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The study of quantum mechanics in non-inertial reference frames, particularly in the context
of open systems, introduces several intriguing phenomena and challenges. This paper presents a
comprehensive framework for analyzing the quantum mechanics of open systems undergoing non-
inertial motion. Our methodology leverages the concept of dissipatons, statistical quasi-particles
that capture collective dissipative effects from the environment. We demonstrate that our approach
offers a natural understanding of the intricate dynamics among non-inertial effects, decoherence,
dissipation, and system-bath entanglement. Specifically, we conduct demonstrations focusing on the
Lamb shift phenomenon within a rotating ring cavity. Through theoretical exposition and practical
applications, our framework elucidates the profound interplay between open quantum dynamics
and non-inertial motion, paving the way for advancements in quantum information processing and

sensing technologies.

I. INTRODUCTION

In quantum physics, exploring open quantum systems
has become a captivating research frontier [1-5]. Open
systems, which interact with their surrounding envi-
ronment, exhibit diverse phenomena spanning quantum
optics [6-10], nuclear magnetic resonance [11-13], con-
densed matter [14-18], quark-gluon plasma [19-22], non-
linear spectroscopy [23-30], and chemical and biological
physics [31-36]. The interaction between open quantum
system and its environment often induces decoherence, a
process in which the system’s quantum coherence dimin-
ishes gradually, leading to classical-like behavior. Deco-
herence stems from the unavoidable entanglement with
the environment, causing a rapid loss of delicate quan-
tum superposition states. Consequently, the system is
driven towards a mixed state, making it more suscepti-
ble to classical statistical treatments. In open quantum
systems, decoherence plays a vital role in understanding
the fundamental limits of quantum technologies and the
boundary between classical and quantum behaviors [37].

Non-inertial effects, arising from the acceleration or
rotation of the system, introduce novel dynamics and
unique features that set them apart from their inertial
counterparts [38]. Non-inertial effects complicate the dy-
namics of open quantum systems, including the quantum
decoherence. Such effects have garnered significant at-
tention in recent years, primarily due to their potential
applications in various fields, including quantum infor-
mation processing, precision measurements, and quan-
tum metrology [39-42].

Furthermore, non-inertial effects have also been inves-
tigated in the context of quantum entanglement dynam-
ics [43, 44]. Entanglement describes the correlation be-
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tween two or more distant quantum systems. The ac-
celeration or rotation of an open quantum system can
lead to remarkable changes in the entanglement struc-
ture between the system and its environment. Under-
standing these dynamics is crucial in various scenarios
such as quantum teleportation, quantum cryptography,
and quantum communication protocols [45-47].

In this paper, we aim to provide a comprehensive
framework for analyzing the quantum mechanics of open
systems undergoing non-inertial motion. In Sec.II and
III, we will delve into the mathematical formalism nec-
essary to describe the non-inertial effects in open quan-
tum systems, followed by a comprehensive framework,
leverages the concept of dissipatons, statistical quasi-
particles that capture collective dissipative effects from
the environment [48, 49]. Finally, we provide a concise
summary of this paper and deliver a preview of our fu-
ture research endeavors. Throughout this paper, we set
h=c=1and 8 =1/(kgT), with kg being the Boltz-
mann constant and 7' the temperature. Besides, we de-
note the space-time coordinate as z# = (t,r) = (¢,r?)
with € {0,1,2,3} and ¢ € {1,2,3} and the Minkowski
metric as n*¥ = diag{—1,1,1,1}. The Einstein summa-
tion convention is also adopted for the space—time in-
dices.

