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Development of laser-assisted electron momentum spectroscopy for understanding
interaction between strong laser filed and matter

TAKAHASHI, MASAHIKO
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Through resent advances in laser technolo?y, it has become feasible to
create strong laser field, which is comparable with the electric field that a bound electron feels
in matter, and various kinds of researches regarding ultrafast molecular dynamic in such strong
laser field has been activated. The objective of this project is to develop laser-assisted electron
momentum spectroscopy that is expected to provide more complete understanding of interaction between
strong laser filed and matter. For this purpose, many theoretical calculations as well as
development of several experimental techniques have been attempted. As a result, this project has
successfully provided concrete experimental conditions and guidelines for improvements in
exper}mental techniques, required to realize laser-assisted electron momentum spectroscopy in the
near future.



1992

(e2e)

5

Meas. Sci. Tech. 22, 075602 (2011)

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

Phys. Rev. Lett. 114,103005
(2015)

Phys. Rev. A 82, 023410
(2010)

BT EHENNE PEINS IV Y SN
FEANTPATL—F—
R IRIVF— HAE=L(§2mm) 800 nm, 120 fs, 4 W, 5 kHz

R

“FAIVA  3MERRESR
%&Zﬁ%&m 267 hm, 50 mi

- RI55AM v HER
| 2}@%*%4&_ 4 kH;a o7 189 - 267 nm, > 0.3 %
o ON OFF ON OFF ON
KT —— ( I H
TO-7EHE W—H_U
1
5kHz
800 nm 120fs
0.8mJ 90 0.1mm?
90
1
10" w/em?
2mm¢
| 0.1-0.2mm 2mm
1
1ps

Phys. Rev. A 82, 023410 (2010)



o o
o

o

TOCS, [10°a.]
Ca

[10% 2]
=

TDCS
o

o

2 symmetric non-coplanar

@

LR,

(b) LP

(a) Py

F(t)

2 symmetric-noncoplanar

(b)
3 6

(@)

He' n=2
251 2p01 2p1
6 keVv
1.55 eV

I 5x10" 1x 10"W/em? 2

25, M=0, LF| 25 anly, N=0, LP||, I=1e11

RHF

@
=]
@

=
=]
@

ToCS, [ 107 a.ul
ot
) I

0 0
0. 00 05 10 15 20 25 30
q, [a.u] g, laul
25, N=0, LRL 25 only. N=0, LPL, I=1ell
REE | D RHF
3 508
——- SPM = ——— 5PM
a BK
LE =06 -l
-
4 o4
w
O
.2 G2
= S
i o e
00 05 10 15 20 25 20 0.0 05 10 15 20 25 30

q, [a.u] a. [a.ul

3 He2s
[=5x10"
I=1x 10" W/cm?

Zs, N=-1, LF]| 2=_only, N=-1, LF], 1=1al1
S 4 Jos
m o
o w
= 2 o 0E
p= —
- o4
ol ['s)
81 oz
= w"‘a«.,,__‘ E = e,
a = 0 =
00 05 10 15 20 25 3.0 00 05 Lo 15 20 25 20
q. [a.u.] q. [au]

ToCS, (107 aw]
SR N e s U oa

00 05 10 15 20 25 30
Q. [a.u]

4 He 2s

I=1x 10" W/cm?

Trenly, H=-1, LPL, I=lell

oS, [107 au)
=
&

[
o0 o5 Lo 15 20 25 z0
g [au]

[=5%10"

_ 2p0, N=-L I 2p0_enly, W=-1, LP], I=1 11
=) =
© 3 i
= 3
=1 o
— 2 —
ut 0
g g
= =
0
00 05 10 15 20 25 50
g, [au]
_ 250, M=-1, LPL
S 1 =
E 1
= 0.8 b
Sos =1
704 -
Soz 2
(= 2
o
00 05 10 15 20 25 20 o0 05 Lo 15 20 285 20
g, [a.u] q. [au]
5 He 2po
— 11
[=5%10
— 11 2
I=1x 107 W/cm
261, M=, L7l 2pl_enly, N=-1, LF], I=1ell
Soa RHF 3 2
© ——- SFM i
BK ki
L 0E a ols
= Z
n.a 1
uf ')
& Bas
goz pos =
0 = o —=
00 a5 L0 15 20 25 3.0 0.0 05 1.0 15 20 25 20
q, [a.u] q.[a.u]
2pl, M=-1, LFL 2pl_only, N=-1, LFL, I=1 <11
= o RHF 5 5 . RHF
©ls £ ——— &PM o
® 4
[=] (=]
a1 — 3
i ! 8 2
80.5 i A E ..
[= P '\\ L =
0 - > 0
00 05 L0 15 20 25 5.0 o0 05 1o 15 2o 25 20

q. (8.l

6 He 2p,
[=1x 10" W/cm?

3 4
10"W/em?

