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Scientists continue to wrestle with the enigma of time. msetia dynamic or a fundamental property of
spacetime? Why does it have an arrow pointing from past tad@ Why are physical laws time-symmetric in
a universe with broken time-reversal symmetry? These mumsstemain a mystery. The hope has been that an
understanding of the selection of the initial state for oniverse would solve such puzzles, especially that of
time’s arrow.

In this article, | discuss how the birth of the universe frdra multiverse helps to unravel the nature of time
and the reasons behind the time-reversal symmetry of owigddylaws. | make the distinction between a local
emerging arrow of time in the nucleating universe and thddumental time with no arrow in the multiverse. The
very event of nucleation of the universe from the multivdsesaks time-reversal symmetry, inducing a locally
emergent arrow. But, the laws of physics imprinted on thiskbe: are not processed at birth. Time-reversal
symmetry of laws in our universe is inherited from its binththe multiverse, since these laws originate from
the arrowless multiversal time.

PACS numbers: 98.80.Qc, 11.25.Wx

I. INTRODUCTION arrow. But, that an arrow of time emerges only locally at
the bubble location due to the breaking of time-reversal-sym

Time - the enigmatic building block of the cosmos - hasMmetry by the out-of-equilibrium co_rrelations b_etween vasd
stubbornly challenged natural philosophers and scierdigtr ~ D-0-F's of the bubble entangled with the multiverse. Thitoug
millenia. Whatis time? Why does it have an arrow? Why isn’tthis approach [1.12] an arrow of time and physical laws with
time’s arrow "DNA-ed’ into our physical theories? Such lzasi {ime reversal symmetry can be concomitant.
guestions that touch upon one of nature’s most fundamental
properties remain mysterious.

The complexity of time’s mystery becomes more enticing
within the multiverse framework. | have been advocating the
necessity of viewing the cosmos as a multiverse since the ad-
vent of the landscape of string theory. The reason is: an in- Time’s enigma is comprised of three basic questions: A)
vestigation of why we started with this universe [1] necessa Why do we have an arrow of time; B) What is time, fun-
ily leads to the question, 'as compared to what other passibldamental or emergent; and, C) Why are physical laws time-
universes?[2]. The investigation of the birth of our unise  Symmetric, i.e. independent of the arrow of time?
from the landscape multiverse studied lin [1,.2, 6], and de- The first question is closely related to the selection of the
scribed briefly in the next section, shows that the seleafon initial conditions of the universe. In Sec.2.A. | argue ttrat
the initial states for universes born from the multiversgas- ~ arrow emerges at the moment of the bubble nucleation be-
erned by the dynamics of matter and gravitational degrees afause the entanglement of the initial state with the mutize
freedom (D.o.F) and their entanglement with the backgrouné@nd the state’s nonequilibrium gravitational dynamiceate
multiverse. Their birth is neither a special event nor iscit 0 aninformation loss about the underlying reality. The infiar
curing at a special moment. Nonequlibrium dynamics of thesdion loss about the multiverse breaks the time-reversahsgm
initial states leads to a superselection rule that pickg theé  try at the bubble.
high energy states as 'survivor’ universes. Since the msxmyr  The second question is still open and debated. However,
with the puzzle of the selection of the initial state of thé-un when the nature of time is treated within the multiverse fam
verse [[1| 2, 6] and time’s enigma are intertwined, then an exwork, we may be in a position to draw more specific con-
tension of physics into the multiverse framework allows forclusions. Based on the conservation of the total infornmatio
deeper insights into a conceptual understanding of time. in the multiverse, the only two options left by the reversal-

In what follows, the fundamental time in the multiverse is symmetry of this conservation are: either time is fundamen-
distinct from the local time in the nucleating bubble unges.  tal; or, it does not exist at all. | reason in Sec.2.B. thatktim
This article argues that fundamental time does not have aif the multiverse is fundamental rather than nonexistent. E

ergy and information conservation lead to time-transtasiod

time-reversal symmetries. That is, multiversal time beesm

a fundamental building block of the cosmos. Symmetries en-
“mersini@physics.unc.edu sure fundamental time has no direction, no beginning and no
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end. Fundamental time is not the same as the local time at tHegypass reverse-engineeering ambiguity. [In [1] we used the
bubble nucleations since the latter is dynamic, breakgsale landscape derived from string theory as our working model
symmetry and experiences an emergent arrow. for the multiverse structure. For the sake of illustratitat,

