSR, OF
F 2010 4EHRIE T PRSP FIHUMGR 22 S 0 s R
% )5 %, Tanatar 45 U % BB 22 i 1 2k 34 18
BEAR R FEAEARSR Y o/ b L BHAS 1) S 7R 6/ M
FEWRL T, BaFeyAs, B9 L BH 45 m) 574 1] DL Rpak
F] ~ 200 K.

] — B 8, Chu 45 PU SR B —Fh Bl R 5 AL
BB Ba(Fey ,Co,) Asy IBZEM, REWITE T %k
R PE R T AT N R (pa, py ) £ SHE,
RBRAESEAHH po F py, TER BRI (2.5% 3] 5%)
AT DR 22 JUAY, e 28 o 7 A0 b 34 1 AN )
(po BAREINAENE, pp I IAAL LR HLFH
152R). LA, B ESRZ R 5 MPa i, 78 KIB7%IX
B A 2R 1 E BELAS i) Sk T AR B A B 3 T T Y
VL TR LA R 5 T ) L B4 1) SRR i 1B 2
DXIRIEATE IS, AR 2R 119 16 52 Ak M AR AR /N L
B 4= B RN, T E B 1) S AR R HLAE R Sl %
IR KA, TNz BRI SCi a5 R, MEF e
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a) 150 b) 100 c e
(@) AT (b) o () @,
80 "t S
& R4 I FeSe;_,S, b
S~ >~ p
o 100 R o) 5 C
E 5 60 b} ™ T
2 B Atet, ‘
g 2 a0l 1
g 50} g Ortho. (f)
& & (Nematic) Tetra. Screw Spring Crystal
20
, 3 SC
0 . N 0 . . . .
0 2 4 6 &8 10 12 0 0.05 0.10 0.15 0.20
Co content /102 S content z
(g) B 10 mm

t
K
|
O
| | ||

4 (a), (b) Ba(Fe;_,Co,)sAs, Fl FeSey_,S, HIAN I BLl; (c)—(e) IEASARZR AL ORI LA 1 I3 2% o ZE I BY; () B R ARE i Y
B 2k S T L B S T LB L R XS R AT SR s () 3 T2 1 BaFeyAs,y &*Uiaaﬁ it F9 R 2R o B (h
TR FeSe B O A i i) BaFeoAs, H4% 035 (i) RIXS 52581, 5k H] BaFeyAs, fF 44 IR IR 25 i FeSe 9% B B BY; (§) RIDH LGS
i 11 5 00 A1 DA T Fn 5 1) S22 2 i A #Wﬁl_?—aajt% FeSe F. it (425 7R 2 5] 9

Fig. 4. (a), (b) Phase diagram of Ba(Fe,;_,Co,),As, and FeSe;_,S,/""*4; (c)—(e) schematic diagrams of the formation of orthogonal

twins and detwinning under uniaxial pressure®; (f) schematic diagram of a uniaxial-pressure devicel®, suitable for resistance, neut-

b

ron, and X-ray diffraction measurements; (g) a uniaxial-pressure device suitable for detwinning multiple pieces of BaFe,As,™; (h) a
BaFe,As, single crystal with many pieces of FeSe single crystals glued on the surfacel®; (i) a device used to detwin FeSe with a

BaFe,As, substrate in RIXS experimentsP!; (j) schematic diagram of a device using invar alloy to fix an aluminum strip to apply

anisotropic strain for detwinning large amounts of FeSe single crystals3l.

F B IE A R AE AR B T 1) S AH, TSR R R T
DAL ) Fi B A5 ) S5 P U 2 i) 31 i v XA A 1] 81
AR, S S FRA S TR SR )
FUAHAI B, Chu 25 21 S0 45 R Bl 1A
Hh ) S ARBIE S AT R PE T AR
WS, SRR B4 e ) AL 1B 28 i ) 7
5, DN GO 2RI 2 b i i A5 ) ST T
9T, X — PG A7 75 TR R 28
PRz, BE—20, DTN SUR B TR 25 6
(75 M B T3 (ARPES)P2 21 £14Mk
T 5061 v U 0TS XS AR HIUR A SRR
FHASE PY, N T45H OGS | S5 FIREANAL | iR
REREIA 1257 T, N PR Bl A TE S R AR
ARG TP HLAT A RS )5 L R S K
H5 BB At TR 2 H A SRR

3.3 T EMKIRZE SR

AR R SRR R A VRS B 2 RS T Bk
15T BRI, (HREXA LRI AR, 4N FeSe
A5, FF b E AR M EL AR T S, H R Sl e
FURMEXT HAR 2R . 2016 4F, Tanatar %5 59 SR I H:

R SR IR AR 5 1, W) FeSe JEATIR 2R
IEBIF T AL B A ) S P (ER X R 7 O oA
ST BO T G
3238 3 1T F B R AR Sl TR o Sl A 4 S
K (&R IR N RS 2/ N 0.1%,
AIELIZ FeSe S HE IR 2R ), He 45 6061 SR
WA YR YERL A (glass fiber reinforced plastic,
GFRP) fEA41E, LUK PEEK /4RSS &
TEHE i PR i il JBE 14 757, %) BaFe,As, Fil FeSe i
1 (FB4y) 2R, TEXFP &, (B0 TR IR ERE IR
I 23 AR ARSI (5 ) Stk ) WO A o
BEIREE LA, FEARIR T ATiA-0.67%—1%.
Z T WS &, Chen 45 62 $ H T R
BaFe2A32 SRR AR R Y FeSe i
L’EEF'HE’J?’:T% (K 4(g), (h)). BaFe,As, 4514
m T, ~ 138 K. fEH 5l 1 T, BaFeyAs,
Tﬁﬁﬁﬂ:T f I BE B AT 772 A2 (200 — eyy) ~ 0.7%
(x//[110]r ) B9 2% i) S PR AE . AHELZ R, FeSe 1Y
Ty~ 90 K, IEEAEIRAE § ~ 0.27% , X NI & o]
SVERIAE N (00 — £4y) ~0.54% (2//[110]7 ). I,
7 e AR MR T FeSe f 48 SHE o - L3 02,

