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eAv qUANG Hec NcuvEru rt/ LANH TRUNc HoA
DUA rnfrru cAc MoDE PLAsMoN ee MAr

GS.IS. Nguy\n Ai viqt'' ThS. Nguy6n Th! Phweng Lan2, ThS. oo Cni Nghtas

Tom tdt: Trong bai bao nAy, ching toi trinh bay mQt so dO Ody quang hgc nguy€n ta lqnh dqa

.-On cdc mode plasmon be mat. Cac mode plasmon b6 mdt duoc sinh ra khi mQt chim sdng

3esse/ bi phdn xq toan phAn tr1n mot de diQn moi phang duoc ph1 mot lop mang kim loai rat
song tren no. Voi phaong phap nity, nguyen tir tanh di chuy|n gan be mil cAa mang m6ng bi

:at bAy. CAc mode plasmon bO mat tao ra mQt truong evanescent, song suy gidm ta be mQt

nong m6ng sinh ra mQt the quang hqc de hut nguy€n tu lAnh trung hoa. Chung t6i xet mot so
.,;
Ji6u ki6n bien co the dAn d)n loi gidi cac trqng thai lien ket khong tam thuong. Ket qud cAa

chung toi so sdnh daoc voi m|t s6 mo hinh bdy-gan dAy.

Tw khod: BAy quang hec, nguyen ttr tqnh, mode plasmon.

1. M(} pAu

Bdy cdc nguy0n tu lanh trong mQt thO tfch khdng gian bi gio'i han ld mQt vAn dC

vat lf co' bdn duoc quan tdm ddng kO ngay tu' xuAt phdt diOm ld cdc kh6o sdt vAt li vo'i

mot luo-ng nho c6c nguy6n tu' cho d6n sg phdt triOn cua c6ng nghe mo'i dua trOn su dinh

\u'cua chuy6n dQng kh6ng gian cia cdc nguy0n tu. Cdc nguy0n tu lanh br bAV duo-c u'ng

dung trong nhidu linh vuc cua vdt lf cfrng nhu mo ra nhirng tri6n veng moi cho nghnh

vat li nhiQt dQ thAp. BAy nguy6n tu lanh cung cAp mQt kha nang d0 nghiOn ciru cdc qufr

trinh va cham trong c6c m5u nguy6n tu lanh [2]. Nguy0n tu lanh bi giam cAm c6 th€

dugc su dung trong viOc hinh thdnh cdc phAn tu lanh [3] vd trong nghiOn cuu cdc hi6u

ung th6ng kO luo-ng tu cua tflp hqp cdc nguyOn tu' o nhiet dQ thap nhu ngung tU Bose -
I

Einstein. Thoi gian sdng cua b6y phAn tu lpnh v)o khodng - giAy, do d6, vi0c tao ra
2aJ

cdc nguy6n tu vd phAn tu lAnh chuy6n dQng rAt ch4m mo ra m6t huong nghiOn cuu mcri

trong quang phd hqc phAn tu vd m6t s6 thdnh tr,ru n6i bAt cua linh vuc n)y vd c6c trang

th6i luong tu d5 duoc trao gidi Nobel V4t if 2012. MQt s6 mAu bAy quang hqc nguyOn tu'

lanh cfrng dA duoc d0 xuAt nhu su'dUng dAy d6n quang 14 - 5), hodc cacbon nanotube [6],...

Trong nhirng ndm gAn dAy, plasmon b0 mdt dang duoc quan tAm nhiOu do nhtng

ung dung to lo'n cua chring trong cdc kT thuAt vAt li mo'i vd cdng nghe mo'i [7 - 10].
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rRuoNG DAI Hoc su PHAM HA l!9!

Ei6m m4nh vh thri vi cua plasmon b0 mat rh rdm c6c hipu ung v4t li m?nh 10n rat nhra

lAn, rham chi tang "tttOng 16" len nhidu bac, vf du tang 14 b\c trong. l* :1)iT*'-1
*at sgnS. Dieu ndy ggi y cho chfng t6i trong viQc su dung plasmon b0 mat d0 ldm

nguyOn tu lAnh.

