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The Materials and Life Science Division in J-PARC Center has been conducting “JAEA Project
Researches”, which consists of a several research projects utilizing neutron scattering instruments
developed by JAEA in the Materials and Life Science Experimental Facility. Among the research projects,
the project “Structure and electronic properties of functional materials” has been conducted in 2012-2014,
and the project “Study of spin-lattice dynamics in cuprate superconductors” has started since 2015. On
March 22-23, 2016, a joint workshop for these two projects was held at the Institute for Materials Research,
Tohoku University.

This report compiles the presentation materials and abstracts shown in the above-mentioned workshop.
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Summary ((®)

» We performed inelastic neutron and resonant inelastic
x-ray scattering on overdoped La,_,Sr,CuQy.
» Magnetic excitation may be divided into two parts;
* Low energy part :
Strongly doping dependent.
Dynamical stripes (?)
+ High energy part :
Apparently has a similar dispersion to the spin-
wave of La,CuQ,. But strongly damped.
Reflects local J.
»> Issues:
« Afew disagreements between RIXS and neutron.
* How to detect dynamical stripes directly?
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4.5 Anomalous enhancement of the magnetic spectral weight on
the optic phonon branch in the superconducting phase of
LSCO
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H ] * reduce absorption : magnetism of Eu
= * access to high Q range : direct observation of multipole
x »>wide Q coverage
£ * unveil ’hidden( order : complex magnetic order in EuAl, and NdB,
A )
I\ '
\ x . H
N\ J A ¢
0 4 508 T, (6.77 meV)
‘ Hp =W 7(0 504)
\ o =T (578 meV)
L/ 550 (08 = 2108) ~
2 02 - oy T,M(2.67 mev) ]
= T (0 meV) g
©(,/T o —InT : Two-channel Kondo effect?
ivity and 4f-elect ordering at 0.06 K
®Point symmetry 7'is required below the structural transition temperature, 7 ~ 140 K. to! Lgapamdyspasiud 4piy
®Non Fermi-liquid behavior below 1 K. o !
3
T. Kawasaki, KK, A. Nakamura, Y. Onuki, + BL18 group (T. Kawasaki et al., JPS Conf. Proc. 2014.) { Successiul study on magnetism in EuGay ]
successful study on magnet N 4
(i) application for strong neutron absorbers
Order parameter
« consistent with NMR, L .
Méssbauer - quantitative analysis form factor
« follows Brillouin function ;
« Follows a <j,> form
5772 bl et N
. e factor of Eu?*
| = »
R o,
i ‘ 3 we 3 X .
i b - 3"
b lam M p T
H . 1 e s
L ' HX | .
strong absorption RN
« establish E-dependent absorption correction
4 ~ 500 meV clear magnetic peaks « successful determination of magnetic structure
5 6
H. Yamauchi, KK, T. Kawasaki, R. Watanuki + BL18 group
(ii) attempt for direct observation of multipoles NdB. : possible octupole order ?
A
multlpoles Tetragonal:
. P4/mbm
a=72154 4,
¢ =4.0996 A
0 & J
. Kusunoses P51 Online —News and Comments
[September 10,2007]
i
| success: took data up o high Q
octupole e goi0n (onny unsuccessful: contaminated by multiples 2!
NpO:: K. Kubo, PRB, 2005 (no T dependence ...)
7
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5.2 Ce;T4Snq;3 (T = Co, Rh)IZHITHDAFILIBERER EEBFRE

KA, Blfisk !, SR, 25, AR, PRk,
P L 1, e LS AR, BESFER S, K B, Jean-Michel Mignot”,
Stéphane Raymond®, Paul Steffens’

U AP B PEF T FY

P AR 7R R, J-PARC T 5 —
P BT R PE, a5 —

* Laboratoire Léon Brillouin, CEA-CNRS Saclay

7 Institut Laue-Langevin

S3BETHEM LT —~ D55, ElRED My 7 A2 ET 5,

AR T ¥ NVAERRIES> Dirac B EmX Y F o 7 e IREBICHEEBNEE
STWND, A TV 28 MBETIL 3 IR Weyl B TIRIENNEHLT 5 AlREMEA
R STV D[], RIFE TR, fET EREE T OIRMIZ L > CEMEEERD
BAIRENHN TS LB X BN TE 7 CesTySnys (T=Co, Rh)ZHEH L., #iEHH
B IZ K> T A TV 2Bl 2 b ORISR T2 Z L 26T L
Too ZDOREED EH & TD CeCosSnys D fEEFIRAEL BL14 (AMATERAS) TO HE:
FIEBMERLELIC K » THIE L. W EDORE[2] THEY STV R Do 7o BEKAEIR
BB A 52 7o, S HICERKBEPIHE KT 5 15K LULFTIE, 1 meV L FOIR
THRX—TCAE UL ENKETDHZ L2 RHE L, 25 ORI 2B
HIVEE & I A T AR OEFIRBORE 2 BLT 5,

References

[1]J. L. Maies, Phys. Rev. B 85, 155118 (2012).

[2] A. D. Christianson at al., Physica B 403, 909 (2008).

[3] A. D. Christianson at al., J. Magn. Magn. Mater. 310, 266 (2007).

_33_



JAEA-Review 2016-018

S REBFE/EBTFDRANRICLDHLWVEBFRICEIT %P LIESE

Ce,T,Sny, (T = Co, Rh)IZFH T3
SNV BERER EETFIRE

AREE RILME, SENR, EREH
FAAFEAFGEEL IR

AHEF, hEER

J-PARCHz2 52—

,EBILE, REWMA EHBR &
B L HHEPF (HREYIEE>5—)

Jean-Michel Mignot
Laboratoire Léon Brillouin, CEA-CNRS Saclay

Stéphane Raymond, Paul Steffens
Institut Laue-Langevin

(1. L. Maiies, PRB 85, 155118 (2012))
H =05k +O(k?)
v > 0 : right handed, v < 0 : left handed

14,32 14,22

oo »
o o
» -

r v - ~ r f ° “ N r

HEDEME > HENENAVEORANLBHIZEE
SRITINIVITAINNITTNIEF Y  BER—IVEELE

R,T,Sn;; (R =La,Ce and T = Co, Rh)

Ld o [1] E.T. Thomas et al...J. Solid State Chem. 179, 1642 (2006)
4 Q ©  [2]J. L. Hodeau et al., Solid State Comm. 42,97 (1982)
Qo B g [3] P. Bordet et al., Solid State Comm. 78, 359 (1991).
& e Boton
=18 .
o qﬁ} o EEAR:Pm3nl)
- 8
! O. & &umj E

T=Rh
12,3, P4,22 2]
14,32,12,3, P4,22 [3]

EENCEETE & e

T=Co

WGBTS =A%,
FHAAREE (XA (1],

Ce;Co,Sn; and La;Co,Sn;

(A.L. Comelius et al., Physica B 378-380 (2006) 113, E. L. Thomas et al..J. Solid State Chem. 179 (2006) 1642.)

% CDW at 160 K? No evidence. [l \' RN
S — i

1
|
|
|
1

Ce;Rh,Sn,; and La;Rh,Sn,,

(U. Kohler etal., J. Phys.: Condens. Matter 19 (2007) 386207.)

L

®Non-metallic ground state and large
C,/T of Ce;T,Sn; (T = Co, Rh)
— c-fhybridization
(Kondo semiconductor)?

