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Fig. 1. (a) Quantum phase gate system structure dia-
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Table 1. Four ways to implement a Controlled-Z gate.
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Table 2. Two ways to implement a Swap gate.

ik HIR1 HIR2 B3 HIR4 #iR
1000
. e 3m ¢ 3m 0010
Tk t= ge t=5 ge [ t= 5o
Ja gb gb Ja 0100
0001
1000
3n s T s 0010
73—7£2 t=—— t=—— t= —— t =
2g5¢ 2g7° gl 2g3°° 0100
0001

4 REE

ARG A IS RGP & 2 — A
EEEENSE, N T RN N AT
FBLITRI AT AT M, AR AT 4T 4560 S50 SUE
BN 7 3%, kXt Hedr Controlled-Z 7 7 55— Fif
J7 VAT AR B T A AT I A SO . X
AN PR A B = BERF ¢ 4R K R GE Bt I TR 3
A AT LA 3 T Lindblad 32 757 Pk (24:29]

dp _

=" i[H, p| + kaLla] + r, L[D]

+rgellog ) +rpelloy ]
+Tp.e(CecPTce — Teep)2 — poee/2)
+ro.5(05pposs — apip/2 = poysp/2). (10)

FEIXAN Lindblad £77 1, L{A] = (24pAT —
At Ap — pATA)/2, A = a, b, o, Ot el
Tee = le)clel; app = [)e(fl. TTHREE— 5] H
(1) 38, —i[H, p] 2 E FEHEAT p Prill g A5 5
PRI Ko, wp 20 A EIRAS ra A, IZEIR 7y e,
e RRT AR =REHE T ¢ BRI B4
I gy Mg p 43 0E A = REGR T c BEL |e)
A f) IR A EL AR, E 7R )5 A LI AR 11X A
RGN LI

BB ZHOE A k7 = k' = 30 ps,
roe =06 us, rp. =3 us, vy =1,y = 6 ps;
wa/(2m) = 6.2 GHz, wy,/(2n) = 8.0 GHz. % —
&, BAEF w, . /(21) = 6.2 GHz, wy./(2n) =
4.5 GHz, g9¢/(2n) = gl¢/(2n) = 0.02 GHz,
g2¢/(2n) = gl¢/(2n) = 0.25 GHz, ffw, =
Wgeo B FBATERFw,/(21) = 6.2 GHz,
wre/(2m) = 8.0 GHz, g9¢/(2n) = g[/(2n) =

0.25 GHz, ¢2°/(2n) = g/°/(2n) = 0.02 GHz, f#
Wy = wye. 5B TERR 5 R I KO A

YT =Reg R, HATYEEITE 0.1—1.0 GHz 2
[E1) 1 El o 40 5 8 B 0 7 S0 sl B 6270 L@
I 1 B SQUID F 38 5ok A8 A Y =R R ¥ ¢
MIRE 2, AR — RS =S w, = wye, &
FIEIRAS ra SR EREYA |g)e <> |e) A EAERM
Hi, B =P dwy, = wype, BEEIRE r, 5HER
|f)e ¢ |e)c HEAER B ).

T80 5 BT p BB 118 3 7 R ) TE
WP AALT T PR IR E SO 2

1 2 21 21
F:(%J A A (ialprlna) d61d0s,  (11)

KH[1/2m)]2 HIEH— R () —REDE EAE
PRI, MVIERAS |vo) Bl IR &Sl & 74
AT EARZS, X T 3RATTFT 1112 1 Controlled-Z [
115, B2 (5) 2R [4s); pr AL IR LT,
H3t Controlled-Z [ 1 =AM BRI SEhRiETHAE 513
PN RR I A B LR 7. X Controlled-Z 1177
B R B, B S (R4 20.83 ns IS 1T #E
1E, HAREE N 96.67%, 1A T S2hsal B H FI7K T

AR 2 B & F AR AL TR R R B2
B2 iR, BB R s, G R e, B R
o ARG IRIE g Horh — 248, HAh S H ] e il
SCHHE A BER S5, TR 2 (a)—(c) It
AARER N oL, Pt DABE 5 220k 36 oth R AL A
LR 3G, PRILFERA 2 FRAS, S AU ICHE, (H52 0
FEEE U A —HE; B2 (d) h, BEER A SRIE g I3
T, PR B LR 2 0, X R H G K B R
S AT FH I A0 408 R, AT 9320 36 sk 01 1) ' FH B[],
A3 R EL R .

170302-4


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

¥ 12 Z R Acta Phys. Sin.

