56 5 2007 5 Vol.56 No.5 May 2007

1000-3290/2007/56 05 /2670-08 ACTA PHYSICA SINICA (©2007 Chin. Phys. Soc.
*
2 1 1 1 1
1 1 1 1 3
1 710049
2 Department of Physics University of Arkansas Fayetteville Arkansas 72701 USA
3 710068
2006 7 27 2006 10 5
FASPB . FASPB . FASPB -
- THz
.FASPB

PACC 4265 3280

5.41s “ "

100 cm ™" 100 fs

* 60308002 60678005 200339
105156 101061 20050698017

T ypzhang @ mail . xjtu. edu. cn.



5 2671
E—y 13),5d3/
651/2,|2> Iy
2 s
3—11
3p1/e,1 17 1
£,
12
351/2,10)
FASPB 1 FASPB
ko ki ky
2 1
2. k2. ks
3
FASPB ky
4
2 FASPB
|0 1 2 I3
1. 0 1 1 =c¢hu, t —Texpi klyy ¥ —wyl+ w7
12 |3 +e3u; toexp i kyr r— wyt . 3
Q0 Q 2 I3 e ki A & K, A ,;
0 2 |3 T
FWM 2
3 ® s 1 Wyt ~1. 2 3w,
w, 2. w =0, W=, wy={ 2 w; T or
W W, (OF 10 BEE or >0 .
2 1 I3 . FWM
1 @ 2
w, w, o 2 I3 T T
I Ooo P10 0 O
w, w; 3
0 A 1 A3 2 A3 3
NDFWM I P O 030 O -
w, 1 1] o [2 10
1 23 E, 3
E, E, 1 I k, - k', +3k1 k', - ky +
E, =A, r t exp - iw,! ki O
=ec,u t expi k- r-wt 1
p! =S, rexp —-iwt+wr

E, =A, r t exp —iwyt + A5 r t exp — iwst
=¢c,u, t exp i kyr r— w,t
+ehuy t - T - 01

xexp i ks r— w3t + wy -0t 2

E; =A rt exp —iw,t +A; r t exp — iwst

xJ dv vJ dt3J dtzj dt,
_® 0 0 0
X exp _igl v Hl ty Hz t) Hl i3

XUy =1y — 1ty Uy L —13—T 4



2672 56
p! =S, rexp —-i wit—-w; -0t
xjwde vadthdtzjwdtl 3. FASPB
_x 0 0 0
xexp —i0y v H, t, Hy t, H 1, FASPB
XUy L=ty —t3— T—0C uy t—1t; ¢ P’ P’ =
5 p' + p!
s P’
oy, 311
Sur =%€2 2 e FASPB P’
xexp i ky, - k', +k, - r P> ?
. 2 2
S r :%6’3 & e FASPB )
xexp i k'y —k; +k, - r Iz ol P* I?
Obv =v kit +6+8 +k, 1, +8, -kt w t
Op v =v- kit +t, +1t; +Kk5 1+t — kit . wotyou; L, = exp -l - 1
H t =zexp — Iy +iA, ¢ i=23 6
H, t =exp — I'y +14, +i4, t al:%&l)i Sw;,  w,
Hy t =exp — Iy +14A, +14;5 ¢
M Mo M o 1 [t [2 3 6 611
A=0,-w A=0,-w, Ay=0; - w,;
Iy Ty Iy o 1 lo [2 I3
Al 3.1.
NDFWM 2 2 4 5
3 1 2 kyu—> o
= -k z
ky=k,z kly=k,z ky=Fkyz kiy=Fkz.
w, 0 I
‘Al‘sklu. 1 >0
z 1 y=A,/ p! ZZICILZTSl rexp —1wt+wrt £ -1°7
k. 2wy w exp —ap | 7|
NDFWM X[r;)_a2+iA32
w + kv + ws-kyy =0, + 0, +exp — Iy +iA% |7l
A+dy=h 1-& v &=hlk o L
£>1 Ay +Ay= 1-& A, NDFWM « . [ = o + i
% — Qo + 1A
NDFWM T+m
FWHM 2J2-1 2" . Bjorkholm 2 <0
Liao pt =i{§5, rexp —1iwi+wrt

