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KOHTPOJINPYEMOE ®A30BOE
ITPEOBPA3BOBAHIUE KBAHTOBBLIX COCTOAHUI
SQJIEKTPOMATHUTHOTI'O ITOJIA
B BBICOKOJIOBPOTHOM PE3OHATOPE

I'.II. Mupownuvenko, A.U. Tpugparos

AnaHoTausa

Paccmorpena ontuyeckas peanmu3anus BEPOATHOCTHON omeparuu KOHTPOMPyemMoro Bhaszo-
BOrO Ipeobpa30BaHmus TPeX KBAHTOBBIX MOJI JIEKTPOMATHUTHOTO TI0JIsl B BBICOKOAOGPOTHOM pe-
3onaTope. Heobxomumoe B3amMmozeiicTBie MeXK Iy MOJAMU OCYIECTBIIEHO TOCPEICTBOM aToOMa,
[POJIETAIONIEr0 Yepes3 pe3oHaTop. iist OleHKr BpeMeHr B3auMOJAeHCTBIs U KOHCTAHT CBSI3U UC-
mob30BaH GhopMaan3M yCIoBHBIX omepaTtopos Kpayca. Ilosmydensr mpubsmkennble 3HAMEHUS
BEPOSITHOCTH ¥ KavecTBa (a30BOro mpeobpa3oBaHMsI.

KuaroueBbie caoBa: Ga3oBblil TeHT, BEICOKOIOOPOTHBIN PE30HATOP, PUIOEPTOBCKUIA aTOM,
yCI0BHOE cocTOsHIE, omepaTop Kpayca.

BBenenue

B coBpemenubix nHGOPMAIMOHHBIX TEXHOJIOTUSX JIJIsi XPAHEHUS, TEPEIAIN U 00pa-
6orku uHGOPMAIUK UCIOIb3YIOTCH IPUHIIUIILI KBAHTOBOI Mexanuku [1] u KBanToBOI
ontuku [2, 3]. JKCIOHEHIUAIBHOE YCKODEHHE B AJITOPUTMAX, UCIOJIB3YIOIIHUX CBOii-
CTBa KBAHTOBOH eauHuibl uHMOpMauyu (KyOuTa), 3allUIIEHHOCTh KBAHTOBBIX KaHA-
JIOB MepeJaviu U IMJIOTHOE KOJUPOBAHNE SIBJISIIOTCS IPKUMHU TMPUMEDAME TTPEUMYIIECTBA
KBAHTOBBIX WH(OPMAIMOHHBIX CHCTEM HAJ CUCTEMAaMHU, MOCTPOEHHBIMU HA KJIACCHIe-
ckux npuniunax [4]. B 3aBucumoctu or Bboibopa Gu3nUecKOll CHUCTEMbI, B COCTOAHUU
KOTOPO#t Komupyercss uHdOPMAIIns, PACCMATPUBAIOT (DOTOHHBIE TEXHOJIOIHH, ATOMbBI U
MOHBI B JIOByLIKaX, TexHosorun IMP, cBepxnpoBoauMocTh, KBAHTOBbIE TOYKHU U T. 1. [3].
B ocHOBe KBAHTOBBIX ONTHYECKHX WH(MDOPMAIIMOHHBIX TEXHOJIOTHH [6] jeskuT nHTepde-
PEHIUS U B3aNMOeHCTBAE KBAHTOBBIX MOJ 9JIEKTPOMATHUTHOTO TOJIst, B COCTOSTHUST KO-
TopbIxX 3akoauposana undopmanug [7, 8]. IIpeobpasosanue kBanToBOIl MHbOPMAIU
MPOUCXOTUT B JIOTHYECKUX yCTpoiicTBax — refitax. Hanbosee BaxKHBIMY ABIAIOTCS Y HE-
BEPCAJbHBIE TeHTHI, KOTOPBIE TIO3BOJIIOT PEATN30BATh 6A3UC JTOTMIECKUX BBIUUCICHHIA.
B ocHOBe onTuyeckoil peasu3anuy yHUBEPCAIBHBIX TeHTOB JIEXKUT OMEPAITNS KOHTPOJIV-
pyemoro dasoporo cupura Ha 7 (Controlled Phase Shift — CPS) [9]. Ee neiicreue Ha
cUCTEMY W3 N KyOUTOB OIMUCHIBAETCS YPABHEHUEM

Qgrn) lon) [az)y -+ - o), = exp (*M(Sélééz o 5<1xn) lon)y Jaz)y - o), -

3reck QY — omepatop n-kybuToBOTO TMpeobpasosamus CPS, aj € {0,1}, j =
=1,2,...,n, — KBAHTOBbIE COCTOAHUSA OTIEIbHBIX KYOUTOB B BBIYUCIUTETLHOM Da3uce,
5;“ — gmesbra-cuMBOI Kpouekepa.

