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Momentum space chemistry by the development of a technique of imaging molecular
orbitals in the three dimensional form
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Firstly, we have developed an experimental principle for this research,
through detailed analysis of the rotational wave packet created by using the pulsed laser, It is
unique in its ability to increase the signal count rate by a factor of about 1000 and to prevent the

velocity mismatch problem. We have then updated the time-resolved electron momentum spectroscopy
(TR-EMS) apparatus. The update has been verified to be satisfactory by conducting traditional EMS
experiments. Although the laser originally supposed to be used to create rotational wave packet was
seriously damaged due to the big earthquake occurred in March, 2022, the alternative new one has
installed in September, 2023. Since then, we have started the laser-pump and electron-probe
experiments . In this way, the target goal of this research has successfully been achieved, which is
to develop an experimental technique that enables one to look at individual molecular orbitals in
the three-dimensional form.



CO

axial
recoil

HOMO

M. Takahashi, Bull. Chem. Soc. Jpn. 82, 751

(2009)
M
45° 61= 6,=45° Ei=E
eg+M M++e+e
Eo Po
Ebna=Eo— E1 — E2
Ebing
P=p1+p2~ Po
p
p A¢
P Il
w(p)
ldQly(p)?

kinematics

Odaet al., Phys. Rev. Lett. 104, 213901 (2010)



M. Yamazaki et al., Phys. Rev. Lett. 114, 103005 (2015)

Rev. Sci. Instrum. 84, 063105 (2013)

5 kHz, 4W 120
5kHz 1kHz
W/cm?
10 12
10
10
N>
0.33
3
10
1
2kHz
5kHz 1kHz

velocity mismatch

M. Yamazaki et al.,

5kHz, 4W
N, 1.0
5x10"12 0.8
Zo.6;
(8 4
S04
0.2
1 |l Laser :
0 . ;
5 10
Time delay (ps)
N2
Without laser
g0
k=
=
g
= (cos?a) = 0.33
g0 '
E
E
o
& I i
0 30 60 90 120 150 180
Angle o (degrees)
0.71 Wikl
1th laser
0.71 2 104 .
=]
2
Z
2
205
E {cos?a) = 0.71
K |
pump-probe =0 o

0 30 60 90 120 150 180
Angle o (degrees)

N2

120 fs, 5 kHz, 4W



Empower
Nd:YLF Laser

Maitai
o Ti:Sapphire Laser

Pulsed Electron Gun

10

Spherical
{ Analyzer

Position-scnsitive
Detector

10 4 10 1 32 8
4 3x 1075

2022 3 16 M7.4

2023 9

[x 107

Ar

ol L . 1 L :
Q 20 40 60 a0

Binding Energy [eV]
Ar




9 9 0 0

Yuichi Tachibana, Yuuki Onitsuka, Satoru Kanaya, Hirohiko Kono, Masahiko Takahashi 25

Electron-atom Compton profiles due to the intramolecular motions of the H and D atoms in HD 2023

Physical Chemistry Chemical Physics 6653-6658
DOl

10.1039/D3CP00339F

Noboru Watanabe, Masahiko Takahashi 127

Theoretical Study of Valence Shell Excitation by Electron Impact in CCl4 2023

Journal of Physical Chemistry A 1866-1873
DOl

10.1021/acs. jpca.2c08619

Noboru Watanabe, Masahiko Takahashi 108

Electron-impact dissociative ionization of SF6 studied by angle-resolved (e, et+ion) 2023

spectroscopy

Physical Review A 042814-1-9
DOl

10.1103/PhysRevA.108.042814

Watanabe Noboru Takahashi Masahiko 55

Theoretical study of generalized oscillator strengths for the low-lying electronic excitations 2022

of CH3CI and CF3CI

Journal of Physics B: Atomic, Molecular and Optical Physics 015201-1-10

DOl
10.1088/1361-6455/ac4a22




Tachibana Yuichi Onitsuka Yuuki Kono Hirohiko Takahashi Masahiko 105

Direct and precise mapping of intramolecular H-atom motion in H2 by an electron-atom Compton 2022

scattering experiment

Physical Review A 052813-1-4
DOl

10.1103/PhysRevA.105.052813

Onitsuka Yuuki Tachibana Yuichi Takahashi Masahiko 24

Asymptotic behavior of the electron-atom Compton profile due to the intramolecular H-atom 2022

motion in H2

Physical Chemistry Chemical Physics

19716-19721

DOl
10.1039/d2cp02461F

Watanabe Noboru Kume Kenichi Takahashi Masahiko 259

A joint experimental and theoretical study of the valence electron momentum distributions of 2022

trans-stilbene

Journal of Electron Spectroscopy and Related Phenomena 147240-1-7
DOl

10.1016/j .elspec.2022.147240

Watanabe Noboru Takahashi Masahiko 54

Vibrational effects on generalized oscillator strengths of ammonia 2021

Journal of Physics B: Atomic, Molecular and Optical Physics 135202-1-8

DOl
10.1088/1361-6455/ac0769




Watanabe Noboru Takahashi Masahiko 104

Symmetry breaking in electron-impact dissociative ionization of linear symmetric molecules 2021
Physical Review A 032812-1-5
DOl