\y, Exa — €yy
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ARPESPY| Lz HE 3 PE X G 28 B ) (resonant
inelastic X-ray scattering) PIHF5EH (& 4(i))BY.
Chen 55 02 2R R 38U vh 71U 75 DL 9T 1R 25
FeSe RAERL M L X FRYE, & B0 A et Peig H i
IAE SR Wk Q = (1,0) &b, B FeSe H1 Y4
LR SRy BT R R Bl Y d, . BIUTE SR R Y F G
Xt Yi % PSR ARPES RIS TR 25 FeSe
IAEHLF45H , S BRAR HL - ] 51 AR A S fo0d
PRAR AT SR AR A, FATR A RIXS BF5 TR 22
mn FeSe HR m] 31 F e SCH 1Y o JE FIRE | RO, %
LR IR B2 A, AHDCEE SRR I 1 51 AH 2 H e
A EEIK Bl B,

IRIR AR A BARARZ LR, (HA A XL

FEH, M NHT IR ) BaFe,Asy A< Bt A TR 58 A%
R G, HILAEB 2 [ 1406 XI55 FeSe i
TEOLIARL. =Z Fr LA RE T R SCiik [62) Hh A AfF 5% 2 I
1 BaFeyAs, 1 H e B AF7E— 129 10 meV HfiE
B, 1 FeSe i) H BEdPRIEREREIU N 4 meV. H I,
R TCIE T R BB RGO I T RO L e
Ak, BaFe,As, FIRZR 24 & HH K E A 2 Hl Ak,
HRBAETT PR, MR TE 5 5. 4
fORT, X G OLE A SRR B 2, I8 T i
BEHU Ut — 1. i, 22 B WA T
32 v YR 0 T R 3 R R R 1 P RO . %
Al 2 BU K% 07 ¥ A RIXS 45 4k, 75— R
rER T AR WA AL, T LA R RE R A A
w52 (B >80 meV), NHFE T, I 1T 4. 2
ITIEATSRAFAE —E BRI, BN, Fe-Ly Wi /Y
RIXS Jo vk 1 4 55 2 WG & s i 34 B
Q = (1,0),(0,1) F1 (1,1), K JICH: BB 78 X}
FRVE. M Pz 8, A SCVE# R IR 408 (K
LA MR G &) ARk 2502, Wit TR
G HME LB R Ik (K 4()), B8R
T T PR AR A ) SR AR, E— 3 i JC SR AR
L3 4R M T T B FeSe B, il
TiRA N, FeSe M52 HE WAL 1, MR T I
H S PRI i AR R P B S R L B ) A 991,
TERARM S, AT A B T Y Jr s T
IR 72, A TC I 45 ol 0 58 K ) 4% 1) S5 iy A
(BT AES). 2018—2019 4F, Sunko 4% 53] & Ji& T 5
FERFNEE B & AIZIK R B = A AR, IR R K
VB SR AT X G Ut 2 JFG P B b et i oz A £

SR ITVE. SRS AR IS | SE PRI Y B U A
TR T JC A T B )RR ol SRR, RIAT A
B4k 255 A 45 S A ) B b A P 1Y 22 BT AR N
2 1) S P AR, AR e K AT IR (40 — £yy) ~ 1%.
Liu 5 MR FZMN 775, 316 ADRESS
R FIE G THRTH®RES 648 W
BaEERE, Y% —F5 FeSe, .S, (v =0—
0.21) BN T (€00 — €yy) ~ —0.4%— ~ —0.8%
5 ] SR AR . FEIZSC e, AR T 45 ) Sk
I A5 RE A8 WP RE I A AT A RO AR 181 e DG HK
"Z AT FeSe, S, MHE W, I 7E 2~ 0.17H)
NQCP 4b R H 58 . %2 25 3Rt — 2 WoR ) 5]
TS B )51 B ek, 5 AH B i AR
2 191 e T SR 5.

4 W1 B AR A AR AL R

4.1 HEFm@7IHE

[ia] 1) FH ARk U5 T R 5. ZERRIR O+
TE Rl R GE T, WSRAERIR S A, AN ) 45
BEALA> A1, BEEHA R BAT RS RIS X R, Bk R
AR, SRS A N RS, H A 4] [R] —
AT I, A4 R [ AIe P Xof B P R e 2 X
PE, R AR, TS ER AR K Es 1) [F]
—J5 IBAEALE FRENL AT, S0 R 1wt
FRYETAAEE TR T, #o150AH (nematic
phase). Wi H BIAHAE T IAR I de Gennes
T IHIE S AR A UR e Hh e E Tk 64,

AR AL R S A o, e N
S B 10 900 R R A 38 D I 4 S 25 v 1) | T B X
FRUERE SR (REAR) T 00 2% 1) 7 Pk v 2 105681, 7
BRI T b, AR AR AR ZR DU AH A TEACAHH
J, FLFAS EH T PN DU E R XK (Cy ) BRI
BEEEXRIFR (Co) TSR a/ b HL 745 i) Sk (2223,

553 TR, B R A HR BEAS )
578 T BaFe, ,As, H1 AT REAETE 0] 51 AH S HLK V% X
B RN, IR B AR AR FEE R AR AR B AE i,
T ey ST W 1) 5 AH A U T AP R B AR
PE I LAl R IR T a5 AHAR (AN F4k) 558
SRR BEAh, el e o6 R e 810 AH S
TRTE ARG, W58 HOR 5 S H 5 8 5 1Y O
+

HITT 23 2, YR (m) 5 AR AR v LA bl B3 i 25
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FHARYE AR A THEIR. B4, ] LA R i 3 Fe—Fe §# 75 1] ) fH B, 2012 4, Chu %5 26 FI]
WIT R AR R B S v i R e, TS B R BR FHIEAL TR ARBEAR (B S8 B A R I 7
‘ﬁﬁﬂiﬁ%. Chu 3 B2 B SEIF R I A, JRREH JE H B B HE ) 1 45 Ba(Fey ,Co,)As,, I &
HENT R — bR vE A AT ) 31 A B HEK V% 11 5K T H L BE R ] S, 4B R T 7 T S B v AR