II. NON-INERTIAL QUANTUM MECHANICS
A. Non-inertial unitary transformation

In this section, we briefly review the non-inertial quan-
tum mechanics [50]. Let us start with the Hamiltonian,

[p—eA(, D)
2m
where m and e are the mass and charge of the particle,

respectively. We use the hat accent”to distinguish opera-
tors and c-numbers for 7 and p. Here, A(7,t) and ¢(7,t)

H(r,p) = +V(#,t)+ep(r,t), (1)
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are the electromagnetic (EM) potentials, while V(#,¢) is
the potential energy. All of them possibly contain non-
inertial effects as elaborated below.
To be concrete, we set
V(r,t) = Vo(# (1)), (2)
with 7 = R (# — ¢;), and V; being a specific potential
in the body-fixed coordinate system. Here, R; € SO(3)
and ¢; € R3. By convention, we set the initial conditions:
Ro = I, and o = 0; See Fig. 1 for the illustration. Special
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FIG. 1. Coordinate transformation of the mixed accelerating
and rotational motions.

cases include:

1. Pure acceleration: Ry = |, V(#,t) = Vo(# — ;). Espe-
cially, ¢; = vt and ¢; = (1/2)at? correspond to the boost
and the constant acceleration, respectively;

2. Pure rotation: {; =0, V(#,t) =
R; can be expressed as,

Vo(R;'#). Generally,

exp, { /0 dr Q(r)n(r) -J} 3)

Here, exp, denotes the exponential with time-ordering,
Q(t) is the transient angular velocity, n(t) is the unit
vector along the rotational direction, and J = (J5, Jy, J.)
with (J;)jx = —e€ijx is the generator of the SO(3) group.
Especially, exp(£2tJ,) represents the rotation around the
z-axis with a constant angular velocity §2.

Consider the time—dependent unitary transformation

) — ) = U@)), (4)

U(t) = exp._ [i/othQ(T)n( ). ]exp (—zm/ dr )

X exp ( — zm(:t ) exp (ZCt )

Here, L = 7 x P is the angular momentum and exp_
denotes the exponential with anti-time-ordering, . The
Hamiltonian transforms accordingly as

H— H =UHU' +UU". (6)
As a result, the new Hamiltonian reads

[Rip—eA(y,1)]?

o = o +Vo(#) + e[d(&e.t) —C- A&, 1))

= Q(t)n(t) - [(Re?) x (Rep)] + mé; - (Ry7). (7)
where &; = Ri# 4+ {;. See detailed derivations in Ap-
pendix A.

B. Electromagnetic field transformation

The dynamics of the electromagnetic (EM) field in the
non-inertial frame is governed by the covariant Maxwell’s
equation,

F“Vm(x):o and F}W;)\+F)\H;V+Fy)\;u:0. (8)

Here we define the covariant derivative as

Ve, =VHE, 4T VA (9a)
and
Viw =V, =IOV (9b)

for any 4-vector V* and V, = g, V¥ with g, being the
Riemann metric. In Eq. (9), we defines f,(z) = %f(x)
for any function f(x) and the Christoffel connection

1
A A
Ful/ =359 r

2 _gﬁ“/»/o)' (10)

(gup,u + Gup.p

The Maxwell’s equation [Eq. (8)] enables us to introduce
the 4-vector potential A* = (¢, A), such that

s (11)

where the second equality holds due to the symmetry
Ff;u = Fi‘#. Consequently, we have

By = Apip = Ay = Ay — A

AV~ AR+ R,

Y

LAP = 0. (12)

Besides, the gauge condition is applied together to deter-
mine the dynamics of the 4-vector potential.
We consider the transformation as

r—G) (13)

The 4-vector potential

t=t and 7=R;

with ¢, (7,t) = g (z) = .
transforms as

AF) = A%(x),
A(F) =R 'A(z) + [fi

Special cases include:

(14)

T — &) — R71C,) A% @),



1. If the field is comoving with the particle, R, = Ry,
¢t = ¢, leading to 7 = 7' [cf. Eq. (2)];

2. If the field is static, R, = I, { = 0, leading to 7 = r.

In this work, we quantize the electromagnetic field un-
der the Coulomb gauge, reading

V- A(7,t)=0. (15)
This leads to ¢(7,t) = 0 and
A (7 t) =0. (16)

The general solution of Eq. (16) allows us to quantize the
vector potential as

sz€k<As —zwkt-l-zkr_’_AST iwpt—ik- r). (17)

Here, Z;, is the normalization constant, s = 1,2 labels
the two polarizing states of photon, and €}, are the po-
larization vectors perpendicular to the wave vector k.
Note that we can determine Zj, in Eq. (16) via the canon-
ical quantization condition. Substituting Eq. (17) into
Eq. (16), we can obtain the dispersion relation wy. One
may directly apply the discussions and results of this sub-
section to other types of environments such as phonons.