10.1103/PhysRevA.104.032812

61 12 28

Sihan Long, Yuuki Onitsuka, Masahiko Takahashi

Development of a new pharmacological index by using the molecular orbital wavefunction in momentum space

2023 Tohoku Meeting of Chemical Society of Japan and 80th Anniversary International Conference of Tohoku Branch, The
Chemical Society of Japan

2023

Noboru Watanabe, Masahiko Takahashi

Symmetry breaking in dissociative ionization of symmetric molecules by electron impact

XXXI11 International Conference on Photonic, Electronic and Atomic Collisions (ICPEAC 2023)

2023

Masahiko Takahashi

Electron-atom Compton scattering: a new and unique tool for imaging intramolecular atomic motion

Electron-Molecule Collisions and Swarms (POSMOL 2023)

2023




Noboru Watanabe, Masahiko Takahashi

Symmetry breaking in electron-impact dissociative ionization of symmetric molecules

22nd International Symposium on Correlation, Polarization and lonization in Atomic and Molecular Collisions (COPIAMC 2023)

2023

Masahiko Takahashi

Electron-atom Compton scattering: a powerful tool for imaging intramolecular atomic motion

National Taipei University of Technology & Tohoku University 2023 Joint Symposium

2023

Satoru Kanaya, Yuuki Onitsuka, Noboru Watanabe, Hirohiko Kono, Masahiko Takahashi

Extension of atomic momentum spectroscopy from diatomic molecules to polyatomic molecules

38th Symposium on Chemical Kinetics and Dynamics

2023

Yuuki Onitsuka, Yuichi Tachibana, Satoru Kanaya, Hirohiko Kono, Masahiko Takahashi

Development of an imaging method of intramolecular atomic motion

38th Symposium on Chemical Kinetics and Dynamics

2023




Sihan Long, Yuuki Onitsuka, Soichiro Nagao, Masahiko Takahashi

Combining momentum-space wavefunctions and frontier orbital theory for providing predictive insights into pharmacological
activity

XXXI11 International Conference on Photonic, Electronic and Atomic Collisions (ICPEAC 2023)

2023

Satoru Kanaya, Yuuki Onitsuka, Noboru Watanabe, Hirohiko Kono, Masahiko Takahashi

Development of atomic momentum spectroscopy of polyatomic molecules

XXXI11 International Conference on Photonic, Electronic and Atomic Collisions (ICPEAC 2023)

2023

Yuuki Onitsuka, Yuichi Tachibana, Satoru Kanaya, Hirohiko Kono, Masahiko Takahashi

Development of a new molecular spectroscopy technique: mapping atomic motions and elemental composition analysis of a
molecule

XXXI11 International Conference on Photonic, Electronic and Atomic Collisions (ICPEAC 2023)

2023

Isao Nakajima, Masakazu Yamazaki, Yuri Popov, Salim Houamer, Masahiko Takahashi

A binary (e, 2e) study on Ne at incident electron energies up to 4 keV: Asymptotic behavior of the (e, 2e) cross section to
its high energy limits

XXXI11 International Conference on Photonic, Electronic and Atomic Collisions (ICPEAC 2023)

2023




Noboru Watanabe, Masahiko Takahashi

Theoretical electronic excitation cross sections of CCl4

XXXI11 International Conference on Photonic, Electronic and Atomic Collisions (ICPEAC 2023)

2023

Sihan Long, Yuuki Onitsuka, Masahiko Takahashi

Development of a new pharmacological index by using the frontier orbital wavefunction in momentum space

National Taipei University of Technology & Tohoku University 2023 Joint Symposium

2023

Yuta Suzuki, Yuuki Onitsuka, Yukiyoshi Ohtsuki, Masahiko Takahashi

Construction of an apparatus for the study of stereodynamics of electron-molecule collision

National Taipei University of Technology & Tohoku University 2023 Joint Symposium

2023

an

19 AMO

2023




19 AMO
2023

19 AMO
2023

GRRM
2023

2023

17 2023

2023




(e,2e)

