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Wを co価 der lhe po亜 bttty丁 康neratiag皿 近IoNttC O■ t血邸ea st筑。sid a sr‐

tem ofso"rat ph"● qublts H/e use s metと od ttat is inpired tt a Propo』 血 ●
to● ioc ttd 2oll● r Fer tll●s●■ertti。■。f multi a枯 血 印t。ェbrltt states Vヽ`● ■alyze
the pr。∝るェ。tとat Ott b● Ised七 o腎 ■守航。■‐q■blt αianded statesi sHch容 8e■
statぃ fer the c、 e″ =2 and t■ o Gxゃ ェbα go,IIo■■●Zdli■ger state fOr the cNe
■=3 ヽ ヤをc。コstruでt ellr pゃcedures uEよ α tlle cxperin■_It』ly■lotivJ、etl c。ェ載■ぶllt
oi trrins t。¬inittzo the n―ber of●。ntrol tt Hsed to na=脚JttC the,こb.ts in
SIIXOrc。■dlcti]=ctrcHiS

l INTRODUCTION

The ge■crdtion of e■tonded statい‖lおo・e of the inPcta苗。peraいo亜h quan
tum C3mllnting Quant■IE∞コpuSng hぃし。en ttudled iェ■1に,ぃ。岬ic wtte■ls sun西
optical syst。町saェ d irapped ioIIs s「t●Eド)あnd itt lnttcroscoPic system slld tt sul ercoll―

duぐti]gds ices p_51 The irst exPαimental obs卸筑ions of e■ta181onent were perttrmed
iェoptical ttstens in lti宙 略 P上。t。■6団 JOSephso・ IHHctl。■bNed qllantu n cicuis‐ e
■d ralttteo■si■ terms of sてalabilittt i e builb軽 ぁdet∝ ■ltとJnaw qllbis

Figuc l:SuPer● 。nductiEg c士●llit FOl揮ェerathほ GHZ states

3 d qubt
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Ciac and Zolol ll■ 飾れ prの ぃ。d schetts of tte餃 理 ratお■Of mtnEが ea States such

as Bdl乱 乱es ttd the Gttenberser Hぃ Ⅲ←Zjhttr(GHZ)sttte陣 l lll前 。J“ ds atoln

system町 、ぃillg cNity QEDヽ “L stid the p。 苺miLⅢ  of ttIItrホi■g ellta■̀1●d states ln

phぷ e qubits by tting the Ciric Z911α  schcrte,with a Preparation iH■ ●tioI P13yltt ttte

r。1●。f tlle cavitr LC cieuits c。 ■PIc ttt qublts N sL ITIl i■ Fis l Thい 。LC circHIts

ll■ndiate the i乱 eractioこ bejttecE七 瞳 qublts,ぉ well速 the illtαactio■ betwee■ the arst

qubi alld ttt rrttar航 血 5■■Ctio■

2  SNヽ P OPERATION BETWEEN QUBITS BY LC CIRCUIT

A curⅢ北もitted JosepLo■juuctioこca]be represellted by a model oF a partide iェa
o1le―diinclsio■al tiltca cosi.e poteコiitt The■■mbe■of●ェα〔y lcvals A工d enelじy spaCiI18
ctnII be coEtro■ed Ъy ttt bitt c、lrrellt Two l“ ●l wsteШ  act N sr_c組 ol ph、 ●qubits
Tlle cllersy SPachs ca■  be co■ tr。1led usiェg th● bitt curreEts to gonerate the desired

structulc br a gve■ ■■Ilber of qllbits Fdr examplc Figur。 2sとo、s tlle biぉ c。■dlti。■s

ueedca to野 政 rホ。iとo GHZ stdte The preF征 抗iOこj■■命占■acts a c"iけ in the Cttac―

Zollc scherde thtt propales the slpσpositio■states I蛭 10)十 伴)The Co工 pli■8 bttwee■
tho印 lbitsよ also co式r。11。d時 ↓he bitt cIIIClltS When a qllbit and m LC cicuit hNo

an equal scParatおェb乱巾ででェtとdr energy Lvご ほ)the`oupling is tuIェ●』o■ ヽVL。ェ they

a r c  t t  w s 。■コ ∝, t h 軒 " d 確 品d ∞ e n d e l l t l y  o f  e a c とo t h e r  T h e  e n e r 観1 " d s  i n  t h e  L C

CIrrtit betwo●ェ lst alld 2nd qubi areと 古RIellt SttIIn in othtr LC circuits iII oldel i。3void

Sl「Ell■aneous ttso■ dliCeS

Prcpattj伽ⅢnttOn

p/fぉ4ubt f亦`岬f3的Ⅲm

肝牌諦 諦 牌
FisH的 21 EItrgy lcvels fOr sul clc。こhl乱よ噂 cttcRllt in Fi8 1

監 so、 加 ∝ o●●IIS IEtt a■ aptr ioPriate bi_sえ ,and in sun a cぉ e qutnlltura stttes

is,waPPed betwee■ tとe reso■att qublts Usins the rotatinttwave drrrK xIInatio■ ,the
crectiでH施 止o■ian plおr the,_流qubit and ttjC drcuit can be r■■ttenぉ
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え″I P O が 十万つ は)

