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Fig. 1. Schematic illustration of TRPES and photoelectron
kinetic energy distribution.
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Fig. 2. Magnetic field line distribution in a magnetic bottle
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Fig. 3. Schematic overview of the time-of-flight spectrometer with magnetic-bottle operation. The liquid target and related compon-

ents are highlighted in blue.
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Table 1.  Simulated energy resolution at different initial

electron kinetic energies.

E/eV To/ns At /ns AE/E
10 821.0 15.6 0.038
30 493.0 8.8 0.036
50 382.5 7.3 0.038
100 275.0 7.7 0.056
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Fig. 4. Physical diagram and schematic diagram of nozzle,

reproduced with permission from Ref. [38].
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Fig. 5. Schematic diagram of the principle of gas high-harmonic generation.

T A VK KRR, 75 e B vk B (LA
VKB GE) AR Lk vKAEUT S 7 1) A K O BH 26
M. 40, R I T 22 S e LA I )
AN, 1 v BEF s S LA v A B 2R )
PRTIOR S RN ES &, AT o LA A6 1F T
ARHBGRAR R R I 4544 | BRI T2 il e K
N TIPS S

2.3 XUV Bk F=4EfmBaasAR

AR 774 (high-harmonic genera-
tion, HHG) /& HIRRAF I 4 (XUV) ©FP TS 2
BRI Jok b B i FH 7 v, Ly BRAILA AT 8] 5 s 1
PRI T R B AR FER Y RENEOBERTT,
W B3 A R 2Rk ki 2R A B R AR
IR 7 RSN WM I R 1) A B
M S5RGBT, T — R
LY AT U . T I O 1 3 2 B A R e Uik
X EEIX AR X, BITEfRTF IR DBk s,
TR AR B S R B T 2R R B VI
HEAFBIX. B 5 XA I A T s B LT —
B, EREUERAL . B S SR R IX
I R RE T SRR Ecut;ff = Ip +3.17Up ,
SO I W TR B, Up = 0 gy T4

m
A TREIRE, e e T, B ZEOCH IR
8, m BT, o BSOEMEg 3940,

7£ LJ-TRPES %5 75 2 5 BE )G+ Fl = 1 [1] 43
PRSI b, WA S E AN BRI TR AR
(semi-infinite gas cell) 3B & 17 XUV ik i 9 7=
Az TR 6 I, AR R T R A S A ) 3K
HPOCNTER EW ki A, RER/NL P1 Y
i, 75— HP = N RAMA A (nE .
FAEE) PR ARSI, @ P2 1 P3/NVLE
555, HP o e DB AR o AR B ARG SR I ™ 6,
it AT L5 B2 A%, DP1 A DP2 AKX, X
FERBT BB LA™ A AL DETE, 8/
A PRI, I ELAR RS i A LS AR E k.

EW Pl P2 P3

- SRS

U

DP1 DP2

6 EKIEET AR EREE. BW OBBOLA R, RAE
ST /L PLAL. 767 £ X HP 3 ASUE, 3@ P4~ /AL
P2 1 P3 ¢ DP1 #l DP2 253 FE AR5l FL %5

Fig. 6. Schematic diagram of the high-harmonic generation
gas cell. The fundamental beam is focused through the en-
trance window EW such that the focus is located close to
pinhole P1. The high-pressure region HP is separated from
the experiment by two differential pumping stages DP1 and
DP2. The corresponding pinholes are P2 and P3.
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Fig. 7. Optical layout of the monochromator.
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Fig. 8. Conical diffraction scheme.
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¥ 9 LJ-TRPES Zifi-#R 5 30 m & & (1 B Sk [38], 2 3R1FH424)
Fig. 9. Schematic diagram of the LJ-TRPES pump-probe experiment, reproduced with permission from Ref. [38].
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Fig. 10. Schematic for non-adiabatic relaxation in cis-stil-
bene, reproduced with permission from Ref. [49].
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Fig. 11. (a) Schematic representation of the ICD process initiated by inner-valence ionization of 2a; orbital in water dimer. The in-

ner-valence vacancy is created by the absorption of an XUV photon; an outer-valence electron fills up the inner-valence vacancy via

releasing the extra energy to the neighboring water molecule causing a further ionization in its outer-valence orbital; (b) the experi-

mental setup for the photoelectron measurement; (c) schematic diagram of data acquisition and analysis, reproduced with permis-

sion from Ref. [64].
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Fig. 12. A simplified schematic diagram of ICD and proton
transfer in liquid water, reproduced with permission from
Ref. [65].
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SPECIAL TOPIC—Instrumentation and metrology for ultrafast atomic and molecular
spectroscopy

Design and application of liquid-phase magnetic-bottle time
resolved photoelectron spectroscopy”
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Abstract

The liquid phase serves as a critical environment for chemical and biological reactions. The chemical and
biological reaction dynamics of molecules in liquids exhibit evolution behaviors that are significantly different
from those of isolated molecules in the gas phase. The in-depth investigation of the ultrafast excited-state
dynamics of liquid-phase molecules is of great importance for uncovering the microscopic mechanisms
underlying complex chemical and biological processes. Photoelectron spectroscopy not only reveals the electronic
structure of excited-state molecules but also exhibits high sensitivity to structural changes, making it a powerful
tool for studying the relaxation dynamics. Liquid-phase time-resolved photoelectron spectroscopy utilizes a
liquid microjet within a high vacuum. In this pump-probe technique, an initial pump pulse excites the liquids to
initiate dynamics, followed by a delayed probe pulse that ionizes the evolving system. The time-dependent
energy distribution of the resulting photoelectrons, which encodes the ultrafast dynamics, is measured by a

magnetic-bottle time-of-flight (MB-TOF) analyzer. This review systematically summarizes recent advancements

in the time-resolved liquid-phase photoelectron spectro-

XUV probe Solenoid coil

scopy technology for studying ultrafast dynamics in

liquids, detailing the fundamental working principles of
magnetic-bottle spectrometers and the preparation UV pump
techniques for liquid microjet targets. Furthermore,

typical applications are discussed, concluding with an

Liquid target

analysis of current technical challenges and future [

. . Solvent effect
research directions.

Keywords: liquid-phase systems, magnetic-bottle photoelectron spectrometer, ultrafast time resolution,

electronic excited-state dynamics
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