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reactions, it is also an important issue of laser control of chemical reactions.

)

The interreaction between laser pulses and molecules is the key point of researching photochemical
simulations of photochemical reactions induced by an ultrashort laser pulses is developed.

Key words

A model for realistic parallel
electrons are coupled to the vector potential of the radiation field through the time-dependent Peierls substitution.
proved that the simulation program can repeat the experiments of photochemical reactions and provides many details

The interaction between laser pulses and molecules is unambiguously . The simulation program is realized. It is
==

efficiently and provide information for controlling the photochemical reactions

that could not be observed experimentally by comparing the simulations with the experimental results of

super computer system, the result shows that the parallel program can simulate the photochemical reactions high-
simulation
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In this model, the
photodissociation of cyclobutane and Cy. The efficiency of the program is improved by parallel design, and tested on
laser chemistry;

photochemical reaction; parallel computer simulation;
LERTR Giod i QUIES B NI S L K D o =
SR W9 i A B A% 38 3l o 4R 3 L Ak 2 B 1) 2 A

semi-classical dynamics

FIAE O POROUL T A R R ER O Bk o L 2 4%

TP T R HLE L Ao N IR B e R

IRC T2 BB B R L R ik Y R LG

F g S B4 T A2 S P DR BT Dl A R B A
GOk EARE AR AR A NI ASE B . P A

P T8 FH LB SO Bk i T 10 64k 2 B
s B #:2007-12-25; Y 2{& e fs HH:2008-06-11

E&TH - HEAAREHESE (20773168 WA H .
E-mail ;: Richardlee@ uestc. edu. cn

E-mail; sunsx@ uestc. edu. cn

i A T T AR SR T K BRSSO 36
3T B R AR L Ry 5 B 4R RO 4 A A S SR Y
EEBA AW 1981—) ) RN LBk . EENFIFAT I SEAE SO AL LD e 59 13 JH B 5

SR S FM BT (1940 — ), 55 L IFAU N L 2082 W AR 0B . R 32 B 34T 358 A 5 TR T 5



2| 2 5

WOIF T Al 2 SO R IR AT TR LY 357

HAREE . B ToeAe s O i 5 i & o A Bt
e i2-HFF (Pump-Probe) 525 b (i H 19 © AP MO
S, A B & 5 PR AR T 5 LRSI R BT 5 Ol A
S LN o — Fof E AN FE T B

A 25 S AR AL P B oK B Y O vk 2 Bl ) o
T BT B A R S I i 3 5 R Y
SRAfE . AHRXS T A B A HLAr ORI 5 R R R
— B Z T T O HARE R R W kB 2 &
FEL A SN A S R B 7 Y s AR LA B A X 2 A
ZAE 5 T 3 B A TH R AR ) b DL Sk
B MR 2 M0 1 8y A SRR 2
53 8 1 AR RE 1 3k I A% Z 18] B A AR A
ARETIABOE K b 7123 5 B9 AH FLAE T o A RE AL 3
ML A . X BRI R 1 e fl 2 SO A AL
P U R A T AT T . ek
Sy R i s E R T R T A
BB i ) e R Al AR R R gl E L L
B AR T S RN i T 25 A RO IR
MRS T BOA AR T AL B TR S L Y T
A BTS00 39 T i~ 22 L gy g 2 L L 22 A B
PAES Ve SRR N LA E 1V i 41
U 38 ) AR v o 2 g A A R R R
Al 5 S N A D R

