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Tém tat: Tang cwong do rdi cha trang thai réi gan day ndi Ien nhw mét van dé hap dan béi do la giai
phap dau tién dé hién thwc hoa ly thuyét thong tin lwong tir. M6t trong nhibng gidi phap cho van dé nay
la bot photon ra khéi trang nén hai mode. Chung ti tiép tuc phat trién hwéng nghién céu nay béng céach

dwa ra va phan tich so dd tao trang thai nén bét photon hai mode st dung thiét bj tach chum két hop véi

phép do diéu kién trén may dém photon. Tinh kha thi clia so d6 sé& dwoc kiém tra théng qua viéc khao

sat do tin cay cua trang thai tao thanh so véi trang thai ly thuyét mong mudn. Hon niva, xac suét thanh

céng twong trng ciing dwgc danh gia trong méi twong quan véi do tin cay nhdm dua ra sy dinh hwdng
cho thyc nghiém vé viéc lwa chon cac théng sbé cua thiét bi mét cach thich hop.

Tir khéa: bét photon; do tin cay; xac suét thanh cong; thiét bi tach chum; bd chuyén ddi tham sb khéng

suy bién; may dém photon.

1. Gii thiéu

Gan day, thong tin lugng tir ndi 1én nhu mot linh
vyc nghién ciru hap dan va day tiém ning. Bang cach
van dung cac quy luat lugng tir vao qua trinh ma hoa va
xtr ly théng tin, ly thuyét thong tin lwong tir da dua ra
mot giai phap tuyét d6i cho viéc bao mat thong tin
(Braunstein, Peter, 2005). Chia khda cua giai phap bao
mat nay la cac trang thai réi — trang thai ma giira cac
mode cta chling ton tai mot mdi twong quan nao d6. Cu
thé, trong qua trinh vién chuyén luong tir - mot trong
c4c qua trinh ndi bat nhat cua thong tin lugng tir, trang
thai mang thong tin bi hay ¢ noi nay dé rdi dwoc khoi
phuc & noi khac mét cach chinh xac va bao mat tuyét
d6i ma khéng can truyen tryc tiép trang thai vat Iy mang
thong tin (Vaidman 1994). Diéu kién tién quyét cho
cach xir ly théng tin kiéu nay la nguoi gui va nguoi
nhan phai chia sé véi nhau mét trang thai rdi Iy tuong.
That khong may, trang thai rdi tao duoc trén thyc té c6
d6 rdi hitu han, din dén thi nghiém vé vién chuyén
lugng tor mac du dam bao dwoc tinh bao mat nhung do
chinh xac cua thdng tin rat thip (Furusawa va céc cong
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su, 1998). Nhu vay, dé dua ly thuyét thong tin luong tir
dén gan véi thuc té hon thi viée dau tién can phai giai
quyét 1a tim cach cai thién do rdi cua céc trang thai roi.
Mot s6 nghién ciru gan day da chi ra rang c6 thé cai thién
dang ké do rdi cua trang thai nén hai mode - mot trang
théi rbi da tao duoc bang thyc nghiém nhung bi gisi han
vé do rdi - bang cach bt photon ra khoi trang thai nay
(Opatrny, 2000; Cochrane, Ralph, Milburn, 2002). Ching
t6i tiép tuc huéng nghién ctru ndy bang cach dua ra va
phan tich so d6 tao trang thai nén bt photon hai mode
dua trén ky thuat bot photon - mot ki thuat tao trang
thai da duogc thi nghiém thanh cong (Wenger va cac
cong su, 2004). O day, ching toi tap trung vao viéc lam
thé nao dé bot mot lwgng photon mong muédn ra khoi
trang thai nén hai mode. Sau d6 dua ra cac biéu thirc
tinh d6 tin cdy cua trang thai tao duoc so véi trang thai
mong muén ciing nhu x4c sut thanh cong cua qua trinh
tao trang thai. Dua trén cac két qua giai tich nay, viéc
tinh sb s& dwoc thuc hién dé phan tich tinh kha thi ciing
nhu diéu kién dé tao duogc trang thai nay trén thyc té.

