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DOIEH) T /L X — OB MG BT, 3 MEHR DIEE = XL X —HIOW TR D & JERE Y
— 7 OB 5 EH = RV FXF—1L, 55 THz B — 271X 1.4eV THHDIZKI L 44 THz ©— 713 1.6
eVThY, +02eVOE—27 7 FRRLNTZ, ZOE—27 27 ME, Tr—THAXT FLD
WIIZ K D IREERS OB AEIC L > TRRIATE 5, Yu—7HICTEEND 5 WREHMHK
(B =17.7eV), HEARKE(E,=154eVICEoTHBEELTZT T 7 AL M A AZOWT bABEDOME
Hraq1vy 8 EFRiE D56 & 1382 2 IRBVEM O LG DT D B — MNEEREA G L, D
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[2] Y. Furukawa, Y. Nabekawa, T. Okino et al, Opt. Lett. 37 (2012) 2922.
[3] Y. Nabekawa, A.Amani Eilanlou, Y. Furukawa et al, Appl. Phys. B 101 (2010) 523.
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Dissociative ionization dynamics of nitrogen molecule with attosecond nonlinear Fourier spectroscopy
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(] @Y b L3, R THNOBFX AT I 7 AOKRT « 7 a—T7 5% mHElC
T5, ZIRADTRICBITDHE - ETHBEBIOSEE XA T 7 ZAOMHIZIX., 7 ML A
OFEEA (FREL, @KU, BEOv k) BIUSEHHT NRIERIE 75 3B OB BN A A
KTHDH, TNETHEINTNDET ML RE W SEHFZE T, #4857 b LR L &k
JEEARIN SV A TN D TEN TR TH D2, 7 MY/ UL R &AL ZAMED R\ & IR IRS
PNNVAZ L DB DA OB ZRET D Z LN TEROMERS S [1,2], AAFZETIL, aERD
IV ANEN T IRENE I L 0 S EOIRANEOEY A 7 v (4fs LLF) &7 B8P —T7 P LR
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ORAREEDE TIRREIZ L » T, AESMITERRD Z ERMfFSND, AESMEHICZL Y, 16K
DA FAFEE 7V V0 HE CHEEE (-1IAC) X)) [3] WA T, 77 A b A
ORI E V=T ) Uik E CARBEE (AJIAC) (K(2) OBENTHETH 5.

II-IAC(E’At) ZZ[Ci(E,At)_<Ci(E7At) >] (1)
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ERUTRBN T, BIERFEA ITIKAF T 2 HBE SO A AT 5720, BIERREPEE B0 b 0
KEAZRH LTS, AERTNEIAC 13, 2 Jer-WIuBiE = & A RER TGN A 4 50 IAC
WIICEHALE LTEAZENTWD, AR T, 2 X RIGEFE D 4 A O & BIFHEIL —
RDOE— A2k <cos’0>= 1(O)cos’sinlo/[ 1(Oinade  TIRFE L7z,
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A L7 APT 1T, 2O EmEEE S Y a U PmESEIc L > CTEMOEIL, 7y ay MERERE
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TEFRT I (N) ITENBH L, AR LEERR A AU NEvf 70Ty o RV L— B
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52 BT LT, IAC FHINE, 2 Mo ) a2 U EEEED 5 HO R HlZ 20 nm AT v 7 TS
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X 2 12 IAC D 7 — U ZBWE IR AT MVvERT, 22 TiE, 4 DOEEI= X)L X —i



F DRI A N7 V&R LT, Ak O e — 2713,

WHTUT ) o DIk 5, —F, BEKOE—s “ ,
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LISKHIET B, g Lol
A AL IAC, MIERSHEIAC L b1, EE=F <4 o 2
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VBB KL X — A5 2 D 2 IRV A A ilge () T . () Abel ZH R OT — 4,
L B 2 P REME LTI L 2 LTy IR O fE 0 & 2T