Trong bdi b6o nay, ch6ng t6i dua ra mQt so dd nguyon lf bny quang hgc nguyen

l4nh m6i str dung ,o 
"fte 

plui*on b0 mat' C6c mode,plutT:n b.C,t"::OT:: ttTJl
;;;;;i"*; Besser phdn xa roan phan trOn m6t phing phdn cdch kim loai - diQn

theo so dd Kretschmann. c6c mode plasmon b0 m6t tao ra m6t truong s6ng evanes

kh6ng d6ng nhat suy giim rt bc m6t mhng mong kim lopi tron d0 dien moi theo hdm

sinh ramot the quang hQc hrit nguyen tu 14nh trung hoi u'."11'un.':n bc

phdn c6ch. chring t6i dd chi ra su ton rai cua c6c trung rh6i br bit biy vd rdua ra c{

tfnh ndng lugng c6c trangth6i rion k6t cua nguyen tu. K6t qui thu dugc cira chring t6i

th6 so s6nh voi mQt sd mO hinh bAy quang hgc gAn dAy'

2. NOr DuNG NGHTEN ctJu

2.7. Sd dA bily nguyiln til tqnh d+la triln cdc mode plasmon bG milt

prasmon duo-c hi6u nhu li dao dQng tflp thO cua c6c diQn tu tr; do. Plasmon ba

(surtace prur*or, - itl rh dao dong cua diQn tu' tg do o'b0 mat cua kim lo4i duo'i s1r ki

thfch cua 6nh s6ng. plasmon - polariton b0 m6t (surface plasmon polariton - sPP) la

k6t hop cria c6c Sp vo,i photon 6nh s6ng t6i, c6 the ran truyen doc theo b0 mdt kim I

cho d6n khi nang luo.ng cira n6 bi mAt hot do s1r hdp thq trong kim loai hod:.:o,tT. t

xa ndng luqng vdo kh6ng gian tu do. Nhu vay, c6 th{! thay sp la c6c mode lion kot c

truong diQn ru cua 6nh s6ng toi vh c6c diQn tu ru do trong kim loai. chring c6 th6 du

xem nhu 6nh ,ang hai chiou bf rhng bu6c boi mOt mat phdn c6ch kim lo?i - diQn m

trucrng Sp c6 cuong do r6n nhat o m{t phan ctchvd suy giam theo hhm mfi o c6c huo

vu6ng g6c voi b0 mat [8, 10]'

Hinh 7: Trwdng thA plasmon ffAn phu'ong z vu6ng g6c

voi mfrt phbn cdch kim logi vd itiQn mdi [8' 10]

Ta s6 su dr,rng so d6 Kretschmann d0 tao plasmon ba mat' Khi chilm 6nh s6ng

Bessel bi ph6n 
^u 

l* phfrn rron b0 mat phing diQn m6i duo-c phu 10n tron n6 mdt mhng

#



TAP CHi KHOA HQC - 56 $/2014 ll 2s

mong kim loai thi c6c mode evanescent plasrnon duo-c tao ra (hinh 2). Cdc mode nhy tao

ra mQt truong s6ng evanescent bdy cdc nguyOn tu' lanh chuy6n dQng gan be mdt mdng

mong [1]. S6ng 6nh s6ng suy gidm khi di ra xa til'bC mdt sinh ra mdt the hrit c6c nguyOn

tu l4nh trung hoh. Str bAy vd ddn nguyOn tu xay ra o b6n trOn mdng mong d6.'L Mdng m
Hieu ung Evanescent

ChUm Bassel tcfi

Hinh 2: So di Kretschmann tgo plasrnon bi mgtvtii chim laser Bessel pl
X6t mQt nguyOn tu lpnh trung hoh kh6i iuo'ng m chuy€n dong gan bd: mdt m).ng kim

loai. Truong s5ng evanescent do c6c mode piasmon bO mdt sinh ra su bi6n thiOn d6 ddc
cua th6 sinh ra do hiQu u'ng nhy trong mat phing vu6ng g6c dAn d€n rn6t gradient luc tdc

dOng 10n nguyOn tu'. Trong khu6n kh6 bAi biro ndy, chfng t6i sE gio'i han xem x6t su bdt
b6y theo phuong z vu6ng g5c vo'i mdt phdn cilchkim loai - dien m6i cua m6 hinh bAy.

Theo phuong z, the quang hoc do hiqu ung evanescent gAy ra sE bi suy giam nhanh

theo hhm mfr tu'mat phAn c6ch nOn sE c6 dang:

7

v, =-vuexp{--a } ,

1o

voiVovd zo coi lh cdc th6ng sO cua thO hiqu dung cua mO hinh vh s€ so sdnh vh lAy tu'

thuc nghiem hodc tu cdc lf thuyOt kh6c. DAu Am (-) trong c6ng thuc rrOn thO hiqn r6c

dQng hrit vdo b0 mat doi vcri cdc nguyOn ru lanh chuy6n dQng gAn b0 mat.