13 14



2673
E —1%xp —ay | 7|
X a T A 2 . 8
1_‘{20+1A2+Q'2
3 >0r
p! :iﬁ52rexp—iwlt—w3f—8r O
~
y 52—1216Xp.—:1'3|'[;62‘| 9
30+1A3+a3
4 <6t
1 _ 2V :
P _kluS2 rexp —1 wt
—w; T - 0T & -1°7
[exp—a3lr—6‘r|
U Iy a4
+exp — I +1A | 7 - ot |
IR S
% 1—«;0—013+iA;
mo—a3+iA; 2
I S
.\ F“3O+a3+iA3“” 0
F§0+a3+iA3a )
w=In+ & -1 T A3=4,+§4A, I'y=
I'y+ &-1T1y AS=4,+&§A4,. 9 10
T > 0r w; + w3
T <0t 3 NDFWM Iy Iyt
7 8 w, + w, a w +w b w +w; NDFWM. A3
5—12 =A5=0 2 5
100
=0
3 .
3 3 A A
a b =0
A AS 45
Lwp W,
7 =0 R
e r=0 4b 5 b
>0 23 a)/T% = a3/ 1% =1
FASPB
w; t wy 10 o<l <
w; + ws - ze'” ol >1
<0 Iyl ol>1 T>0r T <0t
—a,lt-0rl
or e FASPB
>0 W, + w;

I 7r ol

P3 |2



2674 56

w w
: ~
w s
: ~
0.0 0.5 1.0 1.5 2.0
Iyt Iyt
4 w+w NDFWM It ISt 5 w+w; NDFWM I 7 Iyt
a ar)/I% =1 b ar/[%=5. A5/ay, =2 - a a3/l =1 b a3/1% =5. Af/az =2 -
4 6 8 4 6 8
4
& -1 "exp - 2a, | 7|
oc 2 a 2 2 1.0
S A _ﬂ\
N ]
[91? & -1 "exp - 2a;5| 7 - o Il
a2 a 2 2 M
I "+ A3 X I \
2 2 ﬁ | -
+ & 126 -1%xp —ayl 7l — a3l -0l ’:“;%05' I\
" | ]
x qexp —1 Ak- r - w,7 — w3 T - 0T @ _/ \_
;oL
+q expilAk- r—wrtr—-w T-0r .11 : \
q T w; + 0.0 :
7.4412 7.4416 7. 4420 7.4424
W, 6 a, + aj 11 w3+ w5/10%s
T > 0t 7 < 6c FASPB
6 37 FASPB a; =3.552x 1073

fs7' a3=3.8x107%fs7! wy+wr=7.4420"" r=0 Or=01s

' & =15 B;=0.4 <200 £ =1
ary>I% a1 o ' el < 50

ASPB ASPB
7— 10

oc\B,\zexp —2a2|2'|

2 L
a1 a | ol>1 +‘7732‘exp—21’§0‘r—52"
1 7<0 a,>I7% ay>I7 a3|‘r‘>>l + exp —azf—mo‘f—&" B/ 7B,

ltr | P |7 xexp —1 Ak r - w,t



2675
- O3+ A, -0t T oa, +1A5 +1
cAa 2
+ By ByexpilAk- r- wrt az + 14
- Q3+‘92A1 T—ST 12 B _52%12
6 — -Aa 2
108 + as
A 12 14
B RS S
! a2+iA;2
. ra3—iA§ 1 Q3+w2 w3+(22
B, = & -1 AT, 2 . Ulness .
T oa; + 145 +1 )
a; + 1A% 2
20<7<0r a,>Ty ay>T% ol l>1 3.2.
(Z3|T|>>1
3 2
o | BylPexp =2y [ |+ 9B, |7
x exp — 2" | = - ot = 1 2
+exp — Iolzl + Iyl = ol
x By gBiexp —i Ak- r— 0, + § A, t Te
- 05+ §A, ©-0r ky-ky)+k,  k5-ki+k
2
+B377*BfexpiAk- r- O, +&A t I =
S0, +8A, -6 . 13 6 o 20 -t/
Q; kyu—> o0
r o, —iAy -1 4T
By = & -1° : 2
o= & iAS — a, ?
T oap +i4; +1 p! :4ﬁSlrexp—iwlt+wzr
a, +iA5 ° ky ua,
ooy — A — 1 J'wdtJ'wdtrdzaz h- &1
B4:Ez—12 ;g_;z ><0 o T ! s+ h & 2
] X0 1, -7 xexp — 'y +14, 1, + 13
T oa; +14A5 +1
a1 A 2 - Iy +14, +14, t, 15
3 >0 ar,>IY% ay>ITY 0(2‘1">>1 pl :;igszrexp—iw,t—w3 T - 0r
Icr ol PP |2 L
o | Bs|?exp — 2% | 2|+ B2 xjodwjodtzjodtla L+t - &S -114
x exp - 2as| 7 - Or| X0 by +7 -0t xexp — 'y +14, & + 13
+exp — Iyt —a;| 7 - Or| - I'y +i4; +14, 1, . 16
x Bs yBgexp — i Ak- r 5 L=ty — 1y — Iy A,
- L + 54 T-w; T-01 3
+ Bsp Boexpildk- r—- Q,+&A 7 Iy A, L=
—wy, T -0t 14 -t Ay o I3
12)
T oa, —iAY -1 3 t-14