Do A AR NAC DJEEH AR bV AT IAC DEEE AT M EETOZRLF
—H#PH T, K& BAs, FlziE, 3IkE S IROFEIZHOWTIL, A AV IAC [T~ TH i
HGMEIAC TRELHND, RIUEISHTRLX—%25 25 2 HFBEEN 1 EEICR SN BEI
E, N1, QL VIR TH D L 1T, A A 58 IAC & AEE T IAC DEEIEA ST M VIT5E
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AT NVZIE, SO RS E & RS (APT OREFIEIER X OG0 =& o
BOREELSL) NEAENTWD, A A E IAC LV, B5T 2 2 A WIROEIGBRIE TE
FUR, ARG IAC LB LN EEEART ML E D 2 e WRIGETR Z & O FE53An 4l
325 2 ENFEFANCIXATRECTH 5,

—J5, BT KL X =3 05eV D & & O FEESYE IAC S IRe ] JE AT 2 a3 & 4 3 23
Boivd, Zo7 MPREREREES L TIX. EORBOEFIEN £ ORFFFER T 2 KRNI F
B Uik 756 2 &N TE S, MROEME (4 fs FRE) & TV RMRO R WA
(12 fs) &, BIERFFAREZNE ZATEHENRKE VY, BIERFHE/ NI W E XX, RN 2 81
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Observation of coherent two-photon resonant processes in intense
laser-field ionization of polarized He atoms
(Nagoya Univ.", RIKEN ? UEC Tokyo °, JASRI *, Niigata Univ.’)
OMlizuho Fushitani'?, Akitaka Matsuda', Tomoyuki Endo', Yuto Toida',
Toru Morishita®, Mitsuru Nagasono?®, Tadashi Togashi*, Yasumasa Hikosaka®®, and
Akiyoshi Hishikawa '?
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L7z 2 — FRYIREED MG L (Freeman JL05), A A AL#E DA 2 Z LA N
T3, AKFZETIE, ERFEMfTONTELRERREDIF T34 <, R L 751
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AR %2 v TR He'P)R ¥ %2 &KL, 2 Ale
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[(EREER]INIR 8 X O EUV XD Z AWICEHL S 725 FoNTHETFART b
NZK 2R T, 1eVE LR 26eV MBI SN NETE— 71MRAwX®3%%4
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IREEAND Freeman LB IC X > THEK L 2B IRE I 1,

IS OWMIGG Y — 7 5D NIR L —F — SR A2 K 3 1SR 7, 1s6/ LIEGET
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Fragmentation of methanol induced by few-cycle intense laser pulses
studied by pump-probe coincidence momentum imaging
(Department of Chemistry, School of Science, University of Tokyo)
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[FF] s —F =BT, RILKEDS TFHNOKERTE721T 78 hoRn 7 = A MR ORE
F'aﬁ/’<17—/l/f“$§7¥b¢5 ZEDMLNTERY, MEEKFEvA T L—var bt LTHELEED
TW5b, ARFgE BT, 7L REN 38fs D7 = L NP/ SV A ZFWT T A S
— L4y %_wa@ﬁw[ﬂ XV, CORENuMsnNg, 7—nr REFEmkE
CH3sOH* — CH3"+OH* (3E~A 7' L — a3 UREK)
CH30H* — CHy" + OH,* (KFE~A 7L — 3 VR
IZHBNWT, L= = (~40fs) TEZ D, MO THVWKFEYAM 7 L—ra e & b
W2 b= L ZARNIEE Lo 2 RICE Z 5, IR VKSE~ A 7 L— 3 VilifE (~150
fs) ODIFAEDRA LN E IR 5T,
ﬁﬁwfiiﬁ’@wﬁ%4&wﬂw2 FoTHEEIND AL ) — I3 TNOKFE~A
Jl—va rmRERA LT S0, B A 7L —F— LR EHWeR T T
m~7n4/VT/xg%E@@%(mm) CEoT, RE2FED 7 — o R A
M7=,

[5<5%] | 287 7 A 83— (NEE =330 um, L—lnn) ]
. = £ 1]
X 112 ERREEE OBX &2 7R, jho() Ar()“tm'] | £=1000
7= b ML —F— L% (800 ) RE; =
nm, 5 kHz, 0.6 mJ, 30 fs) % Ar % o
Z (0.4 atm) Z FEdH L 72 Hr2E 7 5
R . 7=y /Hﬁ CMIRHB
74 A= (M 330 um, E S
X ERREE