2.Trang thai nén bét photon hai mode

Trong quang lugng tir, trang thai chan khdng nén
hai mode c6 dang(Fox M., 2006)

h]'}rzb = Sab(ﬂ}mﬁ}am (1)
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trong do

Sap(n) = exp(nab— na*b*) )

|a toan tir nén hai mode véi n = re' dugc biét nhu
la tham sb nén phic, a* (&) va b*(b) tuong tng va toan
tr sinh (hity) caa mode @ va b; va |0,0),; 12 trang thai
khong c6 photon nao & hai mode @ va &. Tac dung cac

todn ta huy photon I&n ca hai mode cta trang thai nay
cho ta trang thai duoc goi la nén bét photon hai mode

|mJnJ7}}ab = Nmn(?}}ambn |T}}EbJ (3)
trong do
1 4)
Nmn(?]) =T
W Cmn(?]'}
Vi
Cmn(?}) = ﬁb{n|b+na+mambn |T}}ab' (5)

Str dung cac ddng nhét thirc
§i,aS. = acoshr — a*esinh 7, (6)

SHa*S,,=a*coshr—ae ¥ sinhr, (7)

ta tim duoc hé s6 Cpmy (17) thuan tién cho viéc tinh sb
nhu sau:
Conn () = min!

min{mmn) - ..
{(sinh ) 2m*n=D{cngh+) 2

JEm—ptin -

(8)
i=0

Trudc khi thao luan vé cach tao trang thai nén bot
photon hai mode, ta ciing can luu y mét chit vé thuat ngir
“bot photon” duge ding dé dat tén cho trang thai dé tranh
sy nham 1an vé& y nghia cia cum tir nay. O day, “bét
photon” khong phai 1a 1am thé nao dé Iam giam s6 lugng
photon trung binh cua trang thai ma la cach ding dé chi
tac dung cta toan tir hay photon. Va vi vay, cac cum tur
trong tu c6 thé xut hién trong bai viét nay phai duoc
hiéu mot cach twong tng, ching han nhu “bét M photon
ra khoi trang thai” nghia tic dung 1 1an toan tir hiyy 1én
trang thai do,con “bt cang nhiéu photon” dugc ding dé
chi viéc tang sb lan tac dung cua toan tir hiy photon.

3.Tao trang thai nén bé&t photon hai mode
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Hinh 1. So d6 tao trang thai nén bét photon hai mode
stk dung thiét bi tach chiim

Dua trén k§y thuét bot photon st dung thiét bi tach
chum dia dugc thi nghiém thanh cong boi Jérdme
Wenger va cac cong su (Wenger va cac cong sy, 2004),
chung t6i dua ra so do tao trang thai nén bét photon hai
mode nhu trong Hinh 1: DC ky hiéu cho bg chuyén d6i
tham sb suy bién duge dung dé tao trang thai nén hai
mode; cac thiét bi tach chum BS1 va BS2 két hop véi
cac may dém photon PD1 va PD2 mét cach twong tmg
md phong cho tic dung ciia toan tir hity photon @™ va
b™ 1én trang thai nén. Cu thé, mode @ cua trang thai nén
duoc dua vao thiét bi tach chum BS1. Co ché hoat dong
ctia thiét bi tich chum c6 thé dwoc don gian héa twong
tu nhu guong ban ma, tuc khi mot tia sang di vao thiét
bi tach chum, mot phan s& truyén qua con mot phin sé
bi phan xa véi ti 1& nhét dinh nao d6 phu thuoc vao hé
s6 truyén qua t cua thiét bi. Sau thiét bi tach chum, ta
dat may dém photon PD1 dé dém sb photon ra khoi thiét
bi tach chum theo phuong truyén thang cua trang thai
khong c6 photon naol0)s,. Nhu vay, néu PD1 dém
dugc M photon c6 nghia 1a trang thai ra con lai cta thiét
bi tach chum da bi mét bot di M photon, tirc 1a mode @
da chiu tac dung cta toan tir @™, Lap luan tuong tw cho
mode b va hé qua 1a khi dong thoi PD1 dém dugc ™
photon va PD2 dém duoc M photon thi trang thai tao
thanh tir so d6 & Hinh 1 dugc ky vong 1a trang thai nén
bot photon hai mode.