We now have a way of addressing the third (and probaus continue our discussion of time using the same multiverse
bly the toughest) question, the time-reversal symmetrynef t structure, the string theory landscape. The considerstien
physical laws in a universe where the reversal symmetry isow are applicable to other types, for example eternal iiofteat
badly broken. As discussed in Sec.2.C., when treated in EL3], if their structure is known and, crucially, if the sele
multiverse framework, fundamental time is directionlesd a tion rule for the surviving bubbles, (the measure), is goedr
consequently physical laws inheritits time-reversal syettm by dynamics|[15] instead of being fixed as apriori initial
Despite that reversal symmetry is broken for the local tipe b condition.
the bubble nucleation, the bubble still inherits laws of siby The question - 'why did our universe start in such a low en-
at birth from the multiverse, without modification. Thus the topy state’ - was investigated and addresseflin [1] withén t
emergent time’s arrow in the bubble does not affect the timeframework of the landscape multiverse. | will sketch briefly
reversal symmetry imprinted onto the physical laws that thghe main steps and results of this program since the satectio
bubble inherits from birth in the multiverse. of the initial conditions mechanism is directly relevanthe

This article offers a way of understanding the nature ofstudy of time’s arrow here. The birth of the universe from
time, the emergence of its arrow and the time-reversal SYMe |andscape multiverse in [1] was exp|ored by proposing to
metry of physical laws in a coherent picture, by posing tBne’ pjace the wavefunction of the universe on the landscape mul-
enigma problem in the context of the multiverse. tiverse, in order to study the dynamical evolution of matter

and gravitational D.o.F’s and their coupling to the multses

'bath’. The out-of-equilibrium dynamics in the initial $t&
A. TimesArrow and the Birth of the Universe entangled with the multiverse 'bath’ leads to a supersilect

rule that eliminates the possibility of low energy initisghtes

We know what the universe looks like at present. We alsdrom the phase space, and selects only the highly ordergid, hi
experience an arrow of time from past to future. This arrow ofenergy (low entropy) states as the most probable universes.
time provides a profound insight into the initial moments of The high energy states were dubbed 'survivor universes’ as
the universe. The reason is the second law of thermodynantiey lead to the birth of physically relevant universes, tred
ics which leads us to conclude that time’s arrow is a direcfoW energy initial states were coined 'terminal universes’
consequence of the asymmetry between the disorder of tHey can not give rise to expanding bubbles. The dynamics
present state and the order that must have existed in tfa init IS contained in the Master Equation for the wavefunctiofial o
state. More specifically, time’s arrow implies that our wrse ~ the universe propagating on the multiverse. The Master Equa
had to start from a highly improbable state of exquisite grde tion is a Schroedinger type equation with the gravitaticme
with its equivalent low entropy. For this reason, the arrowmatter Hamiltonians being promoted to quantum operators.
is closely related to the mystery of the nucleation moment ofl hus it encaptures the dynamics of the wavefunctional of the
the universe. In isolation, the second law of thermodynamicuniVerse and of the structure of the multiverse. But the krast
does not then resolve the enigmatic time’s arrow problem bulEquation is sourced from a backreaction term of superhori-
simply trades it with the enigma of what selected the initialzOn matter modes acting on the wavefunctional. This term
state of the universe. But an understanding of the selectioflescribes the entanglement of the multiverse "bath’ with th
of the initial conditions of the universe would definitelypre ~ Wavefunction, which ’pins down’ the high energy branches
resent progress in resolving the puzzle of the observedsime©f the wavefunctional, thereby triggering decoherenceusf o
arrow in our universe. However, understanding time’s arronPranch from the rest.