FrAEE ST IA. (e//[110]) T HIA G LT I IR L (8] 5(a)). A4
42 [EELE 25 ITE F AR ((22) 2X) ik, AT RIS
WL BEL 4 S o S B 2 W G0 SR R SR N AR T 8 [ B R de /de FEBR
_m—pe TR &L ((23) ), WEHH 585w 5 A A
o ¥ pa’ D s WSS, o WIS T A
Hrp po 1 py, 5300 M W 25 IE A E5H8) o F1 b Ty e) (B NEY 9]
100 e,
1ol . ® e « —
Sample A fezo stag v ;
| =l T. [ It
o), o] - || =
b - ” L1 y
< h..
() () <
hd _ i 4 I 3
BaFeyAss - / ’\ " F\ 1
1(IJO 150 200 250 | 300 #a " \ S
T/K T:'—m i 0.5 mm
60 (f) BaFesAsy 25 ?
) ofgé { . 20 \i/
H 0 T Strain 15 &
| 20 + § L’é .gd“ge 10 E/é
: ozl 5 c‘g
0 . : : : 0 : : : ' do £
0 50 100 150 200 250 0 50 100 150 200 250 S
T/K T/K ‘

Bl 5 (a) BaFeyAs, 1 RIZIMR N dn/dep 1Y EERIPE G R, A RRGE WA AR Ty = 138K, LR T HHEALE, #14
d A
Nl £ = m + X0 20, (b)—(e) #LH:HBHIN R 2 E ) (b) DA st B I & (1//ene ); (c) A S0P HL BH
0

W (1L e ); () PUTTAR [100] 55 e 1 O F A 15 B P LI 75 5 PR () TP 4 0 5 i T ol g 2 6 T A0 O
PR (Z2) R 1A] (mwﬁwﬂ; (£) BaFesAs, 1 Bag HLFEILI —2meq (IE HF FIBALE xy (5, ) ) IR IRBUER R,

MR A IS, A A5 2mes = o 2mGe ; (g) SLHATIR B (h) % BHHALE —(2mes — 2mY)
(ZE i) 0 w5 —(2m56 —2m3e) T (T — T*) W] LABE 4 4th, 1 i 4045 Jo dat )

Fig. 5. (a) Temperature dependence of the nematic response dn/dep of BaFe,As,, vertical line marks the structural transition tem-
perature Ty = 138 K, red line shows fit to mean field model, the fitting formula is ?TZ = m + X0 20 (b)—(e)
schematic diagrams of elastoresistance measurement®l, (b) longitudinal elastoresistance measurement (I//ezs); (c) transverse
elastoresistance measurement (I L 44 ); (d) longitudinal elastoresistance for ez, aligned along an arbitrary in-plane direction
with an angle 6 with respect to [100]; (e) a photograph of two crystals mounted on the surface of a PZT piezo stack for simultan-
eous measurement of the longitudinal (left) and transverse (right) elastoresistance; (f) temperature dependence of the Bag elast-

oresistance —2mgg which is proportional to the nematic susceptibility X Bag) of BaFeyAs,, the black line shows the Curie-Weiss

A
(T =19 ) + 277186 ; (g) schematic diagram of experimental setup; (h) the quality of fit can be
o(T —
better appreciated by considering the inverse susceptibility —(2mee — 277186)*1 (left axis) and the Curie constant

—(2mge — 2mQ) ~H(T — T*) (right axis)?".

fit, the fitting formula is 2mee =
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G ba o da
F = g2+ 9t + 5 + e — Mpe — he, (22)

d A A
T-a- @ =T (23)
PRI, AT D 3k S 50l 75 31 dy /de , I s L
SN K WOET SR R 3K Bl g S LA Y HL - 1] 51 AH K
7. TR A R S S Y, L R
dvp /de BEFRAE IR P AL (nematic susceptibility).

FERRRL, ZARE] o, T Z R o, b7 1A
(I HL B3R, BAE Chu 55 P9 B9 AR b i 2 755
—J7 AL BHAE A 1 = Ap/po KFRIE ¢ (B AIE
Bl dn/de oc dyp/de ). SR ANE 5(a) BTz, dn/de 1)
T HCUAT & o AN R8T o, IEA T Ba(Fey,
Co,)oAs, BA FHIERYHF ST E M, G5H9AH4E
R Sl B ) 51 A

R 738 i 5 — 7 ) Y H B AR ok SR AE
Y LAAk, Kuo 55 BT — 20 B b4 5 s i
FLRH (elastoresistance) H 45 AE FH -5 A G X AR M
HIE Y [ SR A ROE L, T SEE E IS SR
HL BE HRR S8 B (e ) 5 1SR AR —FE BLA Ja
AN A AT N . R S R LA 1 A R
5B ] 1 OG-

6
(Ap/p)i = Z MikE - (24)

k=1
(] I 2 s i A A 1 AR S I Z AR R ((2) )
— A, SRR m W — sk, BT RA
AR BRI B AR}, i i BH sk i 55 W ok i B
SEAARRIIE . BN, Dy, sSSORERP R 534 H B
EX G S|

mi1 miz miz 0
miz mi1 miz 0
miz miz maz 0
0 0 0 M4y
0 0 0 0 may
0 0 0 0 0  mes

o o o Oo

mi =

o O o o O

(25)

P P B KR 5 R S R A B AR TR A

WKV PO GRS Ah, T TSRSl R AR A

T SR AU R S, O BLFP S b i

FABG, DA T g, 9 QI TR0k n]

AEAT AR A s Hh BELAEL. 33 (s A v L 7% D0
AT SESRICIRAR 2 P A e A i — ey ) T A

WE 5(b)—(e) Fizn, 7ESL5KH AR J7 101 )
SRR, R ot RG  E  H Pl R MR T SE e v
i) 25 A JEC it fin S o T R B AR . DA BaFe,As,y MU
J5 AR [100] J5 [ 27, G\l B B 45 3] 2
[r] 1) R BEL A A 3%, 6 ) H, BEL D 675 3] g D 1] 19 F,
BHAZS Ak, H BHAZ A6 32 7] DLy s v v BEL AR AL [
TN

(AP/P)M = Eaxx (mn — VpMmi2 — Vsm13) )

