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Fig. 1. In the polar coordinate system, the polar angle of a
radius in the unit circle corresponds to the principal argu-
ment of an eigenvalue of the evolution operator. The angu-
lar bisector of two neighboring radii, which form the largest
included angle among all neighboring radii, is the reverse
extension line of the radius with polar angle ¢o, and ¢m
is equal to half the largest included angle among all neigh-
boring radii. Equivalently speaking, the principal argument
of each eigenvalue of the evolution operator corresponds to
a radius in the unit circle. If we find out the smallest sector
in this unit circle to cover all radii mentioned above, ¢y is

then equal to half the sector angle.
4) o 5 oy Fl o FRS R A2 [E] ) K F AR TR,
XA RNGRTTRE (6) 1 om {H,
w=n— (s —6 ) =n— max{D;}. (9

i X AN TT AR EN Y om (EAT AT EDULARRE: 5L
B (B e — A BE A 55 R A A {0 ) TR

220301-3


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

#) 32 % 3R Acta Phys. Sin. Vol. 72, No. 22 (2023) 220301

NZPRRIRIE, I8 A R S5 B/ N JE 1Y
B B —2F B R 7 2 (6) o om fH. XA/ B
TE R RRAT I 2 (6) Y ¢o HAH.

FEF it om 1M 45 2] A Uhlmann {8 B2 JE T FR,
F(po, pt) = cos(pm) , FALL F(po, pr) > cos(max{¢;})
WART R E, B A om < max{|o; |} 47 AL
S PR EE R A X AE, B Bures fA R, ] DAH K
EEWAE TS ZEISIEE. I om 158 &
FHACTEAT U It & AR R 2

diU;) =pm=n— %max{Dj}. (10)

RESR cos(pm) s& Uhlmann PR ECEER R, ATLIASH
RS & THEAER U & W SRR B A
ANFa S HERE RN ERE PSS ZHE
Bures fi. A S VF, SR ETAS HEASZ 0
(AR B AN fbad B AR I . X S5 20 8
B — AN S AT R a5 2 ] (B AN
RT3 i Z [ PR R A A5 e A — 2

3 REER T G E L R

FT UL EX R AEAT U I S Y B AR R
B X, SR RGN 1Y R R 7R
—PAEHHEHERE R R G, RGN ]
WALE (¢ 4 dt) B2 (dt — 0) FIFXF I f4 1 1k 3 4%
N Uy = exp(—iHdt) . SIS R ARG
WIS, RSCRH Dy RARBE TR 7 AT
H 5B/ ZME, Doy = Amax — Amin - AHE
5, 2 dt — OB, ALY R Ug BIANEAE 1) 58
A FAE B R iG B g AR R (—de) £, I A
Bi ki, BT DLk S g A AR D, A AR R A S (E
SR AER: max{D;} = 21 — dt(Amax — Amin) =
2n — Dyyydt . 46 (10) 20, HALSAT U FTAL 5 1Y)
BRI 0 (V) = o = S Dyayde. BT 5
W RGTERS B 7 AR HTT B B s v A R

mp:%M%Q:%DQ}:%meaMm, (1)
Horr ) Npax B Amin 23900 2 8 55 00 58 77 1) o K AR e
INAAEAE. HH AT A58 NS RS T
F14) B Fsf YT T S3R SU e T P 5 i e K 5 B/ NARATE
fER2E1E.

WER DL SR, WETF RGN
5 i 025 2 8] 0 A 1 2 it ] 119 A8 Ak 30

SRUL A 2 A R AL A0 R, I, fE—
IAGHETRGH, BT RGNS H bR
AT BN ) A — 4~ FER:
d(Uy)
WH

(12)

TH =

B 20t 2, Mandelstam 1 Tamm!!
R T — eSS 3 mEAe R S HIELWET
DI R E], nvr = n/(2AE), AEEET
REWRE R TE. XA UL, AL ETFEZ
SRR R, T RAENRER I S E T
ATH AL A ARG, AR AR PR 31—
I, M HIRSS WS ARIERH, 7R E T2
2 [8] © 3 4k 19 Mandelstam-Tamm 5} [6] T F2

L 19.20]

Op

et (13)

