[ Downloaded from opsi.ir on 2025-12-08 ]

_uu

Ol Sigish (5)9lid 5 (gidipn (uilASS et 9 Sidgish g Sl i) AS (rragen 9 Can
’ B e e \;;\'A.J.): olXKisls
WA o2V F-1 Y

23" Iranian Conference on Optics and Photonics and 9™ Conference on Photonics Engineering and Technology UT‘{;/;AZ},

[+ LT

numw‘u

J
YR L

Tarbiat Modares University, Tehran, Iran Tarbiat Modares

University

January 31- February 2, 2017

(§PgoTe doo g 69.]915 00> 0w

ol FOYYI- YAV iy Bgaio oyl ollisls 558 04,5

S ooliwl b g ailga-A 55l5 )z (031 Gailbol S 50 (wodod Comex JUl 4 (pbCawd jsbiio & (2 5b Alio (p] j0 — ouaSy
B 51 (pols Hladie gl y Corenr JUI (Gainiion 45 oud 0310 (LIS 39 o0 001 Sletiay (owgli- SY Jilgy b (wges slaasy )l
dlio (cwglS Jgoro 2oy b (ol sloy 3l b Lol sl (g0 ;50 b gualid (o ol (il B« Jlos! (s (yloono (et (oo
oS §oleiiioy 7 yb ()l g 6yt Cames JUI 41 gui wilgi oo owgli- 5 slaun I ool 4S Cawlonds 418 ,5 Az g o

Al a1 3 )8 A Wiy b sogiilsS saibibe 3 Camos JUL! x5l Coml

98— Y slaub ailigind cwdl 1 )5 (woded Cores LT - o03lg auls

Coherent population transfer with Laguerre-Gaussian pulses
Seyedeh Hamideh Kazemi and Mohammad Mahmoudi

Department of Physics, University of Zanjan, University Blvd., 45371-38791, Zanjan, Iran

Abstract- In this paper, a scheme to achieve the coherent population transfer in a four-level double-A atomic system utilizing the
coherent beams with Laguerre-Gaussian profile is proposed. It is demonstrated that a maximal population transfer is achieved for
a special value of the relative phase of the applied fields. The results is then compared with a similar configuration, but for the
laser pulses with the usual Gaussian profiles and is concluded that using the Laguerre-Gaussian modes can result in more
population transfer. The suggested scheme may hold great practicality for the realization of the
population transfer in the quantum systems with multiple states.

Keywords: Coherent population transfer, Laguerre-Gaussian modes, Femtosecond laser pulses.

V£

el e WWW.OPSEAT ol 10 4890 (o yiws ,0 by b allie ol


http://opsi.ir/article-1-1236-en.html

[ Downloaded from opsi.ir on 2025-12-08 ]

VYA poge VEY

odle 4 e SOaSI dlase l WilS8
B eS m l Ab GuilS 8 s |Zij 90y « Oy = IZij Y
5l blie (S Sl laglone zae 1oy g ol Bllas
bog omsl Rlon ol culpd &5 oS oo (22 4ol
Y i) de Sl Ll 3 45 il gl Y
oolau! ‘ LGé ‘ ;SJ 9 )M Lsc\"")‘“‘gs‘*'ﬁlf
:wlom

Eool -rr
() = () exp(— - —), M

Ant)=( W ) FJ(W2 12)
ol pdl a5 by 9 oS Sl 74 W oas
R . T RO “B-L\ U PR RV e
el oy iy yxs A (1Y) = Eg exp(—r? /WP —t?/ 77)
9 ool oo ol BB ke 4y oS cul S5 LLS
ol 3 el 5555 oyl 55 o0 s el s Sy
Gosb olae wolyo w@lie ol sl S5 woled 5o g,
sl a2l Slsy ol b3 a5 wloass Las|

Oyge d g8 5 (645 L o) 5B i o

9 = (9o " / W)exp(—r? /W —t* / ) cos(ay; t+ ayy; + ;)
=y LS B el goij = (oL §j-0ij) /145 oo iy a5
©$4,L 9590 j0 el a5 8590 55 daBgs piiege i g
o bl e ga bl 5 glS

