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Entanglement between a Two-level Atom and the Coherent Photonic States
in a Nonlinear Cavity

Mohammad Reza Abbasi
Bushehr Nuclear Power Plant Operating Co.-Bushehr
Persian Gulf University of Bushehr-Bushehr

Abstract- In this paper the time evolution of von Neumann entropy as a measure of entanglement between a two-level atom
and the photonic coherent states in a cavity is studied. The atom-photon interaction occurs in the presence of a
centrosymmetric medium which makes the photonic cavity mode couple with itself via the third order susceptibility. In the
present system the atom-photon interaction is assumed to follow the linear Jaynes-Cummings model while the photonic self-
coupling is due to presence of a centrosymmetric medium and occurs via the third order susceptibility. After calculating the
time-evolution operator, the von Neumann entropy, as a function of time, is determined. It is shown that an increase of
photonic self-coupling leads to decreasing of entanglement. Furthermore, the role of atom-photon detuning on the
entanglement behavior is also addressed.

Keywords: Atom-photon Entanglement, Coherent states, Centrosymmetric Dielectric, von Neumann Entropy

FAO


http://www.opsi.ir/article-1-295-fa.html

[ Downloaded from www.opsi.ir on 2025-11-16 ]

5 M98 (ol Gloj 5 aals &S cenl gai 5 g3 L3,
-l o (Detuning) SoSU Jlade 4 atuwdly b gl
Bl oo Wi (SoniaragS 9 (5is3

Tl e 2l 0 (SaSm®,0 owyp jelate
1 skl o @] Eon 090 Allae WS> Sgileala
Siogydh dolae o byl o Gy iiSp 50
booS (oo dmbre Gloy Jooi Shee cpgai cnl 5o
Syge @ &S 4yl e Gl Joo See Jlosl
Joms 05l (o0 w85 A 0 S5 wgies DY
098 295 F 0l pe sy gl cll> Sl
(SHL Dty ekl cwny JB play
Y 5 w3l e (ST, » Wigisd (Saezoss
e ghiles 005 0 adllas it mgden
a gt (Sariross wl oo p (b3 pf Gsilkels
el a5 00,5 Cix ) Segd e ht e &0
Stz ol Gy 5l el SV IS als
el (SoU Gl Grizren 09b (oo Wigd
el ol ) g ool sl G IS Jlasl Grals
S p) Sppe 4 dlie ol b el Saiien)s
S e Geibeele n 50 )0 98 (o0 G
e 2 Sl Sl 978 Ses G 058 (o0
~050 29750 2 Gyse 3 m B 50 005 e drlme
TR0 2 pee A SRy 5 (SeU S ol
on D90 $FF prgdes DY 5 ol e (S
SRR
e (Sgilsola Y
o=k 5l g la) YL 5L el g ol S S ee
oole G L as Slols S Sg3gd wgder Il L |b)
B e Sl ead S 55 S Sl
° ADg p) D)3 & plees (| Sedale oS
u)s.a:J

5 Ol o3l Seibesls 5 wHgp g Hp Hy o

Wo

Ha=70-z ™

$AS

et g oSl AVAY oo Ve LA

doddio —)

sl aey o |, Glaey il e, Y
so5lsS Jail aile agiilsS Sledbl (6,955 calizee
il [Ye) ] Koo 0)lge 5 (sogiilsS Slowlne «ledlbl
ooy (SaSenyd a0 Slided wiS o
e 51 65 03Il g obml Eonee 33 (59, 5 Ygora
ssbiie & (Fatips ;0 obml gl ol 5l (S el ond
@l o S e ) eslinul gl Al
Slml Gl Serl SIS S Glode b CannS Ol
S arlasl oo pist-il 5 @bl slo (Saipno
@l JSSop easen,s SVl 5l eslinul b gl
sl 0]l sass @l Sledbl ogiilyS JUi! cups
S @b CwnS Olee 4 b ol b Y
Gl e5ed b anled 0,53 0g> jo |, Sledbl wulys
4 5oy Cueal Sl (ol oaisS Jie olsie
ol 51T (oo Pl iz 1) (Pl (SasSen)e
SVl Ceabd poe Gl (teS 4 azg b oo
cals ¢ (Photonic Coherent States)  Jgigd g
Sl sleszly 50 (SN e 4 bl lo
5 ol om SaFeRse Seelus min (eeotlsS
205 (o0 )l e (S B eges DY

