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Abstract

Quantum information science, a new cross knowledge, is the application of the
quantum mechanic on information science. Due to its incomparable superiority compared
with classical information science, gantum informétion science has been attracting great
concern since it is found.

The many advantages in quantum information come from the coherence of quantum
system. However, decoherence induced from the system-environment unavoidably
coupling will spoil the coherence.. One has to spend a lot of physical resources so that
eliminates or reduces the effect of decoherence. Cavity QED, as one of promising
physical systems to realize quantum information processing, has attracted significant
interest. Because the inexistence of the perfect reflecting mirror, the photons finally leak
out from cavity after the photons being reflected by cavity, which will cause the
decoherence of the cavity system. To solve the problem, people design many exquisite
schemes to restrain or avoid the decoherence resulted from cavity decay.

Recent researches show that the decoherence induced from cavity decay can be
seemed as a positive effect replacing a negative one by designing an appropriate
dynamics, and it can be applied to quantum information processing. In this dissertation,
we continue to investigate how to create or identify entangled states by using cavity
decay. Our main results include:

1. We propose schemes to generate a n-coherent-pulse GHZ state and a cluster state
via a two-sided leaked cavity. In the schemes, the nonlinearity interaction among the
input coherent pulses is achieved. The cavity involved inthe proposals is a two-sided
cavity, which just is the practical cavity in current laboratory. And strong coupling
condition is not required.

2. Based on one-sided cavities each trapping an alkali atom, the schemes for the
analyzers of two photon Bell states and three-photon Greenberger-Horne-Zeilinger
(GHZ) states are proposed, respectively. Moreover, all of two-photon Bell states and
three-photon GHZ states can be nondestructively distinguished. The influence of atomic

spontaneous emission and output coupling inefficiency are discussed.
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3. The schemes are presented for realizing optical Bell-state and GHZ-state
analyzers through the Faraday rotation, which results from polarization photon being
reflected by a one-sided leaked optical cavity with trapped atom. It can be extended to
completely distinguish photon Bell-state and GHZ-state without destroying quantum
qubit. In the schemes, strong-coupling condition is not needed and the analyzers can be

implemented in low-Q cavity, which further lower the difficulties of experiment.

Keywords: Cavity decay, GHZ state, Cluster state, Bell-state analyzer, GHZ-state
analyzer
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Fig.2.2.1 Schematic setup for generation of cat states by reflecting a coherent optical pulse from a
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Fig.2.2.2 The relevant level structure of the atom trapped in the cavity
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Fig.2.3.1 (a) Schematic setup of the fundamental model. Two pulses 1 and r are reflected or

transmitted through the Single-atom cavity.
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Fig2.3.1b Sketch of the output pulses after a coherent light is injected from the left side of the cavity.
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(2.3.5)
3 " (0) Bl 0 (0) RFMAGER o (1) WEHIHE o () B EM TSR, 0 %

BRSRA LK RER, (,7)={Lr}8{n1]}.
2 2
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A

1
(¥)so0 =Ty 8T |2}y |2}, & (1 0+[1)
= L1 [|0( -2, 4D (@~ e, )]
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1

) (100+11))

[Yhou =L OL, BT |a); | @)y la), ®
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= 1[0y 1-a)y 1-a)y+la), |-ady [-a)y |-y a0, -
— 1@y 1@, [Ny -0y @)y | @)+l ), |~y |,
|-}y | @)y @Yy + @), @), @)y, )| 0+ (| -y | -2y |-y
+la), by | -2y +|-a)y @)y, |-a)y-l @), | @, [-ady
=)y | @Yy | @~ 1), -0y |2y + |-y by, |,
~la), @), 1), )ID]

(2.3.13)
RETEER (0|1} THETFHEFALTNE. NRUBRTLTI0F W=K

BTFLEHEFAREN cluster &:

1723 =’2_\1/_—2"(| =)y | =)y | —0)y+| o), |~y | —a)y+ |—a)y, | @), | -a)y

—|a), | @)y, | —a)y+|=a)y, [~a)y, | @), t|a), |~a), | @),

—|=aYy | @Yy, | @)y + @, | @)y, | @)

