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Fig. 1. Schematic atomic structure of the NV center in dia-

mondl?.
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Fig. 2. Energy level diagram of the NV center in diamondl!:
(a) Ground state, excited state and metastable state of the
NV center; (b) fine structure and hyperfine structure

(caused by “N nuclear spin) of the NV center ground state.
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Fig. 3. Dephasing process of the electron spin of the NV
center('®: (a) FID of the electron spin, the inset is the ex-
perimental pulse sequence; (b) probability density distribu-
tion of dg .
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Fig. 4. Decoherence of the NV center under control field
noisel'®: (a) Results of the nutation experiment for the elec-
tron spin, the inset is the experimental pulse sequence;
(b) probability density distribution of 4.
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Fig. 5. Experimental demonstration of the robustness of

SUPCODE against the noise stemming from the quasistat-
ic fluctuation of Overhauser field2,
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Jik #p 55 Beg KA N IT 1], DK 051 Ageq B A1
EFH. SR, KA —A RPNl 00 19751 F1— A
BEPIH 01 (AR, I ABELRIEST ik T 51 [R] A
il 60 161 Ebln, K 5-piece SUPCODE J¥ %1%
E7E BB1 359, #2MF 5 HIARER BB1 ¥
G 60 REbE, 00 MR ELEE P SE M AR = B Y
I AN SKs: BB1 P51 EFE 5-piece SUPCODE J7
G B S RE RIS 60 AN 0y X i B R T R L
SO EEH ES DUt

WF9E #2408 T ZFPAS 6] S H D 335 51 19 ik
EI%E, AR 60 F1 o1 PHTHE R, i =i
FLEE IR AT RER, DARIESC A T2 T TR A
JERFTRE . I A K BBL Y A A Wk T
54k £ 3] CORPSE J¥ 51 ', 1% %] BB1inC J¥ %)
(81 7(d)). CORPSE J¥ 51 /& —Fh Be g 1 i1 6o Y it
TIB TG K 1) 60 T 6y Xk AR B Y 52 1)
Sy AEEPABY AN . 5 7(a) B9 5 5 A
Fo. & 7(d) o BBLinC Jik i 91 %F 1 09 e O 2L
X 3AE 6o F1 61 J7 ) ARG R TR Z.

S bd kI T IR R R IR A
ik AR TEAS AAIRIRACR. TR R 1R
FLPEHERAR Ry, DS B 52 0 25 T 8 1 22 R o 1R 22 1Y
SR, TR ISR FHAS 32 9 28 o 2 RN e R 22 9 52
M RB (randomized benchmarking) J5 X} & {4
L RE AT RE A0 2 12, 0 P SR i U RR R A
HE3]10) 25, SRG T ICE T BEPLAY B 1135 5
JC. BAE T A RITE RS — IEAEE H BERL
T IBCA) A T TN e R PR b e IR HE v A v
FIREEE], THARTT A I B T AR Y Pk i
PPN S, e m M EACS R EE. Wb &7 1A
BATTH AN AN s R AR AT LR IR, B
e 2 T 22 YL IR B A . X T
BT RITHM RS, S EERB R R L
B, RSP ERE P 587 R0
RF =g+ 50 -1 -2 3l d SHE %
DR 22 G, e AT B4R T2 4l
RS SEH b ik I AR AT A AR L B n 1 G

060304-7


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 3B 3R Acta Phys. Sin. Vol. 71, No. 6 (2022) 060304

FOFRIE ERPE, AT R T TR
AR e | NIRRT T TR PR R F, =
1—-¢.

& 8 J&H RB J7 et L 1 DU A ik e 51) S 80
(18 B LR 3 TR R ) S A AR 1
BIFPRE CIE B | St =M BRI fa sz
FE 4300 A 38 5 I ik oL 5-piece SUPCODE Jjk i
J¥%1 . BB1 ik #5351 F1 BB1inC ik i 5 51 %5 1z 1)
SEHGEE I, S AT DU ZH SRR LA 2 AR, U
BB 2R 1A T34 A3 e i 7 4 4]
. AR IE LG 45 5, 5-piece SUPCODE Jik 5 %71
SEELRY R R TR LR 0.99916(8), KT
1308 5 Dk PO R )P PR ELEE 0.99968(6). X 1t
S0 HP A A T IR B M S 0, RIS 6y
S, 1M 5-piece SUPCODE Jik /551 %F 61 ()41 il 5%
SRS QI3 i ke, BT DR LR AR, 24 A
g3 61 1Y BB1 Bk b5t , &2 81T 0T
PR B, 53 0.999945(6), X W ULHH T 6
W R B AR T AR A R K. BB1inC ik
JP 31 R A BE RIS ] 60 161, B 85T A P24 £
HEAECT BB FPIEAT FTTt, 24 0.999952(6),
IRE T A B TSRO R L A B R 9 AR
T HATE S A ek R e T2 TR
1) et e 7K

Ju—
[}
o

= Naive

Average output state fidelity

0.96 » SUPCODE
s BBI
+ BBIlinC
0.92 } [0 B gue”
, o0 , , ,
0 100 200 300 400

I (number of computational gates)

8 LA TR AT AR ECEE A SE R I HE A5 2R K
VL el JK o 3 30 68 7 ) S T Y A e (1
Fig. 8. Average fidelity of single-qubit gates, where the in-

set shows the average error per gates of the pulses!'.
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Fig. 9. Quantum circuit diagram (a) and experimental res-
ult (b) for measuring the fidelity of CNOT gates['Sl.
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Fig. 12. State trajectories under the two-qubit controlled- U gate by TOC with initial states (a) |0,1) and (b) |0, 0)[".
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Fig. 14. Realization of the single-qubit gate?2.
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Abstract

In the field of quantum physics, quantum control is essential. Precise and efficient quantum control is a

prerequisite for the experimental research using quantum systems, and it is also the basis for applications such

as in quantum computing and quantum sensing. As a solid-state spin system, the nitrogen-vacancy (NV) center

in diamond has a long coherence time at room temperature. It can be initialized and read out by optical

methods, and can achieve universal quantum control through the microwave field and radio frequency fields. It

is an excellent experimental platform for studying quantum physics. In this review, we introduce the recent

results of quantum control in NV center and discuss the following parts: 1) the physical properties of the NV

center and the realization method of quantum control, 2) the decoherence mechanism of the NV center spin

qubit, and 3) the application of single-spin quantum control and relevant research progress.
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