OnauuM u3 BapuanToB peasusaruu onepanuu CPS siBsercs obecreuenne CHIBHOTO
HEJIUHEITHOT 0 B3auMOIEHCTBUS MEK/Ty KBAHTOBBIMEU MOJIAMU U ATOMOM B BBICOKOI00OPOT-
HOM pesonarope [10-12]. TIpu 31oM paBOUNMHU SBJISIOTCS EPEXOIbI MEXKIY PUIOEPTOB-
CKUMH COCTOSHHAMA aToMa (C IVIABHBIMM KBAHTOBBIMHU yucaamu n = 50 mmm n = 51).
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Puc. 1. Kondurypamnus aToMHBIX yPOBHEH C AeHCTBYIOIINMY KBAHTOBBIMU U KJIACCHYIECKUME
OJIAMU

Kyb6urb 3aK01upoBaHbl B POKOBCKUE COCTOSIHUS PE30OHATOPHBIX MO/, JIEZKAIINUX B UHTED-
Baze (0, 1). XapakTepHoe BpeMsi JKU3HN ATOMHBIX YDOBHEii cocraisier ~ 30 Mc, a BpeMst
Ku3uu HoTOHA B pe3oHATOpe ~ 1 Mc, TOrJa KaK BpeMs B3aUMOIEHCTBUS MEXKIy aTo-
MOM W MOJIAMU TMOJIA 3aHUMAET 0K0JI0 10 MKC. DTO MO3BOJIIET TIOMYyIaTh U UCCIET0BATD
MeperyTaHHHbBIE ATOMHO-TIOJEBbIE cocTosiHNs [10], a TakKe TPOBOJANTH HCCIEIOBAHNS C
HCTIOJIB30BAHUEM MOJIE/IH, B KOTOPOI HE YUNUTHIBAIOTCS MIAPUHBI CIIOHTAHHBIX DACIIAIOB
ATOMHBIX yPOBHEIA.

B pesyabpraTe BHYTPUPE3OHATOPHOTO B3aMMOIEHCTBUSA ATOMAa C MOMION COCTOSHUE
BCell CHCTEMBI SIBJISETCS HEPenyTaHHbIM. [y TOro 9roObl OIEHUTH COCTOSTHUE MOIBI
[oCJIe IPEeKPAIeHns B3aANMOIEHCTBHA, MOKHO U3MEPUTH COCTOSHUE ATOMA, B CEJICKTUB-
HOM JIeTeKTOpe (MOHU3AIMOHHON KaMepe). B 9ToM ciydae pe3yabTaT MOKHO OIHCATH
¢ TOMOIIBIO T10JIEBOr0 onepaTopa (TpancdopMepa Kpayca), KoTopbiii gefictByer Ha uc-
XOJTHOE COCTOSHYE 0JI PE30HATOPA U ABJIAETCH JIU0OO0 OePaTOPOM yCJIOBHOMN IBOJIIONNH,
b0 omepaTopoM cKadka. B macTtosmei pabore mamHasg CXeMa MCIOIb3YeTcsd /I pea-
nuzaruu Tpexkyburosoii onepanuu CPS. Ucnonb3yembiit (hopManin3m mo3BOIAET MOJTY-
YUTh MPOCTHIE AHAJTUTUIECKNE BhIPAYKEHUS I 3JIEMEHTOB OJIHOTO W3 TPAHC(HOPMEDOB,
ocytecTssitontero onepaiuio CPS, a takzke npuBecTu OIEHKY 3HAYEHUI BPEMEHN B3a-
UMOJIEHCTBUS W KOHCTAHT CBSI3W, HEOOXOMMMBIX JJis BBHICOKOU BEPOSITHOCTH W KAYECTBA
oneparuu. UucjaeHnble 3HAYCHUS STUX BEJIUYUH MIPEICTABIEHBI B pabore.

