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Abstract

It is well known that collective excitations such as plasmon and magnon often play an essential role
in the emergence of unique properties in strongly correlated electron systems, for instance, the high-
temperature superconductivity of cuprates. To measure these properties, we have developed a method
of spin-resolved resonant electron energy-loss spectroscopy with low-energy electrons (SR-rEELS), with
which electron properties with corrective excitations can be probed with high resolution in angle, energy,
spin, and element. For further progress, we develop time- and spin-resolved resonance electron inelastic
and elastic scattering measurements (TSR-rEELS and -RHEED) for the dynamics of lattice and electron
structure. For the first step to realize this method, we establish time- and spin-resolved electron diffrac-
tion measurement (TSR-RHEED) and measure the time evolution of photo-induced change of lattice
structure. To realize the temporal matching of our low-energy electron beam to a pump pulse laser, a
40 — 100 ns delay time is needed. To realize a long optical path, we have developed a new optical delay
line. Additionally, we are now developing an automatic finding method for the time origin of the probing
electron beam from the pump pulse with a machine-learning technique. In this paper, we report our
developing methodology, a delay line, and the concept of the automatic time origin finding method and
their present statuses.
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2 Method and Results

2.1 Time-Resolved Measurements and
Construction of 12 ~ 30 m Optical
Delay Line
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2.2 Reflection High-Energy Electron
Diffraction (RHEED)
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2.3 Time-Resolved RHEED and Time Ori-

gin Search System

FRERE 0 fRIE 24T 912k, SRRl 3L —
B — L R L HIEIZHW B 0L REFEpiREN FE

1: (a) R ERHIE R RIG, (b) 12 ~ 30 m JE5E
IERIFEAERSR, (c) A > uxa— 7 CHllE L =&
BTS2 EIER R, HFRIEH 6 ns (2 m), (d) S
U — X — & —CHIE LA BB 5 L —F —if
/& (Intensity),

RRICEE T 2082 (R AR) ZHRT 2 08D
Hb, RFRTIIEHETREBFERZHERT 2720,
k-means % & I 2 B E OFEZ VR
KOFEZIT o 72,0
FT.MENCETRONBELZZZRDID
RHEED HIE %2175, hEXIC & o THRFIEDZE
L UBERS 2 £ TIZllE X - mHrGiE, BERRE
LRELRZE—I2HD, fle LT, EHEDL —
P —HE G U GE X, BEEFRCES 781 -
77 —MRICED, E—HEOK T E—-IRED
BIAA R BN 2L hB 5, B 2a) 1220 X5 2k
MEMLZY I 2L—>a YHEHER (EBIZHEE
Z&#&T D RHEED %) %23, 8o,

- 189 -



X 2: BEWEE % ORISR RIEY I 2 —va >
(a) A:REIRED RHEED %, B : BifikED
RHEED §, (b) 74 v 7 4 ¥ %R ; ERIRE s
WEMT IS L. BRRRERNE Ny 7275
YR LTELIIWE DEr—L YR R 1D
TT7 49747 sIEENTGRY SELEE, FiR
E74 v 74 VIR (¢) 77 RAXY U IRER
7 5 A X OBERPREEEACHYE T 5, 7. xos
Amplitude ZZNhZNT 4 v T 4 VI THREEY—
JiE, E—I0iE, ©— i,

Y—2%0 0B b L (Rtch A ZHE %N
XIS, RWRTe—L VBT Ia v T4 >
752 eM2c) DESITH B,

2

flz)y=A- m(/l : Amplitude) (1)
B 2(b) H1Z B TR L ZEIRERRZ P Lo —
7 BN EEIRED A IZHARTEADLTWE Zeh
RTHNZ, ZDT7 4 v T4 Y IHiRE Y — 7 HE
A, ¥—2 il xg. ¥—2IEy TROND 3 0%
iz ey b L. k-means IEEZHWT 2 7 5 A &I
DT LM 2(c) DESWTHEEINT, ¥ =V BE
PEL TV BB 72X DERB R o h, K
MERZE 2 72205 LTHRINS Z 2L
TW5,

3 Conclusion
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