ﬁ—;(l —a) +| @, 02 )(|-@)y @y, 0 ) (| @byt | ady,) )

(2.3.14)
MEMBETLT|NE, WEFATHRUBTEEBHF— cluster F:

1w =5}—2(| -ay+la), 0l )(|-ahyoi+l @, )( ey tla),).  (2.3.15)

BATAT U L3R 5 RAELEIRR, FUEE n FAET M cluster F. BlRnR
HF MK KMNEDMARER, XEEERFREAL 0 RABT L n RBAE
T =R(a)U,» BMEEER{0)|D} THETHETSHTHE. MRUBETEL

FlOy A, MnRATHHEFSREN cluster F:

1 = s |2y + @3, 02 ) ©(| -+ @03, 02 )|~y 123y )

()
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®(l _a>nl+la)nr);
(2.3.16)
MRUBETELTI), WnFRTFANBRFEREZAT— cluster 3:

1) ="‘l_n(| —a),+| a)lro-zz)®(l —)yt| a>2r°'3)'"

(+2)
®(| —@) 1y 0+ a>(n-l)r)®(| @), +|a),).

(2.3.17)
o, 4
BZ, BT @D, HAKBTHTAZEANERERLER. BEBELE
MERX R T BT RHATIE, ALURTHHE n FAT LA GHZ A7 cluster &,
BHROLSRIER R ARAMRE™, SERLSLREMELE; 55,
BN RERRE FM KB R EBRNN T RERRGLRPBETHELH.
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E=F JXF Bell FHHTRM GHZ BT RIIH %

=T T Bell &S GHZ BT %

F—% BRNM

ETERRAEEARN. REEFELUBRTELANMRY, BRCSIRE
MIKREHXBURSNEN. ERTRELE". BEFHERBY. URAGR

 BURRTFERTRY, Bell MMM GHZ SAHBRLRTHM, RELIER

SHER) Bell 24T 28 F GHZ BT SRAELIE T BB FHED™, 4mzxig™
FUETERBAAMNIR. AKEENBTERS, AFEERABTENEE
Bk, BMAMNZ S FHIERT Bell AT GHZ 40752 . FIFLH0ESHH
N, BRI _ERT RGN F BT 8 Bell 2551 GHZ . AT, EME2HAT RS
MR HARRMEE R RIEE T, MARRMEE BT Bell A 24755 GHZ
Bk, ERAGERENE, AR Bell BRES CHZ &
O, EEKIEMR: ATIFIFISIH cross-Kerr BN A% T IERIFPER Bell
BB RMRE AR E N RBIR N CHZ AR, THERITEL TR
HR: AAFRBEGHRANREXRANETERBIREME LT Bell AMTERH
GHZ 71138, 3¢ ELE LTINS T 528 B AR Bell A5 4M7 2800 GHZ 07 8.

BH ARAESRASHEENELT Bell ZHTER CHZ &

S
= BFRH—HFmIRFFHROH78 (Polarization parity analyzer )



BRI R FERRR R L F AR

B 321 (a) FWMERTFRIRTIRATREPA)EEE.

Fig.3.2.1 (a) Schematic setup for nondeétructive photonic polarization parity analyzer (PPA).

o)

-
Tov 11
322 BT MRXIERAHRIE.

Fig3.2.2 The relevant atomic level structure and transition.

EEHER, RNMEEHBET A ERFHEORFREFHRONE
(Polarization parity analyzer f&#R PPA). fNH 3.2.1 Fims, —A =HRARE

BETRRAELIMREY. RTEAME 3.2.2 Fiw, (0). () HEFHRH
AES, | NETFHERE. BTH) ol KEEEE e tRAE, Kbk

FUATREAEh SFRED . BTEEN 0)en =%(| Oy[1)) . RTFAFE

FAEERREMSOACTRPEADE 3.2. 1 FinkEN, RAFRENER
ity 4 B (R4 SRE8 PBS IBLH M RAHE, WM, IATRRSEAZ
PBS B4, HAEFRER K, . RERFHZTHE (1. 1. 14) UREGRAR

HER (1.1.19) B .
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a,,=—i[a,,(t),H,]—(iA+—;—]a,,(t)- KBy (1) 3.2.D

