LC

\y

» » I

FEEE X IRREL TR 2 S RiBILEGHD
BFIAFT IO RALHMEDER

FIF A

AR T BTSSR BT URHF I J-PARC & % —  T319-1195 YEBIIESHGEF A 17 2-4
i R

AT BRI T DREBRIEr BT DRSO ERERIey 7 —  T679-5148 S
IR TS 1-1-1

HH 55 B 1

KR KFKFBEFRE e R PRI T560-0043 KPR & A AR LT 1-1
Alfred Q. R. Baron

BLSBIZERT  BADERERIgE L v % —  T679-5148 S IR0 AR M FETEHR 1-1-1

HRBLERF2008FCENTREESNIFHLWY A TOSEEBGRESFRTH D, H4lL, SPring-8 DF5 AL
HEXEBEZRANC T+ / HEAEND, APMETRRENDIEL « 71/ L HBEOHFEEHOMC LT
IS, B8 - MKHKFHETHEREND VILF R A L BEZNGIT 57202, —#ENTTO T+ / L RAEZETL, 4
BRI Z R DB ICE > THREIND T+ / BB EDEFHEOBRCHH TR L oo F—RET
+/ CAREEAEHLEBNERAND LT, HRELERD 7 1 / U BEICETDRELELEOERMENTR

TN

1. BUHIC

2008F D ABIRBAE DI VLI, 7 OMEREFI K
s & R T IREEO M M O DRI e 3 T n
T&Elo LW A TOBREENERINIGEICES
BTN &, WA FHAAERICES <k OBRE
PR ORI T, ERIICBN S 5 BREERIEE (T
DHWENLPEPEVDHTHD, COLAY—HlD,
PREIRE AR D7 FAE S I — T RIC L 5 BT 4%
FHEFR ORI 2Tz, ZORER, $ABEEEICTE
LB TFHLIEHOKRE S, ERIICBIIS N 5IE
WICEO T, #FKHS LI RT3 TH S LD P
SN/, TN, BRBEERICKT ST x /v ERESD
& U 7R BB O W REME SR S N7- S R
Bo KBS, PARBILEMIC BT HBIEREEMT ALY
O S & U7 IRRERINB IR EFE B Ol 2 T
Mens L% 3, ERBREE LITARERIC R
HWBERTH D LARFHE SN T 5,

CORD RN EFEET S &, $RARBREEOBIRESE
RS E T RELHMES 5 LT, 74/ VOXDKT
HHEICE A FRE eI EEE LR e R/ mw e
bhshrdbLhngv, LaL, $RBEEEORKTH B
AN BT S, LU, RS RRE OFFEH

DI IR D TR/ £ WD B Th b, $ABIEERICE
% KEdR i &Rk E OBRRITIE x, BEVBEE R
(Density Functional Theory, DFT) % FH\ 7-FRE&HIHF4C
DHEHIN/ZLDTH AP, EROAMPOL, £0D
EEEIIR A BBETHER SN T 5, 2T, miEkx
PARBIRERDORYE CaFeAs, TSN AT 5T
AEsFE ($EY A P OWKTE— AV FOEKE DS EEER)
T A T OAEVIREE &S EREE & ORS & & s 7GR
TP TH A, COXRDIEKET « AL VKERLLTOD
PRBLEROBFHEERTH &, [T/ V/lEE@EL
TETFRTHLIEROER | &\ ik b OMIZEDE
DA TR, 7%/ /IEL @ L KRR & O
BRI EOOHLCBHELLDT 1 /) /O REMNE A
EINHETTH 5,

FEE, WML T+ /v EOMHAEERILEFRICWERFD
MEICEBTAEER Ty 7D1DOTH b, Hlzid, 7
xS VAR VBN ATV bax s /U8, il
A e T xS UREEITRRT 57 1 S VFRwONT
SREGE OB, WS GOEEE YT 5 /v
SHAEOBEDP DR L BEOMERNTH S, 7+ /
DOFEBBFE LML LIS, BTFXAF 7 ZAOHE®mIRY
P ATFEKR TS % BT, IEFICIHR S N5 E T
BHFEINTVD, LeLahAb, SEEETRICKITS

B July 2019 Vol.32 No.4 @ 199

(C) 2019 The Japanese Society for Synchrotron Radiation Research



T x UV OE—FEIE, FRCAY YV « T x S UREED
IR WTHEE L A FEREREO 7 » / VEHET, Rk
FTREFEE L TESINETETTH LY.