£ o /0L n AN

®CDW-like transition of both Ce,T,Sn,;
and La,T,Sn,;
— structural instability?

Single-crystal structural analysis [BL-8B @ PF]
T=200K> T,
IR -
As reported in E.
0.1499 T.Thomas et al., J.
- 0.0581  Solid State Chem.
1.199 1.158 1.169

179, 1642 (2006).
Collected reflecBons : 6670 Collected reflecBons : 23875

[ 03751/ 0.1709 |0.2902
[ 0.2001 | 0.0558 [ 0.2104

Two inequivalent Ce-ion sites
characterized by the interatomic
distances to the neighboring Sn.

Cage sizes
Between Ce (A) and Sn
— 3.4328 A in average
Between Ce (B) and Sn
— 3.3685 A in average

Chiral lattice

Magnetic excitation of Ce;Co,Sn,; (powder sample, BL14@MLF)
(Y. Otomo, K. Iwasa et al.. PSJ meeting (September 9, 2014).)
Subtraction of data of La;Co,Sn, ; with the same amount of sample of Ce;Co,Sn, ;.
E, =420 meV

T=6K T=170K

Two magnetic excitation peaks at 7 and 29 meV.

Low-E magnetic excitation of Ce;Co,Sn,; (powder sample, BL14)

E; =224 meV
T=6K

T=170K

Another lower-E excitation below 0.5 meV is observed at 6 K, and it is smeared out at 170 K.
Quasi-elastic or Splitting levels owing to lower symmetry or Dispersive excitation?
If the latter one, coherent c-f hybridization with magnetic correlation (w/o ordering).
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Weyl semimetal

Esergy (meV)

Summary

®Structural instability of Ry7,Sn;5 (R = La, Ce and T = Co, Rh) owing to the electronic state of
T and Sn is established for the Sn-flux single crystalline samples.

®The low-temperature phase is expected to be the chiral crystal lattice, 12,3.

®Low-cnergy magnetic excitations of Ce;Co,Sn,; and Ce;Rh,Sn,; emerge at low-temperature
region with the high values of electrical resistivity.

®The Weyl i ic state in th i i chiral lattice may be realized by the
contribution of Ce 4f electorons to the Fermi surface via the hybridization with carrier state.

Magaeia crsann @=02.13A
Tesk
reroK

[o——.
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6. 54 [ FHARBKOREME L TR - REY - HFFAFIHR)
6.1 S4 P&

fer Kz, B2 RHEA

' B K B B ZE T

*ALRSE 7SI FE R, J-PARC &> % —

I RO FLETEREI% (CROSS), HilFFE+ > 4 —

S-4 BETIX, 4 THEAHEERDFHEIICHE T 5 50 TN T8 O MBI 7otk
EHREEPBEICERLE, "M EFICE 0N FRIOER - AL F
AT IV AERENCTHZE2AME LT, k7 IEEMEEELFERIC X 51K
TRV AT AT I AP ERART-. ¥—F v NI, & - A UH
HEOMEN, DM OEE R DX LR DR A VIRRIRESER Y 7
Z - RERREZ EOIEA B IREE R T o RS TH L. T XD
RIEEWHREFIRERHETAERE LTAE Y BT AL —Y 3 i
MMz T, REE&THHE & ZZREIMNILN > T2 BTHE & OFREEL R AL
v Kb BV Sl X AR IR R VX — 2R S b REI N TV 5.

AFRETIETE L LTBLIY 7~ 7 7 AFHIC L D FEHMERBELER A2 Fhi L, k-
SO L) MBI L TR XL F—T 1/ U E— ROBHNZ L 2 IEEE
WEEIZRBIT DEN « 74/ AT I 7 AOMBEMHEZIT->72. £12, DX
OB EENE L L BT, KBEEZ L EHBETENETLMMTHETHY,
F o BELIEBR 21T 5 BT S RS EUR LS vl W A
WRIZ I D IETME T BOELIEBR O FERE P REME A D 2 & b AREOEE 2
HCTHh 5.

LHOHB « FHEIZX LT, +oRIERDH -7 LITF ARV, ZHUEdE
BPEPMEFHGELER E L QI +a B EREFE TERh o 2 IR - T
5. HAKHNCEREM L7z 3 SO FIHEARER (UMK TR S A ~—
T v NMAKAR -(BEDT-TTFLICL, =48 1R & 1 ~—F » Mk
K-(BEDT-TTF),Cu[N(CN),]Cl , = f & F & faf Bk v - & fif H 7 A
0-(BEDT-TTF),CsZn(SCN);) DfE FAZ DT, (B, MATHE A KIS HE
Wie7z <.
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201653A22—238 FIAKRFEBEMEBRAR

SAUE > FIEAHBADREERES
E&%ﬁ';(t_/'$§ﬁF9ﬁfjﬁr7;(J
RS

R RFEEM AR
ERREE

JAEAT OO MR RI RN E O L EF YIRS

s4: D FUARBEOREBBELBR - AEY BFF1FIVR

Importance of phonon dynamics coupled with
charge and spin degrees of freedom in
hierarchical structure of molecular materials

BB S (BRIRE)
BFREVKK
Sk
B ?\
1ty
n s
. P 3 ) S
35l ’:‘?ﬂl\ Fa -\“f' ™ rampeete i
3 s ————
s HET DN FEHEE
A

S
BELTHRIF—TF4 /28 4F3OR

Spectroscopy investigations in molecular conductors

e oR—cw |
collective motion condensatlon energy

lcollectlveexcnatlonﬁ tfamfere"ergvc o
oulomb energy

(charge and spin)
lattice phonon

e

domain motion

individual excitations

Mott gap

|
I
I
I
I
|
I
: charge order gap

101 1 (ev)

I
|
I
I
I
|
I
I
I
|
I
!
|
I
I
1

7

. . 1
dielectric 1 . Infrared, Raman
Meas. NMR 1 inelastic neutron
1
N scattering
microwave """~ ST
THz optical
Inelastic neutron scattering studies in organic molecular conductors 3y

S4: P FUERLROREBBELER - REV - BFI(FIVR

* First phonon spectra using pulsed neutrons on Organic conductors
by AMATERAS. (Kawamura, Matsuura)
B’-(BEDT-TTF),ICl,

230 crystals (ca. 1.5g)

Q2D AF-Mott insulator , E-Q slice, T=300K
6

5
optic® "---“

‘
2 acoustlcf A ,

|

X
5.5 60 6.5 7.0 7.5 8.0 85

(h00)
WA

E (meV)

3

Optical mode
at £= 4.2 meV

Integrated £, / ranges
-1.2=h=02

5 6 4 5
K (rlu) K (rlu) -0.2<1<02

S4: T ERFOREEIELRM-REV-BFF1FHR
SLDKEERO/METEREREN

DIV FRBOBRER

FEBIEEAEAT, -
Schultz et al., JACS 108, 7853 (1986).
D15, ILL, Grenoble
Schultz et al., PRB 33, 7823 (1986).
Argonne
crystal size: ~1 mm? S
FHEEPIEFHEER (BEEE), H !
inelastic neutron scattering on SC
of k-(d-ET),Cu(NCS),
crystal size: ~4 mm?3
(extremely large crystal...) o
2T-triple axes spectrometer —
ORPHEE-reactor, LLB, Saclay Flnd
Pintschovious, Rietschel, Sasaki et a/ EPL 37, 627 (1997)

Lasee

‘.\.c \
P
& F

S4: N FHEROROREBEELER -REV - BFFA(
BRI FHEZ1K0-(BEDT-TTF),MZn(SCN), (M=Cs, Rb)(D
BRHF-BRAIRAREED FEFIAFTIVR

HY—OUHREMER, BRISAN —1av(ckd
BRKFAEEOERTSRKE

EFASR

ERmA. .. 2

e

- - l

M=Cszn R IETH L F—BFHIE(~20mev) F4—YEUTATRE
(Hashimoto, Sasaki, PRB(2014)) ~49mg .

