QUANTUM CHEMISTRY

Annual Research Highlights

(1) “Ejection of hydrogen molecular ions and
hydrogen migration of methanol in intense laser fields
by mass-resolved momentum imaging and
coincidence momentum imaging”

In order to clarify ultrafast dynamical processes of
hydrogen atoms within hydrocarbon molecules in an
intense laser field, we have investigated ejection of
diatomic and triatomic hydrogen molecular ions from
methanol as well as hydrogen migration induced by an
intense laser field using the techniques of mass-resolved
momentum  imaging (MRMI) and coincidence
momentum imaging (CMI).

The ejection of a triatomic or diatomic hydrogen
molecular ion (Fig. 1) from methanol (CH;OH and
CD;OH) in intense laser fields (86 fs, 800 nm, ~ 10"
W/cm?) has been investigated by the MRMI technique.
From the relative yields of D;, HD,", D," and HD"
ejected from CD;OH*" and the anisotropic distributions
of their momentum vectors, (i) the rates of the formation
of triatomic (D;" and HD,") and diatomic (D," and HD")
fragment ions, k = 0.15 ps' and k4 = 0.31 ps’,
respectively, and (ii) the rate of the H/D exchange, k.x =
0.13 ps”', have been derived.

The ejection of H;" from CH;OH?" in an intense laser
field (0.2 PW/cm?, 60 fs) has also been investigated by
the CMI method, and the hydrogen ejection processes,
CH;OH* — H,” + CHj,,OH  (m = 1 ~ 3) have
securely been identified. From the anisotropy in the
angular distributions of the fragment ions, the lifetimes
of the corresponding precursor ions CH;OH?" have been
estimated to be 70 ~ 290 fs for the H' ejection, 110 ~ 550
fs for the H," ejection, and much longer than 1.4 ps for
the H;" ejection.

The two-body explosion processes of CH;OH?' in
which the C-O bond is broken have also been
investigated by the CMI method. The dissociation
pathways with hydrogen/deuterium migration or
hydrogen/deuterium exchange prior to the C—O bond
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Fig. 1 3D MRMI map of H;" ejected from CH;OH*' in an
intense laser field (0.2 PW/cm?)

breaking have securely been identified. From the
anisotropic angular distributions and the relative yields
of the fragment ions, it has been revealed that the
hydrogen migration process is terminated within the
period of an intense ultrashort laser pulse. A comparison
of the results obtained for CH;OH with those for the
isotopomers have shown that the hydrogen migration is
decelerated by the isotope substitution.

(2) “Dissociative ionization of H, and D, in an intense
soft X-ray field”

The dissociative ionization processes of H, and D, in
an intense soft x-ray field (A = 29.6 nm, 3x10"% W/em?,
15 fs) generated as the 27th high-order harmonic of a
Ti:sapphire laser has been investigated by time-of-flight
mass spectrometry. The H™ fragment ions ejected from
H, are distributed in the kinetic energy range of 3~20 eV
peaked at 10.0 eV, and the yield exhibits the nonlinear
dependence of the order of 1.7(1) on the light field
intensity of the 27th harmonic. Similarly, the D'
fragment ions from D, are distributed in the 3~20 eV
range peaked at 10.3 eV, and the yield exhibits the
nonlinear dependence of the order of 1.6 = 0.2. The
kinetic energy distributions of H" and D’ and the
nonlinearity in their yields have been interpreted well by
the two coexisting ionization processes: (i) one-photon
dissociative ionization and (ii) two-photon dissociative
above-threshold-ionization into the repulsive 2pm, state.

(3) “Open-loop and closed-loop control of dissociative
ionization of ethanol in intense laser fields”

The relative yield of the C—O bond-breaking with
respect to the C—C bond-breaking in ethanol cation has
been maximized in intense laser fields by open-loop and
closed-loop optimization procedures. In the open-loop
optimization, a train of intense laser pulses have been
synthesized so that the temporal separation between the
first and last pulses becomes 800 fs, and the number and
width of the pulses within a train have systematically
been varied. When the duration of 800 fs is filled with
laser fields by increasing the number of pulses or by
stretching all pulses in a triple pulse train, the relative
yield of the C—O bond breaking becomes significantly
large. In the closed-loop optimization using a
self-learning algorithm, the four dispersion coefficients
or the phases of 128 frequency components of an intense
laser pulse have been adopted as optimized parameters.
From these optimization experiments it has been
revealed that the yield ratio of the C—O bond breaking is
maximized as far as the total duration of the intense laser
field reaches as long as ~ 1 ps, and that intermittent
disappearance of the laser field within a pulse does not
affect the relative yields of the bond breaking pathways.



B b5

WA T A b

(MNBBRFIBRIZEBFEIAR/ —ILDFhLDKE
DFAF OREESFRAKEYATL—V30  BE
ERAEESEEGESLUVIA VT UORBEEME
BiEIZ K B ER

BT Ko THIE S 2 IRILAKFE S T ok
BRLOBEHELA T I T AZHENNITAHZ L%
BfE L. ¥R, 8L FSPDORA X ) — N5+ OlE
HKFH A F 7 ARG ERpETEEG RS IO
aA T v AEBEEG LA O TR,

ST (86 fs, 800 nm, ~ 10" W/em?) (2R
%A K ) —)L455F (CH;0H, CD;OH) 75 DKFESy
FA A2 H B IO Hy O & 8 Byl 8l
EEG (K1) ZHET L2 LITL o THA,
CD:OH* O En b 75 7 A vA 4, DY,
HD,", D," & HD' ORI E L, T b OEE)FE~
7 MVSAROBIEN S 3T (DsT, HD,) 77
JA b A E 2T (D, ,HD") 7T 7 Ak
A X DEREENZNTI. k=015ps' & ky=
031 ps' THHZ L, LT, HD ZHIEED ky =
0.13ps' THDHZENHLNE ST,