1.5m) IZHEH L, AT MLIE
INT T, AT "AAIARZ T ¥ —7 2 T — (Ultrafast Innovations ), 7 = v Uz W T
ffE L, A 7 VSV R BRI T, AT NVNLFEE 2DSI [2] & RV CHIE L7-#E
R UV RIEIL6fs L ROOBNTZ, vy V2 X —TFWHEHONTER TNV A T
— TNV AEER L, AMOT — DY AT — U\ K> CTERIERY] (=10 ~ 500 fs)
BEALESE T, RV A, T a—T 0L R % CMI F v U X—ND A X ) — )LD+

LITHE LT (1= 2.7x10% Wiem?), IEBIERE[E 4 100 F 8 #] Cutiengic 2 b S &, IR
BTTTA L AT OEBEDOFRE & HICHRETHZEICEoT L= = XFT 2D
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2127 — v VERIREEOEB) = R L X —
HI(KER) DIEFERF MK AFME, X 3 (CEEAERTFH] 4
A0fsICEE LI E L R DI, Tu—
THDIHDBPED KER A7 ML ERd, 25

KER /eV

DU —n AEFRIEOW ST BT, BIERFE 2
BN 51225 T KER 234 2y & @ W ey -
THNF = 2RO B R bz, Z DM

XV AR 38 fs DIFED R T « Ta—7
FEBRORER & —F T 5[1],

B A 7 S A & WA EIOFHAITIE, K
F~vA T L—va VIBRIZEB W T, EIREET
~ 75fs) BE.bNT-, ZHuE, C-OIiRENZHIK
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KER /eV
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va Vi, bKE~AL T L — 3 ViEiE
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EZXHIVD, £ 2500
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A, BT R F R (KER > 4.0 V) OFK4)

(47+1.4%) BEL TR L Fa—T LR 300- e
) —— Delay = 430 fs

Ko TEBEMICA bbb D THDH Z i 250 —— Single pulse experiment
L3IND, E 200 I‘ |

KER 73 < | BEBERIIZ A A Ak LT iy D3k 35 ‘g 150
A T L—va URBICOARBND Z EnD, K 'g 100
LTI 430 fs HIATAEL TN AL ) — At -
Ft, E, C-O MRBEMEA IO TR £ 2 0Lt :
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Spectral minimum in photoelectron spectra of Kr atoms by intense

circular laser fields
RIKEN, OT. Mizuno, T. Kanai, T. Azuma

[F] eIl 7+ EPIND & R A AP EE R L D Bk E
FWAEMHG) 72 Efk 2 72 BB RGN B ITR -5, O AT 572012, O
2% 1014 W/em?2 LA F O%4 1% ADK model [1]X° strong field approximation 72 Efk 4 72 €7 /L
RELPIRE SN T E T, BITHIREN LRV | BHEE bR A A AbDNE F OFER) = 3
JLX—7% Cooper minimum £ TEET 5 K 512725 &, HHG FARISHE/ N BN 2 F0E iR
PR STV D2, Ly L7eh B YiRED 1014 Wem2 #2175 105 Wiem2 FRJE£1272 5
E ERDOFIENMEZ 72< 72 5F )5, Cooper minimum 23 J5E 1 ART RWIZHILD N E D
MTBRORMDE B D, EToZD X D RIEMEIT IR D L RT v v VFRERED L ERE D YENL
PITFIZ72 52 X 02 2 % over-the-barrier ionization (2 A 1 = X LNELT 53], Z D
AL HE T A7 b ADK model (285> TREBE LD b2 FbA A AbDGE & K& <
Bt TPREIND, FELZOTTO R A F ALOBERIIMFEICB W TS, KRN
101> W/em?2 f2 (272 5 & B A7 FL2y ADK model 226 T NT-IRD BN AT 52 &N
BIFFICL-o TR TWA4],

AWFZETIE 10 W/em FRE OB DR L — W —E G2 W OrERZ5 S E 2 L, bE
DHETDHZEICEY bR A F ALiERE K O over-the-barrier ionization % FEAHIZFH
HELE LI,