III. NON-INERTIAL EFFECTS IN OPEN
QUANTUM SYSTEMS

A. Total Hamiltonian with non-inertial motion

Combining the results in Sec.II, we arrive at the total
system—plus—bath composite Hamiltonian, reading

H' = Hy + Hey (18)

with the system Hamiltonian and the system—
environment interaction being
132 ~ .
Hs = o T Vo(?) — Qt)n(t) - ReL +mq: - (Re)  (19)
and

Hep = —eR; (F;if’ +c't) AR RA+G - ), (20)

respectively. Here, we express H’' in the environment
Hamiltonian Hg-interaction picture and we ignore the
terms with order of e2. We further adopt the long wave-
length approximation for the EM field, i.e., k-7 < 1.
This leads to

0= Zie (age
k,s

which is independent of the coordinate.

zwkt_|_ ~st w}kt)’ (21)

B. Spectral density

This subsection gives a comprehensive account on the
settings of open quantum system and calculates the envi-
ronment spectral density. By using the long wavelength
approximation, Eq. (20) can be recast into

Hye = —Q(t) - A(t), (22)

where we denote Q(t) = eR;! % +¢). The environ-

mental influence on the system is fully characterized by
the autocorrelation functions of the vector potential:

Cis(t) = (A () A;(0))., (23)

where ﬁi represents the i-component of Aina partic-
ular spatial coordinate system. For example, i = r, 0,
z in the cylindrical coordinate system. Here, ((+))g =
tre[(-)pY] = trg[(-)e PME /Z5] with Zg = try(e=F®).

Or equivalently, it can be characterized by the envi-
ronment spectral density:

T =3 [ e A, Ao,

— 00

= 7'('2 Zieri€r; [5(&1 —wg) — 6w+ wk)} (24)

Here, ((-))s = trg[(-)pY] = trg[(-)e Phe/Z;] with
Zs = trg(e P"®). They satisfy the positivity relations,
Jii(w)/w >0 and |J;;(w)[* < J;;(w)Jj;(w), and the sym-
metry relations,

Jij(w) = =Jij(-w) = Jji(w). (25)
Together with the detailed balance relation, one can read-
ily obtain [2, 51, 52]

(Ai(n) A / dw

This is the bosonic fluctuation—dissipation theorem,
which relates the bath correlation function to the spectral
density function.

_ZWth]( )

1—e P (26)

According to expression of Hs(g)(t), the bath can be
seen as driven by an external classical field, R, 1é.

C. Dissipaton theory: An exact framework

The HEOM starts with an exponential expansion of
Eq. (23),

K
)= mijue ", (27)
k=1

where we set 7,5, = 7 for simplicity. This can generally
be achieved via certain sum—over—poles expansion on the



Fourier integrand of Eq. (26), followed by the Cauchy’s
contour integration in the low—half plane.

From the definition of Eq.(23), we obtain the Time-
reversal relation,

Cji(=t) =

anne ’YN 7anj’e Rt
(28)

The DEOM theory explicitly identifies all involved dy-
namical variables, {p(")( t)}, as follows. First of all, ac-
cording to the Gau551an Wick’s thermodynamics theo-
rem [51, 52], the influences of the linearly coupled bath
environment are completely characterized by the bare
bath correlation functions, Eqgs. (27) and (28). Consider
now the dissipaton decomposition on the hybridization
bath operator [48, 53],

~ K A
= fin- (29)