T™MT

4 FpF it

}wa:§?m+u»%iﬁﬁﬂﬁmﬁ%
YR B T LIS 7 = Eo|0)(0] + Ey|1)(1]
o, (0) 1) T RSB U 2, %
BLRG R R AAE (42 3 Bo B By . C AT TR,
AT 2 B LI b 1k 3 51
CHIEZeZS, SO ELF A (13) 3o i il
FWR = nyr. MRS F AR ¢ IR
RERITALERE N U, = e=150t{0) (0] + e Bt 1)(1] .
30 (10) LA (1) AT, 76 ¢ € [0,7/(Ey — Eo)]
SIS P, M 2R 500 544 U, 4 2 0
@ﬁ%ﬁ@wg:;m—Ew.%%méﬁﬁ%
FITHCEFR: oy = 5 (B~ By). i (12) ¢,
AR S S T T =

AT, B2 [0) = = (10)+ 1)) F bt
., JGie 2 Mandelstam-Tamm B [#] FFR, B2 A
SCEE Y g B TE) R BR, EBAE T s w1 00,
{EIE 45 S PR A AR 0 = mar = ¢

Z e Z e T AN, FELIRE BTG
W f RIASAE 2 {]0), (1), |2)} 9 3 R B 75 R AA
TS [E), R T U — A S A AR R R R,
WHN: 0 = Diag(Ey Ey E,) - SR HTHEAERIIFHY
R RIEIE, JFIE Eo < By < By, &AM

=t.

220301-4


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

#) 32 % 3R Acta Phys. Sin. Vol. 72, No. 22 (2023) 220301

EM@%%ﬁﬁm%mzﬁWL%UE¥Wﬁ
) = S0 el fE £ A0S 5 0T A
) = 32 s ) M AR A A
A: U; = Diag(e™iFot e=iFat o=ifat) HRPEIIL(EH
A ¢ 2L 50075 2 [ 0 A B s, B
Bures ffi:

U; = Diag(e™Fot g7iF1t g=1Fat)
R e B RS ¢ MBS S0 2
AR, B Bures fih

Os(|1o), [1r)) = arccos (1o |1)1)]

2 2 —iEt
ijo |cj et

= arccos

)

RGBT TN

2
2 2
AE = \/Zj=0 |Cj|2EJ2» — (Zj=0 |Cj|2Ej) .

s Al (13) kA AW B ¢ B 2 8 AL A
Z I8l B Mandelstam-Tamm B [A] T BR nyr . [F]E,
TEHALIFA] ¢ € [0,/ (2wr)] JEFIA, 1 (10) K ATLA
SHEARS UTE SN BREER AU,) =

;@_Ew,ﬁmuuﬁ@ﬂm%%még%%

ST ACHER R wnn = (B — Eo) . B, #E0HE
FHFL ¢ € [0,/ (2enn)] SEFEIPY, ST (12) 2 AR
T R ORI 70— ¢, SR
T G R, (R, i
BRI T R TR ¢, B 52
o, TR E I 164 R
5, ST U R 5 5 -0 5 o T 75
S AL T B 7, 7 € [0,/ (2wn)] S,
T 5 3% 55 LU ST i) 52 2

WA 2 %, 5 7 G5 1 I B 7 —
Diag(124), BRI o) = 5(VEI0) + 1)+ [2)) 5
A [60) 220 Bures £ JHEARER, i T 4t
T RGeS L ] ¢, A4 R TR B
B 5 0 4 5 7 B AL I B 7, DA%
Mandelstam-Tamm JEALE A T FRAGZS bl £k, v
LA, 1t € [0,n/(un)] W, 7 B2 5T R 5
() LS Ak B ) ¢ 5% 6 A, T Mandelstam-
Tearnm B ] BR 2800 T 2523 o 2
77, FWIILE R ZONT RG0S, 102
TR A 1] TR T A

(n/2wn)
1.0
0.9} — 7u & real time ¢

0.8F ———- T™MT 7
0.7} e
0.6} A
0.5 -
0.4}
0.3}
0.2}
0.1}
0

Time

. . . . . . J (n/2)
0 0.1 02 03 04 05 06 0.7

Bures angle

B2 SRER AU |vo) 1 t € [0, 2 | W IR B g
B A R, A SR B A R R e R A S E
SEHHALETE] ¢ A, WAL 8 54k 1 Mandelstam-Tamm B
[ BR AL T B S AL TR i 2 i R O, LR S R 2

Fig. 2. During the evolution of a qutrit prepared in a pure
state |¢o) , the lower bound of the evolution time pro-
posed here meets the real evolution time perfectly in the
range t € [0, ﬁ] . The curve of the Mandelstam-Tamm

bound is below the curve of the real evolution time, see the
black dashed line.
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Fig. 3. During the evolution of a qutrit prepared in a pure
state [1o) and in a mixed state po , governed by the same
Hamiltonian, the lower bound of the evolution time pro-
posed here meets the real evolution time perfectly in the
range t € [0,7/(2wn)], see the black dashed line. In the
evolution of the mixed state po, the Mandelstam-Tamm
bound is deviated from the real evolution time substan-
tially, see the blue dotted line.