(Ap/p)yy = €zx (M12 — vymi1 — vsmas) . (26)
T, PUOARE SORG IS 70 e v B e M T, e v
Wi 35 I 1) 07 A8 JLF- 58 A B B8 2 R i, IR A4 T 1
TH A FE oy He Ha, Bl 88 M 7 A= W A8 I A9 YR 1, D
vio = vy, vse I E R N TSMAR L. BT
FIBH S DU T o EEHERR G PR D A
[110] ([110]//=) #EA79h1a) d BH I 2= (K] 5(d)), H
X 07 T 5 L B R B ms - RIS L, AR SR 2(c)
ShERE 0 f (il [100] S 6R), K5 A5 EHT G s
HLBH K m/ ((27) 2, R WIEFHERE ((8) 20):

m' = RmR ™. (27)

MR A (P B VIR AL v,y = 264, Fe45 RS
PRIVZE €4y ), T4 BISE ¢ FlIERE 0 B, SPEHL B 5K
AT C R

m), =my; — 2Amsin® 0 cos? 6,

m)y = mis + 2Amsin® 0 cos? 6, (28)
Hrb, Am = may — mas — 2mee . FEMISENER 0 f
J B AR AR
(Ap/p)zy = Exa (M1 — Yymy — VM)
= 4o [M11 — 2Amsin®0 cos®¢

—vp (a2 + 2Amsin®*0 cos®0) — vymis],  (29)

(Dp/p)yy = €xa (Mhy — vymiy — vsmig)
= €40 [M12 + Am sin?6 cos0
—vp (m11 — Amsin®@ cos?0) —vgms] . (30)
TETCRR/NS S AR T, TN Ay 748 o) S 5 1)
SIMIFZ it o JMAE F, PIHAT i SCH BH 3845 1) Sk

Pzx — Pyy
N= L=l oy (31)
(Pmc + Pyy)

Xt N AT R ERIT, A — ORI ERY (EH] T
LHPRITEIE ):
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N~ [(Ap/p)az — (Dp/p)yy] - (32)
I, XA IERE /A 0, rBHRA [0 F 1
N(0) = [(Ap/p)az — (Ap/p)yy]
= eg0 (1 +15) [(ma1 — ma2)
—4Amsin® § cos® 0] . (33)
AL, 5 2 07 S AR A DG AT vgm s BEHETH.
X F PR X RR T 1 0 =0, XN TR 2R €40
W [100] 7 W), XFRE By AATAFRIN; 0 =n/4, X
WL TS €0 T [110] 75 10, R Bog AN AT 2K
[LERESUS- W/ I
N(0=0) = a0 (1 4+ 1p) (m11 — ma2), (34)

N0 =1/4) = e00 (14 15) 2mgs. (35)

PRI, 0 L BH 3845 1) Sk N, Rl 2 RPR AN /de
S5 TR HL P R ME I A ROARA HL vy, T DL A 2
it B PR FEL B R AR (11 —mao) BT 2mee . I HLHH
T N=cyp, WATFH] By, F Byg XS FRIEIE IE Y 1] 5]
WAL A

XBig = W, N _ c(mir —mi2)
= 07—~ ~ = 1— MmMi2),
Yo d(ere —Eyy) oy s
(36)
dez dNn:/4 /
= g ~——=(2 . 37
XB2g4 deny |y dens C 2Mge (37)

&1 5(f) 29 BaFeyAsy ) Bog SPERLEH [2mge| #Y
B OC R, B BB AR A7 H H = B A0 28 X
. X5 U AT A3 A HELL T () M 5 AR 1
TR B2 A OC R AR5 27

an (36) =X, (37) X, 828 W0 5t L BH &
BORRAE M SR ik e, IR 2 H
THF 5% 4% Pl 2k S5 AR b 9 1) 5 AR AL 36, 40 Ba
(Fey ,Co,)pAsy”", BaFey(Asy P )", FeSey ,S,1*,
FeTe, ,Se,*) Ba;, K, Fe,As,™ Ba, ,Rb,Fe,As,[™,
LaFe, ,Co,AsO™, BaNiy(As, ,P,),™ &5 W55 4
SRy L ok S A 2R v (1) BT ) B0 A B AL T S0 I
fill. 7ERRAEE SRR, — MR TAEZE 24
ENES e, PSRRI Nl TRt S Hil -2 e
Kuo &5 P75 T 24K R S BB 24 S i s
L BH 2R 2K [2mee| , A BRI BEIR 2R 1 |2mg6| PIHE K HL
HA R B NI T R:

12mes| = 2m3s + a/[NT —T*)), (38)
Hrp ) 7 S FIm SR . X R SR R

H 2 AEAEAR SR T SRR AL X g, = ¢ X 2mgg . T
W, KRB I T B4R 0, 3R
HF 3K BB R R ) S A48 24 4143 1T BE AR 30— 1 3]
EIRF IR, RIMIKY (nematic fluctuations)
AR AT 5 8 S O AH AR R A 6 P,

7t FeSe, ,S, "', Hosoi 45 31 SR FAH [A] 1) 77 ¥
R TR P AAAEAR SR B m S AL 3. R AT LAk
Wi oea (38) HAAA R T B8 4% o LR FEAKIT
P we = 017 A BIK T ~ 0, R AL FT RESE: 7] 5]
HEFIE AL NQCP. 2K & ) 51 it 1l S IX B,
H5lSFHNREBR s ~0.08FFAESE. WA, BT
FeSe, S, HIFAFELEMURE 3 5 808 S M7 1 AH
A5 AEF IR IZ T I S ] R S Rk TR O, A
RS RS A TFSE T, Licciardello %5 4
3 2 H BEL 2 AT 40 BT, BN T AE 2 ~ 0.17 47
1E NQCP. 7EX} FeSe, S, [ HC R % 31 734
LA SE T, & NQCP W24 TR R i
S LM P LT X FR P R RE PR S Ay 46481,