S (1) =5} (1) +Vxa, (1), (3.2.2)
HPREGRH, = g(a, | X1l +a} | e |) RFRT SRMZ ANMEIER, « R
RRY ARBESHHATAENXER sRETSEHNELRY. ""'(t)
B () AARTEMAERFEMER . LT ok o B8 T»;Ha‘, B

(3.2.1) # (3.2.2) KB3
e
Cre (t)zl.——éw" (). (3.2.3)

UETFLTFETE 0N, BTSBERREMIEN, KAz, A
5 (1)=-50 (1) . MAETFLTFRET A i, EEg»(T ”)wmmw R

THHRBHRYD, AMERESRARTHRENRERE N A=y, WFE
B (1)=8y (1) HEREMEAE g~ c hRBILH™ ™, Bfhthif, HMETFRE

BEAMRSE BEFAASATARRENETSHED Y. ,
(10M+ ID)(| 5+ 9) = (= 03+ 1)) | By + (| 0} 1) v).. (3.2.4)

EXRRMVH T HEEET AR FEBRLL,
EAFREBNSTHE—NLE | 1) MK ERES, A RRETRE;

BERTFRRBIATHE— TG b B ERAH, & A RRTERE. L
J—(Ih>lh> |9 v)) RIBFHE, = J—(!h)lV)-IV)Ih))mﬁ$ﬂ* TERIAHA

MBMARE IR ST RIRFRMTR. §5E, MERA PPA BZHE
FHHRMREFHRSE Q) BER 3.2.4), 28 3.2.1 FREEREE, BT

ARFHEFARRER (0 |D)|Q): WRBAMLTRARBESSHE
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197, MWREERFIATFHETERRER(-10+D)IQ). RIEFI RS2 8%
5 H [59], 1 i‘ ’ —1—' - ’ =
B F i Hadamard $24E, 678 ﬁ(|0)+ll))—>|0> JE( [0)+1)) 1), BaFEE

&{0yD} FHEFHTUE. WRMUELERE|0)F R FEAMRBTHE
1Q%); MERNBLERL|NE, WATEIRRTFHRE Q). BR, DRAAN

WFANYRFEFHAERMIFETEHRS, BiirRLEE PPA FHRRTENIE,
RMANALLRSBMA LT M REER, ANTSEWALEENETS, HE
3.2.1 ff PPA RATH T B IRFIMA NS B R IR TR o
=.  Bell ZotraifiE

m‘l’i’g

i
PPA Da
S R L™

B 323 EFAFHEHNT Bell HoHTa8.

Fig.3.2.3 The photonic Bell state analyzer with photon counting process.

wpt e
S

i PrAl PPA2

& 3.2.4 EWIIET Bell HHHTE8.

Fig.3.2.4 The nondestructive Bell state analyzer.

B R T 1Y Bell &4

|w1>=—j3(| B 1B 1) (3.2 5a)

1
=== ’ 3.2.
14.) ﬁ(l By, [v), | v | B),) (3.2.5b)
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FE=F  tF Bell FHHTEM GHZ BT RAIHI%E

Har|hy, (Ev),) BRFBiMETFHKT (BEH) RRE.
FR AR AT RIRFHR A3 (PPA) WL Bell AMELIRG), &
3.2.3 7. BR B3 A CHWP) 3436 55 Hadamard 254k, 1| by »-\}—50 V1)

|v>_>%(| ByV)) e STRTHRUGENE 3.2.3 FrRk®, B8R, BiF|v,) Y

RBEHE, T16) HRESSHE, FLFELPPAR, RAABHETETN
B, 0510, 514 BATF, EFSUIRETFRTS, BTRRIE—SEAy,)
51y y3RIg,) 516 B A RHE|y) R g,) BHGRFH, THE|w,) A7) 4)
BRBRFHEETE, BFRTEIPE, |v,)-lv,), W) 18, 16)lv.),
1699190 « B, BHAIT |y, AR ,) SIFIETH4 SHIRIE D, 71D, 3D,
R, 4L TORIRALT |y ) 4570 4 ) BHPTL T4 S BRI D, A D, 5% D, A
D8, BEM D, REWREAXTFHORNED,, . & 1 ST LAWE

S5 F Bell BHZRIFIXT N R R XFE, BRITDELIT HFEA Bell ZHITLEK 4
ERNAFRHEFSEHEMET.
# 1 PPA PHIRTAKIFNZHEM Bell 2 AHIM KR

Bell % lw.) lw.) 14 9.