5 % #®

BTSN SCR BR85S AL HE
R AR, (R B S SUR i B R, IE
W 15 | R B 2 1 DG 125900 FELIE MBS, & F
A G AL B B AR E O T 90 A
S 2 18] B2 B B RN ) O AR AL RSP b, BT
BTE ZIE RGP AT 72 58 e A B L AL 5T
FEef, BT R GRS AT LGE i A AT R
. WEETRA T H K, SRR T i e
X7 HT ZIERGRSARIEE, KB A 5
FEEIASAEAEL PR A LA A A G, )il U, 1
F YU AR B B O T AR G 0 e S R A
P, S &SR AT, X — RS A
IFi 7 2 A [ e s W A PR AT AR 5
TEAH [ M W AR RN TR AR PR, AR 2 4
DT (A AT VR, AT 2203 T AHIR] 4 AL
“PEAE”, (HANTE RIS SR TS Z R 25
B R — Y.

Y25, IR 75 S A R I AL R R B R
GEiEALR g, W E T+ REN—TETFE
F—AHERSZ [ B Lt ] iR 7 R 5 LA
175 P R S VA R oy TN 2K 1) B H bR
A, WETFRIES HIREZ R SR 5 5 b
R A 8 04 L A LS A A TR Y — SRR AR
SCHEPRIS FAERA: 7E [0,/ (2wn)] EALETE] Y, DA I
TALET ] RS B S AR ] e SR A, R B
A B[] ARG A S80I . TG 92 W H Y Mandelstam-
Tamm FJ[8] F fR HA7E Ak ai SE N 45
AL ALRT A, R kg F I R 5 =
4t qutrit RG-S HNE IR G S E S
BIXIAR S e AT 1 k. il i AL Y B AR R
B SRR N AL R ORI RGN AL, ARG
[F) R P i 2R AL TS 1) SEL B AT

S 30k

\

(1] Mandelstam L, Tamm I 1945 J. Phys. (USSR) 9 249

[2] Vaidman L 1992 American J. Phys. 60 182

[3] Margolus N and Levitin L B 1998 Physica D 120 183

[4] Lloyd S 2000 Nature 406 1047

(5] Lloyd S 2002 Phys. Rev. Lett. 88 237901

(6] Bekenstein J D 1981 Phys. Rev. Lett. 46 623

[7] Murphy M, Montangero S, Giovannetti V, Calarco T 2010
Phys. Rev. A 82 022318

[8] Mohan B, Das S, Pati A K 2022 New J. Phys. 24 065003

[9] Giovannetti V, Lloyd S, Maccone L 2006 Phys. Rev. Lett. 96

010401

[10] Giovannetti V, Lloyd S, Maccone L 2011 Nat. Photonics 5
222

[11] Chin A W, Huelga S F, Plenio M B 2012 Phys. Rev. Lett. 109
233601

[12] Binder F C, Vinjanampathy S, Modi K, Goold J 2015 New J.
Phys. 17 075015
[13] Campaioli F, Pollock F A, Binder F C, Céleri L, Goold J,
Vinjanampathy S, Modi K 2017 Phys. Rev. Lett. 118 150601
[14] Scully M O, Zubairy M S 1997 Quantum Optics (Cambridge:
Cambridge University Press) pp204-205
[15] Bures D 1969 Trans. Am. Math. Soc. 135 199
[16] Wootters W K 1981 Phys. Rev. D 23 357
[17] Uhlmann A 1992 Groups and Related Topics (New York:
Kluwer Academic) pp267-274
] Uhlmann A 1976 Rep. Math. Phys. 9 273
[19] Bhattacharyya K 1983 J. Phys. A 16 2993
| Huang J H, Hu LY, Liu F Y 2020 Phys. Rev. A 102 062221
| Campaioli F, Pollock F A, Binder F C, Modi K 2018 Phys.
Rev. Lett. 120 060409
[22] Huang J H, Qin L G, Chen G L, Hu L Y, Liu F Y 2022 Chin.
Phys. B 31 110307