FRROD & D AR A ORI, REREARIC W
TREL2LERINTELLDTHHH, PRBEER
D LD I EEEEAROHIETICNE TIT LA EEF RSN
LENIRD o T2, AEHALETE, SHRBEERICKT S
WSS G O Ex 7 + / VBRI OB S BN L
7o\ RIS, BRI SR RE R R E O SrFe,As, T
PaBFR U7 5/ VR & X OWBREY, ALKV
s T x /UKEOBE» bER T 5P, WERKF O
FEDE L\ o OB LUBRIRIES 7 + / 50k

W 1o b2 S8 h, JEMME X EELIE & — R Bt
BHE RO WTES T 5,

2. 188 - MRHEFHEICHITS 4 EEEE
DN

FFROIC, PARBEEAOBRFHRC/KLEE S V-
AV B DV T ORI A BB 7o, Fig 1IC#k5%
FBIRERO AN /T HRE R, SRBEEROET
X ERBEC EWEFRMEEW 5 & OIEFERIEE
7R EFIRRIC, BEMERR & BISEH A BHE L oS v o, &
FHRD % < DTS ks « KT HICEDNTE D,
Fr )7 F—FRLEEBEREICL > TENOOMA M+
HETHBEHEIHER T 5, B« REFHITZENZ
L, BN @ ORTRANOREEERE &, BREPSAT S
A TRDSGEBME N OWEIES CREM T b5, Th
LOMEROKR &L, SRFEIROS GBS o 4
mE R (Cyodfitt) %85 2 EEEES TR (Cy xt
it CEXOBREREHMSTONDL L VWD ETH L, D

T> T

Tetragonal structure

Paramegnetic state
o e ® ore

n
C4 symmetry-breaking

T< T

Onhorhomblc structure

(Strlpe type)Antiferromagnetic state
i °

Electron doping

Hole doping

Fig. 1 (Color online) Schematic phase diagram of iron-based
superconductors (FeSCs). In the underdoped regime, FeSCs
exhibit a tetragonal to orthorhombic structural phase transi-
tion followed by a magnetic phase transition into a collinear
antiferromagnetic (AFM) ordered phase, both of which
break the 90° rotational C, symmetry of the underlying
tetragonal lattice.
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Fig. 2 (Color online) (a) The experimental methods to mechanically detwin single crystals in situ. In the AFM phase,
iron-pnictides materials form small twin domains. The arrows mark the moment directions of iron. Application
of the uniaxial pressure favors one domain orientation (blue) over the other (red), with the shorter orthorhombic
b-axis along the applied pressure. Typical 26 scans of the tetragonal (3 3 0) and (3 3 0) reflections are shown
for twinned and detwinned crystals, respectively. (b) The mechanical device used to detwin single crystals in situ.
The crystal was glued between two copper prongs (similar to a tuning fork) with a screw used to carefully adjust
the pressure parallel to one [1 1 0] direction. (c) Crystallographic and magnetic structure of SrFe,As,. (left)
The schematic view of the crystal structures of SrFe,As, with the body-centered tetragonal ThCr,Si,-type structure
(space group I4/mmm) . (right) The schematic top view of the crystal structure and definition of the unit cells for
the high-temperature tetragonal (black line) and the low-temperature orthorhombic (red line) structures. The
lattice parameters are related to each other by = by, ao,thmNﬁ a,.. The directions of iron magnetic

moments are indicated by arrows.
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Fig. 3 (Color online) (a),(b) Schematics showing the directions in reciprocal space where the IXS scans were meas-
ured. (c),(d) IXS spectra for twinned and detwinned crystals at (g= (—0.5, +0.5, 0) measured below T .
Solid lines are fits to the data. (e) Comparison of IXS spectra measured on the twinned crystal and a superposi-
tion of two IXS spectra measured on the detwinned crystal. (f) IXS spectra measured at twin-free section of

twinned crystal.
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Fig. 4 (Color online) (a),(b) Temperature dependence of IXS
spectra of detwinned SrFe,As, at Q= (3—¢q, 3+¢q, 0) (red)
and @=(3—q, —3—q, 0) (blue) corresponding to the two
I=M directions.
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Fig. 5 (Color online) (a)-(c) Comparison of the measured dis-
persion for detwinned SrFe,As, and various DFT calcula-
tions at Q= (3—¢q, £ (3+¢), 0). In (a) magnetic and (b)
rescaled magnetic calculations, there are two inequivalent /—
M directions pointing along the AFM and the FM ordered
directions, shown in red and blue, respectively. Lines
represent calculated phonon dispersions weighted by the
structure factor, whereas the data points represent ex-
perimental phonon energies. (d)—(g) Comparison of the
measured mode splitting for detwinned SrFe,As, and DFT
calculations at Q= (3—¢q, = (3+¢q), 0).
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Effect of magnetism on lattice dynamics in iron-
based superconductors as seen via high-resolu-
tion inelastic X-ray scattering
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Abstract Phonon spectra of detwinned SrFe,As, crystals, as measured by high-resolution inelastic x-ray
scattering, show clear anisotropy accompanying the magnetostructural transition. We model the
mode splitting using magnetic DFT calculations, including a phenomenological reduction in force-
constant anisotropy that can be attributed to magnetic fluctuations. This serves as a starting point
for a general model of phonons in this material applicable to both the antiferromagnetically or-
dered phase and the paramagnetic phase. The implications of these results will be discussed in re-
lation to the underlying magnetic state of iron-based superconductors.
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