PPA PR F & 10) 10) 1) 1)

HWEit% | D,, D,®|D,, D,®|D,, D,%|D,, D5

Dvl’ Dv2 Dvl’ DhZ Dvl"DVZ Dvl’ th

Khr L, AmX LRT RS0, BREIAT Bell FHIFEMFHR S . W
B 3.2. 4 Fm, PIAFRNPPALSE, JEPPAL FHETE, WKS |y, 5l4,).

FXFEZIT HIPLE, MR, (T=y,¢0) THRRBEHRSE, |T)ZHRE
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TR A E IR AT F AR

HERE. BRAENEKED PPA2 5, W& PPA2 FHIERETE, BITXA T,
BIr)&. BEFLEHEETFED We2 AL EBEANETFETSER, Mk

T Bell AMAERIFIEX 4. P94 Bell &5 PPAL, PPA2 F R R FHIBZE R Z A
SHNRXRWR 2 Fiom.
2 2 PPA P EFAF Bell FZ BN KR

Bell lw,) ly.) |8, |6.)
PPAl FHREFH |0 |0} 1) Y
PPA2 F R F A& |0) LY 10) |1

=, GHZ B/Hiwas

A\ e

Photon3

3.2.5 ETHFIHBM=XTF GHZ F 2.
Fig.3.2.5 The three-photon GHZ analyzer with photon counting process.

Photon2 Photoni LIt ( ez HWP3
N /\""*! PPAL PRA2 PPA3
| K1 Ak

>

Photon3

3.2.6 FEMIH=ItF GHZ 4738,
Fig.3.2.6 The nondestructive three-photon GHZ analyzer.
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F=FE LT Bell BB GHZ B RHHIE

ZHFH GHZ B
1@1*):%(1 hRRYE | YY), (3.2.6a)
) |®;>=-J%(| vhhyt| hvv)),y, » ' (3.2.6b)
. |®;>=:/1_5(| vy | VAY)), s » (3.2.6¢)
|®:>=—j?(| hhvyt | wh)), s (3.2.6d)

MEATF1H2, |67, |6) L TFRRBFHS, T 0. |05 RTFRiREE
A WHFRT 2ARTF 3, |08, |®§>&tﬂﬁ?‘ﬁﬁ?%?§, | 05) |0 kT

REAFHA. TERMNBAHSWAFE PPA TU=HTF CHZ AHE4 RS, WE
3.2.5 7%, PPAL I PPA2 SBiT B /M35 KI AU K2 M85k, P KI AIK2 RIS
THBREEHHRA AT BT KK MWELTFREEFITERS, RF 1A
3 73RS YE PPAL 1 PPA2. Z JE Y6 F 1 71 3 £ HWP1 5, HWP2 3K78 Hadamard 845,
MIFRFFR KL A K2 WEABH AT THARE, BT 2 5 PPAL 3@t PPA2 F0
H#P2, JUEE PPAL IR TR S| 0}),0})) 5{ ), 0%)) : M PPAZ PHIET

EAES{01),103)) 5{10:),0%)} . 3%k, FIH PPAL 1 PPA2 EL44 8 1 GHZ A4
mafent. (e} {lo:n)m{ o). 2it HWPL A1 HIP2 J5, 8 4 GHZ AW

w1
|®Fy = 5(| VOV i3+ | VARY o+ | BRVY, 5+ | VRY, s ) (3.2.7a)
o 1 '
|@) = 5(-1 hhb) gy =| BvYy = vWhY = | VRVY,5, ) (3.2.7b)
[ 4
v 1
|@5) = 5(1 VW)ys+ | VAR = | RhVY, = | VB, ) » (3.2.7¢)

|
[©3) =-2-(| hhh),p+| hvv),23—|vvh),23-|vhv)123) ’ (3.2.7d)
syl
|@;) = —2-(] WV)i33= | VAR gy =| BVYyg+ | AvY,55) » (3.2.7e)
1
5 )