BT UL IE R, BT RGBT 2q)
A won T TE A R IR B A B 0k i 1] 4 22 Ak
R, HEEFSFTREIER RSB/ MEZ 2 26

220301-6

Levitin L B, Toffoli T 2009 Phys. Rev. Lett. 103 160502

Pires D P, Cianciaruso M, Celeri L. C, Adesso G, Soares-Pinto
D O 2016 Phys. Rev. X 6 021031

Alberti A, Ness G, Sagi Y 2022 Phys. Rev. Lett. 129 140403
Shiraishi N, Funo K, Saito K 2019 New J. Phys. 21 013006


https://doi.org/https://link.springer.com/chapter/10.1007/978-3-642-74626-0_8
https://doi.org/https://link.springer.com/chapter/10.1007/978-3-642-74626-0_8
https://doi.org/https://link.springer.com/chapter/10.1007/978-3-642-74626-0_8
https://doi.org/https://link.springer.com/chapter/10.1007/978-3-642-74626-0_8
https://doi.org/https://link.springer.com/chapter/10.1007/978-3-642-74626-0_8
https://doi.org/https://link.springer.com/chapter/10.1007/978-3-642-74626-0_8
https://doi.org/https://link.springer.com/chapter/10.1007/978-3-642-74626-0_8
https://doi.org/10.1119/1.16940
https://doi.org/10.1119/1.16940
https://doi.org/10.1119/1.16940
https://doi.org/10.1119/1.16940
https://doi.org/10.1119/1.16940
https://doi.org/10.1119/1.16940
https://doi.org/10.1119/1.16940
https://doi.org/10.1016/S0167-2789(98)00054-2
https://doi.org/10.1016/S0167-2789(98)00054-2
https://doi.org/10.1016/S0167-2789(98)00054-2
https://doi.org/10.1016/S0167-2789(98)00054-2
https://doi.org/10.1016/S0167-2789(98)00054-2
https://doi.org/10.1016/S0167-2789(98)00054-2
https://doi.org/10.1016/S0167-2789(98)00054-2
https://doi.org/10.1038/35023282
https://doi.org/10.1038/35023282
https://doi.org/10.1038/35023282
https://doi.org/10.1038/35023282
https://doi.org/10.1038/35023282
https://doi.org/10.1038/35023282
https://doi.org/10.1038/35023282
https://doi.org/10.1103/PhysRevLett.88.237901
https://doi.org/10.1103/PhysRevLett.88.237901
https://doi.org/10.1103/PhysRevLett.88.237901
https://doi.org/10.1103/PhysRevLett.88.237901
https://doi.org/10.1103/PhysRevLett.88.237901
https://doi.org/10.1103/PhysRevLett.88.237901
https://doi.org/10.1103/PhysRevLett.88.237901
https://doi.org/10.1103/PhysRevLett.46.623
https://doi.org/10.1103/PhysRevLett.46.623
https://doi.org/10.1103/PhysRevLett.46.623
https://doi.org/10.1103/PhysRevLett.46.623
https://doi.org/10.1103/PhysRevLett.46.623
https://doi.org/10.1103/PhysRevLett.46.623
https://doi.org/10.1103/PhysRevLett.46.623
https://doi.org/10.1103/PhysRevA.82.022318
https://doi.org/10.1103/PhysRevA.82.022318
https://doi.org/10.1103/PhysRevA.82.022318
https://doi.org/10.1103/PhysRevA.82.022318
https://doi.org/10.1103/PhysRevA.82.022318
https://doi.org/10.1103/PhysRevA.82.022318
https://doi.org/10.1088/1367-2630/ac753c
https://doi.org/10.1088/1367-2630/ac753c
https://doi.org/10.1088/1367-2630/ac753c
https://doi.org/10.1088/1367-2630/ac753c
https://doi.org/10.1088/1367-2630/ac753c
https://doi.org/10.1088/1367-2630/ac753c
https://doi.org/10.1088/1367-2630/ac753c
https://doi.org/10.1103/PhysRevLett.96.010401
https://doi.org/10.1103/PhysRevLett.96.010401
https://doi.org/10.1103/PhysRevLett.96.010401
https://doi.org/10.1103/PhysRevLett.96.010401
https://doi.org/10.1103/PhysRevLett.96.010401
https://doi.org/10.1103/PhysRevLett.96.010401
https://doi.org/10.1038/nphoton.2011.35
https://doi.org/10.1038/nphoton.2011.35
https://doi.org/10.1038/nphoton.2011.35
https://doi.org/10.1038/nphoton.2011.35
https://doi.org/10.1038/nphoton.2011.35
https://doi.org/10.1038/nphoton.2011.35
https://doi.org/10.1103/PhysRevLett.109.233601
https://doi.org/10.1103/PhysRevLett.109.233601
https://doi.org/10.1103/PhysRevLett.109.233601
https://doi.org/10.1103/PhysRevLett.109.233601
https://doi.org/10.1103/PhysRevLett.109.233601
https://doi.org/10.1103/PhysRevLett.109.233601
https://doi.org/10.1088/1367-2630/17/7/075015
https://doi.org/10.1088/1367-2630/17/7/075015
https://doi.org/10.1088/1367-2630/17/7/075015
https://doi.org/10.1088/1367-2630/17/7/075015