[ ]EE AT ML ORIEZRITRERRU(TOR) e & 1 e gz T To e, b—H —13 %
AP 800 nm., B —Z5REE(1014~10" W/em?2), » VL AME 25 fs,#:0 ik 1 kHz THY ., =300 mm?
VU RTHEL, By FRRER ZS A A LSBT, SO mCITES R, FIRSEZE AW T
FERAZ1T, TOF S EAME Y O% G 1R 7 MV ESEA TR & PR YOS A3t T
)& T B R E CHIE 21T o7 NI A A AR T v v LNEEALZELW Ky & CO TfTo
7= (1=14.0 eV),

[FEREBEIN 1 ITEE T A MV ORERER T, BRRLOHE, AT et —7 17 =30V
F—Up O 2 fEFLE DIEEh = R LF — FTHEHBEN AL ACIBRE D B2 FEIR T, IR
FEEBEIE R L, L EOIER) = R )L — T D L E SRR IS KD T T E N Bl
10Up FTHi, ZABDMHENLA A1 SEER S BB WO Thil E O EF L RIS T,
B2 2Up £ TOEBEN FNAT AR D JEFE T AT MU, KRN 4.4x101% W/em?2 D5
A.C0 & Kr TE—HLTW5, ZORDE T ADK model (ZEDE M R A A ABFRITAA
ACRT e VD INNEAFT HZE TR T BRI A A AR T v % L DI N2 & Ar
RN W2 SEERIC LRSI QB [5], it CRMETZSE AR Ik S35 2Up 2°5 10Up £ T
DI EIIREARAFIED AL, %7 BOELWT A I IR L QWD ZEDRBI BT 5 TN,

FFREEA 1015 W/em?2 (ZiE9 5L 2Up LA FOEEEA A ALMEE COIEIZTHEWABLILT
W5, ZIUTFHES OB THS ADK model 73 1015 W/em? LA EIZ72 B M R A A A%
JLFFZENTERNW LA E TS, 22T over-the-barrier ionization 7232225658 DO RIE
Ips Z BMUZ 7 — IR T o VEBG OB RO KAEDLN L LLFIZRHEEELTERT DL,



=14 eV OFEIE Ips~1.5x10% W/em? E720 ., HIEEIT o722 TCDIRE T over-the-barrier
ionization IS TWAHIEIZ/D, Lo T ADK model Tt B CEARWMELEWETHZLITH
INThHD,

RIZ Cooper minimum (Z&}F i T A& IZFEE BT & B L IZI W TEZ O L5720 Mgk
[ ZART MVHRIZHERR TER W, B FHRICB W CHEMR OS54 HEZLEFE D% 512 L0k
IIMEE DRI/ 5 E TSN TRY ., ERkERIT 4 Thol2l,

— )7 CHEEZLE NI SIS R EE WS R ICOW TR TARL L, FRE DMKV VREIR I
BWTIE CO & Kr ODARTUFFAE —E L TODA, KBRS 5I227 Kr OWE A
TINZE RN R TENDED1272%, Kr @ Cooper minimum (% 80 eV ITiIZ/FET HIENH
EINTBVEADONMNEIZES T2, — 5T CO [ZFDIHRERIIFIEL2, Cooper
minimum (X B RIELOENE ST M OHiIEE ICH KT 5720 HOMO O 1-#E OB 7 M Hi
DMELELTRV CO THEED B2V DIT SR THD,
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Electron localization in laser-driven H3*
(RIKEN Center for Advanced Photonics)  OFErik Lotstedt, Katsumi Midorikawa

[Introduction] It would be extremely useful if individual valence electrons could be
moved in a controllable way from one place to another in a molecule. In this way, chemical
bonds could be formed and/or broken at will. Intense, few-cycle laser pulses are a rather
new tool which has the possibility to achieve this ambitious aim. Intense is here used
to mean laser pulses with an intensity around 10'* W/cm? (peak electric field around 10
GV/m). At this high field strength, a large fraction of the valence electron density is
influenced; it becomes possible to significantly displace (almost) the whole electron wave
function. This is rather different compared to the situation when weak fields are used and
only a perturbatively small part of the wave function is affected. Few-cycle implies that
the laser-molecule interaction is sensitive to the detailed shape of the electric field such
as the carrier-envelope phase (CEP).

