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Fig. 1. (a) Typical ATI spectrum [3); (b) typical HHG spectrum [36]; (c¢) single and double ionization yield

as a function of laser intensity. Prominent knee structure can be seen in the yield of double ionization 371
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Fig. 2. Illustration of the strong-field recollision processes.
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Fig. 3. Relation between the kinetic energy and the

ionization/recollision times of the recolliding electron.
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Fig. 4. Illustration for the high temporal resolution in HHG.
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Fig. 5. Illustration for the principle of CT with parallel

beam scanning mode.
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Fig. 6. Schematic for projection-slice theorem. The one-
dimensional Fourier transform of the projection of f(r) on
particular direction equals to the slice in the same direction
in the two-dimensional Fourier transform F(k). F stands
for the Fourier transform, S stands for the slice, P stands

for the projection 171,
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Fig. 7. Evolution of the continuum wavepacket in time
driven by laser field 131,
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Fig. 8. Definitions of frames for MOT reconstruction
algorithm. (z,y,z) represents the molecular frame,
(z',y’,2") represents the laboratory frame. 6 is the
angle between the z axis and the 2’ axis. The electron
moves along the 2’ axis driven by the linearly polarized

laser field, and finally return with momentum k 1011,
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Fig. 9. (a) The reconstructed HOMO of Nj in the
Itatani et al’s work [13]; (b) the HOMO of Ny ob-

tained with the quantum chemistry ab initio method.

3.4 FimEa)E
3.4.1 EMHEEP LT @FEA

IR P 0 EEL b2 1) SR AR B, KT X
F14) L g B3 RS R 3 A BV AR 45 R AR A
—E 2 S, A0 LR X R S O R R E S
W B Ve, TR SRR R — MR L ) R
BEATIERE. B0 25T 50 B T (8 R B 16
2 0 R THT) EL YT TH 5 A AR il A I, 8 K R
NI FEMEIRA o, y = 04k 2 KB (WL (21) AN
(22) ), XPEFR A 11T 7] 7.

PRS-, B 10 () Btz R e
ff I Hartree-Fork J792:43 2 i) £ ) HOMO, ]
DA FLAE o il 5 1) A7 e — A5 & 10 (b) AN
10 (c) 2l R A K T a0 B (21) =UF0 (22) =X
AR 2,y J7 1A B AR AT E A (R 45 3. T A
BB E R y 7 ) LR R, AN REAS B ER Y
FFGE R, T 2435 BULE 20 75 1 0 A B R e DU T DA
BEERILE R,

P - B A7 70 T T ) A, m] DLk %R
R M EREE, K10 (d) Z2EERRERE
VRE AL R, TG H R R A S e T T T
) A, AT B RS B BT — E MRS AR (76 R
AW E2 B TR ER L), XE&H TR
DU U8t T AT B T BR T 30, I — PR S 801

224207-10


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

) I8 % 4 Acta Phys. Sin.

Vol. 65, No. 22 (2016) 224207

My AR A L A EAE K R AU SN 2. SR
(AR 5 SO0 R F MO'T J5060 A S 431 LT 1)
ERAEAT LR I

Xt T ZBREAE I 7 T HUIE R A AT I 5
T E, R A B 2Q O 47 1 719 i 4 4

0.5
_._—__ 0
—-0.5

-5 0 5

z/a.u.

(a) Hartree-Fock oribital

2
5
0 0
-5
=2
-5 0 5

z/a.u.

(c) Traditional method %"

y/a.u.

WK 43 £ AR 0] DLBE B0 79 1 ) . (H R X T4
L7 = i R o e T 0 s o R ST L P21 W
W AGE— A BAF L. B 11 () TR A
FIF Hartree-Fork 777543 2 CO4 43T # HOMO,
HEAMEEE R X0, AR T —4

5
0.5
0 0
—0.5
-5
-5 0 5

z/a.u.

y/a.u.

(b) Traditional method ¥Y¥

z/a.u.

(d) Traditional method ¥VF

K10 ZJHOMO #EH (a) FIH] Hartree-Fork J7iAfHEIH) Z 5 HOMO; (b) KM REMF LG BIMLIR, ElY
WTPAT FEARE; (c) KIS TR A FAS B S5 5L, e IS 3718 T B B (d) 8% T s B M i A5 S fry 5 2t (101

Fig. 10. Reconstruction of the HOMO of acetylene: (a) HOMO obtained with Hartree-Fork method; (b) recon-
structed result with the dipole component parallel to the nodal plane and the length-form reconstruction algorithm;
(c) reconstructed result with the dipole component perpendicular to the nodal plane and the length-form recon-

struction algorithm; (d) reconstructed result with the velocity-form reconstruction algorithm (1o1],
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Fig. 11. Reconstruction of the HOMO of CO2: (a) HOMO obtained with Hartree-Fork method; (b) reconstructed
result with the traditional length-form reconstruction algorithm; (c) reconstructed result with the new length-form

reconstruction algorithm; (d) reconstructed result with the velocity-form reconstruction algorithm (1017,
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Fig. 12. (a) HOMO of CO2 multiplied by z; (b), (c) inverse Fourier transform of d; for CO2; the applied

spectral width for dg is 14'"—51%% harmonics and 0—99*" harmonics, respectively; (d)—(f) the same as