https://doi.org/10.1088/1367-2630/17/7/075015
https://doi.org/10.1088/1367-2630/17/7/075015
https://doi.org/10.1088/1367-2630/17/7/075015
https://doi.org/10.1088/1367-2630/17/7/075015
https://doi.org/10.1103/PhysRevLett.118.150601
https://doi.org/10.1103/PhysRevLett.118.150601
https://doi.org/10.1103/PhysRevLett.118.150601
https://doi.org/10.1103/PhysRevLett.118.150601
https://doi.org/10.1103/PhysRevLett.118.150601
https://doi.org/10.1103/PhysRevLett.118.150601
https://doi.org/10.1103/PhysRevLett.118.150601
https://doi.org/10.1103/PhysRevD.23.357
https://doi.org/10.1103/PhysRevD.23.357
https://doi.org/10.1103/PhysRevD.23.357
https://doi.org/10.1103/PhysRevD.23.357
https://doi.org/10.1103/PhysRevD.23.357
https://doi.org/10.1103/PhysRevD.23.357
https://doi.org/10.1103/PhysRevD.23.357
https://doi.org/10.1016/0034-4877(76)90060-4
https://doi.org/10.1016/0034-4877(76)90060-4
https://doi.org/10.1016/0034-4877(76)90060-4
https://doi.org/10.1016/0034-4877(76)90060-4
https://doi.org/10.1016/0034-4877(76)90060-4
https://doi.org/10.1016/0034-4877(76)90060-4
https://doi.org/10.1016/0034-4877(76)90060-4
https://doi.org/10.1088/0305-4470/16/13/021
https://doi.org/10.1088/0305-4470/16/13/021
https://doi.org/10.1088/0305-4470/16/13/021
https://doi.org/10.1088/0305-4470/16/13/021
https://doi.org/10.1088/0305-4470/16/13/021
https://doi.org/10.1088/0305-4470/16/13/021
https://doi.org/10.1088/0305-4470/16/13/021
https://doi.org/10.1103/PhysRevA.102.062221
https://doi.org/10.1103/PhysRevA.102.062221
https://doi.org/10.1103/PhysRevA.102.062221
https://doi.org/10.1103/PhysRevA.102.062221
https://doi.org/10.1103/PhysRevA.102.062221
https://doi.org/10.1103/PhysRevA.102.062221
https://doi.org/10.1103/PhysRevA.102.062221
https://doi.org/10.1103/PhysRevLett.120.060409
https://doi.org/10.1103/PhysRevLett.120.060409
https://doi.org/10.1103/PhysRevLett.120.060409
https://doi.org/10.1103/PhysRevLett.120.060409
https://doi.org/10.1103/PhysRevLett.120.060409
https://doi.org/10.1103/PhysRevLett.120.060409
https://doi.org/10.1103/PhysRevLett.120.060409
https://doi.org/10.1103/PhysRevLett.120.060409
https://doi.org/10.1088/1674-1056/ac76b4
https://doi.org/10.1088/1674-1056/ac76b4
https://doi.org/10.1088/1674-1056/ac76b4
https://doi.org/10.1088/1674-1056/ac76b4
https://doi.org/10.1088/1674-1056/ac76b4
https://doi.org/10.1088/1674-1056/ac76b4
https://doi.org/10.1088/1674-1056/ac76b4
https://doi.org/10.1088/1674-1056/ac76b4
https://doi.org/10.1103/PhysRevLett.103.160502
https://doi.org/10.1103/PhysRevLett.103.160502
https://doi.org/10.1103/PhysRevLett.103.160502
https://doi.org/10.1103/PhysRevLett.103.160502
https://doi.org/10.1103/PhysRevLett.103.160502
https://doi.org/10.1103/PhysRevLett.103.160502
https://doi.org/10.1103/PhysRevLett.103.160502
https://doi.org/https://doi.org/10.1103/PhysRevX.6.021031
https://doi.org/https://doi.org/10.1103/PhysRevX.6.021031
https://doi.org/https://doi.org/10.1103/PhysRevX.6.021031
https://doi.org/https://doi.org/10.1103/PhysRevX.6.021031
https://doi.org/https://doi.org/10.1103/PhysRevX.6.021031
https://doi.org/https://doi.org/10.1103/PhysRevX.6.021031
https://doi.org/https://doi.org/10.1103/PhysRevX.6.021031
https://doi.org/10.1103/PhysRevLett.129.140403
https://doi.org/10.1103/PhysRevLett.129.140403
https://doi.org/10.1103/PhysRevLett.129.140403
https://doi.org/10.1103/PhysRevLett.129.140403
https://doi.org/10.1103/PhysRevLett.129.140403
https://doi.org/10.1103/PhysRevLett.129.140403
https://doi.org/10.1103/PhysRevLett.129.140403
https://doi.org/10.1088/1367-2630/aaf9f5
https://doi.org/10.1088/1367-2630/aaf9f5
https://doi.org/10.1088/1367-2630/aaf9f5
https://doi.org/10.1088/1367-2630/aaf9f5
https://doi.org/10.1088/1367-2630/aaf9f5
https://doi.org/10.1088/1367-2630/aaf9f5
https://doi.org/10.1088/1367-2630/aaf9f5
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
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