[=5%10"



40 nm

3 256 nm

@
[=}
1

=
85 FEb { o wEMEK
£, 195mm % A EEEWEH
= 1.2 keV {
o
.240_ 0 ps # ﬂ
o Mgt
1l 20 ; i i
0.1 1 =
2mmao '_"H'T_E ‘*Mﬁi‘i.‘HH.H“I.HEH.H;“.
+ 35 E 0 10 20 30
EFFBITRILF— [eV]
9
7
9
7
MCP
MCP
3
ch=215pein () AUFHON 5 FIOVER YTy
R T N e kg Typ R

0=, Oy
2900\ By

| —9.R=23Tb—h




14
N. Watanabe, S. Yamada, M. Takahashi
“Stereodynamics ~ of  electron-induced
dissociative ionization of N, studied by (e,
e+ion) spectroscopy”
Physical Chemistry Chemical Physics, 20,
1063-1071 (2018),
DOI:10.1039/c7cp06753d
M. Yamazaki, S. Nakayama, C.Y. Zhu, M.
Takahashi
“Theoretical analysis of the time-resolved
binary (e, 2e) binding energy spectra on
three-body photodissociation of acetone at
195 nm”
Journal of Physics: Conference Series, 875,
012004-1-012004-6 (2017) ,
DOI:10.1088/1742-6596/875/2/012004
N. Watanabe, S. Yamada, M. Takahashi
“Molecular-frame electron-scattering
experiment on the dipole-forbidden 26, —
17, transition of N,”
Physical Review A, 95,
060702(R)-1-060702(R)-5 (2017) ,
DOI:10.1103/PhysRevA.95.060702
M. Yamazaki, M. Hosono, Y. Tang, M.
Takahashi
“Development of multi-channel apparatus
for electron-atom Compton scattering to
study the momentum distribution of atoms
in a molecule”
Review of Scientific Instruments, 88,
063103-1-063103-7 (2017) ,
DOI:10.1063/1.4986459
F. Morini, N. Watanabe, M. Kojima, M. S.
Deleuze, M. Takahashi
“Influence of molecular vibrations on the
valence electron momentum distributions of
adamantine”
The Journal of Chemical Physics, 146,
094307-1-094307-10 (2017),
DOI:10.1063/1.4977060
Y. Tang, X. Shan, S. Niu, Z. Liu, E. Wang,
N. Watanabe, M. Yamazaki, M. Takahashi,
X. Chen
“Electron momentum spectroscopy
investigation of molecular conformations of
ethanol considering vibrational effects”
The Journal of Physical Chemistry A, 121,
277-287 (2017) ,
DOI:10.1021/acs.jpca.6b10009
N. Watanabe, K. Katafuchi, M. Yamazaki,
M. Takahashi
“Interference effects on (e, 2¢) electron
momentum profiles: a comparative study
for CCl, and CF4”
The European Physical Journal D, 70,

268-274 (2016) ,
DOI:10.1140/epjd/e2016-70516-7

M. Yamazaki, Y. Tang, M. Takahashi
“lonization  propensity and electron
momentum distribution of the toluene S,
excited state studied by time-resolved
binary (e, 2e) spectroscopy”

Physical Review A, 94, 052509-1
-052509-5 (2016) ,
DOI:10.1103/PhysRevA.94.052509

Y. Tang, X. Shan, J. Yang, S. Niu, Z. Zhang,
N. Watanabe, M. Yamazaki, M. Takahashi,
X. Chen

“Vibrational Effects on Electron Momentum
Distributions of Outer-Valence Orbitals of
Oxetane”

The Journal of Physical Chemistry A, 120,
6855-6863 (2016) ,
DOI:10.1021/acs.jpca.6b06706

N. Watanabe, M. Yamazaki, M. Takahashi
“Relationship between interference pattern
and molecular orbital shape in (e, 2e)
electron momentum profiles of SFq”