(A) is not sufficient since we still have to explore whattirse i Locally this initial state is a 'battlefield’ that bubblesthvi
(B), and why the physical laws are 'unaware’ of this arrow ofthe nonequilibrium dynamics of its matter and gravitationa
time (C). D.o.F's, along with the backreaction dynamics. The gravita

Exploring such questions requires a reconstruction ofional D.o.F.s are captured by its vacuum energy whichyis tr
events from the present time to the Big Bang and before. Aing to kick-start the initial bubble into an accelerated @&xp
is well known, reverse-engineering is generically andspd  sion. Entanglement with the multiverse and the backreactio
problem because a multiplicity of initial states can leaéto of the matter D.o.F.s tries to crunch that initial state t@ap
single present state. With this warning, even a sensibleems (In solid state jargon, the different behaviour of the twpesy
to time’s enigma that relates it to the birth of the univecse;  of D.o.F's would be ascribed as follows: the matter D.o.F's
ries a lot of ambiguity and remains in the realm of specutatio constitute a ’positive heat capacity’ system while the grav
until we can test the theory by experiment. tational D.o.F’s constitute a 'negative heat capacity'teys

Nevertheless, exercising caution is useful for only as longrhus the first type reaches equilbrium by driving to a crunch
as it does not discourage scientific inquiry. With this in dhin  and the latter type reaches equlibrium by expanding to infin-
let us start investigating time’s arrow by using the progresity. Having both types of dynamics drives the system out of
made in [1] for the selection of the initial conditions of our equilibrium). Depending upon which one wins in this 'tug-of
universe from the multiverse. A knowledge of the multivégse war’ determines whether the initial packet survives anawgro
structure would allow us to take a top-down approach and thut give birth to a universe or terminates in a ’stillbirth’ h&
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high energy states can survive the backreaction of matter ariThen in principle, once the correlations are correctly tden
the bath, and can grow to physically relevant universes. Butied, we should be able to estimate them.

the low energy states can not survive. The superselectienru |n this discussion, energy and entropy are assumed to be
derived from the nonequilibrium dynamics and entanglemenineaningful concepts and, quantum mechanics is assumed to
with the multiverse 'bath’, selects the high energy states ape valid should time exist. | will sometimes refer to the riult
the 'survivor’ universes and forbids the low energy 'teralin  yerse as the 'bath’, the nucleating universe as the 'sysaeih’
universes. The initial phase space of all possible statgsofo  time in the multiverse as ‘fundamental time’. Let us now ex-
tentially starting a universe like ours, thus shrinks toshib-  pjore the question: 'what is time in the multiverse’, i.e.edo

set of hlgh energy initial states, the ’survivor’ universése it exist, does it make sense, does it have an arrow?

main implication is that the phase space is not ergodic when By definition the multiverse is all there is. Due to the unitar

dynamics is taken into account - an important point for theIty principle, the total information of the 'systers 'bath’ is

discussion of the dynamically driven asymmetry between the.gngerved. Since no information can be lost in the multavers
initial and boundary conditions below. The birth of the uni- o the only two consequent possibilites areither timein’
verse from the multiverse in this program thus offers the firs o 1uitiverse does not exist [9]; ii) or, time in the multiverse
expla_nation into. the obstinate puzzle: why did our universeexistsasafundarmntal building block of the cosmos, with no
startin such a highly ordered (low entropy) stéteThis res- beginning, no end and with the reversability symmetry from
olution for the asymmetry between the entropy of the preseny,o'conservation of informatich Let us now explore where
universe, and the reasons behind the very low entropy of thq first option, namely, time does not exist, leads: if time |
initial state, then satisfactorily addresses the obsetiveels | . axistent in the multiverse, then all the relevant pheytic

arrow puzzle. . us is local rather then multiversal since time evolution dyd

~ Although this program.[1.12.]6] offers a natural explana-pamics, would take meaning and emerge only at the bubble
tion to one of the enigmas, the arrow of time, by facilitating nycleation. With this choice, we have no need and no means
our understanding of why the universe had to start in such agf access to the underlying reality of the multiverse since a

exquisitely ordered state of low entropy, within the muétise  gynamic evolution would have no prior meaning or existence.