The involving dissipatons that recover Egs. (27) and (28)
are statistically independent quasi—particles, with [48, 53]

<fiﬁ(t)fjn/(0)>B = 5%’77@‘&67%2
<fj"¢/ (0) Aii{(t»B = 5&&’77”*6_%”5«

The above expressions, where ¢ > 0, highlight the ba-
sic feature of dissipatons, whose forward and backward
correlations functions in the bare bath ensemble share a
common exponent. This feature leads to the generalized
diffusion equation [48, 53],

(30)

tro[ (5o 4i) ()] = et finr(®]. (31

While +,, can be complex, the total composite pr.(t) is
non-Gaussian in general.

The dynamical variables in DEOM are called the dis-
sipaton density operators (DDOs), defined as [48, 53]:

wo=wn(() mol o

Here, n = ), ni. and n = {n;.} that is an ordered
set of the occupation numbers, n;; = 0,1,---, on in-
dividual dissipatons. The circled parentheses, (---)°, is
irreducible notation, so that all the c-numbers in the nor-
mal ordering of dissipatons product vanish. For bosonic
dissipatons it follows that (fmfj,{/)o = (fjnlfm)o. In
other words, the irreducible product of dissipatons in-
side (- -+)° in Eq. (32) resembles the second—quantization
representation of a bosonic permanent. The DDOs for
fermionic coupled environment are similar, but resemble
a Slater determinant, having the occupation number of 0
or 1 only, due to the antisymmetric permutation relation

[48, 53]. Therefore, p(")( t) of Eq.(32) specifies an n—
dissipaton configuration, with p(()o)(t) = ps(t) being just

4

the reduced system density operator. Denote also p( ntl)

as the associated (n £ 1)-dissipatons configuration, w1th
nii,C differing from n only at the specified fik—disspaton
occupation number, n;,, by £1.

The most important ingredient in the dissipaton alge-
bra is the generalized Wick’s theorem [48, 53]:

trB[(H n”) fjlﬁ’pT(t)]
= +znm Ffin)Zog= V@), (33)

and

el o]

P +an (e Fin)5 0000 (39)

1’1 !

The involved forward ( fi. f;x)% and backward (fj.r firx) s
coefficients are related to the correlation functions in
Eq. (30) as

<finfjn/>§ = <fm(0+)fjn/ (0)>B = nijnénn/v
<fjm’fin>§ = <fjn’ (O)fin(0+)>13 = nfjg5m'-

The DEOM can now be readily constructed by ap-
plying p-(t) = —i[H'(t), pr(t)], to the total composite
density operator in Eq. (32); i.e

pgn)( = *ZtrB{<Hf;:m>

To proceed, we express the total composite Hamiltonian,
Eq. (18) with Egs. (19), (20), (22) and (29), as

H'( ) + Z Qi(t) fir- (37)

(35)

D.pe(®)]}. (36)

Equation (36) is then evaluated by using Eq. (31) , and
Egs. (33)—(35) for the action of the last term in Eq. (37).

We obtain [48, 53]
Z nm’Yan —1 Z

— i) i [mm@]( oy nwp“i ”qu)].

K

p(n) = — i[H, (n+1)]

n

(38)

This is a temperature-independent real parameter. The
contributing coefficients, ;. and n;;;, arise solely from
the poles of the bath spectral density; see the comments
after Eq. (27).

IV. SUMMARY

This work presents a universal formalism of open sys-
tem quantum mechanics with non-inertial motions. We



establish the theory based on a charged system inter-
acting with the electromagnetic field environment. The
formulation allows the non-inertial motions of the sys-
tem and environment to be different. Under the non-
inertial unitary transformation, the electromagnetic field
still satisfies the Gauss—Wick’s statistics, leading to the
validity of the dissipaton decomposition of the vector po-
tential A. The corresponding dissipaton equation of mo-
tion presents an exact numerical approach to the reduced
system dynamics and correlations [48, 53]. Further de-
velopments may include extending the formalism to the
relativistic Poincaré transformation and applying to ex-
ploring the non-inertial effects on open quantum systems,
including the cavity QED and chemical reactions.
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Appendix A: Derivation of Eq. (18)