ST L B 0 2 R A Oy T R T
HAlOCHR L ABH ST, 640, Rosenberg 45 (™)
Wi 7 af—4d & @ LG Y, W10 ) A A &
YbRu,Ge, I #LPERLBH, R By, ML ZRTE
230 1) ) AR AR Iy 26 B AT A, Muteh 55 761 )
FH AR P I FLBHL 3, KB ZrTey Wi REAFTE N A2
PP FRFRAS s LS 2B 20 R T it H BEL DU
WITENIIEIE H ks SR CsV,Shy H 2 B A7F1E
H, [ F1) AR A5 (77801,

4.3 Dy, RBEHHSEERE

8 B SRR AR b i v i BE R K (A
— BB, 1E Doy, s REH, T HEA Co e )
PRk, BERE SR 2 Jhiest n/3, HatEm ik E m
TRFEAAR, A5 2] mee = (ma1 — maz) /2. X AH
13 De, sV B 5 L BH R SOk S S 5T (A L
T Dy, SHERY 6 1) D F] 5 A anE 3 iR, Dey,
R RSN AE 9 R ey, = 1/2(0at
Eyy) s €A1g2 = €225 E€Eyy = (1/2(eza — €yy)s €ay) -

TE Dy, SAFHAR RS AR, S [100]
L% 2 (z//)c) WTERAL B AMEE 0, Hir PH AR 1) Sk
N () Kol As ((33) 20—(35) ). LR m i ¢y
S B 0 < s, T 2, 8 7 038 4 LR B
S R I K A £ gy, XTI |2mee | BERS F 1] 1) AH
ARk, H AR (38) X, BIZ sk fo fHL &R
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BRI JE BANIAT N, 7E Dey, s HET, HA By,
ANAT YIRS (e, ) BB BRI N0 FR
(9, DR ATFE N D A B e 00 X6 o Py e i L
REOF R ZE R PR BRI SIRALRT) E
AT BT Dep siBE T mes = (mag — maa) /2,
M(24) AT (25) B & HES B R 8L ISR A
(33) ATV, 2 A LT P4 A4 B AH 2 By )
P4 FELBH 3 45 ) S P 5 A R TG K
N(0) = [(Ap/p)uz — (Ap/p)yy]
= Exx (1 + ’Up) [(m11 — m12)
—4(m1y — mia — 2mgg) sin® 0 cos? 0]
= €30 (1 +vp)(Mm11 — Ma2). (39)

PE— 25 AT LIS BT A € g, X A S LR 2R
WA R AT REAFAERY ) SRR AL R
dN

Mpe,, = 7(1 (Em — Syy) o = mi1 — Ma2,

dN

d = (1 + ’Up) (m11 — mlg) . (40)
Exx

WA, XA R R REFRYE € 4., , FLTRPEHLEE
(Ap/po)ay, = 1/2[(Ap/p)ax + (Dp/p)yy) . LT
B B 28 00 I 1 . A& (29) AT (30) =X, AT LA
Ml 2y, = (1 vp)es WTEAOSIE R L B

A ) 2v,
_ @elpo)ar, 2

—MmM3.
Aig dgAlg (1 — Vp) 13

(41)

TR AL Y €A1 ST A Y €Aig1 s K mas K H
TH TSR A0 ¢ T ea,, , = 2. XTHL
RELA%) 52

Nie & M B Jeill i T CsV3Sby B i Y 5
PEHBH AR EL (may — mag) , IWHHARER T By XK
VS 1 SR AE % i, . S0 5T, FEH 7
FEREWAAE Tepw VA L, (man — mao) JLT-S5IRET
XK. FEERERRAC, (m11 — maz) 7€ Tepw AR ELH
LRI, FESHRREEI KR T ~ 35 K ALiAFIK
KA, #2558 8R /. 256 A SE B e S, VR IA
X R =4t CDW Jy il if 358 Foy 2 1] 515K 7%
KB T RGAE T AL IS ARAS. SR, 7EHABAF 5T
2 1Y J5 S E 7880 g N BOR FH R Oy v
B2 mp,, Mma,, , Kmp,, — BN, AUE Tepw
A —A BN BT T mea,, T8 Tepw 28 HBL—A>
TR SR A IRUE, T8 Tepw AHAEZ T, ma,, J& mp,, Y
2—>5 155, WE YE AR BRI AR TR, 0

SRR EEAEA [FIT ST A B AN TRIAE ity FPARASAH ).

S5 i, BEL 2R 8O0 AR 2 AR 728 A e, 1 B Y 2
RARSBIRAY, (B mp,, JE75 0] LU 51 AR
(Xi, ~ M, ), BIINRAFALARE 0. TATM I
THT A AR T R, R R T — B4R

T T E R I, (31) b N = ey O B HT
Je: AEVUTTAI AR, TEARINN LR pop = pyy - X HLIR
HIE T AER S TCRR/ N LT AT AX (31) kA%
BNIEITARE] (32) 20, AR5 A BEF FH 381 F BH 28 %K
FEMEHEAT IR THE. e AT, R HIf
ATETE Ca M FRIEREEIRIE paw = pyy TEF LT
BT FEE EAE ST AR PR EAREE BT T
B, 2R (31) 28, M FREEE TE R — 3
P EE T pra = pyy , BE BUE H 22 5 HUSTRRAN B
T AR B ZESCBRI i, KB CsV,Shs 1Y
mpg,, 1T > Tepw AR, (HEEAR FRABEIRE L
R (B Ny ), I N — Ny = eyp BRIFT LABT.

(39) At — LR, ep,, NZAE T A HLBH A 5]
SPEN(0) 55 0 Joo. TEMRA AT BT P P EL A
ELATT AN AL ((€ga, £y ) FHREFT IR AR 2 55
Py, XA N EIR I H] T & B 2 A
AT 1) B R BEL2E SR (B RLE 7 A Co M RRPE),
ARG HBA Coo MR, LT S AHTE T N J2 Co
XFPR, — MR, 11 FUAH I J7 6] 5 A 0 Bk 5 1]
AR B B TFLAE AR I 0], N B IR RS &
FAR A N ICvk5 75 1) E B L1 1) 1A B
WAL SRR Z5IE, B N o) S 0 KT,
Mix-5 (39) A

USRAR R P S A — el 7 0 5, AR T
] AT/ N O X BB I 22 RV R s RS 2145 7
] FET S WRAE N R H A SO0 ) ks i
S5 F R — AR B AT B A e SRR, DU A ]
AE Y 28375 5t A R 2% 1o S 1 ] BE-S TRO0E v
T B EETEE, AR L7~ B S oK TH R A8 1Y
M A K.