;= Uy eXp(—r? /W’ —t*/ z%) cos(a; t+ ap; + ;)

g oo i 25 Goi = (Eog &.0;) / 7

Co (S o 29— 53 s (S 00 (Soikale
Sl blie & jg0a (ohad 90 o, 5 OBz zoe o)
VY]

V= h(Asz _A31)/322 _hA31/333 +h(A32 _A31 _A42)ﬁ44
_h(g31/~731 + gszﬁ3z + 942/542 + 941/541e_|¢ +H C) )

Shoe B (ML 4}) cmaS 5 p; =|1) (M| a5
iz A oo i |y aas ola o JLSs
ol 1y 1) &) 085 @ by Sl A =0 — @,
cyan B s @ =(E-E;)/h ;] pas o as o
Cay o L easall o alil (e 515 550 5 IS 8

25 bbby

Olnl Sigigd (5,9l 5 (cwiiges (il a8 aetd 9 Sigigd g Sl il )8 aeges g o

doddlo

IS Dol 5l S a pegaes Coman Jlil
sl b g8 S e Cone 50 grkae Slegdee (n nte
5 S5 slaalele 5l (g)lems p3 a5 Cenl v JoSse 4
adlgy odudy pl iged gl .l Comenl Pl egilgS
6w Y] Llo ol slocngsS cumes Jlaml js col
5 Y] egtilsS Glaabls ;5 bl Cunex wsden
Bly yod poin g o [F] 0 398 slansl o (izpe
slaasde LB glacé oy Lo @ Ko Bl 5l gl
wd I Oygo ailigied ol sloynd oy o 13l oS
655l by (Supd lawgn pugten S50 ol
Lh,0] el oals 28ly az g5 9,90 Ly b5

ol on [V] (g5 0 L gl 5 500 (59 )
3l Lajls 50 pezrgs wdsi alez 5l ()l slo )
u>'°"‘L’ Sl ol 5 [A] o2 goaldl plo 4y &l,3 ([A]
Sladlas yo il adls Vo] Seigdaz slvoaay
3l o)lgee e gae Cman JLEU! (Ao} 3 (re—ien
S I 5o o ool aal aglf g e glaa Sy L
o g o 55 g 09, e jLATI AT j5b Lo
o=l o aS Glosl g g5 0,55 S Wyl oauay cpl jo (ol
J=Bg s il ) ddnlgs a Sl ol 4 adlas
ogted Sanex JUT sy Jlosl 6,5 slaglaes
oy ol oo b el A9 A ol s S 3
0310 (LAS ¢ (gl = )Y g (g8 sloa S )b j5ma> o
s e emigS5Y (sloa Sy 5l soliul L o5 sod o

9 a5 72550 o5 Jil sl

Sl oYl g Jow

s Bgb e odalie ) (S 50 &5 5k (les
ez oS cwl GlailSss A 5l Sl @l Lo
L &S olae opl oyl iaS,ail asligiad 5,50 oo
G S GSeny 1) 5 (i) wsHl slasls i
WA g0 By yal p5 D)ge
SE; =6,A (1Y) cos(e; t+ay; +4,), o

9 FENRY ‘UW‘)’)% )L)).g w).' 4 wij 9 Aj (I‘, t) ‘éij °

el e WWW.OPSEAT ol 10 3890 (o yiws ,0 by b allie ol


http://opsi.ir/article-1-1236-en.html

[ Downloaded from opsi.ir on 2025-12-08 ]

VYA poge VEY

f' \\\ |3}
/ J \
\
941 / gs1 j {sz \\ﬂ.fm

Voo
e \

/’ [ o ey

s)}.eJ Ol sl b oS 4l s0-A (515 Jlaz (ool e ) IS
Bl S il 4l giad

2)

Qg i So S8 L (Sl Sadcey by
lin pl GBaci gl a5 sl S8 @ a3¥ Ll pdy Sl
adlae johate @ (6,50 ledlin o g cpl
ooliad B (Kl ooty 3B JAS 5 5 e