AMATERAS
ETRILF—HF
FAFIURRE

ERASR- BRI
&
BR-AFHRFHATIVR

KB D B ZE G D IR AR LIl )

[wmas] NTFRTF
Ly A4 LR

t, UE/ FITof peme eArL—a W,V
SFUEHEICHRICEHE BT
SR - FE—1k-JE T
FEALGEFRE
(REV#EIR-BHEITR)

ILFRT—IL
~FOREMEE

TR EFR
ERYE - AONTOME 7
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6.2 FMT—EvMMEZHE B’-(BEDT-TTF)ICL IZH+5T+ /&
BR-AECOBEEY

AT L ORELA 2, RO, Ex REES, pasl=t, EEETY
e —Z ", kRN, ey, JNAEEGE Y, hEkEk !

" AR F TR %, J-PARC T2 57—

P R BT TEREI# (CROSS), HlEHXE > 50—
PHIAS, B BHFFTERT

IR, PEERS

B-(BEDT-TTF),ICL, I%. A4y 1 BEDT-TTF DX A ~—N kT 28 & 7 =4
Y ICL BN BICHERE U T4k 2 ROuE C . (BEDT-TTF), # A ~— LIZHR—/1 (S
=12) WRIELTEZ A ~—F Y MERIKTH D, Tn=22 K LU N CROGRBEIERRT
R ZEDHBINTWDIEN[1], &L TIEL, T.=62 K LL T THESGHE DY
HI7e i AEMRIREE (FREFEE) 2NFEBLT D Z LAMEIN[2], EHEZED T
%, Fexld, TORDEMHOLVZAE L DXAF I 7 ZADE{RIT - THEZ
HEBZOND T+ ) REEBNT 570, BEREEEZ AW T, BL14 T+
T 7 RNZHBT D P IR RGELINE 21T o 72,

BRI SN TR IR RV —E ~4.2 meV DT — ROFRED QKFENEZ 5
EL =V HILTT 4 v T ERT T =V ER T AN ASNTEY,
BORREMER 72 AR BE Y BEHEHD 2 WIEXEM 2T LT 4.2 meV D7 4/ E— NI
RS TWD Z &b, £io, BMOARE LA L L DIRE T.1ZMh> T
TRCO QEBE THRAIZZOBENEM LIS L, TN FTAMIcTZ Y N A
SINDZENHOENIRoTe, ZORERNDL, 42meV DE— NiZ, ZOXRDE
MBLOAE S EMIHFHERLIE T4+ )V EBE— R TODHZ ENRBEIND,

References

[1] M. Tokumoto et al., Synth. Met. 19, 215 (1987);
K. Yoneyama et al., Synth Met. 86, 2029 (1997).

[2] S. Iguchi et al., Phys. Rev. B 87, 075107 (2013).

_39_



JAEA-Review 2016-018

JAEAT Ot/ MRRTEEE M E O BE LT Tt i i - i - - @

A AROR At syt B Y Organic dimer-Mott insulator ’-(BEDT-TTF),ICI,

2016.3.22-23 T “‘;""’

S PARCIMLE T N
» Charge-transfer metal complex Lol L = [ |
» S=1/2 (hole) is localized on each O/\-& i L
N . _ BEDT-TTF dimer @ [
9 47_:E‘y Fﬁﬁ%{$s -(BEDT-TTF)ZICIZI‘ > 2D crystal structure of alternative anion dimer

j—s (_j,éjj_/s/t%ﬁ . ZE>0) Fﬂﬁ’l‘i BEDT-TTF dimer and ICl, anion layers

ECrystal structure

® Superconductivity under pressure

BEDT-TTF _, I T.=142K
layer p=8.2GPa
ICl, anion __y Ny T v )
J-PARC AR, hERR. AT ZRE0. AR, NI E(E layer ; \&\ highest record

among the organic
charge-transfer
complexes

CROSS WHEA
RAEKRERR  FHOB EARZE
BEKE BOM= . EHEF. EE—E

Space group : Pl

a=12937A  «=98.59° 3 T e
b=9.778 A B=100.98° H. Taniguchi et al., JPSJ 72 (2003) 468.
| c=6636A  y=87.19° )
Physical properties Physical properties gg
SFRCILS
&
Pat) -~ I~ -
’?? 5 Glassy ferroelectricity e % i
“n# due to charge T >
@& disproportionation emp ! !
Since the molecule-based materials have a soft crystal lattice, low-
energy phonons could couple with charge and/or spin dynamics.
. I Cross-correlation between charge, spin and lattice
“....| Long-range
it AFM order Aim : To investigate intriguing phonon dynamics due to strong coupling
-’?———-_sls"_;_'":';‘ T : of lattice with charge disproportionation and/or AFM order
M. Tokumoto et al., Synth. Met. 19 (1987) 215. ; Chaiin s in -(BEDT-TTF),ICl,
S. Iguchi et al., PRB 87 (2013) 075107.4 4
Experimental gg Previous reports @
i HPARC/MLF
| 20mm . i . )
mSamples ' . ' ' I Only three reports for inelastic neutron scattering studies
B'-(BEDT-TTF),ICI, (h8) ) on organic charge-transfer complexes using TAS
Single crystals ~230 pieces, 1.5 g Cl . “ . - Allutminum
L ? plate
a e B TEA(TCNQ), and MNEB(TCNQ), B K-(BEDT-TTF),Cu,(NCS),
EINS @ AMATERAS S
/—>b - Y i
E=7.7,152,42.1 meV V37373034 = s i
*_axi c Fplpd, 7 St B
Q// b*-axis 2ie Ty S Eaf &£
z ’; P 1,7 . \‘;_: = o
Scattering g ] T
vector Q o '\)_" |- To0
e
. e \"‘-.o"““’
Project | May 2012 (1 day) RT only Feasibility check

—im

Project | Jun 2012 (1.5days) 7.5,35 70K | Q// b* 250 mg & 1.7 g, deuterated to 99% !l Inest

General | Feb2013 (4 days) |7.5,50,80 K | Anisotropy (Q// a*, b*, c*) K. Carneiro et al,, SSC 44 (1982) 959. 4, deuterated to 99%
General | May 2013 (6 days) 7.5,35,70 K | 4D analysis J.S. Pedersen et al., J. Phys C 20 (1987) 1781. L. Pintschovius et al. EPL 37 (1997) 627.
6

E-Q slice at 70 K na E-cuts at Q= (0, 5, 0) and (0, 5.5, 0) na

SRR SRECWE
70K 35K 75K
T=70K k=5.0
zone 4
center g«
s I
E "
. . s
024681012 01234567 0 45 3 j R EEE EE R RRE
k(rlu) k (rlu) k (rlu) *Bose factors L% '
/—>b are corrected k=55 o n =
tietate? ] 55 6 65 Zon€ | et ™ (o
° frl ’f ?;! ' K (rlu) boundary‘: -
2 Pplp7,7 [ . .-_. E
v Integrated h, / ranges i "]
The optical mode at E = 4.2meV is -1.2<h<02
observed also in THz time domain , -0.\2 < I§ 0.2
spectroscopy [ o A ST Bose factor is corrected
(Itoh, Iwai et al, JPS meeting, Mar 2013) W eumber e} Tee=62K
7 8
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Optical phonon mode at 4.2 meV.....?7?

