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Fig. 1. Physical model of the double “gravitational cat
state”, where two double wells are located on different axes
and the distance between the two parallel axes is

d—\/IT L2,
R T IRFE G A T R B 2#47
N, W FEPIE L. S —Fh Rt R RGE T A
g, RGA EEh
HC:HZ' (t)@IJ'FL,@HJ (t)—’YJm@)Ux, (1)
Horp,
Hy, (t) = wI + Ao, (t) 02, k=1, J,
N GG I R Z A HE G R,
TR PO O TSGR I, BT R4 H
b T AR A 22 B R
BT TR R G Ih ] A AE AR T
FLRR X 25

3
1
p(0) = 1 <I2®I2+Zci0'i®0'i>

i=1

1+c3 0 0 1 —C2
:1 0 l—c3 c1+ce 0 @)
4 0 c1+c 1—c3 0
c1 — Co 0 0 1+c3

040303-2


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

Y B ¥ R Acta Phys. Sin.

Vol. 74, No. 4 (2025) 040303

AT 78 20 2R G 0 5 BE SRR AT LA p (¢) = U (¢) x
p(0)UT (t) #5332, Horp Z BB ALEART N

U (t) = exp {i/ot H(t) dt’} .

SRR UL, 25 AR E 2817 6, (1) = 65 (1) = 6, I
AT I 221 1% %5 E R 7T LA 2h

p11 (1) 0 0 P14 (t)
0 p22(t) pas(t) O
t) = ., (3
P 0 pl) pu) 0 ©)
pa(t) 0 0 pau(t)
K,
l4ez (e —c2) v Asin? (Bt)
il == =% e
~l+cz | (c1 —co)yd)sin® (Bt)
pull) ==+ e

p22 (t) = pas (t) = (1 — c3) /4,
p23 (1) = ps2(t) = (c1 +c2)/4,
pa1 (t) = piq (t)
(1 —ea) {¥* + 26X [20) cos (26t) — i sin (26t)] }
432 ’
B = /72 + 462X (4)
HIR, ZIEHEREA 6, (t) = se X EA A
W7, o A MG A S8, x KRN E
P23 261, s I 28 0 £ A Ay
H, (t) = (wI +\se X'0,) ® I

+I;® (wI + A(Se_xtaz) — Y0, ® 5. (B)

TERE I S WUREAE R, RIS T R
LM IES:

U (t) = T exp [i /O t H, (') dt'] ,

KT B 7. IS Magnus BT 27, i [a] i
EAF U () ATE R LT IE:

Ue (t) = exp[A(t)], A(t)=)_Ap(t). (6)
k=1
A,
Ay (1) = /O 4t [ ()],
A, (t):—%/o dtl/oldtg[HX (t1), Hy ()],

As(t) = ..., (7)
HA[A,B] = AB— BAE: A M BHXF 5, X B

ZWE I, HCE] R Uegr (t) = exp[Aq (¢) +
Ay (t)], IR DR E

Al(t):—i[—)\—é(efxt—l)(az@)I—i—I@Jz)
X

—'ytom@)crm],

1 Aé’y( 1) o Aoy
Ao(t)= —=|— ([1+— (e =1)+ —¢
2 () Q[X X ( ) X

X(0, QI +1I®0,,0, R0,). (8)

Z I, 533 TR TR R R
G sh Al e TR REE A S BT 2]
JERFE. thTid TR 2%, TR 5 22 r) B 5 iR
A BIR A Tia] LA B e B 1R b5 R, SRR
B A IT IR 22 ] 1 AR 4.

3 ETHEERREEEET KM
3.1 EBTEERRAE

R G5 AR IO A AR ] DL R
BRI E] (QSLT) HKefthik. QSLT E X T — i1
BB LG 7 5 2] )RS EAL R 7 + mp I 208 H AR
AR I/ NEARINR] 7 J2SEBRTEARI ] 2013 4F,
Taddei % 28 \HHF Fisher {5 B BE %, 441
THERFFENE T R50 QSLT /) MT 5.
Deffner A1 Lutz?! F| ] Bures ff 19 & & 77745
THREF RS QSLT B MT Al ML $t. Zhang
S5 OV FH AR Al B2 2t T AR B AR A R QSLT.
AR Zhang 45 PO 1y QSLT, MG p, B H
WS prim, H

1 1

TQSL = max — s —
.0 / 2
Zi:l Tipi Zi:l O-i

X B(pr, prim)

/\':':‘7

. 1 T+7D
X=— / Xdt,

™
B (pr, Primy) = |t (prprin,) —tr (p7)],
pi SEWIUG I 25 BERE RS o, BT SMH, oy AT
1<t <7+ REEEHME p, AT FH.