103) == (| bl = | Hvv)y = | vWhyyt | VYY) (3.2.7f)
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BEITR KRB R AR 3

1@y = %(| YUY | VY g5+ | Y35 = | VY3 ) (3.2.7g)
1 = -12-(| BB oy~ V) gy | VB 5= VAV). (3.2.7h)
WERTLLES[OFY |07 (i=123,4) AHRRMER, TR0} TRk
BEAE, |07y BT RRAETHE. MRS TRME D, W= AT RN
BHTRA 0 510;Y . XHRNEERT =HTFN\A GHZ FHELEKS, Bt

MR TFHEFEEBR.

5 Bell M7 522604, T 3.2.6 Fim, REx LRy Ragasus, Ma%
T, GHZ BHAEMI R 4. =HF7EEL HWPL 1 HWP2 J5, BibEf1Ed PPA3 /I
HWP3. @1F|07Y 5|0y MfRiRFHAR, EULFFA PPA3 EITIXSH €)Y 5167) «

A/ Bell %5 PPAL.PPA2 R PPA3 = B FII B4 RZ MMM MR AWK 3 Fi7s:
% 3 PPA HETFAR CHZ BZRIMM R XR

8 4 GHZ & @ 1oy 10;) 16y 165 e 187 (8

PPAL FHIRF& [0y 10y | In D 10y  ]0) |
PPA2 F IR T 0y 10y 10y 1oy » o n D
PPA3 PHIR T [0y D) 10y | [0y |1 [0y |

i HWP3 Mt Fl 45| Oy 3| O] Y R BAIAHY GHE Ao MTTSEH T JEMsF X 53

GHZ 7.
m. ikEBs

ERINTTRS PPA REXRAET, BARINAREEUTEMMT PPAER
FREGWTHAR. HPRIENETREAR: B, WHZRE AL
REM, BERALATORIE. RIOEEEERNIRELTRENIT. &

BB GT R B H R, B f(t)xem[-(t—%) /@ } AN

T=sus, FRTFHHEMLT Bell &. ZRAXRIGLFESY, g=6r,
(x,7)/27=(26,6)MHZ, SUEBBERET, WHXTFRFSNRIERIEF %
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B=E  HTF Bell HHTRF GHZ FHBHHI&

0.9945. LiEE RY g 75 2c ~ 10« EEAZE, REEHTUEPMTI10°, BHER

ST 001%. KEUHRFAHERE Lamb-Dicke IR, KL AEEEM
BN R B—ALENBTFRAKEETERBHIRIET SR, SHE
| HASRMENRE, BERSEWHROBLETIR AR T 0 R
FEPW. B 327 TH, KFERBEP MEMEHLRELHAR
P=1/(1+10g*/m) HATRIREF, B P BI% g/ MM KREIEIE.

0.05

0.04_-\

0.03} \

0.02} \

0.01; \e\
: T o
15 /X

—e

DT ATFERBEP M g/x MRURR. HPARTYMELEILER, L4
FRBRARP =1/(1+10g* [y R
Fig.3.2.7 The probability P of photon loss as a function g/ x, and thesolid

curve describes the empirical formula,

Bz, ETHEABHRAAGEXR, ROEEWET R TRIEZHITE

(PPA), FIFf] PPA #9357 J&F Bell M85 GHZ 24728, F+ ELAETIA T Bell
A GHZ SRR . BEEMLERER: BRI RAEREBES 4,

RABERY g E—EEBANI; B Lanb-Dicke HRIREM, HiiimiR
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EAREMREE, ANNEFERBHEETREFREMNATINESD. AR
TIH RAKXAEN R FERRYE T —FHEIRNER.