Firstly, we rewrite the unitary transformation in
Eq. (5) as

U(t) = exp (— im/otdr C;) UL - Ua(t), (A1)
where

Uy (t) = exp_ {z /0 thQ(T)n(T) - i} , (A2a)

and

Us(t) = exp ( —imd; - ﬁ) - exp (i(t -ﬁ). (A2b)

Consider the UHUT term. Evidently,
U()HU () = Uy (t)Us () HUS (U] (1), (A3)

since exp (— imeth C?./Q) is a pure phase factor. Then
by using

Us(t)PUS(t) = 7 + ¢, (Ada)
Us(t)pUS (t) = p +mé;, (Adb)
we obtain
UHU(t) = Ut() H(# + Co. p +mé)UL (1) (A5)
Further noting
Uy () (7 + &)U (t) = Ry + ¢y, (A6a)
Uy (t)(p + mé)UJ (t) = Ryp + méy, (A6D)

we have

UWHUT (1) = 5 [Rp + mé, — cARe +¢..1)’
+ VQ(’f‘) + €¢(Rt7¢‘ + Ct, t). (A7)

For the iUUT term, according to Eq. (A1), we have

iUU" = —m¢E /2 +m&; - (Ri#) = G - (Rep)

—Q(t)n(t) - [(Re#) x (Rip)], (A8)
where we have used Egs.(A4) and (A6) with noting
that Uy LU] = (R;#) x (Rgp) = R,L. The combina-

tion of Egs. (A5) and (A8) gives rise to the expression
of Eq. (18).

[1] U. Weiss, Quantum Dissipative Systems, World Scien-
tific, Singapore, 2021, 5th edition.

[2] H. Kleinert, Path Integrals in Quantum Mechanics,
Statistics, Polymer Physics, and Financial Markets,
World Scientific, Singapore, 5th edition, 2009.

[3] H. P. Breuer and F. Petruccione, The Theory of Open
Quantum Systems, Oxford University Press, New York,
2002.

[4] H.-P. Breuer, E.-M. Laine, J. Piilo, and B. Vacchini,
“Colloquium: Non-Markovian dynamics in open quan-
tum systems,” Rev. Mod. Phys. 88, 021002 (2016).

[5] I. de Vega and D. Alonso, “Dynamics of non-Markovian
open quantum systems,” Rev. Mod. Phys. 89, 015001
(2017).

[6] M. O. Scully and M. S. Zubairy, Quantum Optics, Cam-
bridge University Press, Cambridge, 1997.

[7] W. H. Louisell, Quantum Statistical Properties of Radi-
ation, Wiley, New York, 1973.

[8] F. Haake, “Statistical treatment of open systems by gen-
eralized master equations,” in Quantum Statistics in Op-
tics and Solid State Physics: Springer Tracts in Mod-
ern Physics, Vol. 66, edited by G. Hohler, pages 98-168,
Springer, Berlin, 1973.

[9] H. Haken, Laser Theory, Springer, Berlin, 1970.

[10] M. Sargent III, M. O. Scully, and J. W. E. Lamb, Laser
Physics, Addison-Wesley, Reading, MA, 1974.

[11] P. Reineker, FEzxciton Dynamics in Molecular Crystals
and Aggregates: Stochastic Liouville Equation Approach:



Coupled Coherent and Incoherent Motion, Optical Line
Shapes, Magnetic Resonance Phenomena,  Springer,
Berlin, 1982.

[12] C. P. Slichter,  Principles of Magnetic Resonance,
Springer Verlag, New York, 1990.

[13] L. M. K. Vandersypen and I. L. Chuang, “NMR tech-
niques for quantum control and computation,” Rev. Mod.
Phys. 76, 1037 (2005).

[14] M. Born and K. Huang, Dynamical Theory of Crystal
Lattices, Oxford University Press, New York, 1985.