DPé kiém chung cho 1ap luén trén, chung t6i dua ra
biéu thirc toan hoc cua trang thai tao thanh st dung cac
phuong phéap 1y thuyét thuong dung trong quang lwong
tir. Két qua tinh toan cho thay, khi cac két qua do cua
PD1 va PD2 théa mén diéu kién nhu d3 phan tich & trén
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thi trang thai dau ra di chuan hoa tai hai mode @ va b

clia so d6 & Hinh 1 13

|1:|_';} _ |1:I'|Jf}rzb (9)
abk — T ————
f Eb{w.’h}l’!}tzb
trong do
|wi}ﬁb
B A bth
tm+?‘!x‘|'m|ﬂ|tﬁ famt bnln} b (10)

v6i 1 1a hé sb truyén qua cua thiét bi tach chum. Nhu
vay, theo phuong trinh (10), hiéu tng cua BS1 va BS2
trong Hinh 1 cting véi diéu kién PD1 dém dugc 1. photon
va PD2 dém dugc 1 photon tuong duong véi tac dung

cia I.1. t# @™ ¢b" 1én trang thai 1.1. |. Do vy, mot cach

hinh thtrc ¢6 thé néi rang trang thai bét photon mong doi
s& dat duoc néu 1.1.. Tuy nhién, suy luan toan hoc nay
khong duoc chép nhan vi 1.1.t ddng nghia véi ching co
gi xay ra trén thiét bi tich chum va trang thai van giir
nguyén la chinh no. Nhu vay, nhitng gi ching ta mong
doi chi 13 trang thai gin dung vdi trang thai nén bét
photon hai mode 1y thuyét khi 1 dan dén 1 va van dé dat
ra la véi didu kién nao thi trang thai tao thanh dugc chip
nhan gan nhu 1a trang thai mong mudn. Mudn vay ta can
tim mirc d6 chong phu nhau giira trang théi tao thanh tir
s0 dd 1 vdi trang thai duoc dinh nghia trong phuong trinh
(3) thong qua d¢ tin cay dugc dinh nghia

F = |ab‘:¢|m1ﬂ:ﬂ}ab|2- (ll)

Mic d6 chdng phu nay, tic do tin cay F, cho ta biét
muc do giéng nhau giira trang théi tao dwoc va trang
thai mong muédn. Gia tri I6n nhat cua do tin cay F 1a 1,
khi @6 trang thai thu dugc chinh xac 1a trang thai mong
muén. Bén canh do, qua trinh tao trang thai dugc mo ta
trong so @6 & Hinh 1 1a qué trinh c6 diéu kién nén ching
ta cling can phai quan tdm dén xac suét thu duoc trang

thdi P = _('[W")gp.
Str dung két qua thu dugc tir phuong trinh (10) vao
dinh nghia ctia P va F chung t6i tim duoc
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Hinh 2. Su phu thudc ciia xdc sudt thanh cong P (Hinh
a) va dé tin cdy F (Hinh b) vao hé sé truyén qua t ciia
cdc thiét bi tach chiim BS1 va BS2 imng véi cdc cdp
{m,n}={1,1} (dwong nét lien), {1,2} (dwong nét dirt),
(1,3} (@qwong gach — cham)