(a)—(c) for acetylene.
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Fig. 13. Probabilities of electrons with different re-
turn momentum k driven by the few-cycle laser field.
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Fig. 14. Typical co-linear two-color laser field.
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Fig. 15. Ionization rate as a function of the ionization time (blue solid curve) for the two-color field with

(a) ¢ = 0m and (c) ¢ = 0.97 for CO molecule orientated at 0°, the corresponding electric fields are also

depicted by the red-dashed curve; the probability that an electron returns with momentum k for (b) ¢ = 0n

and (d) ¢ = 0.91[123],

W = 0.9 O, R4 K 11101 B
W T AT B A R K 16 Fros. B16 (a) 2
FIH m #4453 20 i CO HOMO, K 16 (b) /2 E
7521\ HOMO. =45 R LW CO [ HOMO 1R &
AR R T PRI, EAMHUIE S B SLPE A AR RS
i HAF5 IE A ASE 1 = i, P/ RS S =
L5, N T AT ISR L, 7R 16 () Hegh
T E A EITE DL R LSBT AR, 4l A
ST SRS o 2 i . X Bb B R B AN S
TER] DU, 38 P AN AR ORAE 73 il AH 45 (D0 FR
Hisk ). B2, ERPUES BE g aa

—LEIER. PO, EEAUIE 200 R A I3 A 4
iR AN, WS EAHPIE S S HUIE R AL
(R /MEL A A B mT LUK B, A A LS 3 B 2R
— L8 O T U b 2 A R A, AT AR B
PUBBEAT (8 B AR e, P8 5 EAA I BT A S
FELAH R RO R Bl 2 0, PRI L ) B i 3 A2 e 15
HEM 7> T HE, Gl XA AR S 17 T HUE 1
BRI 70 T A AR 1 1 16 (o) TSR B R R4
. XFEEJE R B, SRAK i 22 15 i HL AR i R s
FUUTE SRR B B T R AL A EORE Y
A PR AL IR 2277 2 ) T EE R A

224207-15


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

¥ 12 ZF R Acta Phys. Sin.

Vol. 65, No. 22 (2016) 224207

E 16 (a) 0° L CO 4+ F HOMO; (b) KM ¢ = 0.9
Z IRt CO 201 HOMO HIHE S5, (c)
FUIE (LLEasek), HOHpl (MO L) Mgkt (4 2t
i 361 CO 47 HOMO (SRt s e 28 ) W o T3 12k
Fig. 16. (a) HOMO of CO oriented at 0°; (b) re-
constructed result for the HOMO of CO with ¢ =
0.9 two-color multi-cycle laser field; (c) slices along
the molecular axis for the reconstructed orbital (red
curve), the real orbital (blue curve), and the corre-

sponding Fourier-filtered orbital (green curve).
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Fig. 17. (a) Electric field of the orthogonal two-color laser field; (b) distributions of the recombining directions

of the return electrons obtained with semiclassical calculation; (c) illustration of the electron trajectory under

the orthogonal two-color laser field; (d) reconstructed result for CO with the HHG driven by orthogonal

two-color laser field.
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Fig. 19. Ilustration for the MOT reconstruction algo-
rithm beyond plane wave approximation. By project-
ing the continuum-wave functionwith momentum k
onto a set of complete bases composedof plane waves,

the transformation matrix S can beobtained [136].
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Fig. 20. Comparison among the reconstructed HOMOs of N2 with experimental data: (a) Fourier-filtered result with

the same width of spectra window as that in the measurement; (b) reconstructed results with the experimental data

in Ref. [14] with plane wave approximation; (c) reconstructed result with the experimental harmonic intensity and

theoretical phase with the algorithm beyond plane wave approximation; (d) reconstructed result with experimental

harmonic intensity and experimental phase with the algorithm beyond plane wave approximation [139],
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Fig. 21. Comparison among the reconstructed HOMOs of N2 with theoretical simulation!136; (a) HOMO

obtained with Gaussian; (b) reconstructed orbital with reconstruction algorithm beyond plane wave approx-

imation; (c) reconstructed orbital with reconstruction algorithm with plane wave approximation; (d) recon-

structed orbital following Ref. [110].
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Abstract
When atoms and molecules are excited by ultrashort laser pulses, highly nonlinear strong-field processes like above-
threshold ionization and high harmonic generation occur. By analyzing the emitted light and electron signals, the atomic
and molecular structures and ultrafast dynamics can be detected with a combination of Angstrom spatial resolution and
sub-femtosecond temporal resolution, which provides a powerful tool to study the basic structures and physical processes
in the microscopic world. The molecular orbital tomography (MOT) developed since 2004 enables one to image the
wavefunction of the molecular orbital itself, which will help people gain deeper insight into the chemical reactions. In

this paper, the theory of MOT will be introduced, and the progresses of MOT in the past ten years will be reviewed.
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