Reso■ 血 cc occllrS Wicn`(1)一 方 ,(With n。 。 七 随 r reso■ s■ ● e CO工 ditiols)If the syStem is

Allぃ,ed toぃ ol(■ ■使 r the cIFect of thls ttect市 ●HaIIilto■ ia■ bl a period of tim● 事wE

町

純湖 =多
赫 〕 O )

皿 ゼSミヽP oPeratbェ遮perbrlned betwee■t畦 イーせんq■bit and tic LOさicuiぃ shmm
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イⅢh qubl   とc

F導 lre 3t Schenatic di製 軍ばぃ of th● o■―的的 iaECe dyコ amics ofゼ ーをあ印ibit aュd Lc circtit

晩ヽ coぃ ider swallpl■g rltltttum states b輸 唖 ェ t随 づ― れ 印 ht ttd the(々 十 い
一 抗

印iblt tと的ugh the LC circult Fは exartple,和● co‐Itler ttt tinc●vdution of state

p)Jl)と。0)ⅢⅢ Whenthet―あqubit and tとc LC clrcuit tte o■reso■価に,and(ち+1)一抗
qlbi is II dcllendelSt,t上 。stttte e的時eto p)Jl)z。 や)■l N試 ,s llcI(,11)一 方 qtlbit
and the LC circuit aro o■ reso■ance】andイ ー とあqlbit is illdependellt)the stato印ol、●

to p)JO)2cに 〉十1 iom p)‖ 1)と』0)!.l ThPEi ttt state ofづ ―抗 311d(五十 1)一 抗 qubi

bo●omo p)‖ 1)Ⅲl■。い いたいた十r TheStarF p〉 ゃ),.1血 Jot ovttve wi工 Ⅲneぅapart ioII

the ov。1■ti。■。f thel■phtte Factols

3  CENERATION OF ENTANGLED STATES

For elaritlr we b`Noこ tic c困 oば 母 Eerttiェgtと 。GHZ ttate Tlls sttte cal be

prepared tt fc11、 、:
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Figure 4:A Pat of Pro∝ ducお r餃 ュeratit ttte GHZ state

Ttt reP‐ 茄 oェ j■■乱 13■ (Otと も■■Ctio■ )と 西 fOu。 政 叩 1●veLs(1)MIF Stttt tro■ ltと ●

gぃ llla■前ep)』 o)lp)2い)3 brjH■cnoも 適 d the sround state伸),c rOl all LC c士口五ts

Al ndぶ boAngjuncto■sand LC d■41■its tte ttpt o『rぃoこ価ce N shぃ■inFis 2(2)tlle

q H t t t u n l  s t 杭o ( 的) 。十博) 。) / V ワお母n e r t t e d  i n  t h e  O t h  j u n c い。■b j  d r i t t n g  R a b i  o s 6 ■a t i o l s

All■eisttboring jn■ctioILs olld LC circuits‐e kωt or resondlace with each othα へ,■oマ
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have as the superpぃ itおn state tO)。 十 博)。)Ю)ェp)2p)3/V写 (3)Using a w印 峰Ece cf th●

bttic gttes intttducd in Sec 2 rrith neighbo市 コどprFTJ打 抗io■ ,■■Cti。■ alld LC ci■ cHIt,

、7oとwetとo state(0)oや)とで+p)。1)二σ)0)1/V匂併。m the ttat●(伸)。+3)。)p)とcp)1/v写
(4)Pαf rrlllng the bttic gntぃbettcn lst qubit aEd LC cicdt,wc obt嵐ェtと。state

3 0 0旧た』け]十p沌旧)と掛lh1 / v t t  a . d  t h e I I  w e■取 the  s t a t e  9 o‖け1+惇)‖ゆうp)Jのコfdl
iШCtioIS Th abKve proceducis益 os上owl s llomtticatt in F増4 Using a sequclce of

tlle b西五satぃ血 roduced i■Scc 2,the state o■1●サqllbit is moved to 3,J qubit ヽVをとavo

the state(的 )‖0)3+惇 )。)に)3)10)10)2/V'Sim■ ttrlHJ ve pO的 m a gequFnce of bぃ ic 8乱ぃ

to rearh the state 3olp)Jり っ十 ゆDり Jい う p)。/vウ 恩 aで 印せt,確 Htt havF a GHZ

stato invol宙Eg the l式,2ェd alld 3rd qublts The scl eraLztti。ュ。f the above procedせ"to

"_ぃllslt entadlgled stttes)stch tt B●I stttesお rthc cさ o″ =2 is ttralghtbrtrard
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