framework, it is still an incomplete approach for the follow  This part of nature becomes redundant and irrelevant to-a uni
ing reasons. The study of the dynamics of the wavefunctionajerse embedded intamneless multiverse.

of the universe in the multiverse was carried out by implictl
assuming the existence of time in the multiverse. That mea
that we still face two further questions in relation to under

sta_mdmg t!mg, namely. _ . . The necessity of the multiverse for understanding the birth
i) what is time in the multiverse? ii) why do our physical ot o\ yniverse, is based on the arguments presentédlih [1, 2]
laws have a time-reversal symmetry instead of an arrow of, sketched in Sec.2.A. Independently of time’s enigme, th
time? . ) ] need for extending physics to the multiverse comes fronthasi
The question of what is fundamental time and the mysteryyestions such as: how did our universe come into being with
of time’s arrow are distinct, yet closely related. Complgti gy ch a special initial state. Such questions can not be mean-
the study for the arrow of time puzzle inl [1] by using the jngfully asked without the framework of the multivers&[[l., 2
Master Equation of quantum mechanics to study the evolugesides, the entanglement of our universe with its bath may

tion of the initial packet, now demands that we address thgaye already proven its relevance by leaving testable irtgri
issue of the existence and the nature of multiversal timb: Ot o astrophysical observations (se€ |7, 8] and footnote 1).

erwise, until a tractable understanding of the nature oé tisn
achieved, arguments presented here and in [1] would beco
circular.

I will ascribe to the latter possibility, namely that funda-
MRental time does exist in the multiverse because that part of
reality is relevant and crucial for the birth of our universe

The existence of fundamental time in the multiverse be-
Mmes a logical consequencel[14] when taking the view that
the underlying reality, the bath in which our universe is a
small domain, is relevant to our study of fundamental ques-
tions about nature. In fact, the opposite view that multiver
B. Fundamental Timeand the Multiverse sal time may not exist, and the implication that the under-

lying reality of the multiverse is irrelevant, could lead @o

A useful way of thinking about entropy in cosmology is ’Loschmit_jt’— type paradox and obscure our understan_ding of
as a measure of the lack of information about the underly€NtropY; time and arrow's emergence. Similar to the sioumi

ing reality. The underlying reality here is identified witnet  271Sing from the ‘molecular chaos’ assumption, if multisedr
multiverse. Information is contained in physical corriglas. time does not exist then local observers infer that the usése

Correlations are determined and quantified by physical.lawdS @ closed system with self-contained correlations. Such a
assumption then leads to an information loss 'sneaked in’ by

construction - by ignoring the information 'hidden’ in cesr

1 Our program for the birth of the universe from the multivefdel2, [6]
has led to some intriguing observational consequences TBee of its
predictions have already been succesfully tested so farelya the void 2 An emerging time in the multiverse does not appear plausiiee the
[@], the dark flow|[8], andbg [4, (5] emergence adds information on the multiverse that waserethrior.
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lations between the multiverse and the universe, and in thgctory of the entangled and decohered branch, they would
gravitational sector - thereby creating an artificial, @@t ofa  find time-symmetry restored away from the bubble. Thus,
physical, asymmetry between initial and boundary cond#io local breaking of time-reversal symmetry is due to the cor-
[11]. relation changes between the system and the bath, which is

The view that thenultiverse is a closed system but theuni-  driven by the gravitational dynamics of the system. Suchlloc
verse is an open system entangled with the multiverse bath nonequilibrium, irreversable dynamics induces an asymmet
naturally leads to the second option, namely: fundamentdtetween the starting point, the initial state of the unigeon
time exists. Then, conservation of information in the mul-the multiverse and the final state of the system. The system
tiverse results in the reversability symmetry of fundaraént undergoes nonequlibrium dynamical evolution, which resde
time. Which implies, time in the multiverse is arrowless.iUn its phase space nonergodic, and ensures that the system can
versally laws of physics carry this time-reversal symmetry Never returntoitsinitial state [1]. We perceive this change in
Energy conservation would imply time-translation symmetr the correlations of the system from the bath as a separation o

