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Fig. 1. (a) PA scheme and multiphoton ionization energy level diagram for the ground state of °Li, molecules; (b) schematic dia-

gram of the MOTREMI apparatus with an expanded optical dipole trap, where the orange represents the optical dipole trap beam

coinciding with the PA beam!'7.
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Fig. 2. (a) Absorption image of KRb molecules. The color scale indicates the optical depth of the KRb cloud. CCD, charge-coupled
device. (b) Cold molecules are ionized in VMI, focused through ion lenses, and finally imaged. B, magnetic field. (¢) An example of
a recorded time-of-flight spectrum. (d) Recorded velocity map imaging corresponding to different ions. (e) Energetics of the

bimolecular reactions of cold KRb molecules (reproduced with permission from Ref. [18]).
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Fig. 3. Schematic diagram of a high-resolution ion microscope applicable to cold Rydberg atomsi".
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E ) CAD BB, AL HOLIR | 4R % & i R AR 85 (11
F 3k [34], © 3RS RA)

Fig. 4. The upper image shows the flight trajectory of
charged particles coming out of the MOT, which are ulti-
mately detected by the detector under the influence of an
electric field, simulated by Simion 8.1; the lower image is
the CAD model of the device, including the laser beam,
imaging device electrodes, and detector (reproduced with
permission from Ref. [34]).
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A 4

5 (a) BB ALPRLER; (b) 15 pm SR BRI < By
B KRR T AU R TR (o) 76 511 nm 3K T, Rb
L 4 ¢ S () 7 U = 300 V AL R, BEBLIG 1 T
PR 255 10

Fig. 5. (a) Overall structure of the device; (b) ionization of
a large number of atoms within a cylindrical region at the
micrometer level, forming a charged particle cloud; (c) ion-
ization energy level diagram of "Rb at a wavelength of
511 nm; (d) simulated electron detector signal with + Uy, =
300 VI,
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‘ \ R Compensation
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Electron det.
Laser beams

K6 AT T TSR B MOTREMI 4544 8 (4 A SCHR [49],
B RAHEA)
Fig. 6. MOTREMI structure diagram based on TSR (repro-

duced with permission from Ref. [49]).
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(a) Pushing laser

2D cooling

Detector

?400 nm 3.1leV TSOO nm 1.55 eV

[0 —— (IR AP RS N

Energy/eV

k 5P (—2.58 eV)

55 (—4.17 eV)

K7 (a) Rb-MOTREMI % B R & &, 21 A3k 780 nm WA HIHOL, 3 (7 LA B 3 I A9 CRMEOY; (b) Rb JR T B A2

REZLIEL (Hh H SCHR [63], B RN

Fig. 7. (a) Schematic diagram of the Rb-MOTREMI apparatusred arrow represents the 780 nm cooling laser, and the blue arrow

represents the femtosecond laser used for ionization; (b) level diagram of the ionization process of Rb atoms (reproduced with per-

mission from Ref. [63]).
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Fig. 8. Schematic diagram of two-photon quantum interfer-
ence process (reproduced with permission from Ref. [66]).
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Fig. 9. (a) Schematic diagram of the device retaining only one beam of cooling light ny; (b) excitation and ionization channels of Rb
atoms; (c) measured photoelectron momentum distribution; (d) theoretically calculated photoelectron momentum distribution;
(e) experimentally extracted photoelectron angular distribution; (f) theoretically extracted photoelectron angular distribution (re-

produced with permission from Ref. [72]).
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SPECIAL TOPIC—Instrumentation and metrology for ultrafast atomic and molecular spectroscopy

Electron/ion imaging technology and its applications in cold
atoms, molecules, and related fields”
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Abstract

With the continuous advancement and maturation of laser cooling techniques for atoms and molecules and
full-dimensional electron and ion imaging technology, using momentum imaging techniques to investigate the
characteristic properties of cold atoms and collision dynamics has emerged as a burgeoning research direction.
This progress has driven the development of a series of high-resolution electron and ion detection devices,
leading to innovative breakthroughs in fields such as cold molecule reactions, Rydberg atoms, nuclear decay,
photoionization of Bose-Einstein condensates (BECs) and cold plasmas, collisions between cold atoms and
ions/electrons, coherent control of cold atoms, and strong-field ultrafast physics. This article reviews
representative instruments and their corresponding seminal achievements in the following domains: In cold
molecular/cold chemical reactions, imaging technology has revealed new insights into reaction mechanisms; For
cold Rydberg atom interactions, it demonstrates high-precision quantum state manipulation capabilities,
advancing quantum information processing; In nuclear decay research, it provides ultra-sensitive detection
methods, deepening understanding of decay processes; For BEC photoionization and cold plasma control, it can
precisely monitor and manipulate microscopic processes; In cold atomic collision studies, it reveals new details in
collision dynamics, refining collision theories; Regarding coherent control of cold atoms, it achieves accurate
quantum state manipulation and interference; In strong-field ultrafast processes, it elucidates complex electron
dynamics under intense fields, providing innovative methods for ultrafast laser control. Furthermore, this article
summarizes the applications of imaging technologies in the aforementioned research areas involving cold atoms,

and provides prospects for future developments in this evolving field.

Keywords: electron/ion imaging, cold atoms, magneto-optical trap velocity map imaging, magneto-optical

trap reaction microscope
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