1. Mogenn

PaccvoTpum 9BOIONNAIO CHCTEMBI, COCTOMAINEH M3 MMECTH ATOMHBIX YPOBHEH ¢ Jeii-
CTBYIOIIIMMH HA IePexojiaX DPE30HAHCHBIMM KJACCHYECKUMH W KBAHTOBBIMU TOJSMU
(puc. 1). TIpeamoao:kum, 9TO aToM N0 HAaYaIa B3aUMOJEHCTBHSI HAXOIUTCS B OCHOB-
HOM cocTosHEA |1) ,. AtomHBIe mepexomer |1), < [2)4, [3)4 < |44, [5)4 < 16)4
B3aMMOJICHCTBYIOT ¢ KBAHTOBBIMH MOJAMH 3JIEKTPOMATHUTHOIO MOJIH € 9aCTOTAMHU Wq
Wp B W, ¥ KOHCTAHTAMHU CBA3ZH g, Jp B Jc. KIaCCHYIECKHE O ¢ YACTOTAMA W1 U W
u gacroramu Pabu Q n y geiicTByior Ha mepexonax [2) , <« [3), m [2), < [5),.
Omeparop 3BoJIFOIMN ATOMHO-TIOEBOH cucreMbl U (t) Hafinem, pemas 3amaqy Kormn

0

ih=2U () = HU(t), U(0)=1. 1)

Bnecn
6
H= —hz Ajojj — h(gao21a0 + go0a3ap + geOosac + h.c.) — h (1023 + Q2025 + h.c.)
s=1

€CTh TaMUJIBTOHUAH ATOMHO-TIOJIEBOI CHCTEMBI B IUMOJILHOM U PE3OHAHCHOM MPUOJTHIKE-
HUSX, 3AMUCAHHBIA B MIPEICTABIEHUN B3aUMOAEHCTBULA, h.C. — SPMUTOBO CONPIKEHUE,



108 I.II. MUPOIITHNYEHKO, A.11. TPU®PAHOB

osk =1|5) 4 (k|, s,k =1,2,...,6, — aTOMHBIE OLEPATOPBL, Ay, U @, — OMEPATOPBI POXK-
IeHns U yHHITOXKeHus dboToHa B Moze m, m € {a,b,c}. Hamee, A;, j=1,2,...,6, -
MHOTO(OTOHHBIE OTCTPOHRKH, KOTOPBIE OMPEICIIIOTCA 9epe3 OMHOMOTOHHBIE OTCTPONKI
€j CHeIyoImnM 0bpa3oM:

A1 =0, Ap=¢e1, Asz=¢e1—¢c3, Ay=¢e1—¢e3+¢3,
As=c1—¢e5, Ag=¢e1—¢5+¢6.
OnHODOTOHHBIE OTCTPONKHN ONMPEIEISIOTCS 110 (DOPMYyIam
€1 = W12 — Wq, €9 = W23 — W1, €3 = W34 — Wh,

€4 = W25 — W2, E5 = W56 — We,

[Je Wk — 9aCTOTa ATOMHOrO nepexoza |s) < |k).
Byznem uckare pemienue ypasaenus (1), pasznoxus oneparop U (t) B caemyrolyio
NUHEAHYI0 KOMOWHAIINIO:

6
Ut)= Y Isha (k] Kok (1). (2)

s,k=1

Baecs Kgp (t) — monesoit oneparop (rpamcdopmep) Kpayca. Ioacrasnaa (2) B (1) u
UCIIOIB3Y$ HAUANBHOE YCIOBUE MJIf COCTOSHUS aTOMA, MOJIy9aeM OJHOPOIHYI0 CHCTEMY
onepaTopHbIx auddepenmanbabix ypapaennii (K (t) = K (¢)):

K Ar giag O 0 0 0 &,
KQ gaaa Ag QT 0 Q; 0 K2
ih Kg _ 0 Ql Ag gg‘a; 0 0 . K3
K, 0 0 gy, A4 0 0 Ky
KS 0 QQ 0 0 A5 gZaj‘ K5
KG 0 0 0 0 g.a. Aﬁ K()'
Crenaem ympomiaroIiee MPEANoIOKeHne U MTPUMeM Aj =0, j=1,2,...,6. [Hamee,