Vol. 67, No. 17 (2018) 170302

5

(a) ° b
0.95 °
[ )
(]
X 0.90 ° X
~ ~
< 085 3
& . &
0.80[
L]
10 15 20 25 30
Kk~1/ns
0.97 T
[ J
© e
0.96 °
& (]
< 0.95 R
=
T 0.941
S °
0.931
@
0.92* . ; : :
2 3 4 5 6
5t/ ns
2 YA SO s2 B )7 7% — Controlled-Z 17 B & 1 5 1
-1 -1 -1 , _ f, _
(© 151 = K5k =31 (@) 98 /2m) = g /(2m) = g/ (2)

Fig. 2. Influence of four parameters on the fidelity of a controlled-Z gate: (a) Kal

Fidelity /%

0.95F
0.90F °
0.85F
0.80f

0.75®

(a) Ky = Ry =

r () rpk = gl = ot (d) g2 /(2m) = gl /(2m) = g/ (2m).

%

it T S e S R S R AR AT — S AT =

RIFFHBME MRS, &1 7 AL
Controlled-Z [ TF1 Swap ']/ & B84 5 %, FEFIH
BUE IS EO6 23 Controlled-Z [T 58 —Fp 7 %
AT TR, R0 T &S8O0 HAR LE R 2. 25
REBEWFZT ERATH. RE-NERSHCERFE
o TR E BRI LA r IBG K 22 9 /NOR FLRE,
AR A R g BB K248 FAHALT T Bas AT I 1], A
T 3k /N 368 ok 2 5 )/ FH IR ), {75 OR ECRE 3 0. 3R
A BBAE S J5 (R 0F 70 Hh BE 0% 38 31 58 045 28 17 B 1
ATV, TRt A4 1 7 R Re S IR X 7 1
) SEERBI I, A0 58 2 A FU N B T2 AL
REGHIIL.

RPN

[1] Ren B C, Deng F G 2015 Acta Phys. Sin. 64 160303 (in

Chinese) [{TE#, & E 2015 Y2 64 160303]

[2] Li M, ChenY, Guo G C, Ren X F 2017 Acta Phys. Sin.

66 144202 (in Chinese) [Z=M, BRFH, #ahl, {E4504& 2017
PH A 66 144202

170302-5

(3]
4]
(5]
(6]

(7]
(8]

(9]

(b) o« °

5 10 15 20 25
g/(2n)/MHz

1 -1 1 —1

k=L (b) r;é =Tr. =T

1 -1 _

=k, = k~1; (b) ngé =r;.=

Brune M, Hagley E, Dreyer J, et al. 1996 Phys. Rev.
Lett. 77 4887

Sleator T, Weinfurter H 1995 Phys. Rev. Lett. 74 4087
Yang C P, Han S 2005 Phys. Rev. A 72 032311

Peng J, Wu Y W, Li X J 2011 Acta Phot. Sin. 40 466
(in Chinese) [W18, B8z 3, ZF/MNiE 2011 J6T-%4% 40 466]
You J Q, Nori F 2011 Nature 474 589

Xiang Z L, Ashhab S, You J Q, Nori F 2013 Rev. Mod.
Phys. 85 623

Barends R, Kelly J, Megrant A, Sank D, Jeffrey E 2013
Phys. Rev. Lett. 111 080502

Clarke J, Wilhelm F K 2008 Nature 453 1031

Filipp S, Maurer P, Leek P J, et al. 2009 Phys. Rewv.
Lett. 102 200402

Reed M D, Carlo L D, Johnson B R, Sun L, Schuster D
I 2010 Phys. Rev. Lett. 105 173601

Yang C P, Chu S I, Han S 2003 Phys. Rev. A 67 042311
Majer J, Chow J M, Gambetta J M, Johnson B R 2007
Nature 449 7161

Dicarlo L, Chow J M, Gambetta J M, Bishop L. B 2009
Nature 460 7252

Blais A, Huang R S, Wallraff A, Girvin S M, Schoelkopf
R J 2004 Phys. Rev. A 69 062320