F

Optical phonon mode at 4.2 meV.....?7?

SRR b
Qb=5.0, wtrom 401044 , Qb=5.0, hwfrom 401044
k=50 * k=50 “ 24
zone * : ~ = zone * A § s
center E bds s g 24 [ { % center g * gt i 22 +
: a5 H N 3] H
g™ N T i T% £ . ad o s IR T
2 f ey i 2 i Bt 3 ' }
i . Sat 0 L fa . ¥ 3 oo
4] & B ] R I
= L X » A £
26 L —L—— - 100 0 o 26 . i *l 18520 40 60 80 100 120 140 160
) R Tomserare () o assmionio0ds e e i Tomperature (<)
k=55 | & hw(4.0 - 4.4) = k=55 | & hw(4.0 - 4.4)
zone _ [ 4 hw(33-3.5) o 7 zone _ i Mw35-37) 5 }
boundarys » . > é zs+ Tl 5 ; boundaryé “ . > '§ : §{ } 3
H : L et H . H LI Y
2w B 2w E
i ; e ! i ; P
. iN T . N T T [N t
. 100 120 140 160 2 100 120 140 1¢ ®, 100 120 140 1 18 20 40 60 80 100 120 140 160
Temperature (K) Temp Temperature (K) Temperature (K)
Coupling of lattice dynamics with charge and spin degrees of freedom?? | | L ?? 10
Acoustic phonon around Q = (0, 5, 0) gg Q-cut of the 4.2 meV-mode (1) gg
SFRC SFRCILS
®E-Q slices along (0 k 0) “Bose factor is corrected. . hw=15meV 2.5 meV
o T=T0k B ressx ® r.ysk | 0.43+0.06 bats
v xfxf:’:f % af § ol
C P T (B A i -
£Pp Tl B? 5 i
a2 ' L e
foeem = 75K :J.z‘_g;o.o_a_ -,_ A "M_G#?m' ;
Integrated /, / ranges (@ o 4 35K - z
-12<h<02 1 e 82 22 2 e 70K
02<1<02 (et wt. 1- '..‘ - " 4.5 meV
IS SR A% ¥ §
M :. i im . .. 11
(@ 4 § =X i ! 1 ‘q‘: {
! ' I sl § ol LTkt
i teypatin 4 [
» “ . 5
) L an [ . " L
11 12
Q-cut of the 4.2 meV-mode (2)
SRR
N
as
T=75K . ; ! ff@
Peak Height/Bose factor 25 ;},i ¢
05 - e
l\‘. 2 ie- i1 §
04 - 15 &{&é& |
5 WL
% o o, s e
H ote
g n
E . 012
H ¥ Lois Y T :
01 g
20k e
g oosfy 1 &
o § T
0 1 2 3 4 5 £ oo I I }
E(meV) oo L1 T ]
0 :
75 3 35 4 45 5 55
Qb )
. 1(2m)3 1 Another optical mode with strong anisotropy exists at £ ~ 5.5 meV.
7 Qo) =375 2. 5Q-0-6) ) s IFQPR[8(0 — 0. (@) + 8w - ws(@)]
s
Ga g 13 14
. * H *
Anisotropy (Q // a*) @9 Anisotropy (Q // ¢*) gg
SFRC SFRCILS
& g 80K 50K 75K , 80K 50K 75K
o O o i —
4. ey - ]
T LELFLE, Jrmeo i Wty =0 :
R TR TR R, 6 i zﬂ{'é ] f i}é{ ! -ﬁ’—\‘ E E o, gggoﬁggg“ ieaaoao%‘i&
£ +§ i L}H pes giég i { z}é } §§§ ;i £ .\3 £ B . ¢ o4 o 5,
= 1 ¢ f ¢ 7 z s J 4 s
I gt e ¢ ; "
5 §$*i$ % S 0 o
¢ b t il i i3
70K 3BK 75K : N N B 70K 35K 75K . . .
h=65 ity of 135 S
z 6 g b5 *H = -, e, o ™,
‘ B i Pt G ! g o, e oo, e
i s Ealbi ™ gié iy fggﬂ ¥ttty I e KT il o
wv z S & i i sy > ° : A
2 ) H H 2 B -~
2 3¢ 5 30 o £ ST . . o
(1 P E # (e o M @2 Lo
’ o 3 35 4 45 5 3 35 4 45 5 3 35 4 45 5 ’ o £ 3% 35 4 a5 % 5 4 45 5 3 35 4 45 5
Energy (meV) Energy (meV) Energy (meV) Energy (meV) Energy (meV) Energy (meV)
15 16
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T-dep. of intensity for a higher energy

E;=42.1 meV
35 Y

~18 meV mode

E(mev)

CRRCS

30
< 25
>
g 20 3k(r\u§p Z 34 $
w15 5 o 4 + *
10 % 31 H+*
2 3
02 46 8 1012 2,4t ‘80
K (rlu) 28 =8
35
’-E: 3.2
o Y 1 +
5 s 3
_'_ ‘ z 29 + ' +
§ ' S 2§
i e £ 23
..... 2 k=175

20 40 60 80 100 120 140 16
Temperature (K) |

Summary
b
Project | May 2012 (1 day) Feasibility check
Project | Jun 2012 (1.5 days)  Q// b*
General | Feb 2013 (4 days) | Anisotropy (Q// a*, b*, ¢*)
General | May 2013 (6 days) | 4D analysis now analyzing

First observation of phonon spectra in a wide Q-E region by INS
using a chopper spectrometer

Strong coupling of the 4.2 meV-mode with the charge and spin is
indicated. This mode shows period-doubled behavior.

Another optical phonon mode with strong anisotropy may exist at
E~55meV

Even higher modes show opposite T-dep: the intensities
decrease below Tc.

Afull paper is now being prepared to submit as soon as possible
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6.3 RIBREMES 17 —FvrEZE & k-(BEDT-TTF),Cu[N(CN),]CI ®
BR-AEV-DFRERFLAAFTIVR

IHEN ", TR 2, B A2, 2 KFEEE 2, Oliver Stockert’,
Benedikt Hartmann4, Elena Gati4, Jens Miiller*, Michael Lang4

" RRBFLFF AR (CROSS), Rl > % —

P AR I BT,

IMax-Planck-Institut fiir Chemische Physik fester Stoffe
‘Goethe-Universitit Frankfurt, Institute of Physics

B AV IRENREREN TS k-(BEDT-TTF),Cuy(CN); DIRIEE » b #ffx
HIRREIZRBW T, TR LFEISENAH I, EEZED TS, Z0%
IS BN TRIR AR AR IE CEXBR BN FET 52 L AR L TEREY , X5
2 ONTEL AKX A ~—NICEM P RERRT L L2 > Mgk c
IFFBCE eV, ZOFEEBRFIIEAA AU OEMIZE D EKRGBBELT HiE
WOMBENEE B TORBUTTHRONVETFHBENES LD 7D, #ie/
BrAERLAIM T ARttt et S v, £70, Bk E O EE B HIF S
TW5D, ZIDH DGR TIEZZ L DWH A ~—5 TAEEC o 1 s 12
L0, A KT, BRIOZRAF =7 — LREEHL L, NEIZER — A
By — T REANCEAG S TNDEBEZ LN TEY, &M« AV - KT
BAFTITALENOLDREEZRRLENEETH D,

