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Fig. 1. Pulse sequence for dynamical decoupling, state evol-

ution and control function in the case of a three-level sys-
tem: (a) The pulse sequence; m pulses are applied at time
ti,ta, -+ ,te, to,te are the start and end moments of the
whole sequence; (b) evolution of different initial states; each
state is sequentially flipped into all other states by the =
pulses in the sequence; (c), (d) plot the control functions
linking states |0), |1) and |0), |2), respectively.
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repetition.
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Fig. 3. Periodicity of the Ramsey filter function: (a) The filter function without the attenuation term; (b) noise period during opera-

tion time.
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cycles in the upper figure is 1.5. sin-type of noise accumulates a maximum phase, while the cos-type of noise completely cancels out

itself. The number of noise cycles in the bottom figure is 3, and both types of noise completely cancel out themselves.

JIT LA UE I PRSI HF 11 5 45 5 M s e s ol O R R
FEAHAL AR5 . B 4 2 = R 2k I ok %k 1) 451
+, X A R R B STk (] 4(b), ()
AT DAAIR G-l FER A i R S SR A 4

3.2 RN A A KR ERIN

AT B0 ] — RE G M 75 A0 DB R F
1713 FH A 220 1 AN [ B 25 1) W P S 1k o ik ) 20 1042 e K
Fy Wil X — el = 2%, (AN =REZUA R 1Y
BF Rl LUAERL, (1), (2) REZIR] X IR PR AR Y 5
R S, L AL DL AN SR g 2 (] 2 TE A O
(4, AR SRR R BIRCR AT LLXF A BEGUE 21—
SE IR AE . — R B A ) T2 AE AR ] 3 Y
PO T MR P i I R w BT B2
RIS IF AN 2B — REG A FR e i YT X
JR B REF O, w, 2w — aBIEE, B ALY (1), [2)
R 2 [ 1) W 75 DR 2 S IR 02 (2) = 200 (8), I
ARSI (5) HH Y RIS A

512 (w) = /(51 (O) (52 (T)>€7iwﬁrd7'

=2 / (61 (0) 6y (1))e ™ “Tdr = 25 (w) . (14)
AR RN A

@t = [ Es @I} ) + 4B ()

AR n =12 (3)
X HLE RIS RO F = FY (1, w) + 4F5 (1, w) +
ARe[Fy (7, w)]. UNARARBE— —RES ARG A 2 AL [ I

(4, (HZAHAT Ss (w) = 481 (W) LR, WA F =
Fl (1,w) + 4F} (1,w)

B EIRGERAN (7) 2, 5RWME 5 s, H
R EZR N AT SR A BB I R, T LA HH R 22 ]
HYCER MR T IR P AR

—— With correlation
Without correlation
0.8
0.6
&R
0.4
0.2
1 2 3 4 5 6
wT
2m

5 RIS R I ME 7 R I bR £

Fig. 5. Filter function with and without correlation.

Gy 7 T, HLAAF IR T g U] A A 5 001 e £
B, 7L RE S 2 8] S B L b SO A g [ 5 56
F, 107 ELAH 40 E S 1 Al 12 I e 7 0 75 2 A 4 0 1)
R 132, APl 6 o, DA T M I 7 22 ] g DI 2
FH(Ap)2 IR

3.3 ThhZEMEBFINTE

YT REIA R, T LIE B s E R 5 2
K SR A L) Bl 1A iR 51, X — AR R AR T
TZHeIR R B8 2R 5. LB = HEg
R R HIHATIE. WRIE (2) NG H—5¢

100305-6



#) 32 2 3R Acta Phys. Sin. Vol. 72, No. 10 (2023) 100305

12f WFFIRRIERRT = Y " T Rl sk
8+

of FTt) =) f(Tit). (16)
s i=1

2t MR L, 5 A5 Hh LA B R
S e e S —— b, FUR B9 LA i (R T, T T % 1 B
I AT B IR, AT 36 0 S AT IR 7 31, PRt

\ P F AR, 5CHE T LK 45 o S

P 6 HLAT LERr B S HL A R P A 52 R

PR R
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Abstract

Dynamical decoupling refers to a family of techniques that are widely used to suppress decoherence in
various quantum systems, caused by quasi-static environmental noise. They have broad applications in the field
of quantum information processing. Conventional dynamical decoupling targets at noise in two-level system
such as qubits and often consists of specifically engineered sequences of n pulses that swap between two
different states. On the other hand, researchers do not limit their study within simple two-levels systems any
more, but go and seek for even more efficient quantum hardware. A variety of quantum algorithms and schemes
of quantum control using multi-level systems, such as qutrits and qudits, for quantum information processing
have been proposed and implemented successfully. However, decoherence in such a multi-level system is
inherently more sophisticated than that in two-level systems. So far there has been little systematic research on
how to tackle decoherence problems in such systems.

In this work, we propose several sequences of dynamical decoupling for multi-level systems that only rely
on n pulses linking neighboring levels, which is easy to implement experimentally. Our results show that these
sequences can efficiently suppress quasi-static noise presented in multi-level systems. In addition, by calculating
the corresponding filter functions of these sequences, we are able to further analyze their effect on generic
Gaussian noise that may not be quasi-static. We also give a physical explanation of the noise filtering
mechanism of these sequences by considering their control functions. Other topics discussed in our work include
power spectral density and correlation of noise in multi-level systems. Our work may be regarded as a first step

towards a more systematic investigation of dynamical decoupling techniques applicable to multi-level systems.
Keywords: multi-level system, noise, decoherence, dynamic decoupling, filter function
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