Yang C P, Chu S I, Han S 2004 Phys. Rev. Lett. 92
117902

Wallraff A, Schuster D I, Blais A, Frunzio L, Huang R
S 2004 Nature 431 7005

Chiorescu I, Bertet P, Semba K, Nakamura Y 2004 Na-
ture 431 159


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.7498/aps.64.160303
http://dx.doi.org/10.7498/aps.66.144202
http://dx.doi.org/10.7498/aps.66.144202
http://dx.doi.org/10.1103/PhysRevLett.77.4887
http://dx.doi.org/10.1103/PhysRevLett.77.4887
http://dx.doi.org/10.1103/PhysRevLett.74.4087
http://dx.doi.org/10.1103/PhysRevA.72.032311
http://dx.doi.org/10.3788/gzxb20114003.0466
http://dx.doi.org/10.1038/nature10122
http://dx.doi.org/10.1103/RevModPhys.85.623
http://dx.doi.org/10.1103/RevModPhys.85.623
http://dx.doi.org/10.1103/PhysRevLett.111.080502
http://dx.doi.org/10.1103/PhysRevLett.111.080502
http://dx.doi.org/10.1038/nature07128
http://dx.doi.org/10.1103/PhysRevLett.102.200402
http://dx.doi.org/10.1103/PhysRevLett.102.200402
http://dx.doi.org/10.1103/PhysRevLett.105.173601
http://dx.doi.org/10.1103/PhysRevA.67.042311
http://dx.doi.org/10.1038/nature06184
http://dx.doi.org/10.1038/nature06184
http://dx.doi.org/10.1038/nature08121
http://dx.doi.org/10.1038/nature08121
http://dx.doi.org/10.1103/PhysRevA.69.062320
http://dx.doi.org/10.1103/PhysRevLett.92.117902
http://dx.doi.org/10.1103/PhysRevLett.92.117902
http://dx.doi.org/10.1038/nature02851
http://dx.doi.org/10.1038/nature02831
http://dx.doi.org/10.1038/nature02831

) I8 % 4 Acta Phys. Sin. Vol. 67, No. 17 (2018) 170302

[20] Strauch F W 2012 Phys. Rev. Lett. 109 210501 [24] Blais A, Huang R S, Wallraff A, Girvin S M, Schoelkopf
R J 2004 Phys. Rev. A 69 062320

[25] Su Q P, Yang C P, Zheng S B 2014 Sci. Rep. 4 3898

[26] Xiang Z L, Ashhab S, You J Q, Nori F 2013 Rev. Mod.

[21] Leek P J, Filipp S, Maurer P, Baur M, Bianchetti R
2009 Phys. Rev. B 79 180511

[22] Strand J D, Ware M, Beaudoin F, Ohki T A, Johnson

Phys. 85 623
B R 2013 Phys. Rev. B 87 220505 [27] Hoil C, Wilson C M, Johansson G 2011 Phys. Rev. Lett.
(23] Hua M, Tao M J, Deng F G 2014 Phys. Rev. A 90 012328 107 073601

Quantum phase gate on a single superconducting A-type
three-level and two superconducting resonators”
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(College of Physics, Mechanical and Electrical Engineering, Jishou University, Jishou 416000, China)
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Abstract

Quantum phase gate is a necessary quantum component for quantum coding and quantum computing. Compared
with the traditional gate circuit, quantum phase gate has the characteristics of unitarity and reversibility. Therefore,
we construct a model of mutual coupling between a single A-type three-level atom and two superconducting resonators,
which is connected by a capacitor. By separately controlling the disconnection time and connection time of the two
superconducting resonators in the model as well as by controlling the magnetic flux of the superconducting quantum
interference device (SQUID) to make a certain transition energy level of the A-type three-level atom equal the relevant
resonance energy level, the interaction between the two levels can be achieved and the system can be manipulated.
Afterwards, we propose four control schemes for implementing the controlled-Z gate through a three-step operation, and
two operation schemes for implementing swap gate through a four-step operation. At the same time, the numerical
simulations of fidelity are implemented for the first operation scheme for controlling the Z-gate. The results of fidelity
discussion show that the fidelity of this scheme is 96.67% through the running time of 20.83 ns, thus it proves that this
scheme is theoretically feasible. The increase in the three attenuation parameters, i.e., attenuation rate, relaxation rate,
and phase shift ratio, will reduce the fidelity of the system, while the increase in coupling strength will cut down the
time of system operation, thus reducing the influence of attenuation parameters and improving the system fidelity.

In this paper we present a quantum phase gate scheme in which two superconducting resonators and a A-type
three-level atom are coupled with two capacitors. Since the experimental setup is simplified, it is important to reduce
the coherence between devices. In addition, the solution has no restriction on the strength of the classic pulse principally,

through which the system operates faster and the fidelity of the phase gate is improved effectively.

Keywords: A-type three-level atom, superconducting resonators, quantum phase gate
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