A1 A DY - FE TR HREL SR A 1T > 72 k-(BEDT-TTF),Cu[N(CN),]Cl /L, {%
BIZBWTAE v L ER O T IZE W CRERRT 2~ WE T, B - /&1 -
A OMEEZRED ETHANRESAZRUEL TWD, ek, o rEAEER
ERMEAE GO BRDARNEE R Z &6 PHEFHELERIIEE ICH#E LW B X
HIVTEZA, ILL O 3dih3 e INS 252 &1LV, 7 mg & Pk
ELEEBREEL & U CIEFERIT/ D S WERBHI R L CHO R 7 4+ 28T 5 =
EMHRTZ, BT, RO S T ORI 5 70 K 1506 A B O R R
JFFIRAE T 5 2T K AHEDORIZEB W T, K= R LXF—DNF 7 + / V0N 2k
ZTHELRHL, AV FHOBEEEZRET D7 4/ CEE OB LD
L7z, R TIL, 74/ VB &2 DOIREZ{L) S «-(BEDT-TTF),Cu[N(CN),]CI
IZBITDER - ALY AT H A F 7 ADFES L A% OS¢ & #Eim 7 D,
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B IBAEATOST O EEEN E DIEELEFYEIFER@ELALEF  2016/3/22-23
S-4HF T FIEEHBEDIEFHEL TR RE EFIAFIOX)

RBHHEST A <T—E Y MEZIK
x-(BEDT-TTF),Cu[N(CN),]CID
BH-REL- 5 FEFFAFIHR

CROSS UNCRN
Collaborators
Ty L@ MHERRFOCH, EAAEE
..,m_v,, e Benedikt Hartmann?, Elena Gati?, Jens

3 Miiller?, Michael Lang?

Oliver Stockert?

BEDT-TTF layer

-/\f
,}.’\\ ,.\
\f\’\
/

,
\\ x W

one hole/ two BEDT-TTF

x-(BEDT-TTF),CulN(CN),ICI

.

Electronic ferroelectricity

P

BN

$=1/2 on triangular

lattaice

—

P. Lunkenheimer et al. (2012)

long-range ordered
electronic FE for T<27K cocal o

e
2 ‘
Foasl . "
- Geof
- oocaf B

K-(ET),Cu,(CN)

2 Electric dipole induced by
disproportionation of
strongly correlated electrons

——— Abde\ Jawad et al
10)

(20

e v —— I

L%\i long-range ordered
AF otder| for T<27K

e -
3 m e w0 o m
TN K

K. Miyagawa e al 1995)

charge-spin-lattice

charge

S-O

K-ET,Cu,(CN);

M

B. Hartmann et al. (2014)

Abdel-Jawad et al. (2010)
K.ltohetal. (2013)

Reveal coupling between intermolecular charge motion

Aim:
and intermolecular phanons in electronic ferroelectrics

3
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7.55 TERERELEVICHEITHAIREY - UEREDER

7.1 S5HIR &S
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(2) KFHEATUA IR B Phz-H2ca O 4L o> fif B
(3) THEEBEERICBT D BEEIIRE T OFEF 7
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CIZHIILTEBD | MRITGmILELTELDDLTETH D,

1

® as-grown

0.8 led

® anncal
— /(O
0.6 [ )
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02 g

0 1 1 ® 1
0.2 0.4 0.6 0.8 1.0
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Ba layer
MnOg
Ln layer
MnOg
Ba layer
MnOy
wof SMBaMN,Og 2RI Ln layer
p= MnOg
Ba layer *

Ln = trivalent ion
Nominal Mn valence = 3.5
Mn3*: Mn4 =1:1

e

S. Yamada, JPS) 81(2012) 113711,

M/ Mnsite)

*COO = Charge-

e / Orbital ordered
P oo s
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7.2 ABCs TU3RAIE € Pt-Mn OSSR FELESE
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KFIZ &Y fee D type-lT SEIERRF 72> 5 WEE 112 K 2 8 SDW ~ & K& <
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SHEEET VAR, K 1ICELN A EET Vv ERT, £72, BL-14 ©
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[ OIEFEART MVERE LT, SO Efh&ET ¥ — (Q-EFE) v~ v 7%
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ABCg-type ordered structure
Phase diagram of Pt, Mn,

1/8
W

2 step ordering

V.S fec
ABC, B RIS & Pt-Mn®D |
MR & HARIE T
= .
Magnetic order and magnetic excitation I CusAu
in the ABC,-type ordered alloy Pt-Mn E 10731 -type -
§ :
ara L + ABC
FRAREGR. FFH-PARCS, HALK ST ; P type
BRENTA, THEFC, RRERE, Il e, S
SRR, KRS, BEHKC i
Ersﬂ.ﬂ 0." = 0.2
1 M.Takahashi et al. ; J. Phys. Soc. Jpn. 71(2002)681. Min composition 2
ABC¢-type ordered structure Magnetic structure in Pt-Mn
1
ABC,-type ordered structure of Pt-Mn 1 -S <1
2 3
2 step ordering ™ ° : . . 7
o« *, [ g @ @
! 1
CujAu-type 4 Pt - - = e
(Pm3m) r [ ] L * : . & =* 5
pt o ® M ! o o
ptamn e %, N
1 A - !
1 >
1 >
ABC,-type L] L] - 1
(Fm3m) . 1
R :
O Pt 2P © X))~ s, |
1
. Pt X ! (L )/l ( commensurate ] incommensurte
@® Mn 000 100 200 magnetic long-range order 1 magnetic short-range order
(hkk) plane |

Magnetic order on the ABC,-type order

magnetic superlattice reflections

e-ll Anti-Ferromagnetic order
(1+1/20) = typ &

Q=(1+1/20)

000 N

J3fa

Magnetic fluctuation magnetic diffuse scattering

222

* | Diffuse scattering
around superlattice
reflections

Diffuse intensities
persists above

200
magnetic structl:re 1.0 = i ¥ =2\ ) _D"{“;e i}”teI“SlFies
40 05 00 05 10 5 | include inelastic
L . * J2ran & | components
) T~20K )
. ° J,/2 <J,<0 ( J; = 0) ; very limited condition :
'Y ¢ @ © spinup .. I -
PY o Py O spin down | MnS,(Ty=48K) , K,IrClg(Ty-3.1K), YbAs(T\=0.58K) AE ~ 0 meV AE = 1.5 meV
5 by 4-circle diffractometer by 3-axis spectrometer 6
Magnetic fluctuation
Purpose

- Magnetic diffuse scattering above
- Diffuse intensities with inelastic components
- Remnant magnetization in x( )

Magnetic fluctuation exists in the wide region
of Energy and temperature.

AE=1.5meV
by 3-axis spectrometer

AE ~ 0 meV
by 4-circle diffractometer

What is the origin of the magnetic fluctuation?