3.2 JUAEFKHh
2001 4%, F T2 WrH Hendersoon Fl1 Vedrall®!

040303-3


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

Y B ¥ R Acta Phys. Sin.

Vol. 74, No. 4 (2025) 040303

5 Ollivier 55 ZurekP? #2111, Pk Efb &S 1Y
R MOCHR. B XS 2 4 0 a] s A, HeES
WA —E 2%, AFFETHUHE, 51K
Al T 4 T A 6 A P A R 2 S OCHR E AT Ak
2010 4, Modi &5 P31 38 35 A% 2 T A [\ 2+
KBRS —AL ). 2011 4F, Dakic%s B9 - T25
Z TA)AS [) Ay 0 B ) 0 O 4 FH B/ N R
AFVRE- it 2 R HE B8 ) 7 O e SO LT -2k s, BRI

Dq (p) =min ||p — x]|2.
G (p) = min|lp = x|,

{ERIET it 2 2 Y oe L T Py
ANl R AR R B, A S T e
W1 YO BOE U By, SOPRE IR B85 5 2% ) 124
(trace distance discord, TDD), Rl

D (p) = min o= x|,
HH,

A
gl = e [VAIFM] . x =Y p [T 0P

(I} BTFR4% A 19— dlERSe IR E, pP
RTRE: BB, {p,} WM.
TR T4, D (p) RAS N, HX TP
FLARE XA

3
1
PX =7 <I2®-[2+Zci0i®ai>7

i—1
W D (px) =int(lea, |eal, les]), int s B |ey],
lea|, |es| EAGHROAME. XTI EbEE X S% A
VI IEA:
pi1 O 0  pua
0 pa2 p23 O
= . 9
Px 0 p32 p3z O ©)

pa1 O 0
D (px ) A1 S A& (R i A i 125

P44

2 2
D _ Q7 Omax — X5 min
(pX) - — - 2 _ 2
Qmax Qmin + ay a5

(10)

Hrr,

a3 =2(p11 + p22) — 1,

o1 =2(|p2s| £ |p14l) s az =1—2(p22 £ p33),
Omin = min{a%,a%}.

(11)

2 2 2
Qmax = max{oz3, oy + IA3}’

4 BEER

=R R PRETE]
B, FATHT 7RG A" i T 28
g . BF9E T = 0 B 5| I AH B VR R iR
JE T2 UG 280 6 XX 5] 1A 287 Ak i i v
QSLT M52, A5, Wg| Ja" RGP 1R
Bie XA, M EEVIBRSE ¢, 0,03, M ea] <
c1 =3B, QSLT K

TQSL =

tler = eaf o] sin (VA7 457D ) /(72 +44?)
|(1+2¢1 — )| ’
Hrg 5 R G RMHGERE NN = 1. T kikE
DURBNARGHIIARES, B (c1, c2, c3) = (1, —1, 1).
T Ao MR 28 B 37 M 76 WL | A A7 3
1547 BRI, QSLT R F LS4 6 SRR
B I LR T 6 > 0 sy, a2 Fos, X
TAHAFIFRGOREE v, B o g N, QSLT 555k
AL R LA Tos /o FEXG B — M RKME, K5
W/, AH mos /o BRR/NT 1Y, R 24
AT X TLAEM) 018, +BK, 7ost/m #/, B
AR AL 9 7 SR, AT LAGE S R4 |
JIAEAS” AR ELAE FH 5 R S B - AT AL ) i K.