Sg tdn tai cua m6t mu'c ndng luong trong ph6 gi6n do4n cua thO quang hoc do
plasmon be mdt gAy ra ddn d6n su t6n tat cdc trang thdi li0n k€t cua nguyOn tu' lanh
trung hod vcyi be mdt, tuc lh nguy0n tu lpnh da bi bat bay gAn b€ mat.

2'2. Nguydn lf tdm viQc cia m6 hinh biy quang hgc nguydn ttf lqnh
d+la tr6n cdc mode plasmon bA mAt
pe neu duo-c nguy6n li thm viOc cua md hinh bAy quang hqc nguy€n tu lanh dua tr6n

cdc mode plasmon b0 mdt, ta c6n girii b)i todn co hoc luo-ng tu nguy6n tu lanh chuy€n

d0ng chAm gdn b0 mdt phdn c6ch bi blt giii' gAn b0 mat bo'i mQt th0 hft hiqu dung.

ong

\

(1)

tr
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phuong trinh Schrodinger ctra nguyOn tu' lanh n6i trOn theo phuong z duo. c viet

dang sau:

| - n' L-v,,-i-l*,., - E.\r(z), Q)

I z* azt J 
.-; r r-zr

TRUONG DAI HOC SU PHAM HA NOil

trong d6 E,l1 nlng lugng ctra nguyOn tu theo phuong z khi c6 mdt th0 bAy quang hoc-

Bhi to6n nhy kh6ng c6 loi giai gi6i tich. Thay cho viOc giai s6 chinh x6c, chring

su dpng m6t th6 c6 dang gan dring nhu cdc ttc gia khdc thucmg ldm. p0 don gian, chu

t6i su dUng phuong ph6p gi6 thO V-potential.

V =2zrrz-Vr.,,

C6c rham so l1m khcrp (fitting) duoc chon sao cho g6c thO ndng cia cdc thti p

trung nhau vh diQn tich cua cdc thdtao ra trOn hQ toa dO V-zphdr bang nhau. Thay l-

(3) vdo phucrng trinh Schrodinger (2) voi c6ch ddt

- -( 4zom\\ ( , -E- 
+ Y, )"-[ rf ,l ['- ,q )

ta nh4n duoc phuong trinh

\r"(r)-xt[(x)-0.

(3)

(s)

(4)

Lo'i giii cua phuong trinh ndy tim duo-c th6ng qua hhm Airy (Ai(x))

duo. c hdm s6ng vi ndng lugng 1i0n k6t ffOn c6c milc (trong d6 cdc tham

hinh c6 th6 dusc lAy o tdi liqu [1])

V(x) = const.Ai(x).

Tuli theo c6c di6u kiqn biOn cua hhm s6ng tat z = 0 vd tdn du cua dQng nlng

hiQn qua nhiQt dQ ta sE c6 c6c truong hqp nguyen tu l4nh bi giam cam trong vtng c

m4t phin gz - 0 mOt khodng hay th bi hrit ch{t vho bd mdt mdng mong'

Tinh ndng tuqng cta trang th6i co sd (muc gi6n doAn thAp nhAt;, ta c6 duoc

lugng li6n k0icira nguyOn tu 14nh trung hoh voi b0 mat thO hiQn sU bit Udy

sE cho ta bi

sd thO ctra

(6)

(7)

il
I

Iitit quri tinh s6 rren mdy rinh su dung ph0n mdm Mathematica [11] duqc the hi€

rr6n c6c hinh 3, 4 vh 5 vcyi th6 dpng V (V-potential) vi th6 parabol so s6nh. Tr0n hinh:

hdm th6 (1), hrm s6ng (2) vd mric nSng luo;ng o tr4ng th6i ccv bdn rrong rruo'ng hqp t

fir V-potenrial, (3) le t Ot qoa cua hhm thi5 dang parabol. Tr0n hinh 4: him th6, hdm s6

iJ:TW
" -*1:r *rrF:
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(2) vd muc ndng luo.ng o'trang th6i kfch thich thu'nh6t cho thd V-potential, (3) lh k6t qua
cua hb.m th6 dang parabol. Tr0n hinh 5: hdm th€ (1), hdm s6ng (2) vd mQt so mri'c ndng
luo-ng dAu ti0n trong truo'ng ho. p thO V-potential (a), kOt qua o' trang th6i co bdn duo-c so
s6nh voi tnrdng hqp hdm th6 dang parabol (b).

