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Resonant Inelastic X-ray Scattering

(RIXS)
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Optical Concept of the AGM-AGS Beamline

Energy Compensation Principle

VEM

slit sample

2D detector

grating grating

/Entrance slit

AFiotal = 4/ A ono T AE82pe+ctr

"large” exit slit
e.g. 50 or 100 pm

H. S. Fung et al. AIP Conf. Proc. 705, 655 (2004).



Test setup of AGM-AGS RIXS at the TLS
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spin-state transition of LaCoOs,

_dlamlagnetlc Co
N r
sulato LaCoOs 2 i)
| | i | { | A - / .
108 -~ 180 O rhombohedral unit cell
6 s /
10° -
- i 7 +
5 10° - @ I .
0.02 \\ |
gi .' : G. H. Jonker & J. H. van Santen (1953)
Q 100 . ( P. M. Raccah & J. B. Goodenough (1967)
i L aC OO Lattice e
-3 - Alog(ly ..~
10 | = . 0.8 F 3 O‘gf(‘z-v s i
6.0 | é = Bond iength -
™) i - Alog(d(Co-0)) 1
O - S [ LS-HS transition i
= 310K 2 I '\ :
g 40 2J=-150K" g o4 :
"-a. > |
= - o !
O S -y N
o e, c Bond angle
o 201 . . . = & Alog(sin(w/2)) 0
= Curie-Weiss-like ya T 00® dmmonooogo pcoga0008" ]
= | | !
0.0 260 : 460 : 660 : 200 0 200 400 600 800 1000 1200
T (K) | Temperature (K)
S. Yamaguchi et al., Phys. Rev. B 53, R2926 (1996). P. G. Radaelli and S.-W. Cheong, Phys. Rev. B 66, 094408 (2002).



LDA + U calculations:
Energy of IS state is lower than that of LS state above transition temperature.
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M. A. Korotin et al., Phys. Rev. B 54, 5309 (1996).
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Spin-state transition of a d® system
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RIXS intensity (arb. units)

RIXS intensity (arb. units)
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K. Tomiyasu et al., PRL 119, 196402 (2017)
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e At 100 K, mixture of LS & HS states
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TPS 41A Soft X-ray Scattering T
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Soft X-ray RIXS at PS
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Momentum-resolved RIXS
17° < 20 < 163°










Active Grating

e “active” (bendable) grating
* Varied-line-spacing (VLS)
grating

(1)
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n(x) = ng + N1z + nox . =

no = 1200 mm ™1

« grating surface equation

fo(x) = co 4+ c1x + cox® + c3x’




Test of energy compensation principle

Energy resolution (eV)

01}

E,=530eV

W H g

W &~ O

SGM
—— Energy resolution (calculated)

AGM-AGS scheme
—O— Energy resolution (measured)
—&— Photon flux

_O

100
Exit slit opening (um)

15

150

200

—
S

N
N

Y
o

(_S-sucjoud) xny uojoud



“active” grating monochromator/spectrometer + LTP

In-situ
Long Trace Profiler (LTP)

laser

PSD

0.05 prad

e VLS, n, = 1200 lines/mm
 Radius of curvature:
AGM: 80 -120 m
AGS: 40-50m

19 actuators

grating
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— 2 3 Resolving power: 24000
fO (CE') — €0 T C1d + Co2d + C3L Energy resolution at 530 eV: 22 meV
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Electronic States in La; — ,Sr, CuQy4 + 5 Probed by Soft-X-Ray Absorption

C. T. Chen,"” F. Sette,"" Y. Ma,""” M. S, Hybertsen,""” E. B. Stechel,””’ W. M. C. Foulkes,""" M.
Schluter,'"! S-W. Cheong,""’ A. S. Cooper,'"” L. W. Rupp, Ir.,'" B. Batlogg,"" Y. L. Soo,"" Z. H.

Ming,"*" A. Krol,”" and Y. H. Kao"
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O K-edge RIXS of La2CuOa4
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Bi-magnon dispersioon

J=0.15 eV with magnon-magnon interaction

w/0 magnon-magnon interaction

(0,0) (1T, ™) (T, 0) (0,0)
Vernay et al., PRB 75, 020403(R) (2007) 23




La1.88Sro.12CuUO4
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“damped”
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200 or Mott gap charge,

excitation pla_smpn
;1excnanon

: : (0.4m,0.4m)
400 - o m
WNWW
[\ (0.35m,0.35m)
- |
v | |
- oy e |"| |
300 oo “hm My n
ey
R (0.27m,0.27m)

200 : (0.18m,0.18™)

.
M ! (0.0881,0.088m)
P L | \eounosun
0,0
PN T T N N TN TN T NN NN SN SRR R M { )
1.0 0.5 0.0
Energy Loss (eV)

Q-dependent
O K-edge RIXS of
La1.8sSro.12CuOas

25



momentum resolved e-ph coupling

Initial State Intermediate State Final State
N+ n
hv + [Pa > 05> core hole + |[¥'g > - apl|np> hv' + | Ye >Z anlnp>

Phonons modulate the Cu-O
bonds and the ZRS energy.

WS Lee et al., PRL (2013)
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oxygen K edge for Ca,,s5,Y>_5,Cus0qg

WS Lee etal., PRL 110, 265502 (2013)
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Electron-phonon coupling in LaxxSrxkCuOg
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Comparison with the phonon dispersion from INS
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E - E, (eV)

Comparison with ARPES and INS results

Zhou et al. PRL 95, 117001 (2005)
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Summary
The concept of energy compensation does work for RIXS

High-resolution RIXS Is powerful in revealing electronic
excitations of oxides, particularly Q-resolved e-ph coupling.

Charge-transfer excitons of ZRS existent in corner-sharing
La2CuQO4

Magnon-magnon interactions in LaxCuQOa4

High-resolution IXS measurements on the electron-phonon
anomaly in LaxxSrxCuOa4 are on their way



TPS 41A Blue Magpie

—-momentum-resolved active grating ptychogvap hic inelastic and elastic scattering --

Energy range: 400 ~ 1200 eV

at RIXS sample
photon flux = 7 x 10%%/sec @ 930 eV, BW=90 meV
beam size =5 pym (V) x 40 pym (H)

RIXS resolving power

active gratings (1200 lines/mm)+ in-vacuum LTP
+ 2-um detector

"'-*— - — Goal: total resolving power of 100,000

Taiwan blue magpie, a species

of bird of the crow family 32
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