TS T oRHT N RERI H - ] 51 AH K HoAR
PEAI T REVE. BTS2, 0 1 R rh S B 2
A LMER AT S, LR R P B A T
5P (electronic nematicity), JCHETE Ti%)F S
TR AR IR 2 PR AR (38) Ay s HLA
AT O AR 24 37 [0] 51 AR AL i R A R 2027, tg
IR, IXBETE CsV,Shy FHHERARMES . tLsh, Wffs
TERARA 10 FIAH, 5E 5 B N 2 RE A8 LS 2 AH

197103-12


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
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. 73, No. 19 (2024) 197103

A AETE H A S IR 4 R R WL 3 (79801,

TEZHT AT, ARE B AR 2358 445 188 25+
s, FEIN A HL BELRE R 2 o8 A2 A7 e 1. SR, FF
i FPAT BEAT BB 23 DCIOR REIN WS, B0E U A
— 43 (BE N Ro ) W R AR AR (AN 5 | Bk
Ba o i LA H BELA DT RR ). >4 BH AR T 3R AR ORI
JEA TR Ro 3% 5t r, BH 28 250 Tk B2 AR OC 22 7
HAR K52 . Frachet 25 79 X CsV4Sby 544 B, BH
AIRTSE R, B eXt Ro RAAAE SO HSE W AT 1 1E 40
AOTTE, TR BT 7 AR T S F BH R e 7
AL IR T FER F T Ro HYSZIR. 40 R 9 4% v BHL
WA HRIE Ry B Ry, HA0ER, T AT FEAY
Pl TR

X O RIS S AP A AE. Wiecki 45 (10
5 T 1 25 7B A OB K AFepAsy (A —
K, Rb, Cs) Y5 i BH 22 BB it )2 A0 T8 AL I
HAEHIE TR, TERAE AR T Ry Z 5, 55
A5 R — U] AR R R T m,, T
i, HIHZ T i, B, (0 IL T AT 122 06,
IXSEZE R TR T E TR 23 7S #87% BaFe)As,
1] SR B TA T,

5 HFAMW ML EE
51 BENITEERE

HETELL AU (e~ 0.01%) T 1Y
FL A A 0 o, AP N DR A ST T A R BEL A U
B, FTHR e ) S AH A B A3 T 7E SR R 5
(P ~5 MPa) T, 58 A\ SR Bk i B Bk i
ARA T, Ty, J92 T AT LA BT ) 5500
A8 BT IR (V82 R ) (AN DY 5 AR [110]) (4 S
S R X A A kB ) I A 3 SR 2L T AR
BAARCR, T LA AR R Y Xt EA T I 4 ] s SO
SIATCF 232,

RGO H B & REAE N Y R R — R
ANHIGIEJEATA Y. A e s it — 2 R T R
AL SR B R R A J7 v, B0 Mirri 55 52560 SR 1
ARG K T B it 0 A5 3 252 T 9 ) B
BRI HLLAMGHE; Tam 55 B384 g J i 1 0k
TAREE AT G R T Y S 3% S AT A S0 e S
B e H BH I s AR Oy T S TR Z i
J&; Liu & 5587 JEF i R IR Sl ml 25 i %) e F P e
RN T RO R R R, FER A A T

A A R BR A E Or 3RAS TR Z A B L E .
2014 4F, Hicks 55 B9 1 H R R TR T 34>
AT R B T T L 4 B R e 372 2 T ) B
R AR R SEIG R R (] 6). LRI E T, AN A
J FEL B s M Sk — A, v ] A e R P M A ST o —
2, 38 A PR s ) 9 40 P P A AR X a2 o, BT
A ol T3 2 T R ) B N A . ELAR )2 B A
PN ST A T A F g P A A T i 1 A
Xof 57 B BB AR A T B9 R S B T )
F T L B ARNT T, AT, 254 SroRuO,
HRTREAFAE p M S AR, LUK e f i
Xof WP AR 24, S JLAR, Hicks 2545 35 Fi ot B 7% L
Je S RRAHE ) T R A, %2R B ARz
FHARMFFTR IR SRR P (1 F - [ 51 AH | 8 R
A e 25 B 07 A8 T P 5. B T R A A2 R LR
(BETREAL R ) PY, 2206 B A 5 & A L 00 T Bori 45
&, Bl 00 ARPESO2) | 71 931 uSRI98
Wi i S P (NMR) 9, 55 4 B X 26 A7 B (99991
(R)IXSE798] | g AR (elastocaloric) #9101 1

(a) Temperature

Zero strain

0
Anisotropic strain (g,,—¢y,)

Piezoelectric
(c)

actuators (d) (Body Bridge

Sample tensioned

Sample compressed

6 (a) StRuO, i, I FBEHRIBRIENINE € — eyy)
Xof T B R4 20007 B Xof 7 B9 TC X6 S R (b)—(d) 2% 1 2%
BEE 0 TARIEEL, (b) FF Sk AL T2 0 A48 B R A, e hsf e F B
LB 0; (o) HL R K 2l A ] e F B R HE ARG R
A2 N AR () FEL R 3K S 5 o A R B e ME ARG (A5 A
B R [ B, B A2 B BN A . TR B SOk [34]

Fig. 6. (a) General phase diagram expected for p; =+ ipy
pairing symmetry in a tetragonal crystal subject to a small
symmetry-breaking strain (ezz — €yy) in SroRuOy; (b)—(d)
working principle of the strain cell; (b) sample at zero
strain; (c) the sample is compressed by extending the
middle piezoelectric actuator; (d) the sample is tensioned by
extending both outer actuators and pushing the bridge
piece out. The figure is from Ref.[34].
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T RE TR PGB T TE. AT 5
TR AR AL S A 1] 91 A R 55 AT 2SR A Ui
JEPIFERIAHSC AR