B,

= & -1°7

. 2
IA; - Q)

NDFWM



Zhang Y P Sun LQ Tang TT FuP M 2000 Phys. Rev. A 61
053819

2676 56
4 t 6—I11
NDFWM 3 1 DFWM =0
ts 4 5
I A, NDFWM
t—t, =1, — I3 Al 10 5 wy +
2 w3 NDFWM <0 570
A wy + w,
16 Lb+t,= & -11t,
t =0 1< & -1 1,
2 3
T(' TC
NDFWM 2 3
w; + w;j
NDFWM 2 3 T 2
y - FASPB
w; + w3 ty
&E-1t=- &-1 -7 16 t
0 - &-1 &-7 .4
=0
NDFWM 3
12
NDFWM |z
Morgner U Kartner F X ChoSH Chen Y Haus HA. Fujimoto 8 Zhang Y P Sun L Q TangTT FuPM2000 J. Opt. Soc. Am.
JG Ippen E P Scheuer V. Angelow G Tschudi T 1999 Opt. B 17 690
Lett . 24 411 9 Zhang Y P Sun L Q Tang TT Fu P M 2000 Phys. Rev. A 61
Hentschel M Kienberger R Spielmann Ch  Reider G A Milosevic 023809
N Brabec T Corkum P Heinzmann U Drescher M Krausz F 10 Zhang Y P de Araujo C B Eyler E E 2001 Phys. Rev. A 63
2001 Nature 414 509 043802
Turner D B Ulness D J 2003 J. Chem. Phys. 119 10745 11 Zhang Y P Gan C L Farooqi SM ILu K Q Hou X Tang T T
Ulness D J 2003 J. Phys. Chem. 107 8111 2002 J. Opt. Soc. Am. B 19 1204
Zhang Y P Cheng C H Kim J T Stanojevic ] Eyler E E 2004 12 Zhang Y P Gan CL SongJP YuX]J MaRQ GeH LiCS
Phys. Rev. Lett. 92 203003 Lu K Q 2005 Phys. Rev. A 71 023802
Zhang Y P Gan CL SongJP YuX] MaRQ HGe LiCS 13 Bjorkholm J E  Liao P F 1976 Phys. Rev. A 14 751
Lu K Q2005 J. Opt. Soc. Am. B 22 694 14 ZhangYP TuKQ WuHC Xu]J FuPM2000 Chinese Physics

9 606



5 2677

Two-photon asymmetric color-locking second-order stochastic
correlation of attosecond polarization beats ™

Gan Chen-1i*  Zhang Yan-Peng' ©  Yu Xiao-Jun'  Nie Zhi-Qiang'  Li Ling'
Song Jian-Ping'  Ge Hao'  Jiang Tong'  Zhang Xiang-Chen'  Lu Ke-Qing’
1 Key Laboratory for Physical Electronics and Devices of the Ministry of Education Xi' an Jiaotong University Xi' an 710049  China
2 Department of Physics University of Arkansas — Fayetteville  Arkansas 72701  USA
3 State Key Laboratory of Transient Optics and Technology ~Xi' an Institute of Optics and
Precision Mechanics ~ Chinese Academy of Sciences Xi' an 710068  China
Received 27 July 2006 revised manuscript received 5 October 2006

Abstract

Based on the phase-conjugation polarization interference between two two-photon processes we theoretically investigated the
attosecond scale asymmetry sum-frequency polarization beat in four-level system FASPB . The field correlation has weak
influence on the FASPB signal when the laser has narrow bandwidth. Conversely when the laser has broadband linewidth the
FASPB signal shows resonance-nonresonance cross correlation. The two-photon signal exhibits hybrid radiation-matter detuning
terahertz damping oscillation i. e. when the laser frequency is off resonance from the two-photon transition the signal exhibits
damping oscillation and the profile of the two-photon self-correlation signal also exhibits zero time-delay asymmetry of the
maxima. We have also investigated the asymmetry of attosecond polarization beat caused by the shift of the two-photon self-
correlation zero time-delay phenomenon in which the maxima of the two two-photon signals are shifted from zero time-delay point
to opposite directions. As an attosecond ultrafast modulation process FASPB can be intrinsically extended to any level-summation

systems of two dipolar forbidden excited states.
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