[15] T. Holstein, “Studies of polaron motion Part I. The
molecular-crystal model,” Ann. Phys. 8, 325 (1959).

[16] T. Holstein, “Studies of polaron motion Part II. The
“small” polaron,” Ann. Phys. 8, 343 (1959).

[17] C. F. Klingshirn, Semiconductor Optics, Springer-Verlag,
Heidelberg, 1997.

[18] J. Rammer, Quantum Transport Theory, Perseus Books,
Reading, Mass., 1998.

[19] Y. Akamatsu, “Heavy quark master equations in the
Lindblad form at high temperatures,” Phys. Rev. D 91,
056002 (2015).

[20] J.-P. Blaizot and M. A. Escobedo, “Quantum and classi-
cal dynamics of heavy quarks in a quark-gluon plasma,”
J. High Energy Phys. 2018, 1 (2018).

[21] T. Miura, Y. Akamatsu, M. Asakawa, and A. Rothkopf,
“Quantum Brownian motion of a heavy quark pair in the
quark-gluon plasma,” Phys. Rev. D 101, 034011 (2020).

[22] X. Yao, “Open quantum systems for quarkonia,” Int. J.
Mod. Phys. A 36, 2130010 (2021).

[23] S. Mukamel, The Principles of Nonlinear Optical Spec-
troscopy, Oxford University Press, New York, 1995.

[24] Y. R. Shen, The Principles of Nonlinear Optics, Wiley,
New York, 1984.

[25] S. Mukamel, “Reduced equations of motion for collision-
less molecular multiphoton processes,” Adv. Chem. Phys.
47, 509 (1981).

[26] Y. J. Yan and S. Mukamel, “Electronic dephasing, vi-
brational relaxation, and solvent friction in molecular
nonlinear optical lineshapes,” J. Chem. Phys. 89, 5160
(1988).

[27] Y. J. Yan and S. Mukamel, “Photon echoes of polyatomic
molecules in condensed phases,” J. Chem. Phys. 94, 179
(1991).

[28] V. Chernyak and S. Mukamel, “Collective coordinates for
nuclear spectral densities in energy transfer and femtosec-
ond spectroscopy of molecular aggregates,” J. Chem.
Phys. 105, 4565 (1996).

[29] Y. Tanimura and S. Mukamel, “Two-dimensional fem-
tosecond vibrational spectroscopy of liquids,” J. Chem.
Phys. 99, 9496 (1993).

[30] Y. Tanimura and S. Mukamel, “Multistate quantum
Fokker-Planck approach to nonadiabatic wave packet dy-
namics in pump-probe spectroscopy,” J. Chem. Phys.
101, 3049 (1994).

[31] A. Nitzan, Chemical Dynamics in Condensed Phases:
Relazation, Transfer and Reactions in Condensed Molec-
ular Systems, Oxford University Press, New York, 2006.

[32] H. Lee, Y.-C. Cheng, and G. R. Fleming, “Coherence dy-
namics in photosynthesis: Protein protection of excitonic
coherence,” Science 316, 1462 (2007).

[33] G. S. Engel, T. R. Calhoun, E. L. Read, T. K. Ahn,
T. Mancal, Y. C. Cheng, R. E. Blankenship, and G. R.
Fleming, “Evidence for wavelike energy transfer through
quantum coherence in photosynthetic systems,” Nature

446, 782 (2007).

[34] K. E. Dorfman, D. V. Voronine, S. Mukamel, and M. O.
Scully, “Photosynthetic reaction center as a quantum
heat engine,” Proc. Natl. Acad. Sci. 110, 2746 (2013).

[35] C. Creatore, M. A. Parker, S. Emmott, and A. W. Chin,
“Efficient biologically inspired photocell enhanced by de-
localized quantum states,” Phys. Rev. Lett. 111, 253601
(2013).