4.1

(12)

0.8 ———
- -y=04
v=0.6
| —-~v=0.38
0.6 N=1.0
v=1.5
e =2/
S04t -
2] g
&
0.2
0

0 0.2 0.4 0.6 0.8 1.0

Kl 2 FeE &g e R X5 S A QSLT 552
B i AR I T8 199 LU mosL /o BES | JIHEG SR ~ F1 2 iz g
FEE S AR XG5 A 552 e A =1,
PR AL ] p = 1

Fig. 2. Ratio TgsL/mp of the quantum speed limit time to
the actual evolution time for the double “gravitational cat
state” under the influence of stable classical field noise as a
function of the gravitational coupling ~ and the paramet-
ers of the classical field noise . Here the coupling between
the double “gravitational cat state” and the field is A =1,

the evolutional time is p = 1.
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Fig. 3. Ratio 1qsL/7p of the quantum speed limit time to
the actual evolution time under the influence of classical de-
caying field for the double “gravitational cat state” as a
function of the gravitational coupling ~ and the decay
rates x . Here the coupling between the double “gravita-
tional cat state” and the field is A =1, for 6 = 1, and the

evolutional time is mp = 1.
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Fig. 4. Ratio TgsL/m of the quantum speed limit time to
the actual evolution time under the influence of classical de-
caying field for the double “gravitational cat state” as a
function of the parameters of the classical field noise § and
the decay rates x . Here the coupling between the double
“gravitational cat state” and the fieldis A =1 for vy =0.1,

the evolutional time is p = 1.
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Fig. 5. Trace distance discord under the influence of stable classical field noise for the double “gravitational cat state” as a function
of the parameters of the classical field noise § and evolution time ¢: (a) The coupling between the double “gravitational cat state”

is weak, for v = 0.1; (b) the coupling between the double “gravitational cat state” is strong, for v = 10.
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Fig. 6. Trace distance discord under different coupling strength for the double “gravitational cat state” as a function of the evolu-

tion time ¢, and § = 1: (a) Classical field noise; (b) general local decaying field, x = 1.
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Fig. 7. Trace distance discord and the ratio 7qsp/7p of the quantum speed limit time to the actual evolution time under the influ-
ence of classical decaying field for the double “gravitational cat state” as a function of the initial evolution time t, for p =1,
y=1:(a) x=1;(b) x=2.
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Effects of ambient noise on quantum speed limit time
and quantum discord dynamics of a double
“gravitational cat state” system’
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Abstract

The exploration of the quantum nature of gravity has always been the focus of academic research. In this
work, we consider a double “gravitational cat state” quantum system consisting of a pair of massive particles
coupled with gravitational interaction confined in their respective double potential wells. Specifically, we model
the double “gravitational cat state” system as a two-qubit system by assuming that the system is initially in the
two-qubit Bell state, and investigate the effects of stable classical field and decayed field noise on the quantum
speed limit time (QSLT) and trace distance discord (TDD) dynamics of the double “gravitational cat state”.
The results show that the QSLT can be controlled by changing the parameters of the system and the
environment, and the quantum state dynamic evolution of the system with massive particles can be accelerated.
The quantum state evolution can be accelerated by increasing the gravitational coupling intensity between the
two massive particles. The decay rate of the decaying field can also regulate the QSLT of the system to a
certain extent, so as to accelerate the quantum state evolution. Under the influence of decaying field noise, it is
worth noting that the intensity of gravitational coupling affects the frequency of quantum discord oscillations in
this two-particle system. The QSLT shows an oscillating trend with time: rapidly increasing to a certain value
in a short period of time, then beginning to decline, and then oscillating until it reaches a stable value. That is
to say, the evolution of quantum states goes through an oscillatory cycle of first deceleration and then
acceleration until the evolution rate becomes stable after a certain period of time. At the same time, there are
similar oscillations in the dynamics of quantum discord. Moreover, by comparing these two, it is found that the
QSLT decreases in the process of increasing the quantum discord in the system. When the discord oscillation
has regularity, the QSLT tends to a certain value, and the quantum discord of the double “gravitational cat
state” system has a certain relationship with the QSLT. In other words, the quantum discord will affect the rate
of quantum state evolution to some extent, and the increase of quantum discord between systems will be more

conducive to the evolution of quantum states.

Keywords: open system dynamics, quantum speed limits time, quantum discord, gravitational cat state
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