Y(z')

Vo

Hinh 3: Hdm thA Q), hdm sdng (2) vd mfic
trwdng hgtp thA fft V-potential. Du.mg (3)

ndng lu'gng 0 trqng thdi co ban trong
h kil quei cfia hdm th| dqng parabol

6'trqng thdi kich thich
hdm thA dqng parabol

Y(z)

Vo

Hinh 4: Hdm thA Q), hdm s6ng (2) vd mtic ndng lu'gng
thn nhiit cho tha v-potential. Eudng (3) td kat qud crta

Y(z)

Vtr

V(z)

z.

Hinh Scr Hinh 5b

Hinh 5: Hdm thc (l), hdm s6ng (2) vd mQt so mrtc ndng lwqt g eliu tion
trong trudng hry thC V-potentiat (a). KAt qud 0 trgng thdi co bdn

dwqc so sdnh vdi trtdttg hW hdm thl dqng parabol (b)

3. xEr LUAN

Trong bdi brio niy, chfng t6i dua ra m6t so d6 nguy6n lf mdt bAy quang hQc nguyen
tu lanh su dung co' ch6 plasmon bO rndt vh nghiOn cf'u nguy6n 1f ldm viOc cua n6. Trong
m6 hinh niy, c6c nguy0n tu' lanh c5 thO bi bit bAy gAn ming mong bo'i mot the hfr

(l)

(2)

(3)',

(.2)

,t,l\*



TRUONG DAI HOC SU PHAM HA NO

hiQu dung sinh bo.i hiQu ung evanescent plasmon. DO sdu vh d0 doc cua ho th6 p:,'r

thuqc vho cudng do vh g6c to.i cua chtrm 6nh s6ng laser bessel, cfrng nhu c6c thong s5

. : - .l
be m?r rrep glap . Ckctham s6 dac tru.ng cua m6 hinh c6 tho c6 duo. c bang c6ch so sinrn

voi dir riqu rhuc nghiQm ho[c r6y ffi c6c ri thuy6t kh6c. Trong khuon kh6 cua bai b'il"

ndy, chring r6i m6i chi dua ra mot m6 hinh g6n dring dcrn gian d0 uoc tinh ndng lugtrg

li6n k6t cua nguyOn tu lanh br bEt b6y trong thO quang hqc gdy ra do c6c mod:.pli:T.onn

bo mat rheo phucrng a vu6ng g6c voi mat phing phdn c6ch kim toai - diQn moi' o 'da*'

chring t6i chi chi ra dang cua hhm s6ng vh c6c muc ndng luqng cho trudng hqp the m

dang parabol vh dang thO V-potential'

Nghi.n cuu nhy cua chring t6i g6p phAn .tim 
hieu c6c m6 hinh li thuyet quang ci

bay nguy6n ru r*nh dang dugc quan tdm nhidu hiQn nay. c6c kot qui thu dugc c6

hiru fch rrong viQc dai xu6t vd gi6i rhich mQt s0 c6c k6t qui thr,"rc nghiQm lion quan

bfiy nguy6n tu' lanh su dung hi-eu ung plasmon' C6c tfnh to6n tU :h: 
vi tot hon

1.

2.

aJ.

m6 hinh theo phuong z vd c6 theo phuong song song voi mat phang phdn c6ch ('t' -r

chring t6i sE trinh biry tron g cdc nghi0n cuu sau'
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OPTICAL TRAPPING COLD NEUTRAL ATOMS

BASED ON SURFACE PLASMON MODES

Nguyen Ai Viet, Nguyen Thi Phuong Lan, Do Chi Nghia

Abstract: In tlils paper, we present ct schema o.f trapping cold atotns based on the

.surface plasrnon modes. T'hese plasmon morJes can be created when a Bessel beam light

is totally reJlectecl intentally ctt the planar dielectric substrate on which a thin metallic

t'ilm has been clepositerl. By evar"Lescent plasmon modes, the wave decays away.from the

rhin Jilrn procfttcirtg ot.L ctttractive opticcLl potential for trapping neutral atortt. We

consider sotne ltossible bctunclary conclitions leading to tlte non-trivial bouncl state

.solutiol ip the z-clirectiort perpendicular to the snrface plane. Our model could be

conlparable with sotne recent trapping ntodels-

Keywords: Schemct of trapping, cold atont, plasmon ntode'


