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HiSOR BL-1, 9A, spin ARPES
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Phonon Wavevector Dispersion Curves
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Bulk state

3D Fermi surface
mapping
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e Many-body interactions in Solids
2 characteristic energy scales
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electron-electron electron-phonon
interaction Interaction
Beyond LDA I
Fel—el Electron correlation el—ph
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Lineshape analyses of ARPES spectra
Spectral function and self-energy

Spectral function

7 ARPES spectra < >
_ kink
3 Ao_(k,a))z—l Im2 gk;a)k :
wlo—¢g —ReXZ (ko) +[ImX_(k,o)]
) Quasiparticle spectrum
F

Band dispersion witk

the self-energy Self-energy correction

4 Ag: hif
€: energy shift Real part: ReX

/' N O¢: lifetime broadening Energy shift

3 Ok: momentum broadening

/#'Band dispersion without Imaginary part: ImX
* the self-energy Lifetime broadening

Momentum
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High-resolution ARPES with low-energy SR
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Shockley states in Cu(111)
Self-energy

O Experiment ]
—— Theory (Eiguren et al.) ] sl O Experiment -
---- 3D Debye model —— Theory
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Dipole selection rule for transition

Matrix Element

Mﬁ = <f|A : p|i> i) :initial state

hv
E/ Ep | Q Symmetry with respect to the mirror plane
\

|
Es | Electron

. ©g analyzer |/} :final state — Even
\ "TOrlp‘ane . -
, 1 Jf (1) p-polarization  A-p : Even
#0 |iy:Even
My \
(2) s-polarization A-p : Odd
. #0 |i):0dd
Damascelli et al., Rev. Mod. Phys. 75, 2 (2003). Mﬁ
=0 |i):Even

By switching linear polarization, we can select observable initial states.



Circular polarization
(KEK-PF BL-28)

high

Ky (r/a) low

H. lwasawa et al. Phys. Rev. B 72 (2005)
104514.

hv=65 eV

Layered superconductor Sr,RuQO,

i .

o yz
(hole-like)
B zx z XY
(electron-like): (electron-
;i

like)

LDA calculation
T. Oguchi, Phys. Rev. B 51 (1995)
1385.



Polarization dependent Fermi surface mapping
H:SOR :
9 Sr,RuO, (HISOR BL-1)

p-polarization hv=65 eV s-polarization
(even) (odd)

k, (n/a)

Spectral weight strongly depends on the polarization
lwasawa and Aiura et al. PRL (2010).



Band dispersion along I'M direction

circular polarization p-polarization s-polarization
(PF BL28) B : zx (even) v . xy(odd)
p Y
(even) (odd) hv=65eV
- -~ - = e e 0
= 50 < 50
100 > 100 g S 100
H. lwasawa et al. B 4 B s
Phys. Rev. B 72 (2005)
104514.
Black lines indicate 200 200
calculated Momentum Momentum

energy-band dispersions.

Selective observation of the electronic states.
An effective method to study multi-band systems

Self-energy analysis is now possible! lwasawa and Aiura et al. PRL (2010).
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CHSO0RD FS dependent electron-boson interaction

Comparison between ARPES and model calculations

(a) LDA (b) LDA+SOC
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i= \
o 100
(d) LDA+U&SOC -0.15 -0.10 -0.05 0
LDA+U&SOI o-1
— |k —ke| (A7)
g * FS dependent electron boson interaction (EBI)
E; S very tiny y . significant
Ll
* Coupling parameter of EBI

A’ ~01+0.01 A4 ~13+0.1



Electron-phonon and electron-electron
coupling parameters
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Efficient SPin REsolved SpectroScopy
Observation (ESPRESSO) machine

Analyzer (SCIENTA R4000)
AE=1meV (E,=2 eV) , 46=%+0.1°
SR light
.g_ Manipulator (i-gonio)
' Thin~ 10K

polar & tilt rotatable (motor drive)

lamp Spin (VLEED)
e lamp Transverse and Perpendicular

Light sources
Xe lamp (8.9 eV),
He lamp (21.2 eV)
SR from BL-9B (16-300 eV)

2D high resolution ARPES can be performed simultaneously.
SR-FS mapping can be done with i-gonio manipulator

. - + o ~
Goal: SARPES with AE<10 meV and A6<=%*=0.5 TAREL HEEAKAK—
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HiISOR-II

Beam energy [MeV] 700
Circumference [m] 40.079
Betatrontune | 3.761, 2.846

Natural emittance [nmrad] @ @

Momentum spread 5.79e-04

Momentum compaction 0.0319
Bunch length [mm] 37.0
Harmonic number 7
RF frequency [MHZ] 52.4
o ot L:11.44
Radiation dumping time H: 857
[msec] C
V:14.70

Touschek lifetime [hour]

3.4mx4
Straight sections
onsecions (342
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