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Fig. 1. Four wave mixing schematic.
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Fig. 2. (a) 2D time; (b) frequency coordinates for photon echo signals; (¢) 2D time projection onto the diagonal corresponding to a

slice along @y/; (d) 2D time projection onto the cross diagonal corresponding to a slice along @,/ .

020201-2


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

Y B ¥ R Acta Phys. Sin.

Erf[z \[/ e dn. (6)
TERS B, 16 A B 01 F AR = B et b
TR A AT

(3) (t',wo + Aw)

, Aw?
_ vV 1t11’12@ (t,) e* (Flot +1n28wf0)
8w10

60.)10 t/ i vIn 2
2vIn2 dw1o

dw1o v im
2v/1n2 dw1o
Hoh, S TER Do T Dyo , AEBI I LR TEN Swio %
M Buwsg -

Xof HEEA T 1 LA 48t R PG M ) el 4 3]
WA A FEAR DO TR R AR R

P (werwo + Aw)

x Erf Aw

+ Erf Aw

, (7)

[FlO‘H(‘*’t/ Aw)]?
6‘*’10

=VIn2 e
Swlo (2F10 — 1\/§wt/)

x Erfc [2vln Fw i — Aw)}
dw1g

2
16102 [FIO 1(wf/ +Aw)]

+e Sw?o
x Erfe [2@ Lo —i{wr + A”)} (8)
dw1o ’
MYEESE Y 2 3, 8 R AR AR i [10);

V2Aw = wy — wyp + 2w, V2wp = wr +wi,  (9)
A FEARETTOXF IO AR AR ) e A ARy

Sa (we,wr)

g 1ng Do =ilw—wo)l*
e Swfo

8&)10 [2F10 —1 (wt + WT)]

5w10

In2

21 2[1110 l(wt-‘rwo)]
+e w?o

i (we + wo)} ’

r
x Erfc [\/2 22— (10)
60.)10

[ AT A5, B S0 8 N Swag , BF ToZE R Do, WA
B B BB 45 5 1

Vol. 69, No. 2 (2020) 020201
SB (Wta W‘r)
(20 27[&0_;(:;5 —wo)|”
20
=vIn2

duwag [2I50 — i (wy + w7 )]

« Erfe {, /9 IHQFQOI(WT"WO)}

60.}20

[T20—i(we +wo))?

4 e2 In2 &"-’%0
r
x Erfe {\/2111 W} . (1)

WRAES 3R [11], C-F AR & A tr 38X, 1)
SR AT T TR

P& (1)

—Iot — (zt'? 227"t +yr'?)

=0t — 1O +1')e e m , (12)
X B 2= 08wl — 2Rwiodwyg + dw3y, Y = dwiy+
2R3w108wn0 + dwdy, 2 = dwdy — dwiy. O & Heaviside
BrEReREL. HER] C-F B & AT tr iX—32 X, 78
FRfRT IS T o B, IR REL R 71, i 11A
M A, BWESAEE NE 4, HI, $ dwie 5
Suwao I LLIERE SCH m, W3R 1 B,

551 FMIESL, 2 8wio = dwap, R = 1HF, Ml
Set (we,wr), Spi (we,wr), SE1 (Wi, wr), SFi (Wi, wsr)
RN A B4R (7) X — AT
55 2 PGB, M dwio = dwao, R # LI, ARIkIE
AT AZ
Sea (Wi, wr)

42 [0 —i(we—wo)]?
2In2  e!*E Swio

Vi + R 8wig [2I10 — 1 (wt + wr)]
2\/ In2 FlO —i(wt WO)]

x Erfc

1 + R 6W10

41n2 [T'10—i(weFwo)]?
4 eH—R Bwfo

2vIn2 I'g — i(wt -I-OJO)
1+ R 80)10

x Erfc ) (13)

H T Swig = dwao, FT LA #3188 i Spa (wi,w-),
SE2 (wtvw‘r)a SFZ (wt,wr)ﬁlé'ﬁ]z%%%u*n C%ﬁé—ii

AR i

% 3 ﬁ'ﬁ%b{i, %’lﬁwlo = m&.ugo, R= lﬁj‘, }ﬂjiﬂji

TR

020201-3


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 Z 3R Acta Phys. Sin. Vol. 69, No. 2 (2020) 020201

1 ARSRIEHN LA R B B R

Table 1. The relation between in-homogeneous line-width and the diagonal correlation coefficient.
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Abstract

With the development of laser technology in the field of optics, ultra-fast optics has become an important
research field. Compared with the traditional technology, ultrafast optics can be realized not only under shorter
pulse function, but also on a smaller scale, which can more quickly reflect the dynamic process. We present an
analytical calculation of the full three-dimensional (3D) coherent spectrum with a finite duration two-
dimensional (2D) Gaussian pulse envelope. Our starting point is the solution of the optical Bloch equations for
three-level potassium atomic gas in the 3D time domain by using the projection-slice theorem, error function
and Fourier-shift theorem of 3D Fourier transform. These principles are used to calculate and simplify the
third-order polarization equation generated by the device, and the analytical calculation of three-dimensional
Fourier transform frequency spectrum at 7 = 0 is obtained. We simulate the analytic solution by using
mathematics software. By comparing the simulations with the experimental results, with the homogeneous line-
width fixed, we can obtain the relationship among the in-homogeneous broadening, the correlation diagonal
coefficients and the three-dimensional spectrum characteristics, which can be identified quantitatively by fitting
the slices of three-dimensional Fourier transform spectrum peaks in an appropriate direction. The results show
that the three-dimensional Fourier transform spectrum will extend along the diagonal direction with the
increasing of the in-homogeneous broadening, and the spectrogram progressively becomes a circle with the
increasing of the diagonal correlation coefficient, and the amplitude also gradually turns smaller. According to
the analytical solution, we give a complete two-dimensional spectrum of the 7' = 0 interface. The results can be

fit to the experimental 3D coherent spectrum for arbitrary inhomogeneity.
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