Két qua tinh s6 ciia d¢ tin cay F (phuong trinh (12)
Va X4c suét thanh cong twong ng P (phwong trinh (13)
dugc minh hoa trén Hinh 2 cho vai bo gia tri cua
fm,n}. Nhu dwoc ky vong, nhitng gi thé hién trén do

thi ciia F theo t chiing to rang mac du do tin cay khéng
bao gio bang 1 nhung né ludn ting theo t va tiém can dén
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1 khi £ = 1. Tuy nhién, ddng diéu cua duong cong vé P
theo t cho ta cai gia phai tra 1a su giam cuia xac sut thanh
cbng khi tang t. Hon nira, v&i gid tri cho trudc cta T, ca
do tin cay va xac suét thanh cong déu giam khi taing m
hodc/ va 7. Piéu dé cho thdy, vé mit thyc nghiém, bat
cang nhiéu photon gap cang nhiéu thach thuc, ngay ca khi
néu thanh cdng thi cai gia phai tra 1a giam do tin cay.

4.Két luan

Tom lai, chung t6i di dua ra so d6 kha di dé tao
trang nén bét photon hai mode — mot trang thai da duoc
ching minh ¢c6 kha nang tang cuong do tin ciy cua cac
qué trinh thong tin luong tir nho d6 rdi cia nd dwoc cai
thién so véi trang thai nén hai mode. Ching tdi tap trung
vao viéc lam thé nao dé c6 thé bot mot sé lwong photon
tly y ra khoi cac mode cua trang thai nén sir dung thiét bi
tach cham két hop vai phép do diéu kién trén may dém
photon. Chung t6i d chi ra rang trang thai tao duoc la
trang thai gan dung va do tin cay cua no so Véi trang théi
mong muén s& tiém can dén 1 khi hé s truyén qua t cua
thiét bi tach chum dan dén 1. Tuy nhién, céi gia phai tra
la x4c suat thanh cong giam dén 0 khi £ - 1. Hé qua 13,
trong qué trinh thuc nghiém, can phai lya chon céc thong
s6 cua thiét bi thich hop dé tao dugc trang thai khdng qua

khac so véi trang thai mong mudn nhung ciing khong
phai doi qua lau dé thu dugc no.

Tai liéu tham khao

[1] Braunstein S.L. et Peter van Loock (2005),
Quantum information with continuous variables,
Review of Modern Physics, 77, 2, tr.513-578.

[2] Cochrane P.T., Ralph T.C. et Milburn G. J.
(2002), Teleportation improvement by conditional
measurements on the two-mode squeezed vacuum,
Physical Review A, 65, 6, tr.062306.

[3] Furusawa A., Sorensen J.L., Braunstein S.L.,
Fuchs C.A., Kimble H.J. et Polzik E.S. (1998),
Unconditional quantum teleportation, Science,
282, 5389, tr.706-709.

[4] Gerry C. and Knight. P (2005), Introductory
quantum optics, Nha xudt bdn Dai  hoc
Cambridge, tr.182-188.

[5] Opatrny T., Kurizki G. et Welsch D.G. (2000),
Improvement on teleportation of continuous
variables by photon subtraction via conditional
measurement, Physical Review A, 61, 3, tr.032302.

[6] Vaidman L. (1994). Teleportation of quantum
states, Physics Review A, 49, 2, tr.1473-1476.

[7] Wenger J., Tualle-Brouri R. et Grangier P.
(2004), Non-Gaussian statistics from individual
pulses of squeezed light, Physical Review Letters,
92, 15, tr.153601.

A DIAGRAM TO GENERATE TWO-MODE PHOTON-SUBTRACTED SQUEEZED STATES

Abstract: Recently, entanglement level improvement in an entangled state has emerged as a fascinating topic, for it is the first
solution tothe realization of the quantum information theory. One solution to this problem is to subtract photons from a two-mode
squeezed state. In this article, we continue to develop this approach by proposing and analyzing a diagram for the two-mode photon-
subtracted squeezed state using beam splitters combined witha condition measurement from photon-detectors. The feasibility of the
diagram is to be checked through an investigation into the reliability of the generated state relative to the desired state. Moreover, the
corresponding success probability is also evaluated in correlation with the reliability in order to give directions for experimenting

proper choices of equipment parameters.

Key words: photon subtraction; fidelity; success probability; beam-splitter; nondegenerate parametric downconverter; photodetector.
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