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ABSTRACT—
The effect of increasing Rabi frequencies of laser beams in resonance with the frequency of the allowed
transitions on the nonlinear electric susceptibility has been studied both with or without considering the
detuning in N-type four levels atoms response to the laser beams . The impact of the increasing the Rabi

frequencies of laser beams with increasing the detuning of the transitions on the electric susceptibility

shows a reduction in the nonlinear electric susceptibility.
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INTRODUCTION
New generation has been started in the field of
Optics since the amazing tool called the Laser
was born [1]. One of the too many applications
of laser was using it in the field of light-mater
interaction [2]. One of the most important
results to the laser-mater interaction is the
Nonlinear [5-14, 17].The interaction of light
with matter has been studied widely, both with
quantum treatment [4],or in semiclassical
treatment [15].
Nonlinear optics is the branch of optics that
describes the behaviour of light in nonlinear
media, that is, media in which the polarization P
responds nonlinearly to the electric field E of the
light [3].
There are several kinds of atoms that interact
with laser field . At the resonant absorption
gives a very large dispersive optical non-
linearity, which can be used to control the
propagation of light through the medium [18-
20]. One kind of them is the N-type four level
atoms [12,16]. There are several studies that
made a lot of modifications in the results of the
interaction of laser beams with N-type four level
atoms [13].Following our work Abuzariba and
Mafaa [21] , we are introducing here the impact
of the detuning of the transitions on the
nonlinear electric
susceptibility when three laser beams are
interaction N-type four levels atom.
The Theoretical Treatment
To get the interaction of laser beams with N-
type four levels atoms we need to use three laser
beams with the frequencies wp , wc , ws that in
resonance state with the transitions of the levels
[1) < 13), [2) < |3), [2) < |4), respectively [16],
as its shown in figure (1).
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Figure (1):N-type four-level atomic system
interacted with three laser fields.
With forbidden transitions |1} < |2}, |3) < |4)
, |1} <> |4). The detuning A, generation is
shown in figure(2) where the electric field of
the laser can be written as
E= p cos(w,,t) + &, cos(w,t)

+ & cos(wst)

+c.c D
here &c the amplitude of the coupling laser
field that has a frequency wc , while &s the
amplitude of the second laser field that has a
frequency ws , and &p the amplitude of the
probe laser field that has a frequency wp
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Figure (2): The detuning generation in N-type
Four-level atomic system interacted with two
laser fields [16].
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For this system , the total Hamiltonian By using the density matrix operator and the von
is given as Neumann's we can get the elements of the density
matrix as
H=H,+H 2 N i, ~ ~ ~
0 I ( ) P11 = % (P13 — P31) +V21(Paz — Pra) +
. Pas +
Were H, is the unperturbed ;‘;ig‘;‘; (12.a)
Hamiltonian gives with the form D2z
hw; 0 0 0 i, B _
0 haw, 0 0 == (P24 — Paz) — 1Qc(P32 — P23) + VazPaa
Ho = 0 0 hws 0 ) + V32033 (12.b)
0 0 0 _hw% o T - 0~ ~
and the perturbed Hamiltonian is P33 = =" (P13 — Pa1) — = (P23 — P32) —
1211 7212 el3 pAM VazPas + (Y34 +¥31 +
HI = —F pAZl IZZZ p}\23 pAZ‘l‘ (4) }/32),533 (126‘)
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Pa1 Paz Paz  Das P12 = P2 0 0
2] =9 =P =P = 2 2 C ~
-I:he eIeAmentS p.12 = P21 = P34 __p43 B = (Y12 — i(8p = A)) P12 _Tpﬁn T P
P14 = P41 = 0 since there are forbidden i
transitions at |1) <> |2}, [3) <> [4), |1) < +75 P1a (12.e)
|4). This gives that the perturbed Hamiltonian
can be written as
0 0 D 0 % L . ~
0 0 ﬁp13 5 P13 = P31 = (—V13 — i8,)P13 +
H = —_E A 23 D24 5 i, N
! Psi Pz 0 O ®) Tp(P33 —p1) +
0 Pz 00 ife 12
Now with the help of rotating wave 2 P12 (12.7)
approximation[22] the final view of the . . ' B
perturbed Hamiltonian can be written as P14 = Par = (_V“ —i(8p = A+ AS))’)H -
i, . iQs ~
Tp.034 + l7.012 (12.g)
H, =
0 0 fpﬁweiwpt 0 . . . . i, .
-1 0 0 p,zel®c gl 23 = P32 = (—V23 —18)P23 —— P21 —
-1 $chas t &sDaa ¢ 6) p p ( 14 ia )p 2 P
2 A L—iwpt Do @ ~l0ct iQc ,~ ~ iQg ~
[Eppgl(e)‘ ' ??i—iwst g 8 lT (P33 = P22) + L7,034 +
s42 iﬂp N
- P21 (12.h)
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are the Rabi frequencies of laser beams fields, and the V24 = 18:)P24 =757 P3a T 57 Paa
elements of the dipole matrix as — D22) (12.9)
P13 = |ﬁ13|el_(pp
D23 = |Dysle?e ()] D34 = P43
D2 = |D2ale™®s ) R L VN £
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The total Hamiltonian becomes as iQ _ .
+ 7932 1z.j)
Hll H21 H31 H41
H H. H H .
— h 12 22 32 42
H=1x He He He He ) ) andj? the study stf';\te )
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Where 0~ 0 ~ 13
Hyy = 201, Hy, = 205, Hys = 203 Hyy = 20, (10.0) 2 P13t P1a (13.9)
Hpy = Hyy = Hyp = Hyy = H3y = Hy3 =0 (10.b)
Hyz = —Que e '@pt Hy = —Q,e'Pve'®t  (10.c) . . ) 5 i,
Hys = —Qe~Pcemivct H.o = —Q elPceioct  (10.d) P13 = P31 = (—y13 — idp)P13 + St
H,, = —Q e ¥semiost [,, = —() el¥sel®st (10.e) 19 ~ (13.h)
With simple algebra we can get the newest form of the total 2 P12 ’
Hamlltomag as . 0 o Pra = Pi1 = (—V14 — i(Ap —A.+ As))ﬁ14 +
1
i ~
q= R0 24, e Qs 11) LTP12 (13.0)
2|— -0 - - - .
3” _QZ Z(Apo Ac) 2(ACO— A) Simply it is in matrix form X = MA