X BT, aA T v AER R E RS E VT
JeFEH (0.2 PW/em?, 60 fs) DA X J —L55FD 2
K7 —u AEFMR AT, EORER, KFHH
2 CH;OH* — H,," + CH_, OH' (m =1 ~3) OFF
ENAREICHERSNTZ, 777 A FOAESAD
FLI7PED & BBRAA 2 fliA 4> CH;OH* O FFfnix, %
NEN, HIHOBAM 70~290 fs, H, 054
23 110~550 fs, = L C Hy i OGAD 14ps K0 b
MR EWERES b,

AHB )= VA0 2K —r UIRIEEFED S,
HD~A 27 L—arb L ITHDA#EZES C-0
RO OBEERRIC OV T bR SN,

1

Momentum / 10* u ms”

M1 TS (02 PWemd) IZBITHAZ ) —L45T-
NHARM LT Hy OEE@GESEEE, MTOKHE (o
L —Y—omtmEERT,

IV

aAf VT VAR ERGNOGEOND T T T A
VA A ORGSR IUOHEAMNEL Y, KT~ A
T L—3 g UL — Y — DL A RERE O i
IAHZENRHLMNE 0T, FT2, AKX — IV EE
PAREHA Z ) — LV OFERD NG . K~ 7
L—3 g UNENARERIC L o> TRE SN D Z &
oMo Tz,

()X BB FIZHIZH TS H,, D, DAEEENE ATI

Ti:Sapphire L —%—® 27 IREREHAE L LT
A S T-MX BRI S (1=29.6 nm, ~ 3X
10" W/em? ~ 15 fs) 1T X % Hy, 38 L D, 2+ Dfif
BEMEA A4 bR AR &2 AT R R BV B b as &
WCHRTe, KESTH LVAERLEZEH 7T
AV M ANIE—27%2100eV ELT.3~20eV
A L, T DEREIT, 27 RO &R
LT 1.7(1) IROIERIE ORAFIE AR Lz, RIS,
BEABDFD, LVERLEZED 7T 7 A M A
NTOWTIE, BE—2%103eV & LT, 3~20eV
A L, T OEREIT., 27 RO &R
LT 1.6Q2) IROIERIEDEAFM 2R Lz, BHE
iz H' & D'OER =L ¥ —04idk L OE D4
REDIEFRIIEZOWTIE, 2 2OWET LA 4
B, Thb b, () 1 TR A Ak e
(i) EIARBENE 2pm, IRRE~D 2 Y67 WRINL 1 i+ A
MBI K S TR CTE 5 Z LA RS vz,

Q) EREAFIZITEDITE / —ILDERKIEFHEEY]
i

F—=T =T a— X —TF % T il
ko TP ox=s ) —nA 4> CHOH
IZBIT D C-0 #EEFRBEDIRED C-C #E G fRBEDIL
RIT D HFEORKMLERD o ICHE L=, 4
— 7= X DRI BN TE, L ——
2OV A B B B ] & B # DL A DIFRFEN 800 fs &
D XA L, 7V AFNOHF O AR L)Y
VAV R SIS e Y [ N AV S g B
M. HANT. 3 KDL AN SEERENS UL R
FINDRETO/SNVAMEE G EIEX T Z LIk - T,
C-O FEGTRBED LN R T 5 Z RS, —
. BEFEE T A XA AW a— X —7
WX DR bicB W TIE, L —%— L AD 45
DR, DR A 9 128 {H O JE R Hak sy
(N T A= =L LTEALE, 2 b D
WAL D, C-O A MEEEO AL 735 DR
DF) 1 ps (IZBZET SRR ERD L, LT, N
IV ANT ORI L— P — 5O IR TS B AR B
BROWRICEREE LTSRN ERHLNE ol



1. FRERmIX

(1) Refereed Journals

1) M. Ueyama, H. Hasegawa, A. Hishikawa, K. Yamanouchi, "Concerted and sequential Coulomb
explosion processes of N,O in intense laser fields by coincidence momentum imaging”, J. Chem.
Phys., 123, 154305-1-8 (2005).

2) Y. Furukawa, K. Hoshina, K. Yamanouchi, H. Nakano, "Ejection of triatomic hydrogen molecular
ion from methanol in intense laser fields', Chem. Phys. Lett., 414, 117-121 (2005).

3) A. Hishikawa, M.Ueyama, K.Yamanouchi, "Probing the ultrafast nuclear motion in CS,** in
intense laser field", J. Chem. Phys., 122, 151104-1-4 (2005).

4) H. Okutsu, T. Sako, K. Yamanouchi, GH.F. Diercksen, "Electronic structure of atoms in laser
plasma: a Debye shielding approach”, J. Phys. B: At. Mol. Opt. Phys., 38, 917-927 (2005).

2. WBER - FERN

1) A’ TFPE B FSE 0BV, [T FSR oK 1] (G5
WFFRERRR M) . pp 1-3. RG-SR FFSU ARk (2005).

2) I . Y5 FRE . DER e o Raiit] (DER ARt O Saiit) fmEZ
B&fR) . pp204-205, 5805 E AR FEARER 2 (2005).

3) LU H., [ETHOLF) [L—F— v FT v (E2h) ] (L—F—%26R) .
%5 36.3 fi. pp905-910, A — Atk (2005).

3 EE

1) i B DR oKl RS & R, 500 AE PR S (2005).
2) [R5 ORA#E 1], ML FAR AR SRR Y & U TR, WMok 58
FHFFEARF S (2005).