HE=A ETHENBREHELT Bell BM4TH GHZ A4

= EAEH
EE— A= HR R TR EAEER (0l 3.3.1 fix). RFEwE
3.3.2 iR, | REFHERE, |0)F|)REFHHAIRFES, RTRE

10) <> () F[1) > |o) BRI o, AT M 0 B, ENEBIEMT, %F4
MM ERER

1
H=j§_;[%azj+a)caj*aj+igj(ajaj*—aj*aj)], (3.3.1)

b o, RETHRABE o) AR MHEERE 0O BF ) ZANHAEE, g £
BHRENRTRINBERY, o RAMHABBENAERE,
o, deXel-1iXils o, )el. Bl MMAMBNT o) B3, BRAKEKT
K o, 1, 7EU o, WIEEIENS % R F, MRH) Heisenberg-Langvin 2N :

4, (t)=—i[aj,H]—%aj ()-Jx,a (1) (3.3.2)
é,(r)=-i[a,,H]-%a,(t)+J;a,j(r)zv, (3.3.3)

£ x REBMRRY, 7 RETHES o NEREHRY, NRAZRFEHA.

BaRmA SRR RFE:
a,{u,(t)=a1{,(t)+\[1€aj(t). (3.3.4)
hERER, B4 =x, g =g. Ux RBRBE(0,)=-1, GElagal-3-
FREGER, Mhk (3.3.1) — (3.3.4) B3
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F=ZE T Bell SN HA GHZ FNTRHMHIE

=,[i(wc-wp)‘§J[i(a)a—wp)+§:|+ g
Rj( p) [i(wc—wp)-i--’zi]{i(wa—a)p)+§]+g2 '

R (0,)= 2= ((:)) RASGHRHAN. Bg=00, MAMETFRASRHER,

(3.3.5)

)

(3.3.6)

bre

o |-

——-

331 XREEREA.

Fig.3.3.1 Schematic setup of the scheme.

0 1>

B 332 RFHHXREANRIKE.

Fig.3.3.2 The relevant atomic level structure and transition.

WRIETFHIRETAET | 0) &, MRFLTERFHAHNTF| L) Shkia, KETF
KEMEER. RERX (335), RNBIABHHORATES
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|0u), =R(0,) | Ly~e? | Ly, BAiafraeitRe tixk (3.3.5) WESHE. Txt
FRFERSMAGNTIR), BFSRFREREMIER, HETEA-AZ
ﬁ,mﬁﬁ(&&m,ﬁmm%?ﬁﬁwwh=E@Jm%dﬂm,ﬁﬁﬁﬁ%i

¢ HR (3.3.6) WEBSHRE. FLIR, HTNEHEN0,)= f(l Ly+|R)#

NGHERTFikeh, SRERATE, FARNRH LRk A
| Po) =%(e"‘ |Dyre| BY)s (3.3.7)
FbLZE ¢ - ¢ B X AENFEE A,
KA, WRETFHRELT(D, mmﬁsum|¢m>=-j7(| Ly+| RY) BIA
STk, SRR, EARNKE LY
¢*|Ly+e*|R)), (3.3.8)

| @)= T(

FARLE ¢ - ¢’ & XA IR A -
= J6F Bell &M &M

B FHINA Bell 7&%
LY LY|R)| R (3.3.9)
|#), = J-(I Y LYt| RY| R))
1
=—(|L)| R)t|R)|L)). (3.3.10
|¥), ﬁ(l Y RYE| RY| L)) )

TERMNABEREEELH RS LR R S BRI E.
(1) ERF 1 FETF 2 B TA (3.3.9), iEXFHAEFRIEATE

HAER (O 3.3.1 B, KABRRETATE ) =%(|o>+|1>) (BIF

BEFEREPHRTNERFLTEAR). BE 3.3.7) M 3.3.8) X, 5H
KFRBRHE, BATFAETEFARRENEN
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0, =1 OXE™ | LLy £ 4 | RRY)+| 16 #)| LL) £ 4% | RRY)],
Kb g (=10 BB AT EBRM R RN, BEATHER, &
Ba=¢=x, 4=6 ="" |

|@) = 5“ 0)=11D)(| LLYF| RR)) .