AR SO T — PP HOETE T LA 5 SR Y 2 22 i 5y
Ty B L AR T o g ok 5 B ) UR B Sy (Peierls) 8
FAEHOL kb 58 55 3 19 K 35 5 L B AT R 5 T
FIABOCRK th A7 5 B R EAE . 3 T B 52 3
oAl s SRR AL 1% AR BE 5 IF T O 19 1 5 A0 4%
PGBk i A AR L H5 22 I [R] L 5 B2 L AR A A 3 0 A
(e 7 0 A KT 7 S0 5 W)l 5 B T Be A Coo YO 2
fige B 1 TSR BILAE AU 15 5 B8 45 SR AT X L, R %
BRI RERS L T R LR 45 R . [R] , ail d If
AT TR UL i 37 R AU R 2 1 o6 A 2 B AU 1Y)
HOR S IFFAER BT LR GE 2T I 45 2R R W%
FEA TR UL R 7 AT g AR UL R RO K vhids S 1Y
Jefb s S

2 b R TR AR A
2.1 itE&R

i F 2 28 W 3y J) 2 35 AU R 1 Pump-Probe 52
5, BV 32 2l it ) 2 A IS sl Hh 248
J1 25 RAE . BRIk 2% RN S M BE 543 744 BT
B EE B E B - W o Ak . RS = iy is R
— I IO AL 2 N 1) — A B AT 5 0

JERK S BN T AT B AR A LB 25 2] . — B RA Y
WO S HUEAE T B R 2 B A e 43 3]
S R S 56 AN 7] £ 2 5 113 AILASE UL B 2 s TF 40 1Y S
B AR Ah W AR AT S T 25 R AL TR S B .

TEZRE R, 4% 3 J) 2% th Ehrenfest 3 Jj %% Jr
BAb L, B 454 i DFTB (Density Functional
based Tight Bonding) J5 i, i# i Peierls 4
WA 51 AWOE S 50 F RO EAE R . N I 50 R AR
P ZE A
2. 1.1 B3 h &

JR sy J) F i)™ i) Ehrenfest J5 3 2k
iR 1M Ehrenfest J7 F# v % 11 21 5K B G %5 i 5 14
H, EEHES, ME -8 THFH U M T 48—
A EFALE BRI . T R AR B T T 2 5 B
SRR E . B 7 B 28 Wi 2R 0 7 B el T A2 1Y
J1 F A )7 # By Velocity Verlet J7 30 sk i .
2.1.2 9 T35

L 32 3l 2 I E i 7 R O L 1% 5 FE T LA
38 3o 3 3 b S ) B A 1 P R kAR T R
TESRIGWOCVE T L 20 7 rh 1k 2 B 2 28 7 W 4 N
HA R, T IE B Ab X e g 1 A AL AL Y
D+ A TR SR P A T 58 Fk R B0 ) R R, 90 R KR

MU Mo Hy 2 R 1AL 1) A R L
117 40K 3 J5t 4% 32 2 1 g i 23 1 1 L IR 2 E
WL Tz s F TRz s B G . Wa % U 4 T
H,; {803 DETB 5 U BUE R g AR5 . Bl
TE5 v i B I B T 5302 A E e W Mot H L R
BB IX B P T R AR RE A T T ORAR R K
P [ 5 iz 2ok 5 F) O B8
2. 1.3 BB 5 T A%

WOG K e 55 37 19 R # A — A ) i pR AR
71N+ 4 THT b AR O ok s G o R A ik e 9E O
AR K s E DG T S HE R

Lo
<(—5)

t()

A= A(x,t) = A cos

cos(wit),

1)
F ot R, o BAMEK, A, B—H .
OB K v i B3 09 R #e A il ad S B Y Pederls
BILS A
HMX—onHMX—XmmE%L<X—Xﬂ,

(2)
A HL(X - XD A H, (X - X7) BFF afl
b {95 s ELAE Peierls HAVRTE T, ¢ = —e



358 i

e * 36 %

&L T LA
2.2 tHBIGH

e 22 gl g A R [ bR B E WO TR RO
SO Bl g i R T A R A A S B R
Wi K22 ) Martinez #F 57 40 42 ) 19 AIMS (ab initio
multiple spawning) £ 515 F1 4 (5] 77 [F 3 T 2% B 1Y
Robb HF5E 4148 H 1) MM/QM A i RIER %
A R M 5| RO Ik e A 231 B9 AH ELAR T T 8
o NN R TE 7 B — R R HUE R R 2y TN
FEAS PR —# E MO S RIBOK .

