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Quantum Walk Wave-Particle Coherent Superposition
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College of Electronic and Optical Engineering & College of Flexible Electronics (Future Technology),

Nanjing University of Posts and Telecommunications, Nanjing 210023, Jiangsu, China

Abstract Evolution process and properties of wave-particle quantum walk (QW) are studied by theoretical calculation and
quantum simulator’s simulation. Quantum control can contribute to the realization of QWs in quantum wave-particle
superposition state with a relative phase between walkers. The post-selection operation is used to realize the continuous
transitions of QW from the state of waves with multi-path coherence to the state of particles without coherence in two
different ways: coherence and mixing. Due to quantum interference, there are essential differences between coherence and
mixing, and their specific features are characterized by position variance. We also demonstrate the coherent wave-particle
QWs in the real quantum simulator. When the walker is in the wave-particle coherent state, two completely different
properties can be observed simultaneously through one measurement. By adjusting the relative phase in the wave-particle
coherent state, the diffusion rate of the walker can be controlled.

Key words quantum walk; coherent superposition state; quantum control; quantum simulation

T AT A A ML R RILA T E AR R 22 5 7E T ROURE
TR A S R MY IR E AT REBFF SR £
B, SO - BB 8 [m) B 2 3 A [m) 1 2 2 A B P O

L5 5
HETATE (QW ) S 26 M BE LT A 76 4 7 1 9 g

JOL 7 W, T2 B B AL AT A R T AR R A R AR 2 A R
i i TATE S 2 M LATE /Y BUA R K AR
A, A0 & A T T S 8O TR AR RO
5 e 2 LB ALAT A B8k A B G A P B R g7 Y AR
AN B TR AT E AR S B i T fE BT
S5 B R R A Y AT R A S T AR Y
il R T ATE I R A BT A Ak
MG BAAUSR AL 5

1 1 T3, B3 gl M AR M il M i OV RL
HA BT AT R PR A & Ak X
LGS H A RO Y 2 SCRAT TR R RT L
T LI 1 ) A T S5 6 B R DX 3 MR B8 A ) i
e, R SR T S 45 2R W, Ot 1T LUAL T sl ok
F KPR S I HLDE B A [R) AR 25 e A e B R A
PEAT IR o R U ORL” B S g SE I R AT
AR S AT S I8 OB T /Y BT A AT RE AR BAT

Wi EH . 2023-04-03; fEEIBH: 2023-05-06; FABH.: 2023-05-16; WEBEXBH: 2023-05-26

BIS1E#E . zhangr nj@l163.com

0527002-1


https://dx.doi.org/10.3788/LOP231007
mailto:E-mail:zhangr_nj@163.com
mailto:E-mail:zhangr_nj@163.com

AT BET— R S MR BXTE — 2
SR H A T I R ) B RS BT R ) R 24T E Y
7By A S IR = oA W B AT S bR AT E
B JB S — R o TR AT AE T A A
ABBE A I, gead B AL, T T RE AR 09 A kAR
B YD TH B, 58 4 0 T AH T 478 B 09 07 A A R B
52 W HLAT HE 4 A AR TR B4 = 30 o A, DR e L B
B4 S5 e MR LA T AE A A ], e SOk AT R
Nz MEEALATE . OURE T RE A% [ I 2 B H i s
KL, B 17 8 RE 7 ) i 6 B0 I B A7 7 AR+
FFEMPERE? ©AT AR 2058 T ARG 0 2 i
TH AT 0 SRR S B AT E O M) Bl & g
A CTCHH ) o I8 458, 30k 288 98 45 088 78 o AN [) 1 I 19 47 2
I FIRARAS , IF B0 B A TR Re A R & =
TFRIEPERE . BRI 38 S N Ik AT R I
SATE MR FAE T ZMEE . ARSCGEL G AR
TR A AL RE SR A U -k AT E AR AT 2 -
WA T AT E B RUA T o A9 5 X R s B AT
(TC) 2 B A% 10 T b bR S 1) 3% B2 R 95

AR SCH S S I T AT AE A S i
TR AR (8 T 478 AT LA [R] B 3k Dy 9% sl ROk T ()
B Sy 2E el BE o PGS Bl B R S N TR R A AT AR
T AR A P AP A [5] 19 77 S B0 B AT e AR F 1T E 2
LT B N N R ) K i = | T e O S = e <9
WX E UM M-k e Pk, i TEFTH .M
T 9% -k AT E AR A PR AT 2 5. RS S A
2 - ﬁ;?ﬁié’]zﬂﬁ%ﬁﬁ{tﬁ%}_ B -7 & W
PR Uk T AT E MR, IR B I AL
ORI -RATE S