Where A;= w4, — ws,A,= w31 — w,, and A=
W3y — W .

and the polarization operator is
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P
= N(p13P31 + p31P13 + P23Ps2 + P2aDaz + P32P23
+ PazP24) (12)
and the real part of the nonlinear electric
susceptibility is
Rel ( y4 )
2Nl 9y
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Img ( Z)
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(13.p)

RESULTS and DISCUSSIONS

With the help of matlap software we did study the
effect of increasing the detuning on the nonlinear
electric susceptibility. To get a clear view about
increasing the detuning in N-type four levels atom
interacting with laser beams , we stared with
increasing the Rabi frequencies at certain values of
the detuning .

The effect of increasing Rabi frequencies on the
nonlinear  electric  susceptibility  without
considering the detuning. At Rabi frequencies of
the transitions [2) < [3) , [2) & |4) Q. = Q4 =
0.3MHz and the detuning A= Ag= 0 . Figure(3)
shows the effect of increasing the Rabi frequencies
of the transitions |2) < |3), [2) <> |4) on the both
the real and the imaginary parts of the nonlinear
electric susceptibility at 0, = Qg = 0.3MHz.
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Figure (3):The real (solid) part and the
imaginary (dashed) part of the nonlinear
electric susceptibility of N-type four levels

atom system when
0.3MHz andA.= A;= 0 MHz

Q. =Q, =

With increasing Rabi frequency as Q. =
Q, = 1.5MHz abigger values can be noticed
in both the absorption and dispersion of the
laser energies as it is appearing in figure(4).
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Figure (4):The real (solid) part and the
imaginary  (dashed) part of the nonlinear
electric susceptibility of N-type four levels
atom system when Q. =0, =
1.5MHz andA.= A;= 0 MHz

Figure (4) shows an increasing in the
absorption ( imaginary part of the nonlinear
electric susceptibility) of the electric energy,
as well as in the dispersion ( the real part of
the nonlinear electric susceptibility) with both
increasing the values of Rabi frequencies of
the transitions |2) < [3) , [2) < [4).
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Figure (5): The real part of the nonlinear

electric susceptibility of N-type four levels

atom system when Q. =0, =

(0.3,0.5,0.8,1.5)MHz and
A.=A;=0MHz

Figures (5,6) show the real and imaginary
parts of nonlinear electric susceptibility,
respectively in cases of considering Q. =
Qg = (0.3,0.5,0.8,1.5)MHz and A.= A=
0 MHz. The decay y,3 = 1.5MHz , whereas
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the  decays Y12 = 1.1MHz,y,, =
1.1MHz. Q, = 1.8MHz,A;= 0.

1- The effect of increasing Rabi
frequencies on the nonlinear electric
susceptibility with considering the detuning.
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Figure (6): The imaginary part of the nonlinear
electric susceptibility of N-type four levels atom
system when Q. =0, =
(0.3,0.5,0.8,1.5)MHz and

A= A= 0MHz .
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Figure (7):The real part of the nonlinear
electric susceptibility of N-type four levels
atom system when Qg = A,

Figure (8) :The imaginary part of the
nonlinear electric susceptibility of N-type
four levels atom system when Qg = A,

Figures (7,8) shows both the real and
imaginary parts of the nonlinear electric
susceptibility as a function of both the
detuning of the transition [1) < [3) A, ,the
Rabi frequency of the transition [2) < |4) (.
It is clear that both the the real and imaginary
parts of the nonlinear electric susceptibility
are decrease with increasing Rabi frequency
and the detuning as what we were expected.

CONCLUSIONS

Increasing the Rabi frequencies together
with increasing the detuning of the allowed
transitions in case of interactions of three
laser beams with N-type four levels atom
gives a reduction to the nonlinear electric
susceptibility. Moreover, The impact of the
increasing the Rabi frequencies of the laser
beams with increasing the detuning of the
transitions on the electric susceptibility has
decreases the absorption of the laser beams as
it is shown from decreasing the imaginary
part of the nonlinear electric susceptibility .
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