5.2 HEETRERE

5.2.1 —f&HRE

BRESE R A Y S AR R S A (0
TESCHR) | SRBUSCERREAR | T2, XTI A AR 43 5]
R T, TnFTe . WRTFRYER £ BE A, FRATTAT L
PHEAHASIRBE RS TS AT (e) M REEUE R 1528,
HI CATEAN A T Dy, A T AYA I 23R8 1
BN e, ) e, Men,, . 1T REREH I
— R AU AT 29 W A%, PR IR AR 7AZ 1Y 5 e
ATyi(e) Y, AETEIXLE AR Y AE ST FE . X1
XIPRNE € 4,, , TERY NSRERASTERN, ATwi(ca,,)
Xof 7 248 P W] 07 DA 2P pR R X — s 2 K
(RPE ea,  Rlea, ) FEHAISOIEE S5 57
VESE, fER, SSR B IT (f0ff e,
€Ay, WIBESLIR) (R 5E00 T LA 220 . S%F T SOR R b 7%
€8y, il €Bay 5 WE AR AEXT AT (<) B o1 ik AR ]
M ATui(e,, /) BRI BREL, ATFAELMET, 52
3 b RS I8 B (B s T s ] 220 ) 28],

TSR, Wy 2 07 IS 0y , HHT AR
BN, RIBT S5 ey = —VeyEun PN €20 = —VisEau -
2R 2 //1100] , BERESL RS Al 38N ea,,, =
(Exz +Eyy)/2, €ALyn = €2z, €By, = (Exa —Eyy)/2.
F7 Tk B8 7 A B T A2 i 107 7] AR IR S

AT (EAlg,NEAlg,wEBlg) =

2

Z )‘(Alg,i)EAlg,i + )\(Blnglg)Eélg + O(e), (42)
i=1

FEV AR, [110] N F WS W, ep,, =
Eay ST HIE S LT W ARS S RN AR . SR, 7EUY
[100] F1 [010] J [m] I FI Y B A it by, N2 S it fin
Eay - DA G ML ZUTE [110] A1 [1T0] PIFIFE S,
SRIGUTE [110] J7 1IN BRI AE e110) , LOI AR K
H™ W epypo) = —1/’8/[110] M., =—v"epig AT LA

W?i‘j EAig1 — (1 7 )

9 €[110] , €A1go = €zz5 €Byy =

L+ ' .
5ty , ol v IR L o AT
SN L. BCHL T (R S I 2 5.

HE IR K PRI, 772 B A AR 0 2, Bl ey,
P B 0UE; ST ¢ 7 I 2% e, B, B AR
AN en,, , = —leaa| M en,, = | — vewesz|, H
qj Veg = —311/513 .

TEV [100], [110], [001] J5 a] il fil 58 14 B A e,
DL R it in sk ok B P s, Il B S T XA IR
A (A 7 ] LA GE— R R

2
ATCl'i(EAlg ) EBig) = Z(aiEAlg,i + biE?Eig)' (43)
=1
XFF Bk 4 FEERAELL, ATwi(e) 35T LIS h

1-vyy

2

1+v,
al —z/g;zag) €+Mb€2,

2
(44)

ATcri(<€[100]) = (

1-v/

1+
ATcri(‘g[llo]) = ( 2

5 be?, (45)

a; —I/’a2> e+

ATui(eg001]) = (@16 — V2ga2) €, (46)

1—vyy a Vgs
—ay
E; E,

1+2v,,

ATcri(P) = —P((ll E

+ao
(47)

Horp, 2R v A FRASE B AY5E L SRR AT
BTEAESR 2 WE TR 4. A LERN, HF5T
N GAT DL SEH6 A b A5 2 S AR R T AL L
A ELRKIEL. BB T PR R RSP AR E FIA A L
X 5 R PR AT A TR B O TR P80 385G HE 2L

M (44) 2—(47) 2R T, 38 R T P B
AR R R ¢ il AR AR PERCR S Al L
R4 AN PT 23R N AR (P R BGE e POk, X
B — R TEER, T AL T RIER S
5 e qungy 1B WA B — A i X, DRI TG R
€[110] EGETIY

LA, A —SE R AR PR 2 B A b, A7 ]
L Y TR AL A P A

Tcri (6171) = TO + acgr + 6€ix7 (48)
;E\:EP, %\ﬁ a = dTC[‘i/dEI$ o0 aT‘s/agfhg ) ﬂ = 1/2><
T fd22, o 07T, /0c%, (i = 15k2), 15 (44) K
(47) AT FOBL, ATRNTE AN N, #HE R o, B
AL AL T BRI R K a, b Z AR T] E 2Bl
JERIB AL (AITARA EE v IR
5.2.2 #7269 BaFe,As, R &
2018 4F, Tkeda % ¥ H 0K Bk Trikoed, IF
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FKHZITENIE T eay, s €aryn > Mep,, RTFIAH
A E SRR, AR S G e oo FIFK EHEAT
Wi, 390E 1 DA_E S i M IEsf I, e e 1
VL E 3 MR AR ROUETE 250 2021 4, Worasaran 5528
%mﬁﬁ%ﬁ%ﬂkmm@%ﬁm)%%ﬁﬁ
T Ba(Fe; ,Co,)9Asy Z 41 (= 0.09%—2.5%,
4.8%—6.2% ) WIZERE /I FIARAS T, T (AE AT LA
H (48) ARG M IR, SEI0 R I o/ Ty B B/ T TEHE
BB (2~ 6.7%) SE2MEHATH, FEFHIN
RIX AT g R AR R AR I P IR I T UESE. 5 IRTE
AT BB i ALk DX, A BR U DX AH 72 I 2 52
IR 2= S B S BRI FAEIT N
T, = (gc — 9)? , VEF izl (43) LA (48) =itk
17 B X B #7704, & BRAS R AR e 8 A2 17
AR FEAE = 4.8%—6.2% 5¢ & G X Fh w47
R ZXIOEFIESX), AR 2 = 0%—2.5%
] i 25 R AT . R 45 R Ba(Fey ,Co,)s
Asy AR TG S 51k s 4 T B 5L R
HEAE.