58 aallls 5,50 M 53 Ysane gigh-eil 15 o8
Sizmge wle ploop)lS lp bl 0pS (o
sezy VIS 3 bl 5 gun¥oin ¢ [£] Sl
Gk 5l el Al Gl STels J5ls 4o S Sl s
il soge SIS o) cel Sgisd wgden 500
Ng,ls ;o (Collapse and Revival)ges g g,
o M ilaie nlpln IA] osh e (ol Crex
@ benl o aSe s (5398 o @l S o )0 AT o,
o 485 Sl )0 SalS-pua S S ean Ojge
Ll 05558 G b nd sl 25 o Sl gl
S S e S iSss esle sgzy Ly o 1, 255
(Kerr self- IS5 S Sagtiz 355 5 0l oo 392
[a] 55,5 jolate ji 99 oo 4zl coupling)
503595 ol S e (TS0 Sl allie ol 5o
oole G dawgi a5 SIS S 0 S9igd wgden Y
B omsp pge Seload p (GBS e SG Sl
Shle (Sabnn, (pl a5 05l o o0ld i 0,5


http://www.opsi.ir/article-1-295-fa.html

[ Downloaded from www.opsi.ir on 2025-11-16 ]

Ol Sgigs (5,58 g (cwiige el JiS (el ol o &y

Upp(t) = eigt [cosA_t +i (g) Sm‘i't] Oy
Uy (t) = —Lgaelzt% %)

ol ys a8
4, =\/(§+){)2+gz(a’fa+1) \0)
A_ = (g)z + g%ata %

g Yl g ol e (Soaien s -F
S

SR e 53 S5 Sy Olasm0s s A

SFP oter OV 5 Sl Y- byl s SB

i3 Lo a il

Son(Pap) = —Tr(paplogzpap) AY)

waly 5l (SAsanns 5 eld iy

E =S,y (pa) =S (o8)

Q)
=-Tr(pa 109z pp ) =-Tr (pg 109, pg )

(5‘& Pa) = TTp) (pAB)
0250 gl s SOl Al o0 ally alS
G el cledbl 4l sa ol e Sou

)QASAJ@WJ.:

oS Gl o cpl il wyiws 0 b et )
So b gy jlade cpl anien eaiien,s Y gy
O Golews Oge a4 Ol o [Velewl
1) e adgl S sl 00l ol o g 5
lay = & wpKe L 0 1) o) ojse
5 ol Ssigh g o e 25, L )
Lol o lggied lawgio oloss
(bls pelem VF IV SVl 5l oolai]

L ogd (oo 00l |a|?

‘a‘ (A+1n)ﬁ
|a,a> =U|a,a)=e 2 Z x

[{cosQnt +i (%+an%:||n,a> V)

—ig~/n +1S'Ir;2Qnt [n +1,b>J
n

Olnl Shgi9d g Sl il jiST atinns

po adlge 0y 5 0lyed @l (b W B Wy &5

H; = wata + yat’a? ")

@ dlly pgw Ao g L0 X lae LS @
5 S99 (B3l See al@h) 5 5 Suis 055
Hyr = g(ato_ + aay) )

0,(02) 5 oFeml m Sade oy 0 &S
Wl Se sl Job (xin omlb) 0wVl sla Kles
il oo 03l,ig0

Sloj Joi Sos ¥

2y Sy & S gl b o GBS ey Jedale
Dgd g0 o8lo

0 gae—il"t
H= <gelrt 0 (a)

A=w-wy g T=4+2x(ata—1) 1 o «
S o Wolas ) eslitel b aiil o LSSl by

: . . e . dU
(Sl Js5 pmsle NS L d = HU

_ Uaa Uab
v=(ue o) *)

osds Cair aloles Loz

iU, = gae U, )
iUy, = gae™TtU,, 9]
iUy, = ge'"tatu,, Q)
il,, = ge'tatuy,, )

Sl g U0) =1 adgl bbb &S oy (0

WNgd (o J 25 O yge 400 (S Frin

(T
Uaa(t) = e~z 2)" [COSA+t +i (g + X) Slnm] oY)

i— t TsmA+t

Upa(t) = —ige 2 v

FAY


http://www.opsi.ir/article-1-295-fa.html

[ Downloaded from www.opsi.ir on 2025-11-16 ]