RIEXRTFELHE Hadamard Z#, Eﬂ|o>—>%(|o>+|1)), |1>-+%(|0)-|1>), =)

@) =—=|1)( LL}F| RR 3.

|05 = J-|>(| YF| RR)) .- @3

BXT LRAT 2L TE (3.3.10), WEHLEGRE, HtTFaEs
RTARRGMETN

Wiy =——=|0)( LR)t| RL 3.3.12
¥ J-! M| LR)E|RL)) . ( )

B, EEE (00} LURETS. MRRTFLATA|0), MEPASHFHL
FRFEIY),: WERFLFH), VEBASHFRTLTH|g), o 58, J14
Bell S A T 4 {9),) 0 y),) |

(i1) THE—ZRD|g), 519). Blv), 5|v). . WFHHTF2H3LHE Hadamard

8, Eu|L>»-j7(|L>+|R>), |R>—»%<|L>—|R>), Migy, ~19), » 16). ),

W), S19)_ W) v). . BFRTFERANRAE 3.3, 1 FiRbR, SRR,

P RT S0HE Hadanard T, MREER(0)|0} ENRETE, W), 5|6).
Riv), Hly) KATK, WHERT Bell LR, BEFEHHKRURER
A Bell 2 MMMERME 3 i
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AR T K PR AR L A3

%3 BFENFRAESL R Bell B2 HAXTNKFR

ETE 16). |#). 1w, lw).
F-URMEER 1) 1) 10) 10)
BURWELGR 10) Y Y 10)

B FRBREREE, FXTFEHG), Slv),, RiH e, Ry, -l4),
Hiy). o)., HEA Bell ARETEML. B, RERINBIAT Bell HHIF

208, ENTERBFEN. TE, REMERIRE-RBE, MLFAXTH
S 3. 3.2 PR BREIAT L Bell AMI5EA BABIR IR

xF1 xF1
—] H

¥F2
¥+¥2 H

333 R FBRIEREE. URTATREKRTERSRE HRRMATET

Hadamard 58, TR METHLT|0),, =71-2—(| O+ 1)) .

Fig.3.3.3 Schematic operation on the photon. U depicts the reflected of the photon by the

cavity trapping an atom, H describes the Hadamard operation on the photon, the state of atoms

trapped in the cavity is | @),,, = -\/l—.z-(l 0)+| 1)) .

=, JF CHZ B 4T R pHE
=XF GHZ FA:

|0ty = |LLL)i| RRR)) 5+ (3.3.13)

J—(

|0ty = J’(' RLLY:| LRR)) 5 » (3.3.14)
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s _ 1 :
|D%) =—5(| LRLYt| RLRY),y5 » (3.3.15)
o 1
|02y = —«/50 LLRY%| RR;))m . (3.3.16)
WATRA _Ed N8 ?

| (1) BREATF L AET 2 KKENLE (0 3.3. 1) HR4, REMETF
5CH Hadamard 4, BNBERTH. MENELRA|0), W=RTFHEHN| 0K

|@3) FHI—A: WRWELRHB), WERFHENR| OF) 5| 0F) FE—4, BIF
B0, |95} 5{|05), |0 KSR,

(i) JH&, BLAT LAAFIZHSR (1), MRUBEFEHR|0), W=
T 8] 03) B 0F) I~ IRMBETFEAIY . NEHTFHER| o)
[ O3 F R~ Zh, RAIBLIE/\ACHZEFAT (|05} {0}, (|0} F
{|@3)) W4 |

ZERHMERE, ZATFE|0) M| 0) BEREEN, )0 - d]),
|0} 07) . HEENRHTFE, EXTFERLERENGES, ZTESIERT L
HF 20 HF AT 8 DU E| Pl =1 0210) FBEHET
ZH.

(iii) 5%, ATHH| @) 5| D)) (i=1, 2, 3, 4), W=AF i Hadamard

i, A (13) — (16) Y
|DIy = %(| LLLy+| LRRY+| RRLY+| RLR))

|0) =2 (| LLRY | LRL}+| RLL)+| RRR)
197) =2 (| LLLY | LRR)-| RLR-| RRLY)
@y =2 (| LLRY+| LRL)-| RLL)-| RRR))
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| =2 (| LLLY-| LRR)+| RLR-| RRD))
|)=2(| LLR)-| LRLy+| RLL)-| RRR)
|04) = (| LLL}-| LRR)~| RLRY+| RRLY)

|0y = %(-| LLRY+| LRL)+| RLL)~| RRR))