[36] S. Kundu, R. Dani, and N. Makri, “B800-to-B850 relax-
ation of excitation energy in bacterial light harvesting:
All-state, all-mode path integral simulations,” J. Chem.
Phys. 157, 015101 (2022).

[37] M. Schlosshauer, “Quantum decoherence,” Phys. Rep.
831, 1 (2019).

[38] M.  Ghorashi, S.A.Aland  Aminjavaheri  and
M. Bagheri Harouni, “Quantum decoherence of Dirac
fields in non-inertial frames beyond the single-mode
approximation,” Quantum Inf Process 13, 527-545
(2014).

[39] Y. Yu and L. Ye, “Protecting entanglement from ampli-
tude damping in non-inertial frames by weak measure-
ment and reversal,” Quantum Information Processing
14, 321 (2015).

[40] M. Ahmadi, D. E. Bruschi, and G. Adesso, “Relativis-
tic Quantum Metrology: Exploiting relativity to improve
quantum measurement technologies,” Scientific Reports
4, 4996 (2014).

[41] S.-W. Li, Z. H. Wang, L. Zhou, and C. P. Sun, “Quantum
optics in a non-inertial reference frame: the Rabi splitting
in a rotating ring cavity,” arXiv:1507.08790 (2015).

[42] N. Arya and S. K. Goyal, “Lamb shift as a witness for
quantum noninertial effects,” Phys. Rev. D 108, 085011
(2023).

[43] R. Horodecki, P. Horodecki, M. Horodecki, and
K. Horodecki, “Quantum entanglement,” Rev. Mod.
Phys. 81, 865 (2009).

[44] W.-Y. Sun, D. Wang, J. Yang, and L. Ye, “Enhancement
of multipartite entanglement in an open system under
non-inertial frames,” Quantum Information Processing
16, 90 (2017).

[45] J. G. Ren et al., “Ground-to-satellite quantum telepor-
tation,” Nature 549, 70 (2017).

[46] S. Pirandola, U. L. Andersen, L. Banchi, M. Berta,
D. Bunandar, R. Colbeck, D. Englund, T. Gehring,
C. Lupo, C. Ottaviani, J. L. Pereira, M. Razavi, J. S.
Shaari, M. Tomamichel, V. C. Usenko, G. Vallone, P. Vil-
loresi, and P. Wallden, “Advances in quantum cryptog-
raphy,” Adv. Opt. Photon. 12, 1012 (2020).

[47] N. Metwally and A. Sagheer, “Quantum coding in non-
inertial frames,” Quantum Information Processing 13,
771-780 (2014).

[48] Y. J. Yan, “Theory of open quantum systems with bath
of electrons and phonons and spins: Many-dissipaton
density matrixes approach,” J. Chem. Phys. 140, 054105
(2014).

[49] Y. Wang and Y. J. Yan, “Quantum mechanics of open
systems: Dissipaton theories,” J. Chem. Phys. 157,
170901 (2022).

[50] S. Takagi, “Quantum dynamics and non-Inertial frames
of reference. I: Generality,” Prog. Theor. Phys. 85, 463
(1991).

[61] U. Weiss, Quantum Dissipative Systems, World Scien-
tific, Singapore, 2012, 4" ed.

[52] Y. J. Yan and R. X. Xu, “Quantum mechanics of dissipa-


http://arxiv.org/abs/1507.08790

tive systems,” Annu. Rev. Phys. Chem. 56, 187 (2005). equation of motion approach to open quantum systems,”
[63] Y. J. Yan, J. S. Jin, R. X. Xu, and X. Zheng, “Dissipaton Frontiers Phys. 11, 110306 (2016).



	Quantum Mechanics of Open Systems in Non-Inertial Motion 
	Abstract
	Introduction
	Non-inertial quantum mechanics
	Non-inertial unitary transformation 
	Electromagnetic field transformation

	Non-inertial effects in open quantum systems
	Total Hamiltonian with non-inertial motion
	Spectral density
	Dissipaton theory: An exact framework

	Summary
	Acknowledgments
	Derivation of Eq.(18)
	References