Detailed information for
-Magnetic structure

-Magnetic excitation

Neutron scattering measurements at J-PARC
-Structural analysis for magnetic and atomic orders

-Inelastic scattering measurement for magnetic

excitation
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Experiment single crystal + pulsed (white)
senJu(BL1g)  MeUtTOM
BRI M Srh i TSR EE

a single-crystal time-of-flight neutron diffractometer

AMATERAS(BL14)
WRYEFTAROFav B HE

cold-neutron disk-chopper spectrometer

oo (hko)
. (hko) EF15.16meV
10 . .
20 .
4 AE=0meV
- 3mev
3.0 § /il 5meV

Results -sensu- Integrated intensities at 1st. frame
Atomic order

Magnetic structure

o ._f $,~S,~1 &> AF ordering

1X)I(F)~ s,
HL)IF)~s,

0.137 |
Multiple E;measurements 6140 :-: .| Spins are oriented along the doubled cell
Crystal structure by E= 4.7meV, 7.75meV,15.16meV,42.34meV 0144 - with ~1.0
1st. frame 0.150 -
20 10 2 9 10
Results -sensu- ‘ magnetic reflections at 2nd. frame Spin structure of the type-Ill Anti-Ferromagnetic order
Q=(1+1/20)
x=0.140 AR
5 b e . spin up . Single-Q
typelll AF ] .
4 IR - - : () spin (t/210)
H oo o o down O . O
! 72 110, 122 0123 é
o | :1::0::1:»2‘ Q:Z -dependence .
x=0.118 ~'— T 1 :
! Multiple-Q
(DT CLLEY §
oL il Tl
— {1 +
TR o siHsow 01/21)
.- % b O O o172
B N /
oo -dependence a
1" 12
i o il i Magnetic diffuse scatte at AE=0meV
Spin structure of the type-lll Anti-Ferromagnetic order Results -amareras- :
Q=(1+1/20)

. spin up . Single-Q

(O spin O o O (1/210)
down

collinear 6 . Single-Q

or or

helical? Multiple-Q? [~
O O Multiple-Q
| (1/210)
© ® (01/21)
c

Mf O (101/2)

‘ Applying magnetic field ‘

(hk0)-plane
T~%Ty T~%T,
T=2T,
F; Fundamental reflection
X; X-point superlattice reflection T=4T,
M; Magnetic reflection

13 (h3/)-plane 14
=0meV
Results -amareras- Results
T~%T, T=2T, -e T=4T, il T i i oo
o N N AE=0meV
(hk0)-plane . fox
T~%T, T~WT,
" N e Loz
z
PEY H
S Lois =
fo.10 =
Foos
Looo
[ R
T=2T, Tomperaure ()
-Commensurate to incommensurate transition
around
- Incommensurate position is temperature
d dent
-Correlation length along the incommensurate
M | F; Fundamental reflection modulation increases to
X; X-point superlattice reflection T=4T, - Inelastic component increases for higher
M; Magnetic reflection temperature
(h3l)-plane 15
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Results Magnetic excitation above Tn  — Te~%T, —T=2T, —T=4T,

ol AE=omev ﬂ 050 £0) € =ome

af I\

Results Magnetic excitation below T,

Q-E map T~%Ty.
(hk0)-plane

T~%T,

-1/2 kOI T

-Spin wave excitation below

- = ;cv18meV A Inelastic component develops above Ty
-broaderin Q
" ¥ - - higherin E 8
Discussion frustrated fcc magnet MnS, Plans
Very similar magnetic diffuse F ion driven y ing
atterif 3 5 . . L
0 "™ o f1om & Further investigation for ...
% 2000 / (511)
. g G g . - -spin structure of type-Ill magnetic order
K § 2o s = -
H i measurements under external magnetic field
=4 = measurements with polarized neutron
% 2000 o0k |

Temperature dependence of
the diffuse maxima in Mns, 2!

¥ - temperature dependence of the incommensurate modulation
3>

A pseudo-tetragonal distortion with

atiny c/a ratio of 1.0006 below &

- a lattice distortion around  in Pt-Mn system

Commensurate to
incommensurate transition

eometrical frustration of the Mn?* spins
S 2 to see if the magnetic behavior is universal in the magnets with type-Ill order.

‘ Strong coupling between spin and lattice degrees of freedom ‘

Magnetic diffuse scattering

above | in MnS, [1]T. Chattopadhyay ., J. Mag. Mag. 140-144 (1995) 1759,
[2]T. Chattopadhyay ., Phys. Rev. B44 (1991) 7394.  {g 20
(3] Simon A. J. Kimber & Tapan Chatterji,J. Phys. C. 27(2015) 226003

Summary

— Commensurate (Type-Ill AF of fcc) to incommensurate transition around .

Period of the incommensurate modulation decreases to .
Correlation length along the incommensurate modulation increases to .

— SW excitation is observed below .

Inelastic component of the diffuse scattering develops to higher energy with
broader distribution above .
- Very similar magnetic fluctuation is observed in MnS,, in which symmetry

breaking driven by the fluctuation is reported.

There is a possibility that the behavior is universal in the magnets with type-IIl AF

order.
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8.4 Magnetic excitations in quantum spin systems and
frustrated magnets
—Exploiting powder sample inelastic magnetic neutron scattering
investigation with TOF chopper spectrometer—

S. Ohira—Kawamural, K. Nakajimal, R. Kajimotol, K. Iidaz, K. Kamazawaz, A. Kitada® ,
Y. Tsujimoto’, H. Kageyama®, K. Kakurai*

"J-PARC Center, JAEA

’Comprehensive Research Organization for Science and Society (CROSS-Tokai)
Graduate School of Engineering, Kyoto University

*Ouantum Beam Science (QuBS) Center, JAEA

Neutron chopper spectrometer is the best tool to investigate magnetic excitations in
powder samples. Equivalent points in Q and £ can be integrated so that data from all the
detector points in position and time are fully utilized. Hence a very effective global
investigation on magnetic excitations and thus a quick characterization of novel
magnetic materials from microscopic dynamical point of view can be performed.
Establishing such a method can have a great impact on the role of the neutron inelastic
experiments on materials research, because it allows much more novel materials to be
investigated than just using single crystal specimen.

In this presentation we report on some of the powder sample inelastic magnetic
neutron scattering investigations performed within the J-PARC/MLF project proposal

titled ‘Magnetic excitations in quantum spin systems and frustrated magnets.’
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Magnetic excitations in quantum spin systems
and frustrated magnets
—Exploiting powder sample inelastic magnetic neutron
scattering investigation with TOF chopper spectrometer—

S. Ohira-Kawamura?), K. Nakajima?), R. Kajimoto?, K. lida?, K. Kamazawa?,
A. Kitada?3), Y. Tsujimoto?), H. Kageyama?, K. Kakurai®

1) J-PARC Center, Japan Atomic Energy Agency, Tokai, Ibaraki 319-1195, Japan

2) Comprehensive Research Organization for Science and Society (CROSS), Tokai, Ibaraki
319-1106, Japan

3) Graduate School of Engineering, Kyoto University, Nishikyouku, Kyoto 615-8510, Japan

4) Quantum Beam Science (QuBS) Center, Japan Atomic Energy Agency, Tokai, Ibaraki
319-1195, Japan

Temperature and Ag Doping Effect on Magnetic Excitations
in the Quasi-Two-Dimensional Triangular Lattice Antiferromagnet CuCrO,
Studied by Inelastic Neutron Scattering

R. Kajimoto et al.
Journal of the Physical Society of Japan Vol. 79, No. 12, December, 2010, 123705
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Jiar remmredig Spin wave analysis

— i

Y M

— iy ===y

P P,
a
meV,
H=> J.SiS; mev,
2 meV,
Iusw (Q, hw) me:;.
YO mevV,
XIFQP Y (5 = @°Q") 57 (Q.1w) e
o
- meV.
e meV.
1 ~ ) ‘
L e 00 my
’ meV.