REULEAMETFREHACEI RS, i BT REBARRANTHELY

ey =L (10y+1]10)(-
2= J§(|0)+'|1>)( | LLLy+| LRRY+| RRLY+| RLR))

|<D:‘>=2—iJ—§-(| 0)—i1))(|LLR)+| LRLy+| RLL}~| RRR))
1@;*>=31f—2(| 0)+i[1))(~| LLLy+| LRR)~| RLR)~| RRL))
[07) =710V ~11D)(| LLR)| LRL)-| RLL}+| RRR)

R BT ITNYT 1 7,8 _
|5 )—zﬁ(l0)+lll>)( | LLL)-| LRR)+| RLR)~| RRL))

|®37) =

5 (| 0)—i|1))(| LLR)~| LRL)+| RLL)+| RRR))

<Lj

@)= 5 (|0)+1|1))( | LLL)~| LRRY~| RLR)+| RRL))

<~1

ey = 10y=iD)(-
| @} )—2\/§(|0> i|1))(~| LLRY+| LRLY+| RLLY+| RRR))

(3.3.17)

(3.3.18)

(3.3.19)

(3.3.20)

(3.3.21)

(3.3.22)

(3.3.23)

(3.3.24)

BE, Z{%{H 00+1) )= f<|0> z|1>>}mugﬁ4< ——

BH[+), MRASHTIERLTH 0 HWBLERN|), NHH=XFNG

RHCFA|0)) . X4, RERT CHZ BHELRG. RTSH=ZKUEL RN CHZ

B RMR KRR 4 FioR:
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R4 RTEN=RPES RN CHZ F2 FIRIR MR R

BFS | (o) | [0) | (@) | (@) | 195 | [®3) | @) | @)

1 1D 1) 10) 10) 10) 10) Y Y

2 Y D 1 10 | 10) Y 1 100 | 10)

3 Wy R R R

B LER=ANMSRE, RECTHT HZ FHTLIRG, BEMARX 3.3.171) —
(3.3.24) TILLE Y, =XF CHZ FEHBIF. A, REM LRFRE—FBE,
Bl =M A F AR LI K4, RIEX =T L HE Hadanard 258k, BT
BL GHZ F5E4 BRG] HHRAHRBELIN T GHZ BHELRT.
W, 554
A BRER TR R R AR H AT MR e, RWET %
2 BRI K Bell 40 BT 8840 GHZ 40788 . XL 7 RRINM KRR HE (3.3.5)
B, RRERCELBK, 8 (0,)=-1, MERSFLEPHRITELH, 8k

HHEAHEELTE—A. BN, BARE (3.3.5) T4, gEREERK. B

i, HZRIMSCR™ ™ g, RENE RARERBA &4, MR RHERK
K, EEAMEREGTEES LR, :
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ENBFHEREANFIEZ —, ERFERMETLHERILEENMA,
BTEH, BT HE, BRASTEETHEGE ZNERNNA, RETHE
BHEFERTEENPEIE. B, AMIT&EANE QD BEINETEELAE
FHigMYERGZ—. B, T8 QD RS, AXEEFFAMAF A BT
- REIEHTFRMAES, QIFEHETE GHZ &R Cluster 25 PA R I ] A et
R B REAEET Bell 254011 43 A1 GHZ 24788

B, RRTETEHSAGHIE, FRARERRTHILHHRENHET
REFFEAEAER, HIEHETHRMYUES, BFEBTHE GHZ FH Cluster. &)

- RMRRRFERMEA LM RE, ESANLRAHTERSBE; A5 R

AR ERGHERE &M

KWK, WRT WAL QED M Bell A4 H7 2840 GHZ A 0#ra%, SKHLE
T Bell 2570 GHZ ASAIAERIA T & - BT 4 BRI AR I s A AL 38 B o M
F Bell BAH A GHZ FAHTE, BT ROMARTERBRSZM, EAK
BERM g E—ERENZM: BIEAHRE Lanb-Dicke kMR &M, M IIRAE

RRNREE, ANNETFEXBHSETREFRBNATRES. BZATR
WS T I 7E (R & ST T AIE AR B 06T Bell 7881 GHZ A543 Hr k.

REBMNEMNESHTELR 2 URHETHRE T —E8R, BRNTHXL
BRTETXE, BHENETERNTANT LS ],
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