17 2023
2023
CcCl4
17 2023
2023
an
17 2023
2023
17 2023

2023




CcCl4

48
2023
48
2023
(e,2¢)
48
2023
23

2023




Noboru Watanabe, Masahiko Takahashi

Symmetry breaking in electron-impact dissociative ionization of CO2 and N2

37th Symposium on Chemical Kinetics and Dynamics

2022

Satoru Kanaya, Yuichi Tachibana, Yuuki Onitsuka, Noboru Watanabe, Hirohiko Kono, Masahiko Takahashi

Development of a theoretical method for predicting the atomic momentum distribution of polyatomic molecules

37th Symposium on Chemical Kinetics and Dynamics

2022

Sihan Long, Soichiro Nagao, Yuuki Onitsuka, Masahiko Takahashi

Development of a new pharmacological index based on the momentum space distribution of the frontier molecular orbitals

37th Symposium on Chemical Kinetics and Dynamics

2022

Yuichi Tachibana, Yuuki Onitsuka, Masahiko Takahashi

Application of atomic momentum spectroscopy to a heteronuclear diatomic molecule

37th Symposium on Chemical Kinetics and Dynamics

2022




Yuuki Onitsuka, Masahiko Takahashi

Establishment of electron-Compton scattering as a molecular spectroscopy to directly observe intramolecular atomic motion

International Conference on Many Particle Spectroscopy of Atoms, Molecules, Clusters and Surfaces (MPS 2022)

2022

Masahiko Takahashi

Electron-atom Compton scattering: A new and unique tool for imaging intramolecular atomic motion

18th International Conference of Computational Methods in Sciences and Engineering (ICCMSE 2022)

2022

C02 N2

47

2022

2022




16

2022

16

2022

16

2022

Sihan Long, Soichiro Nagao, Yuuki Onitsuka, Masahiko Takahashi

Development of a novel pharmacological index by using the frontier molecular orbitals in momentum space

22

2022




LUMO (e, 2e)

22
2022
GRRM
1QCE 2022
2023

Satoru Kanaya, Yuichi Tachibana, Yuuki Onitsuka, Noboru Watanabe, Hirohiko Kono, Masahiko Takahashi

Experimental and Theoretical Development of Atomic Momentum Spectroscopy for Polyatomic Molecules

103

2023

Yuuki Onitsuka, Yuichi Tachibana, Masahiko Takahashi

Experimental determination of the high energy limit for the plane wave impulse approximation in atomic momentum spectroscopy

36th Symposium on Chemical Kinetics and Dynamics

2021




Yuichi Tachibana, Yuuki Onitsuka,Hirohiko Kono, Masahiko Takahashi

Development of a general protocol for achieving an intramolecular atomic momentum distribution using electron-atom Compton
scattering

36th Symposium on Chemical Kinetics and Dynamics

2021

Yuuki Onitsuka, Yuichi Tachibana, Masahiko Takahashi

An atomic momentum spectroscopy study for elucidating the range of the validity of the plane wave impulse approximation

International Conference on Photonic, Electronic and Atomic Collisions

2021

Noboru Watanabe, Masahiko Takahashi

Measurement of the forward-backward asymmetry in electron impact ionization of CO

International Conference on Photonic, Electronic and Atomic Collisions

2021

Yuichi Tachibana, Yuuki Onitsuka, Hirohiko Kono, Masahiko Takahashi

Direct observation of atomic motion in molecules using atomic momentum spectroscopy

International Conference on Photonic, Electronic and Atomic Collisions

2021




Yuuki Onitsuka, Yuichi Tachibana, Masahiko Takahashi

Investigation of the high energy limit for the plane wave impulse approximation in atomic momentum spectroscopy

International Symposium on Correlation, Polarization and lonization in Atomic and Molecular Collisions

2021

Noboru Watanabe, Masahiko Takahashi

Forward-backward asymmetry in electron-impact ionization of CO studied by (e, e+ion) spectroscopy

International Symposium on Correlation, Polarization and lonization in Atomic and Molecular Collisions

2021

Yuichi Tachibana, Yuuki Onitsuka, Hirohiko Kono, Masahiko Takahashi

Development of a general protocol for observing atomic momentum distributions in molecules using electron-atom Compton
scattering

International Symposium on Correlation, Polarization and lonization in Atomic and Molecular Collisions

2021

15

2021




co

15

2021

2021

46

2021

46

2021




2021

21

2021

21

2021

Sihan Long, Soichiro Nagao, Yuuki Onitsuka, Masahiko Takahashi

Construction of a novel pharmacological index by using the molecular orbital wave function in momentum space

77

2022




77

2022

77

2022

1

ELECTRON SPECTROMETER

17/652237

2022

1

Electron Spectrometer

Masahiko Takahashi
et al.

US11,898,975B2

2024