2 M-k AT E R TE AL

ARG e — Rk R T ATE . B
AT . T A 47 2 1 5 SURIPE R 76 i S b
SCYER T AT . AT AT R R A
EHME ARG, TR g R% L)
(| R)) 5 S 3 7R AT A 60 22 (A7) AT A Oy o . AT 5%
f i 8 1B O | ) € 2o B RGO AL
AR A TR < SRR TR 0, B 2 A P AT A 4R 1
L R R N

v'=S[H QI (1)
TR T AT 5B 00 B 4 4 5 B R R
Hadamard 47 R N
Pil—l[l 1 }; (2)
Jo Ll —1

S AEAT A BAT S, AR AT A B B MR A L) R))
] 22 (A ) 478 B AR KRR Ry

F61EFESH/2024 £33 A/BAEEFZHE

S =
21_|L ><L‘®‘x*1 >< I’+|R ><R|®‘x+1 ><x
(3)

— Y b bR R T AT R L R O
S o AN T AR R B ) B RS T R, ) 46 R A Y
ANA) 25 BB A0 AT — A X T2 BT — 2
B ST B G — A, A E S R 2
A AT — BRI R E AN E
3 A1 AR 0T A A (e ] ABE SRR T B D A Ak Y AR
), IF HATEH M BOE 200 th 2 AL 7 E 2 2R
Pl o AR AT E B AL B T AR TE AR T AN
U B i) B sk BRARARL, A AT H S e R R U B i
FATE . Wi AT E T LU & T4 E SRR T
28 I R X B BCE CAn & 1 ER AR ) AR OC & TR
I & LRt 2 Ml BT AR ] D
ME BN, E 1) 2B sh & 178 — P AT E
1 P B JES g 119 — 2% £k 3% 7 FIVRE 1T X 07 19 1 1 Lo, L
fﬁE’J£¥Llﬁ%%%ﬂjﬁﬁ%E’]m?ﬁuE B, H A
Hadamard '] o 4% 47 38 45 15 38 2 958 i - & 1F 386 b 52
B, o Ay (A8 B9 AT E BRI 2o ) AR AR B4R ()
Pl A ) LB anE 1(b) f R .

T SR A A 6 ) A T A A — RSO B T, DU 4
Efm%*XT%%’EF&@E%&%EHE‘HH,%ﬁﬂﬁﬁiﬁm
IR T AR Z 8] 0 AR A7 A5 B LA SRS T ) 28 6 i 2k T
A 52 ), DRI 3 A I T A T AR T 0 4 R Oy T A
B FRERATE 5 HR A A AT AT . Rl
FHB A5 T A 2 47 8 0 Y Ak ek R R ek 5 e T ) AR O
1 £ TF AL ERAE R R D

o

U'=u’--Utuiuy, (4)
Horp g — DAL R on
U =S(H®I), (5)

P H, F R FHAE S A 9 Hadamard 3845 5.S,
JE PR R H AT AN AR AR YRS MOAT T AR S AT
ZAFATE R R, Eﬁiﬁﬂ“jﬂ

ZML>KLMMI—1>@ﬂ+!R>KRWMI+1><1
(6)
Zesk B AL ST BT A AT R I AR 0 HLT T B R
fy B T3 700 56 04 50 L 52 4 1 0 KR T e 4547 5 3 14 6 4
A7 52 955 20 MU LA A 43 A KT A 8 07 40 A . BRLIG
SR 10 OV T 1 18 Ak 3o R A T R
AL RO R T AT . R TR R
Fht P, B 1O B T = AR R R EH .,
) = 2k ik
3 3 A B R 5 T T ATk B M e
SRR TR AN ZR 55 5 I IR KOG 11 1Ak 5 R
U.=[0)o|@uy+1)(1|®@uv!. (7)

0527002-2



FE615FE5H8/2024 £33 B/BAEBEFZHE

(©

°— °—
S N
?o_:bj_—o_

increment

decrement

1

@

incr IrJ r-ﬁ‘- incr I‘] m‘-t‘l 'm.:-rIdi.-('r-inr.-r In_h.-('rl incr I dec

cos Gl0)+sin - exp(ig)| L ?

BT B TR ()Pt T475E 5 (b) [0 Z2 A0 Wl A7 B A PE A7 28 B4R 5 (o) ki T8 AT 78 5 ()l -hi i 74758

Fig. 1 Quantum walk circuit diagrams. (a) Wave quantum walk; (b) a left and right conditional walking operation;

(¢) particle quantum walk; (d) wave-particle quantum walk
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Fig. 5 Wave-particle quantum walk demonstrated in IBM quantum computer
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Fig. 6 Probability distribution of even step position simulation after 4-step evolution when ¢ = 1.19x. (a) Wave quantum walk when

0= 0 and particle quantum walk when ¢ = r/2; (b) wave-particle coherent and wave-particle mixed quantum walk when ¢ = 0.385x
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