#) 32 % 3R Acta Phys. Sin. Vol. 72, No. 22 (2023) 220301

[27] Hornedal N, Allan D, Sénnerborn O 2022 New J. Phys. 24 [29] Liu T, Li Z L, Zhang Y H, Lan K 2023 Acta. Phys. Sin. 72
055004 047301 (in Chinese) XK, ZZ5¢ R, A, R 2023 Y34
(28] Tian C, Lu X, Zhang Y J, Xia Y J 2019 Acta. Phys. Sin. 68 % 72 047301]
150301 (in Chinese) [FHEE, FEH, KA, A 2019 PR [30] Ma Y J, Gao X C, Wu S X, Yu C S 2023 Chin. Phys. B 32
% 68 150301] 040308

Quantum evolution speed induced by Hamiltonian

Dong Shan-Shan!'  Qin Li-Guo!  Liu Fu-Yao®l
Gong Li-Hua?  Huang Jie-Hui VT
1) (School of Mathematics, Physics and Statistics, Shanghai University of Engineering Science, Shanghai 201620, China)

2) (School of Electronic and Electrical Engineering, Shanghai University of Engineering Science, Shanghai 201620, China)

( Received 19 June 2023; revised manuscript received 15 July 2023 )

Abstract

In the issue of quantum evolution, quantum evolution speed is usually quantified by the time rate of
change of state distance between the initial sate and its time evolution. In this paper, the path distance of
quantum evolution is introduced to study the evolution of a quantum system, through the approach combined
with basic theory of quantum evolution and the linear algebra. In a quantum unitary system, the quantum
evolution operator contains the path information of the quantum evolution, where the path distance is
determined by the principal argument of the eigenvalues of the unitary operator. Accordingly, the instantaneous
quantum evolution speed is proportional to the distance between the maximum and minimum eigenvalues of the
Hamiltonian. As one of the applications, the path distance and the instantaneous quantum evolution speed
could be used to form a new lower bound of the real evolution time, which depends on the evolution operator
and Hamiltonian, and is independent of the initial state. It is found that the lower bound presented here is
exactly equal to the real evolution time in the range [0,7/(2wu)]. The tool of path distance and instantaneous

quantum evolution speed introduced here provides new method for the related researches.
Keywords: quantum evolution, path distance, quantum evolution speed
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