(CuCl)LaTa,0, spin wave analysis on antiferromagnet using 10 parameters 3/6
Py -

Q=20A

Q=15A

Q=12A

fr {meV)

1 a=09A
Q=07A

Q=06A

Intnaisty (a, unts)

Q=05A

Q=04A

1-magnon and 2-magnon excitations

88 8RR R AT wnsy Spectrum with E=15.1 meV
[ e

?\\' T

EEROE
hes ey

3

1 2
QA

Q-E map with £,=7.7 meV

11 12
(CuCl)LaNb,O. singlet-triplet analysis using 10 parameters
Singlet-triplet analysis M-S LSS, Jiy = 04 meV Jy, =-0.27 meV Jy, =-0.21 meV
N . . = 0.42 meV = 0. v
RPA dispersion for Heisenberg JZa - _g 14 ::V jzn - _g gg xv
exchange coupled dimer Ji: = 238 meV Ji: = 0.83 meV
_—— J, = 0.26 meV
halQ) = VA" + MTAT(Q)R(T) B
AN o-20n
- LN\
First moment sum rule for powder data A Q=12A
(EQ) =¥ f f ©S(Q. w)dwd? Q=09A,
alte s _A_ Q=07A
N sinQd,
* — So- S e (QIF(1 = ‘), |
S8 Salfee @P(1 - "G , 0-0841
; _/\ T hw=1131.81mev
Jiay = 014 meV J,,, =-027 meV J;, =-0.21meV Q=05A
Jpy = 0.42meV Jy, = 0.08 meV |
0.14 meV Jy, 0.03 meV —04A 4 hw = [0.8,1.3] meV
= 0.83 meV i Q=04
J, = 0.26 meV : s
o "
13 14
. Example of quantum effect in the 3-D ordered state
Q-E map with E;= 7.7 meV
AF Para Influence of the Haldane conjecture even in the 3-D ordered state
(CuCl)LaTe,0, e s ] o | o o .
t 4
H
1 7!
(7T e
-y
i Sy
-
%
Promancy T
classical spin wave assignment wrong!
Polarization analysis on IN20
1. Appl. Phys. 61(1987) & J. Phys.: Cond. Mat. 3(1987)
15 16
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I. Affleck, PRL 62(1989)474

Using the mapping of the AF Heisenberg chain
on to a (1+1)-dimensional quantum field theory
lattice of coupled S=1 AF chain has been studied

resolves the mystery of the upper mode

e (b

e

Iy % o’ aS*(Q. &) + sinx "
frar % 5(Q. @)

Influence of the Haldane ground state, even in
the 3D ordered regime, in particular around
the quasi-1D Brillouin zone center (0.0.1).

17 18
Sr,FeSi,0, _spin wave analysis on antiferromagnet using 3 parameters Sr,FeSi,0, spin wave analysis on antiferromagnet using 3 parameters
- 212
H=J S*’S*+S¥’S!-‘+65357)+DE Si)”
« lattice structure: P42,m (tetragonal), a = 8.108 A, ¢ = 5.117 A 1 Z ( L) *7a 19: 95 ( * )
NN i
+ magnetic structure: collinear AF with q = (1, 0, 0.5) along [110] Exp.
+ Hamiltonian: H=0'Y (5:5+ 5SSV + msis1) + Y (s5)° s
Py d i ) ]
N H E
- parameter: J;, 5,, D 2
- analysis: linear spin wave Tetragonal
g ) g
s s s
z z z
§ § ]
£ $ $
E oo £ £
By courtesy of Dr. K. liida
19 20
In the project proposal dated Feb. 2, 2009
Spin Fluctuation in YBaFe,0,,; with Geometrically Frustrated Pyrochlore lattice of Fe atoms ) o )
Title: Magnetic excitations in quantum spin systems and frustrated magnets
Kazuya Kamazawa, Motoyuki Ishikado, Seiko Ohira-Kawamura, Kazuhisa Kakurai, Kenji Nakajima,
Yukinobu Kawakita, Kazuyoshi Yamada, Masatoshi Arai, Masatoshi Sato We proposed . o o
: ....... Neutron chopper spectrometer is the best tool to investigate magnetic excitations in powder
samples. Equivalent points in Q and E can be integrated so that data from all the detector points in
position and time are fully utilized. Hence a very effective global investigation on magnetic
excitations and thus a quick characterization of novel magnetic materials from microscopic
dynamical point of view can be performed. It such a method can have a great impact on
the role of the neutron inelastic on materials research, because it allows much more
novel materials to be investigated than just using single crystal specimen.

We thus would like to propose a project to exploit the possibilities of inelastic magnetic
investigations using powder samples of quantum spin systems and frustrated magnets. Novel and
known materials will be investigated and directly compared with some of the available single crystal
systems to exploit the possibilities and limits of this technique. If this project is successful, studies
of excitations using powder samples will become more common and chopper spectrometers will
attract many scientists and industrial researchers who want to investigate and characterize novel
magnetic materials by looking at their spin dynamics.

comnts 904 The examples presented in this talk clearly show, that the studies of excitations
using powder samples are becoming_more common place and chopper
spectrometers are attracting many scientists.
By courtesy of Dr. K. K. etal. JPS) 84, 104711 (2015)
21 22
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A, = b U — & — WSATEIE AN E - MOETJEReE Seimry B ifirf e e —sa=y 1
E AR, B, RAURTFR R SR AT R
Break ], MHoEE, SR

FHET —
THUURIHL © RBaFe,07 (R=Y, Lu, Ho)1147 7 = 7 A~ O « BeE - F5AEM: R OV O AR B O R
SR, A HFO/A: CePdAL TbPdAL /R F 217 WA ERIVEMIE AV,0y DALV f O T2 A F 3 v 7 X
PeARSE— 1 NaCrO, =& T SORBENEMRIZ 31T 2 Frear e Ui O PR5R
BRI, BE A AIV,0, &R = AT RICBT B I ERFFIRE ORERU

LHOFHEEE: 77X M —3a VREMEME ORELRBEIE., ¥4I 7 A5

MAERICHRWEGEHT 57 7 A b L— bR T A WARRECSEE2FE L 2N =D, RiT—%
WCARZEILR DT, RERFELIOYIEN/BHLIZY, ET7TA L —FRTEHALRZWH LWL
B A T DOESZERRBECA NI T 5, TOMBEI L LT A AEMERICHA 2R OBMER, 75 %
hL— MEEE(R, TIHFOMRM 7 T A ML —3 3 URRVES EOEE A, xR Fiiromi%
RY, ZORRWVEES EOAKREICA BT, xR E T, Rt E o, BIROREREZ 7T AL
— FRDORIIR A XA T v 7 AFRBARFRTH D, ZHETHETIEHRMERELZTEH L7iE
MR A E AT w7 ADRFEIT EICHEER LA TREER M E RO B O TREZN, DT T A b
L — N R DOFFEIT Kk 2 B 72 FEME LSRR & 2h ok K < Bl ©& 2 Wik IR TRER /0 e ik &2 0%
AL ERTELMHL LT, TiRWE IR T A0tk E B R IREEDEERZ X v ik LT, kv &
R 2R B BRI R L ke, R S B AT IEE Z 07 v Y = 7 FREO SO CifeNr
HZLIZEY, 7T7ARL—FROMRICKE S BERTE S BN D,