MPOBO/IsT d/IEMEHTAPHBIE MPEOOPA30BAHUS C YIETOM KOMMYTAIMOHHBIX COOTHOIIEHUIH,
MOJIy 9UM OJTHOPOIHOE MHhdhepeHnnaapHOe ypaBHEHNE ECTOrO MOPSIKA JIJIs OIEPATOPA
Ki(t)

K9t —pK® (1) + ¢K® (#) — rK; () = 0. (3)

3mech p, ¢, r — TOCTOSHHBIE OTIEPATOPO3IHAYTHBIE KOIDDUITUEHTH:

2
"

p=19al* ¢ aa + 0> af ap + |ge|” aFac + 1 + 9

0= lgol* (191 +lgal® aF a0 ) aif av+
+ g/ (IQ1|2 + |gal” ajaa) afac+ o) |gel” o ava ac,

r= |ga|2 |gb|2 |gc|2 ajaaa;rabajac-

Bamerum, uro oneparopel p, ¢, v u K; (0) auaronanbubl B 6a3uce cocroguuii Poka.
Orciona cnenyer, uro K (t) auaronasen B 1060 MOMEHT BPEMEHU. DTOT OMEPATOD AB-
JISIETCS OMEPATOPOM IBOJIIOIUHU U COXPAHSET YUCI0 (POTOHOB B KaxK 101 Mozme. OH MoxkeT
OBITH UCTIONB30BAH isi peanu3anuu onepamnu CPS. Crenyer orMeTuTh, 9TO ONMEpaTopb
Ko (t) ABASIOTCS OLEPATOPAME CKAYKOB U HE COXPAHSIOT <HCJA (DOTOHOB.
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Bocnonbayemcst Tem, uro K () amaronaneH, u OyJem HcKarh perrerne (3) B BUje

3
Ky (t) =) Bncos(Ant).

Bmecs A, n=1,2,3, — omeparopo3HAYHBIE KOPHU COOTBETCTBYIOIIETO XapaAKTEPUCTH-
YeCKOTO YPABHEHUS:
6 4 2 —
A —pA* +qA* —r =0,

a ko3 dunnenTsl B, HAXOAATCA U3 CUCTEMBI ypaBHEHUH

Bl + BQ + B3 = 17
ByA? + BoA3 + BsAj = |gal* af aa, (4)

BiA + BoAd + ByAS = g (1gal” 0 aa + 104 + |9/ ) af aa.
Monoxnm |gal® = [go]> = |ge]> = |g|* u nmomyumm mna smemenros K (t),, =
= ({(|Ki®)|D)p (|Dp = |laawwac)p, am € {0,1}, m € {a,b,c}, | =0,1,...,7, -
JIECSATHYIHAST 3ATHCh, COOTBETCTBYIONIAS COCTOSIHUIO PE30HATOPHOTO TOJS B BBIYHCIIN-
TEJLHOM 0a3Uce) CACAYIONME BHIPASKEHUS:

Ky (t)oo =K (t)u =K (t)22 =K (t)33 =1, (5)

Ko (8), = bl + b2y cos (% P+ (af + 1o -t) |

Ky (t)5s = big + b25cos (g - ) + bas cos (ag - ),

s

1 2
ma= |3 l|91|2 + 12 + 219 + \/(Iﬂll2 +1027) " + 4ol IQalﬂ :

K (t)(ss = bfliﬁ + b%ﬁ cos (B - t) + b?i()‘ cos (B2 - ),

)

1 2
Bz = 5[|ﬂl|2+|ﬂz|2+2|g|2ﬂ:\/(|91|2+|92|2) +4lg* |

K1 (t)77 = byp cos (y1 - ) + bz cos (72 - ) + b3r cos (v3 - 1),
1= |g|7

1
25 =3 [W 19 + 29l + \/ (1920 +19227) (19" + |22 + 4 |g|2)].

Bmecy bjj — smementsl marpuinsl B, u3 cucrems! (4). BolpakeHns nis MaTpHTIHBIX
3J1eMEHTOB 011epaTopoB K41 (t) MOXKHO MOTYHHTH, HCIOIb3YS JINHEHHbIE KOMONHAITNN
K1 (t) u ero npou3BOJHBIX.