Journal of Electron Spectroscopy and
Related Phenomena, 209, 78-86 (2016) ,

http://dx.doi.org/10.1016/j.elspec.2016.04.0
04

F. Morini, N. Watanabe, M. Kojima, M. S.
Deleuze, M. Takahashi

“Electron momentum spectroscopy of
dimethyl ether taking account of nuclear
dynamics in the electronic ground state”
The Journal of Chemical Physics, 143
134309-1-134309-11 (2015),
DOI:10.1063/1.4931918

Z. Yang, P. Duffy, Q. Zhu, M. Takahashi, F.
Wang

“Theoretical study of valence orbital
response to guanine tautomerization in
coordinate and momentum spaces”

Journal of Physics B: Atomic, Molecular
and Optical Physics, 48,
205101-1-205101-11 (2015),
DOI:10.1088/0953-4075/48/20/205101

H. Teramoto, M. Toda, M. Takahashi, H.
Kono, T. Komatsuzaki

“Mechanism and Experimental
Observability of Global Switching Between
Reactive and Nonreactive Coordinates at
High Total Energies”

Physical Review Letters, 15,
093003-1-093003-5 (2015) ,

DOI: 10.1103/PhysRevLett.115.093003

82
Masahiko Takahashi
“Towards visualizing the
driving principle of a chemical reaction by
time-resolved high-energy electron impact




spectroscopies”
Fifth International Meeting on Frontiers of
Physics, 2017.
Masahiko Takahashi
“Towards visualizing the
driving principle of a chemical reaction by
time-resolved high-energy electron impact
spectroscopies”
The Ninth RIES-CIS Symposium, 2017.
Masahiko Takahashi
“Present status and future
prospect of a new real-time spectroscopic
complex using high-energy electron
scattering”
International Symposium on (e, 2¢e), Double
Photo-ionization, and Related Topics 2017.
Masahiko Takahashi
“Development of a real-time
spectroscopic complex using high-energy
electron scattering for studying
photochemical reaction dynamics”
EMN summer meeting 2017.
Masahiko Takahashi
“Towards time-resolved
imaging of electron and nuclear motions in
momentum space”
Stereodynamics
2016.
Masakazu Yamazaki, Masahiko Takahashi
“Recent progress towards
time-resolved imaging of molecular orbitals
in momentum space”
12th Asian International Seminar on Atomic
and Molecular Physics (AISAMP12), 2016.
Masahiko Takahashi

(Stereodynamics 2016),

“Progress towards
time-resolved imaging of molecular orbitals
and nuclear motions in momentum space”
International Conference on Many Particle
Spectroscopy of Atoms, Molecules, Clusters
and Surfaces (MPS 2016), 2016.

Masahiko Takahashi

“Towards time-resolved
imaging of electron and nuclear motions in
momentum space”
The 6th China-Japan-Korea Joint Seminar
on Atomic and Molecular Processes in
Plasma (AMPP2016), 2016.
Masahiko Takahashi

“Towards time-resolved
imaging of electron and nuclear motions in
momentum space”
6th International Workshop on the Physics
at EBITs and Advanced Research Light
Sources (PEARL 2016), 2016.
Masahiko Takahashi

“Progress in (e, 2e) electron

momentum spectroscopy: From the static to
the time-resolved regime”
68th  Annual  Gaseous

Electronics

Conference / 9th International Conference
on Reactive Plasmas / 33rd Symposium on
Plasma Processing, 2015.
Masakazu Yamazaki, Masahiko Takahashi
“Towards making the

molecular orbital movies by time-resolved
(e, 2e) electron momentum spectroscopy”
International Symposium on (e, 2¢e), Double
Photo-ionization, and Related Topics 2015,
2015.
Masahiko Takahashi

“Progress in (e, 2e) electron
momentum spectroscopy: From the static to
the time-resolved regime”
XXIX International Conference on Photonic,
Electronic, and Atomic Collisions (XXIX
ICPEAC), 2015.

http://www?2.tagen.tohoku.ac.jp/lab/takahashi-m/

¢y

&)

®

*

TAKAHASHI, MASAHIKO

80241579

WATANABE, NOBORU
90312660
YAMAZAKI, MASAKAZU

00533465

Chaoyuan Zhu CHAOYUAN, ZHU

Konstantin Kouzakov

KONSTANTIN KOUZAKOV