DY wlos,s
3O wgded ooz Jl o518 S gonsay S
g ol By alie pl (Baigy bhug ol slaailels
o 3B el polie Ol b oS cawl sadosls lis
ooz JUGI aiion vall Glg5 oo ( Jlosl oo oy

GB U ole oo g dxul jo [VV] 0g ugden
30,5 easlice () 9 (@) (& ¥ IS jo 1) seeliee
Ly Pas 9Pz < Prp ¢ Pry oo @l‘} Je=s a8 IS8 (ol
ol ‘CDZOAS‘):’ as u‘s)f LI U‘?"gs" RS o QL...Q
pe2lss el bl o blarer Sl ipen S
S yiiSly S g ewmblong xS W cudlas
D =712 il (e eh &Bly dube  oleend
] |l> Il a0 A a0 (e Jlal 4 )lg e
CD:ﬂ'g»Jb Lg‘)" ‘U—l)" 05)1:- U.Bl) Cawd |2> )‘).:
Al o Sole 4 g ool all 4 sl I 0 Come
loa S ,L L cen JLasl s (ol aslae oV IS o
0 aS jeb len
-5 GleaSy b 5l ool b ] aseine () Y S

1) 515 5 sl Comaz oo A0 I g0« oglS

Camwloads lnl_7u‘ ‘5»5@—)531 9 u;‘*‘jlf

Olnl Sigigd (5,9l 5 (cwiiges (il a8 aetd 9 Sigigd g Sl il )8 aeges g o

® = At - KF + ¢,

A=Ay +A,)— (A +A,,),

K = (ky, + Ky, ) = (Kyy +K,,),

Gy = (b + P) = (P + 412) )
Wl oo Cawddy 3 O g0ty JB  pile sladls

(P9

aﬁu = ig;llbsl —ig3,05 + i9:1,541ei® - ig41,514e7i®1
aﬁzz = ig;zﬁsz - ig;z/azz + i922ﬁ42 _i942ﬁz4’
d . e e
apw = 1931031 1951015 = 193,03, 1193, 0235
d S
at — P, =1(Agy = A3)) P, +195. 05, +19,, 0,08
=195, 015 =19,
d . e, - s
aplz =-1Ag 015 +193, (P — P) — 195,01,
+igz*11/543eim '
d

aﬁu = i(Asz - A31

A42)1514 + ig:1eid) ([744 - ,511)
+ig;1,534 _ig:2/3121

aﬁzs = 'iA32/523 + ig;z (/333 _/322) - ig;lﬁz:l

+ig:2,543,

d ~ . ~ s x o~ ~ Lk~ io

apu =-1A 0o 194, (Pay — Pro) —19,410,8
+ig;2:5341

d . . . e e e

apszt =-i(Ay; —Ag) Pay +105 P14 — 19,505, € °

+ig32,524 _ig:2/5327 (°)

Sty D Py =1 = Py bogrt 5l Volas B oS
]

Coy g gl

JUSl 59, 2 Jlesl slaglane Jlgp Sl ise cnl 5o
Sl sl 35 0 B aslllas 990 gen oo
@ ool plad s Sl sl S ssde B2
ok @ e Jb g oo W=6umg 7=20fs s
bl (B iz Nebos Jlesl pians 4 (Glojen

e Ol 48 e [ 4l s s Lags! aes a5 el

el e WWW.OPSEAT ol 10 3890 (o yiws ,0 by b allie ol


http://opsi.ir/article-1-1236-en.html

[ Downloaded from opsi.ir on 2025-12-08 ]

VYA poge VEY

() (=)

Olnl Sigigd (5,9l 5 (cwiiges (il a8 aetd 9 Sigigd g Sl il )8 aeges g o

1.0
0.8

a U.

Po

(<)

1.0]
L 08 — Pu
oy
% 0.6 P22
=
C% 0.4 P33

o2t SN/  q... .