2020 4, Malinowski %5 12 X} Ba(Fe; ,Co,),
Asy TifiN Bog BIZAE (ep110) ), SEBL T X T BOTREE. 18
KB AEB AR S b, e B IE £ 28 #R X T
ARZUINHIER]. fE BB 2% (2 = 0.071) FEf
Hr, 20 1% W2 eqisp PTRF T BEAR A J 00 (110 3T
1/5 (K 7(a)); TERBA (2 =0.042) FEdhd, 4
0.5% W epn1o) 1 LABR Bl 1A 5 00 528 D 25 A
SIRAS. R (48) X AT, (ep110)) HATIA,
RIL Bay VAR X T HL P AR R4 T FAER.

W5, EZ RIS R A BT R A DG
FRINAG T A5 5 700 U B2 1) Bk 0 AR PR A 20N . Zhao
LB T —F 51 BaFey(As, P,), B T, T
FT, S5 A0S R BE X AN AT 2 RIR N AL 4., e, F
gy, BN, K ep,, AT LATEAR U [l N 6254
AHZZ I BE AT I, AR RO AR W 2R T P
T AHAZ R BE AR RO, 10 ] Sty AR — el
B R HAR T8 42 T i vT LR s A
PSR TB. SRR, ea,, X T BSR40
TEfEB A 2l IS B, X AT BB Y T ea,, 1E
TOWL 1 5200 FeAs DU T4 1% B 85 5 B2 F As—
Fe—As MBS, MIXPH 5 T, HAARIE 103101,

5.2.3  FeSe 1R & Foi@ iT 41 K 60 o T
BRI BaFeyAs, 1A 2 7E M 5L il 205 Ry A8

VRIS 7 TS T AR KA, o — gt 2
SRR B TR A, LT ARE AR 25 5 V) E g
PR A AR B T T E A, ML T, A
R B RARD, B SR, SRE S B R
A B T R A U SRR ] A S A i
AR I, JFEAEBERN S 6 R A T A BRI &,
R R, — A A BT FeSe 55 Y I AR
JEHEFE. FeSe f Ul FUE-T AR}, 55 T Hh
B, S RS A AR5, AR 2 T A BRI S il 3 4650
R TARK Y R, FEX PG OL T, 598 A — L
HIEITTRE T FeSe SRR AP A ICATFE. 2021 48,
Chini % 105 4738 T FeSe B8 o S 145 F AR
) B AR S5 . S R BN AR REA 7 | r BHL
(4 5K [59) HPEFEBHAE R —2 R
RE 8% it o0 1) R AE I BRI /N (€ ~ 0.1% ), TE X
R BEPUT5 AR #Y eio) X Te 5 T BT PR 2 28
M. BT FeSe IRZE R FTHRZMINASLH |e| 2 0.2%
BT AR SEIR 2R, R ROR AN BE R
€y, 3 MFIH ARG, R ICTEBF ST 1) B AR FIEE S
FRIAHELAE .

55 3 iR A, A LU A R R4S FeSe
1B 2 B I N S . Hicks F5841853% 05 1 FUR
By 25 B 3 1) BRI AR B A Ak, SR —Fh b e
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Fig. 7. (a) Resistivity as a function of temperature under uniaxial stress for optimally Ba(Fe; ,Co,),As, (z = 0.071)1%; (b) super-
conducting transition temperature T of Ba(Fe, ,Co,),As, (z = 0.071) as a function of the two irreducible strain components & Bag
(bottom axis) and ea,,, (top axis)1; (c) photograph of FeSe sample glued on a tatanium bridge, with contacts attached for
measuring resistivity®; (d) Te(e Blg) , determined as the temperature where the resistivity crosses specific values, as shown in the
inset??; (e) photos of the CsV;Sbj single crystals attached on titanium platforms for the measurements of resistivity (left panel) and
mutual inductance (ac x’) (right panel) under uniaxial strains'%; (f) resistivity measurements of CsV3Sb; under the uniaxial strain
along the [110] direction; (g) mutual inductance of CsV;Sbs (ac X’ ) under uniaxial strains along the [110] direction, the horizontal

dashed lines in (f), (g) mark the values used to track the relative change of T 1%,
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PR s SR, BEIE b & Pl T X6 X AR,
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S5 b, Ghosh 45 B10) SR FH B A2 1 S
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SPECIAL TOPIC—Correlated electron materials and scattering spectroscopy
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Abstract

In the study of quantum materials, introducing pressure and strain that can change lattice parameters and
symmetry is an effective experimental method for manipulating the electronic properties of the system. In
measurements under hydrostatic pressure or in-plane epitaxial strain, the changes in lattice parameters will lead
to significant changes in the electronic structure, thereby triggering off novel quantum phenomena and phase
transitions. By comparison, the in-plane uniaxial strain, which has been widely employed in recent years, not
only changes lattice parameters, but also directly destroys and controls the symmetry of the system, thereby
affecting the electronic ordering state and even collective excitation of the system. This article provides a
comprehensive overview of the basic concepts of uniaxial strain, the development of experimental methods, and
some research progress in using these methods to regulate superconductivity and electronic nematicity in iron-
based superconductors. This review contains six sections. Section 1 focuses on a genetral introduction for the
uniaxial strain techque and the arrangement of this paper. Section 2 is devoted to the basic concepts and
formulas related to elastic moduli and the decomposition of uniaxial strain into irreducible symmetric channels
under Dy, point group. Section 3 gives iron-based superconductors (FeSCs) and discusses the uniaxial-pressure
detwinning method and related research progress. Section 4 introduces the establishment of the elastoresistance
as a probe of the nematic susceptibility and discusses the key researches in this direction. Section 5 describes
the research progress of the effects of uniaxial strain on superconductivity and nematicity. In sections 4 and 5,
key experimental techniques, such as elastoresistance, are discussed in detail. Section 6 extends the discussion to
several types of quantum materials suitable for uniaxial-strain tuning method beyond the FeSCs. Finally, we
provide a brief summary and outlook on the uniaxial strain tuning technique. Overall, this review article
provides valuable resources for the beginners in the field of FeSC and those who are interested in using uniaxial
strain to modulate the electronic properties of quantum materials. By summarizing recent advancements and
experimental techniques, this review hopes to inspire further research and innovation in studying electronic

materials under uniaxial strain.
Keywords: strongly correlated electron, iron-based superconductors, spin excitations, uniaxial strain
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