2. PeBy.TII)TaTbI " 3aKJIIO4YeHHue

Panee ormeuanocs, uro K (t) Moxker GbITh UCIIOIB30BAH JJis PEAJU3ALUY OlI€PAIIUH
3 .
Sr ). it 3TOr0 ero MaTpUYHbBIE JEMEHThI B HEKOTODbIH MOMEHT BpeMenu (06o3HaduM

ero tint ) JOJKHBI yAOBIETBOPATDH CJIELYIOMUM TPeGOBAHUAM:

Kl (tint)oo == Kl (tint)66 = ]-7 Kl (tint)77 = 71; Kl (tint)i7j7éi =0.
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B nHameMm pacnopsiyKeHuu UMEeeTCsl HECKOJIbKO KOHTPOJUPYEMbBIX TTapaMeTpOB (4acToTh
Pabu, koHCTAaHTBI CBA3M, BpeMs B3auMOIeHCTBUs), HOAOUPAs BEJIUIMHBI KOTOPBIX MOXK-
HO MOJTYIUTH TpebyeMble 3HAUCHH MATPUYHBIX 3JIEMEHTOB. 3AMETUM, 9TO YaCTh U3 HUX
yaoBeTsopsercsa aproMarudecku (5). YTobbl ypocTuTh 3a1a4y, MOJ0KUM CIEYIONee
COOTHOIIIEHNE MEXIy JacToraMu Pabu KIacCuuecKux mojeil U KOHCTAHTAMU CBSI3U:

0] = [Q2] = |2 > |ga| = 96| = lge| = lg]-

Torma ¢ TOYHOCTBIO 10 EPBOIO MOPAJIKA MAJIOCTH Besaudubl |g|/|Q] MoxHO noayuunrs
CJIEIYIONIYIO OIEHKY [T BPEMEHH B3aUMO/eHCTBIA:
V27 |Q
tintTl'(lJr%), k=0,1,2,... (6)
g

OleHIM BEPOATHOCT H KAMECTBO onepamiu QY , peannsyeMoii mocpecTBoM ore-
paropa K (t). O6o3naunm yepes P (t) BEpOATHOCTH JTETEKTUPOBATH ATOM B COCTOSTHUM
)4

7
2
P(t) = Tre {Ky (t) p; (0) K (8)} =Y py (0),, [ K1 (8),,] (7)
s=0
rae py(0) — MaTpuua WIOTHOCTH PE30HATOPHOIO IO/ B HAYAJIBHBI MOMEHT BPEMEHH.
IMoncrasnm (6) B (7) u HafimeM, HACKOIBKO BemuduHa, P (fiyt) OTIHYaeTcsa OT eTHHHUIIBL:

209° §
L= P i) =07 2 ps (0
s=4

31ech Mbl yCPeJHUIN UJeHbl, ociuupyioiiue ¢ yacroroil [Q. Ha puc. 2 nng ciayuas

1
pr(0)=16) &, 1&)p= 5 [1), (|00) 4 |01) + [10) + |11)),. mpesacTaBIeHa 3aBHCHMOCTH

1 — P(t). Onga omenkn ycnosHoro kadecrsa (conditional fidelity [9]) Bocmomb3yemcsa
BBIPAIKEHUEM

P = \[Tre (sa- 07 ),

rue p§ (t) — ycuoBHAS MATPUIA NJIOTHOCTH PE3OHATOPHOIO HOJIs [OCJIE U3MEPEHUs]

o ) = K (t) py (0) K (8)
P = e Ky (8 py (0) K7 (D))

PO = QSTB) pr (0) Q&BH — pe3yJbTaT HUILAJBHOTO MPeodpPa30BAHNS Q£§‘> HAYATHLHOTO CO-
crosiaus py (0).

Jlerko npoBeputb, 40 F (tjnt) = 1 ¢ TOYHOCTHIO O BTOPOrO MOPSIKA BEIUIUHBI
l91/1€|. Ha puc. 3 nokazana 3aBHCHMOCTB yCJOBHOTO KadeCTBA OT BPEMEHN B CJIy4Yae
pr (0) = 1) (€].