LIS T 0T 50 a5 Coul ( Sgisd Lugan e 55
Y g @l o (SaiSen,o lawgie .l glogs (L3,
5 Wigish G (Satazogs Ll b Sgish jegaesn
ORI e b oo el ldgisd 5 sl (S
Oley ol el ligigd m (Sotizde> 5 (SSU

g (oo g

TR E TN

-

Entanglement
::aaaaﬁﬁﬁﬁﬁﬁ%& ‘ -

T T
] 10 20 30 40 50
Braled Time

X= ol @lp ol Gl Soiesy -V S
(diee ba3) A = 2g :Adaliee polie §0.1g, |a® = (n) = 20
(o 4haii) A = 6g

&=l o

[V1S. Olmschenk et al, “Quantum teleportation between distant

matter qubits” Science, 323 pp.486, 2009.

[Y] R. Raussendorf and H.J. Briegel, “A One-way quantum
computer”, Phys. Rev. Lett. 86, pp.5188, 2001.

[*] J.M. Raimond, M. Brune and S Haroche, “Manipulating
quantum entanglement with atoms and photons in a cavity”,
Rev. Mod. Phys., 73 pp.565, 2001.

[¢] M.S. Abdalla, J. Krepelka and J Perina, “ Effect of Kerr-like
medium on a two-level atom in interaction with bimodal
oscillator”, J.Phys. B: At. Mol. Opt. Phys. 39, pp.1563, 2006.
[6] M. B. Plenio and V. Vedral, Contemporary Physics, 39,
number 6, ,pages 431 ,1998.

[\] R.W. Boyd, Nonlinear Optics Third edition Academic press
2008

[V] W. Demtroder, Laser Spectroscopy Third edition Springer
2002

[A] M.O. Scully and M.S. Zubairy, Quantum Optics Cambridge
University Press, 1997

[4] M.R. Abbasi and M.M. Golshan, “Dynamics of photon—
photon entanglement in a bimodal nonlinear nanocavity”, Opt.
Comm., 285 pp 3982, 2012

[\+] R. Safaiee, M.M. Golshan and N. Foroozani,
“Entanglement between electronic spin and subband states”,

Journal of Statistical Mechanics:Theory and Experiment,
doi:10.1088/1742-5468/2009/11/ P11014, 2009.

et g oSl AVAY oo Ve LA

Sy S b e ail e Qn = A,() ol o a8

S8 g p(t) = |oc,a)t t(oc,a|‘_slli3 See 5l 23>
5l Saien,n (VA) dolee j0 sl oy gl ool
24k,
*\a\z 2n
-e a
In2 ; n! )

x[(f (n,t))In(f (n,t))+(1-f (n,t))In(1-f (n,t))]

SvN (t) =

f(n, t) =%§fl)sinzﬂnt ol o aS Wl o canny
car cel b o Gn (SairssS cups Sl
Lol (o orizen 0080 g V> (Sab
Sl BB pluly 0sd oo @l IS Jls! rals
sl Gl byl cal s90,0 b (o ST 0g walss
SV ) USKE ol elS Saee e hugie
2ol sl (580 ploj 5l (b @90 4 (Saien)s
OFR 9 0l o SPU g Lbgsd (Satizsss il
wled oo 0l 1) asS ol el ool sols lis
U =08,(0) o, WBR L (Sabens Goizes
Ol o VsV IS T edle S e Gy
SPU 5 kiFgd (Soctizass Sl as c8 S ams

)5 (o0 g B Gl (RS el (9398 9 05T

09 -
0.z -
;
a
o
07 -
L 06 3%
f=] -l
£ =
0.5 =5
E s
& 04 b =
x e
x -
% b4
03 ¥ £
4 H
1 H z i
0.2 " E i
' :
014 !
D - T T T T T
i 10 20 30 an 30
Scaled Time

Slp S g DY 5 o3 Gloy (S, o) ISS
)(u:.l...?u J.i.)lin 9 A= 2g, |0[|2 = (n) =20 J:{«)LE.A
(O abis La3) ¥ = 0.3g«(xes La3)y = 0.03g

S Az -0

6‘)‘“5 (¥ aoleo) dlis Q:).‘ 5O oads gsg)‘““ ‘5?%_;3“)0
Olwg M 5 L8, pl aS Cewl go g img s LS,
031590 wl o Sy [F] Wlie i g5

FAN


http://www.opsi.ir/article-1-295-fa.html
http://www.tcpdf.org