T A AR w306 K b 55 73 5 19 AH AR T
SR TR A 1) Peierls BB B o6 5| A 2 3 7
R ey S R b 0 T RO Dk e R 2B L Pederls
B ACRE 08 BN ME O T SO O i O HoRE S
A A5 A BRI DK v — RS BT R AR I
SREE Bk wvE BE RO Bt . S HL R 37 R S
Peierls B0 M 16T B9 Bk I 48 54, (5206 7 19 bt
INF 8 S I AN B R R o T B L B et R X
— Kb AT DA Ak 2 BOnE R ADL SO UK L 1 BR
T4 I BE A% X AN [ 1 J5i A9 93016 Ik b % Sk 27 e
VL7 ) ) 5 W) AT A AULAUE 9 DT 4 AR 0 Ak O 1B
SN AAF R AT AT

3 BT HEEE
3.1 BTHEMIH

T A 4> FF RO S BOT 86 L 21
RN AT DN 7/l | O s o B NS U R

D) W5 5w oy T RO A B . AT T
PR OG0 45 B S50, R 5 6F L AL BB AE TG
VST B R EAT — 5 B[] 4 A48 A fi 43 3 B0
FRIE A b P

DWOCE S FAHEAERMIE., X— it
FEARYES AW HOES 5 S O bk b i, AR
Je A 2 i R P DT S R A B R T R R
B v o 30 A 5k A 0 T O — R 2 B Ok Bk b 25
Mk

3 WOCIE KA )G o T RV TS . X — 5t
FEZARL 20 v A T 58 o AF K SO ik o 6 55 4 11 4 34
WNE,

HEF L4 AR, I FORTRAN9O 155
LT ERATREIT o SR BN IR R R R R
SN B A A A R ik ASE AU AE B 1 B JR)
I L O T4 R T I8 S L RBP4 T
(N e U YA 2 S il R 0 5V o B

3.2 FeTimit

O3 M b SR BT rp DU I L B e T WA [
O3 BRIy T A — 2 T AR T I S R A E T
BROOLE o 5T 00k B A5 R 20 0 SR Ok it
HArEk. B MEYEE — MR TR T
EMBEA B I-AT , BV RATHL S 0B )T
e it Al SO 45 19 SR T SR A SR L DL R AT B i
AT M R 2 TR S5 A B IR AE AR AT
i A5 TR A5 2R A ] 9

ANt H i H AT RO N30 P A
Qb FR g AL BRSO S N/ P AT AR . YA
M R A AR A T HORE [ T A
PRAE B LR AR IE SR pR . PR O 41 Ab B 45 A0 25T K
T RO AT A Y A A5 B T A Rk &
JRy i AR 2R s F i N .

B H ORI AT 4T 73 80 52 b o ol 1 AT
G T 53 H) T A% Z 18 A B U ) g D
SrTCEN A AL PRES . S FEFEIT RS H O MR R B
Il — A7 B o0 18 3 B8 AT B R Sk DR T A
SRS Ry R A Y 2 18] 5 £ B A 56 5 o L i
R AT SR E R A . i TR R R
HiFE HL. S, U B3 %t FRA e R 55 i 0 289155
E=MAECT =AM R R E . W T &
B EEA B — AT 55 B B R L e n —
R R B B RN I L R R

T B S AR A A 1 )R R LR S — R AT

~—
N

~——

2P rows

BI1 A R 4 )
Fig. 1 Division of matrix

53k i 1R R IEE P AN RS e
F R4 2P 7800 43 U B B TR R 1R e e A7 X 4
SEFRES ¢ FEH 0 RS BCIAT R 2(n — D P + 7 Al
2nP +i . RIA 2 LS R P = 2,p1, p2 Rk
PREE B N XN FEIERI Sy i 2P AT 8 B — N 1Y
BB R . B TR/ 2P e, B4 A
FRES T BT A BT B R AR B A R G
(AT 55 43 Bl £ 48 0 B 17