In this contribution, we show theoretically that the intra-molecular motion of the
bound electron in the molecular ion H2* can be controlled by driving the dissociating
molecule with a few-cycle, CEP stable intense laser pulse of circular polarization. By
varying the value of the CEP, it is possible to select which one of the protons the electron
finally binds to in the reaction H2* — H* + H* + H. Our results extends direct electric
field control of electron localization within a molecule to triatomic systems. This kind of
control scheme was previously applied to diatomic molecules only [1,2].

[Theoretical model] Before the interaction with the laser pulse, the H2* molecular ion is
assumed to be in the electronic ground state, with the nuclear wave function given by the
lowest vibrational state of Hj. This situation can be achieved by ejecting one electron from
the stable H} by (for example) an attosecond pulse. The vertical ionization potential is
34 eV. In order to simplify the situation, we furthermore assume that the Ds;, (equilateral
triangle) symmetry of Hj is conserved during the interaction with the laser field. This
means that the wave function depends on only one nuclear coordinate, R. Note that this
assumption restricts the possible dissociation channels to H2* — H* + H* + H. At each
value of R, we include the three energetically lowest adiabatic electronic states 1, (7, R),
n =1,2,3. Field ionization is not included in the model. The total wave function is thus
assumed to be written as

U(r,R,t) = iwn(T,R)Xn(R,t). (1)

By taking an appropriate superposition of the adiabatic eigenstates v, (7, R), we obtain
electronic states {ﬂn(r, R) that are localized at either one of the three protons in the limit
of large R.

A summary of the theoretical model is shown in Fig. 1.

[Results and discussion]| Since the three states ¢, (r, R) are repulsive [see Fig. 1(b)],
HZ* necessarily dissociates. During the dissociation, we drive the molecule with a circu-
larly polarized laser pulse of the form

E(t) = Eysin®(7t/7) [& cos(wt + @) + gsin(wt + )], (2)
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Figure 1: (a) Electronic states at R = 5.3 A. The color scale refers to the value of the wave
function in units of A=3/2. (b) Potential energy curves of the adiabatic states 1,. Also shown is
the electronic ground state of Hi. The vertical ionization potential H — H2" is indicated with
a broken, vertical line.

where ¢ is the CEP. The laser pulse is thus assumed to be polarized in the same plane as
the orientation plane of the H3* molecule. A laser wavelength of 800 nm and an intensity
of around 10** W/cm? are employed. The time-dependence of the wave function (1) is
calculated by solving the Schrédinger equation for the nuclear wave functions y, (R, t),
including the laser-induced dipole couplings. In the talk, it will be shown that by varying
the value of ¢, we can selectively populate the localized electronic states Un. This means
that after the interaction with the laser pulse, the probability for the ejection of an H atom
in the positive y direction is different from the probability of ejection in the negative vy,
negative x direction or negative y, positive x direction. In order to quantify the asymmetry
induced by the laser pulse, we introduce the asymmetry measure A, defined as

A=P+e?BPy+ e 5Py, (3)

where P, is the probability that the final electronic state is 17;” (the probability that the
electron binds to proton n). A = |Alei® is a complex number, where the amplitude |A|
indicates the overall amount of localization: |A| = 0 signifies a completely delocalized
electron [such as the ground state ¢ (7, R), see Fig. 1 (a)], while |A| = 1 means that the
electron is completely localized to one of the protons. The phase « tells us on which
proton the electron is localized: « = 0 indicates proton 1, a = 27/3 proton 2, a = —27/3
proton 3, and (for example) « = 7/3 signifies an electron distributed equally on proton 1
and 2.

As a main result of this investigation, we find that by changing the CEP, the asymme-
try amplitude |A| can be made to vary periodically with ¢ (period 27/3), with a maximum
value of ~ 0.5. The phase « changes with ¢ in a stepwise manner between the values —27/3,
0 and 27/3. This result can be interpreted with a simple model: The proton to which the
electron finally binds to is given by the direction of the laser force vector at a particular,
critical instant t., when the coupling between the states 1,, is most efficient.
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