MBI paccMOTpENIH ONTUYECKYIO Pean3aniio BepOsITHOCTHOMN Omepaluu KOHTPOJIUPY-
emMoro (hazoBoro npeobpasoBaHus TPEXKYOUTOBOIO COCTOSIHUS, 3aKOIUPOBAHHOTO B TPEX
KBaHTOBBIX MOJIAX Pe30HATOPA. Yuc/I0 GOTOHOB B KaXKI0H MO/I€ OTpaAHUYNBAJIOCH 3HAYE-
uusmu 0 unu 1. BzanmozaeiicTBre OCyIecTBIIsAI0CH TIOCPEICTBOM aATOMA, ITPOJIETAIOIIETO
yepes Pe3oHaTop. B pesynbrare m3MepeHHsS COCTOAHHSA ATOMA B CEJIEKTHBHOM IETEK-
TOPE BO3HUKAJIO YCIOBHOE MOJIEBOE COCTOSTHUE, KOTOPOE OTJIMYAJIOCH OT HAYAIHLHOTO Ha,
Gba30BbIil MHOXKUTE b, [[J1sT OTIEHKY BpEMEHU U KOHCTAHT CBSI3W Mbl UCIIOJIb30BAJIH (DOP-
MaJIU3M YCJIOBHBIX ONeparopoB Kpayca, MpermMyIecTBOM KOTOPOrO SIBJISIETCST OTCYT-
CTBHUE HeO6XO,ZLI/IMOCTI/I paccMaTpuBaTh OTAEJILHO BCE MHBaAPHAHTHBIC ITOAIIPOCTPAHCTBA
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Purc. 2. 3aBHCHEMOCTD BEPOSTHOCTH He JemeKmupoams aToM B cocrosHum 1), OT BpemeHm
B3aUMO/IeficTBUs (CILIONIHAS JIMHUS) U €€ AHAJIUTUIECKAs OIEHKA, BBIYUC/IEHHAS JI/I MOMEHT]
BpemeHH ¢ = ting; |2 = 10]g|, A; =0

Gate fidelity F(t)

IS
!

2
=]

20 0 @ 80 100
Interaction time t|g|

=)

Puc. 3. 3aBUCHMOCTB OT BPEMEHU KadecTBa ONePaIin QsTB); Q] =10|g|, A; =0

aTOMHO-II0JIEBbIX COCTOsHUI raMmusibToHrana cucreMor [11, 12]. B cayuae pesonancuoro
B3aMMO/IEHICTBHUSA C €ro MOMOIIBIO ObLIA HANWIEHBI MPOCTHIE AHAIUTHIECKNAE BBIPAZKEHUS
JIJIs 3JIEMEHTOB OINEPATOPOB YCJIOBHOM 3Bosommu moss. Mbl mokazasau, 94T0 OauH u3
9THUX OMEPATOPOB SIBJSETCS NUaroHa bHbIM B Oasnce PoOKa u UAEATHHO TOIXOIUT st
peanuzarmu (pa30BOT0 MPeodPA3OBAHNS, & TAKYKE TIPUBEIN OIECHKHU I BEPOSTHOCTHA U
KadecTBa TpeOyeMoil omeparnm.

Pabora nommepxkana rpantom IIpasurenscrBa Cankr-IlerepOypra s CTYIeHTOB,
ACTIMPAHTOB BY30B W aKaEMWIECKHX HHCTUTYTOB, PACTOJOKEHHBIX HA TEePPUTODUU
Cankr-Ilerepbypra, B pamMkax AHATUTUYECKON BEJOMCTBEHHOH TETEBOH TIPOTPAMMBI
«Pa3BuTie Hay THOTO TIOTEHITMAJIA BBICIIeN MKoIbl» (N 2.1.1/9425), PenepabHoii rese-
Boit mporpammoii « Haydanbie n Hay 9HO-TIeTArOTHYIECKHE KAIPhl HHHOBAIMOHHOM Poccuns

2009-2013 roapt (roc. konrpaxt Ne I1689; mpoekt HK-52611/24).

Summary

G.P. Miroshnichenko, A.I. Trifanov. Controlled Phase Transformation of Quantum States
of an Electromagnetic Field in a High-Quality Cavity.

This paper deals with the optical realization of a probabilistic operation of controlled phase
transformation of three quantum modes of an electromagnetic field in a high-quality cavity.
The required interaction between the modes is reached by a Rydberg atom passing through the
cavity. The conditional Kraus operators formalism is used to estimate the atom-field interaction
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time and the coupling constants. Approximate values of the phase transformation probability
and fidelity are obtained.

Keywords: phase gate, high-quality cavity, Rydberg atom, conditional state, Kraus
operator.
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