Tuvxzs MIBFOFERE—LF A AR OREA
Total 8 H (BL14 AMATERAS)
NER: 2012B #] - YBaFe,0; DR 0l &
20134 2H 6~ 27 11 H (5 AR/ WK, Wk G
2014A ]  « A7 T A L— b % HoBaFe, O, DREEZNEL DM E
2014411 H 14 H~11 A 17 H (3 HRE) HR, WG

E—AX A DEREICLZEE  BNZEREER - BESBERK
HAMELES 69 [MI4E2, HRSRHER, 2014/3/27-/30
AE 7T A b L— b % YBaFe O, DREEUINE - VEFHGELIC K %-, WRA, A0, A
F, JIECEAE, A FEFA, BitEm, (WmEFndy, $hEmER, e
HAMEE 2015 FKHIR 2, FABEVEK, 2015/9/16-/19
AE LT T A b L— bR HoBaFe O DBEKUBNE — PPEFRELIC K 5 —, iR, Ao, i
FHEET-, NAEEIE, DA FEFIA, T B R, PRk ER
2515 A1 { PR R R, RSB, 2016/1/6-/8
Substitution effect on magnetic excitation of RBaFe;O; (R=Y, Ho) spin frustrated system —Inelastic neutron
scattering—, K. Kamazawa, M. Ishikado, S. Ohira-Kawamura,Y. Kawakita, K. Kakurai, K. Nakajima, and M. Sato
BAE—LP AU AT 2 AZ(ETEIMLF ¥ 2R 7 L), AR o< 0, 2016/3/14-/16
Substitution effect on magnetic excitation of RBaFe;O; (R=Y, Ho) spin frustrated system —Inelastic neutron
- scattering—, K. Kamazawa, M. Ishikado, S. Ohira-Kawamura,Y. Kawakita, K. Kakurai, K. Nakajima, and M. Sato
i
Spin Fluctuation in YBaFe O7.; with Geometrically Frustrated Pyrochlore Lattice of Fe Spins,
Kazuya Kamazawa, Motoyuki Ishikado, Seiko Ohira-Kawamura, Kazuhisa Kakurai, Kenji Nakajima,
Yukinobu Kawakita, Kazuyoshi Yamada, Masatoshi Arai, and Masatoshi Sato, Journal of the Physical
Society of Japan 84, 104711 (2015)
HoBaFe,O,, in preparation
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AR:

20128%]] -YBaFe,0,DHSABIEDMTE
20134 2 6H~ 2H 11A (sAR) MR, At

2014A%] - AE> 75 R ML —FFRHoBaFe,0, DR M EIED A E
2014411 A14A~11A 178 GAM) MR, fAHG

E—LS/ LEEILIZRR:
M

=Spin Fluctuation in YBaFe,0,,; with Geometrically Frustrated Pyrochlore Lattice of Fe
Spins, Kazuya Kamazawa, Motoyuki Ishikado, Seiko Ohira-Kawamura, Kazuhisa Kakurai, -
Kenji Nakajima, Yukinobu Kawakita, i Yamada, i Arai, and
Sato, Journal of the Physical Society of Japan 84, 104711 (2015)

-HoBaFe,0,, In preparation

BENFERR-ERSBER

‘BAPEHoEES, REBK, 2014/3/27-/30
AEY ISR —hRYBaFe,0,DBMENE-PHETF RELIZ &5, WRHM, BATE, A
FHWF, NIEHLESR, oA, HHES (LB, hRER, ERER
- BAWE015H AR, REAEX, 2015/9/16-/19
AV ISR —FFRHoBaFe,0, DR MENE — q!'li?ikiu-&.é , MR, BAT
&, AREF, JIILEE, mAFAAR, bR,

H1SE AP IEFHPRM, REL, 2016/1/6- /s
Substitution effect on magnetic excitation of RBaFe,0, (R=Y, Ho) spin frustrated system —
Inelastic neutron ing—, K. M. Ishikado, S. Ohi Y. Kawakita,
K. Kakurai, K. Nakajima, and M. Sato

RTFE—LYATYRITRR(HIRMIFL VRO L), RTKAILOKIE, 2016/3/14-/16
Substitution effect on magnetic excitation of RBaFe,0, (R=Y, Ho) spin frustrated system —
Inelastic neutron i K. M. Ishikado, S. Ohir Y. Kawakita,
K. Kakurai, K. Nakajima, and M. Sato
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9.2 J5AL—LaV REMEMEORRGEIME, FMFIVAHR

K. Kamazawal, M. Ishikadol, S. Ohira-Kawamuraz, Y. Kawakitaz, K. Kakurai3, K. Nakajimaz,
and M. Sato'

! Comprehensive Research Organization for Science and Society (CROSS),

Tokai, Ibaraki 319-1106, Japan,

2J.PARC Center, JAEA, Tokai, Ibaraki 319-1195, Japan

Quantum Beam Science Center, JAEA, Tokai, Ibaraki 319-1195, Japan

A cubic femte RBaFe4O7 (R=Y, Lu, In, Sc, Dy, Ho, Yb, etc.) takes mixed valence
state of Fe’* and Fe’* with a number ratio of 3 : 1, and Fe spins form a 3D network of
corner-sharing tetrahedra. The magnetic susceptlbility of RBaFe;O; (R=Y and Ho)
indicates antiferromagnetic spin interaction in the system, suggesting geometrically
frustrated. Systems with small R ions so far investigated keep cubic symmetry to the
temperature (T? = 4K without having anyone of charge ordering and Jahn-Teller
distortion of Fe

In our recent result of YBaFe 07, [1] the observed neutron scattering (AMATERAS
(BL14) at MLF of J-PARC) intensity map in the energy (w)-wave vector (Q) space
(See Fig. (a)-(c)) shows a streak magnetic scattering, extending to a rather high-o
region (up to 80 meV at least, SIKI(BLO1) MLF J-PARC) at the O position of O, ~
1.25A", where the width x and position O, of the streak are found to be insensitive to
both 7 and , in addition to the quasielastic scattering at O = (). The streak indicates
the existence of the short-time spin correlation of Fe hexagons in the pyrochlore lattice,
and can be understood by considering the spin fluctuation arising from the purely
frustrating nature of three-dimensional classical insulating system of YBaFe4O7.s.

On the other hand in HoBaFe4 O, the streak scattering is observed obscurely, and
dispersionless excitations appear at 10, 15 and etc., which are considered to be spin
wave within a hexagon spin cluster, in addition to the crystal field excitations at @ ~ 0.8
and 2.5meV. (See Fig. (d)-(f))

References
[1] K. Kamazawa, et al., J. Phys. Soc. Jpn 84, 104711 (2015)

— . —:;— *;{:1;1:_ Figure:

meV

ATT-7% Neutron scattering intensity
A map in the energy (w) — wave
vector (Q) space.
We used  multi-incident
neutron energies with Ej of
27.59, 11.66, and 6.389 meV.
Top ((a)(b)(c)) YBaFesO7 (T
= 7K), bottom ((d)(e)(f))
HoBaFesO; (T = 4 K), left
((a)(d)) E; = 27meV, middle
((b)(e)) E; = 11lmeV, right
((c)(f); Ei = 6meV.
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K. Kamazawa

Comprehensive Research Organization for Science and Society
(CROSS), Tokai, Ibaraki 319-1106, Japan
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finite AF Heisenberg system = two excitalion modes
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