24 A -

WOIF T Al 2 SO R IR AT TR LY 359

3.3 HITXEH;M

1 FORTRANOO 155 SL B B2 45 72 7 36 A 1
FeF MPI A7 40 Fe 42 1 SC R )P 474k A F MPT
A LAJT i XAT 55 20 A7 20 0 ) R AR A . R
JRm R 2 BiR

| set initial mol
[ start semiclassical dynamics loops |

ilar structure |

-=:::]ja?h_1'h |El.‘i_(:_i'_-'}:::1=-4—|
e no
yes |

L]
[ setlaser pulse and construct A| [ A=0 |

| start parallel computation

> LA
[ the master node broadcast data

v . Z '
nle 1 node 2 node g
upiate electronic update electronic update electronic
wave function wave function wave function
compute H, compute H, compute H
couple A to i, couple A to i, couple A to i
caleulate force caleulate foree caleulate force
update atomic position || update atomic position update atomic position|
* i I3 _ _ v

| the master node gather data|

L ]
compute energy

no

-_-_—_'_'_____I:'l;:;r ;\r_!_f_!_‘?______'_‘:—
yes |
I stop |

Bl 2 el S i AT Rl i
Fig. 2 Flow chart of photochemical

reactions parallel simulation

4 MK 545 8] 5 b
4.1 HEHZELIK

Sy 7 I AR e i A] M R T R e A A
T ot B8 i A LA S 43 F B R A B Cao 1
LAl S
4.1.1 RT 0 & MR R

XTI TR Y 06 B AR T 8 A L o 1 R
N o Ak G L T Rl AN W) Y P R DA A R X —
— A RILIFR Ry 22 SORE BILTRL S I R DGO I 4
Bz TR # e S ESTIER" Y. &
:ﬁﬂﬁ%ﬁﬁﬁ@ﬁ%ﬁﬁﬁﬂﬁTﬁﬁ?ﬁ%
Wi 24 —A~ C— C B i B Bl U S H 56 XL B 3, DY
?ﬁﬂﬁmﬁ ot b WA IO B S WA &0
To 1999 4E 3 N RAE 2 M L R R Z — 1 2
Zewail G Ak 2% S0 52 BEUE B A7 76 DU W 3 R A
H IR A T A A i A 340~ 840 fs, H A%
HgeF B i ok g e,

FIIHT bR R X — 2R N AT S AL
P, B3 WOR TR T ROk B A SR AE A TR )

b e 4 SRR B 1 — A 2 C—C g
B Fifi B[] e A8 AR, C—C BN 190 fs FFUR 4648 . T
BB 3 K2y 400 fs J5 . C— C fl A8 gL XL, B
BEAS Ao o 3K BRI 25 R WX R 1 S8 TB
RS H B G R S M 4y F o H I E Y 400 s
H H 2 77 i RS 6 D0 S (B RH A 3K — 45 R 1E B b
BT 32 S 7 25 S BIL

0.207 nn

4
(b) t=188.8 fs

(a):‘ 0.0fs

*Wii

(c) t=564.8 fs (d) t=700.0 fs

&l 3 ﬁﬁﬁﬁiu FBR T 8 Ol B8 A B2 L AE AN () N 1 Y pR
o WOLIK vh i #R 22 E] Dy 100 [s, BE B %5
0. 90 kJ/m?® . P 1K Rz 06 T-BEH N 6. 50 eV
Fig. 3 Snapshots from semiclassical dynamics simulation
of the photodissociation of cyclobutane at different
time. Duration of laser pulse is 100 fs, energy
density is 0. 90 kJ/m?, and corresponding photon

energy is 6. 50 eV
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