0.0 TN Pas

Time(fs) Time(fs)

-40 -20 0 20 40
Time(fs)

[0, =08 rad / fs 3 a3, Le ouds oolinul sla el plos (2) D=7 5 () D=7/2 (W) D=0 5l biuner Sloj Jso ¥ IS

=100 m/s 3 Ay =A,=A,=-1

ol ol 4l Sbows BB 5l DS i b
g ond dwlio wgll Jlgn 4 bape mls b mbs
(g5 5Y lans jl eolitul b a5 ol odd st

b oe Gl skl BB b 4 Comen Jlin]

&=y

['] J. Martin, B. W. Shore, and K. Bergmann, “Coherent
population transfer in multilevel systems with magnetic sublevels.
1. Numerical studies”, Phys. Rev. A 52, 566, 1995.

[¥] L. F. Wei, J. R. Johansson, L. X. Cen, S. Ashhab, and F. Nori,
“Controllable coherent population transfers in superconducting
qubits for quantum computing”, Phys. Rev. Lett. 100, 113601,
2008.

[¥] L. Allen and J. H. Eberly, “Optical resonance and two level

systems” (Dover publications, 1975).

[¥] P. Kumar and A. K. Sarma, “Ultrafast and selective coherent
population transfer in four-level atoms by a single nonlinearly
chirped femtosecond pulse”, Phys. Rev. A 88, 03382, 32013.

[4] Y. Jiang, T. Narushima, and H. Okamoto, “Nonlinear optical
effects in trapping nanoparticles with femtosecond pulses”, Nature
Phys. 6, 1005, 2010.

[#] P. Kumar and A. K. Sarma, “Optical force on two-level atoms
by few-cycle pulsed Gaussian laser field beyond the rotating
wave”, Phys. Rev. A 84, 043402, 2011.

[v] L .W. Allen, M. Beijersbergen, R. J. C. Spreeuw, and
J. P. Woerdman, “Orbital angular momentum of light and the
transformation of Laguerre-Gaussian laser modes”, Phys. Rev. A
45, 8185, 1992.

[A] A. G. Truscott, M. E. J. Friese, C. R. Heckenberg, and
H. Rubinsztein-Dunlop, “Optically written waveguide in an atomic
vapor”, Phys. Rev. Lett 82, 356, 1999.

[4] L. Paterson, M. P. MacDonald, J. Arlt, W. Sibbett, P. E.
Bryant, and K. Dholakia, “Controlled rotation of optically trapped
microscopic particles”, Science 292, 912, 2001.

[v-] S. H. Kazemi and M. Mahmoudi, “Multi-photon resonance
phenomena using Laguerre-Gaussian beams”, to be published J.
Phys. B: At. Mol. Opt. Phys.

[\2] S. H. Kazemi and Mohammad Mahmoudi, “Phase-controlled
optical trap potential in a closed-loop atomic system”, J. Opt. Soc.
Am. B 33, 479, 2016.

[\¥y] M. Mahmoudi and J. Evers, “Light propagation through
closed-loop atomic media beyond the multi photon resonance
condition”, Phys. Rev. A 74, 063827, 2006.

(&)
1.0
008 — Pu
P22
P33
""" © Paa
(<)
1.0
» 0.8 — oy
5
z 0.6 P22
§ 0.4 P33
a
0.2
0.0

-3 oty Gilie o g sl umez Sloj Jgmu oSS
IS8 sla el )b alas da el b ple () (ol 5 (WD) (wslS

Sl e Jail oS J o oS o Bos 55 4,
D91 dles Ao 10 £ D9 )0 cwglS slaaS L

ol gaibols S 50 G wgdes Jlil lde ol o
L wgier sloass )b 5l eolaiwl b g alSgo-A 5515,
odls ooly lis cwleads cwyp owsB-5Y Llag
Slaglie o (o 51 WS @ S Jlal a5 ol

Sobe 4 e (pl g 005 b Jlosl

el e WWW.OPSEAT ol 10 3890 (o yiws ,0 by b allie ol


http://opsi.ir/article-1-1236-en.html
http://www.tcpdf.org