This option leads us to conclude that multiversal time is fun the system from the multiverse and deduce locality since the
damental, it has no direction, no beginning and no end. observer in the system defines the relevant degrees of freedo

Local time at the position of the nucleating universe, al- locally. ) . . .
though related, is not the same as the fundamental time of its IrJ the birth of the universe from the multiverse scenario
underlying bath. Entanglement with the multiverse and the [1-'2,16], the initial conditions are not "hand-picked’. Ret,
coupling between the matter and gravitational D.o.F’s, menthey are dynamically superselected from a generic set. The
tioned in Sec.2.A. and derived ihl [1, 6], drives a dynamicalligh energy, out-of equlibrium, initial system then tries t
evolution of correlations. That is, the universe is an operfllive towards a symmetric final state, thereby driving an in-
and out-of-equlibrium system. Initially, the wavepackeash Créase inentropy. The su’pers_elec,tmn ru,Ie for th? initetes
a superposition of geometries. As the bath ’pins down’ thef€rived in [1], separates 'terminal’ from 'survivor’ unises,
branches it entangles with, (the system decohering), treset Y Wiping out the former from the phase space available to
is a flow of information not only between the matter and gray-OUr initial states. As a consequence of the superseleatisn a
itational sectors but also to the multiverse. This infoiorats N9 from the nonequilibrium dynamics and entanglement to
contained in the off-diagonal terms of the reduced density m the multiverse, phase space is not ergodic and Poincare recu
trix for our branch of the wavefunction that describes host fa '€nces do not occur. The implication is that the system can
the superposition of different gemoetries decohere frathea NEVEr retum to its initial state. Thus the symmetry between
other, as a result of entanglement with the bath [1]. Othethe |n|t.|al and flngl state can not be restored, resultingnin a
channels of information loss are given by the intrinsiciinte €Merging arrow in the bubble. The asymmetry between the
action of matter with gravitational D.o.F.s, such as, pteti nitial and boundary conditions, in this theoty [1], is net a
creation from curved spacetime, which describes a transfét'tifact of breaking the symmetry by placing arbitrary cend
of information from the varying gravitational fields withpe ~ 1ONS ON the initial state while ignoring the boundary cendi
entropy to the matter sector, as well as the generic couplinffons: as rightly critized by H. Price [11]. The asymmetry is
of matter to curvature, (gravity), contained in Einsteiniaq governed_a_nd driven by the _su_perselectlo_n rule on the mul-
tions. These channels contain the excitations of the gravit Verse arising from nonequlibrium dynamics of matter and
tional vacuum correlated nonlinearly to matter. Despit@&o gravitational D.o.F.’s. This reasoning remains valid fone
intriguing attempts [16], the issue of gravitational epyand tracting universes thus a.reversal of time’s arrow Qurlr@ th
its information transfer to the particle sector is stillgee and ~ transition froman expanding to a contracting phase in anope
will be considered in a subsequent paper. From the local ob2YStem, such as the universe, also can not occur.
servers point of view, more and more correlations 'hide’ as
irrelevant when the bubble goes through the nonequlibrium
dynamics of expansion and decoherence. The informationis C. Time-Reversal Symmetry for the Laws of Physics
lost to the bath and the gravitational sector. As the unéesers

grows, local observers in the branch continue to lose infor- Ajthough fundamental time in the multiverse from which
mation about the underlying reality, which breaks the reaer  the universe nucleated, has no arrow, the local observerexp
symmetry of time locally - the "hidden’ information is con- riences that an arrow of time has emerged at the bubble due
tained in the entanglement, information about the fact thatg the information of the entanglement with the bath lost and
this bubble is part of a bigger phase space, the multiversgjdden to the gravitational sector. At the bubble, time rsak
From the bubble’s perpective, the informationis lost in ano symmetry is broken by the very act of nucleation and entan-
reversible way due to the local nonequlibrium dynamics angylement with the bath, since there is information loss about
decoherence for reasons described next. Such dynamics guge underlying reality of the multiverse and about the gravi
antees that the untangling of our branch from the multiversgational entropy. As the bubble decoheres such entangkemen
bath does not occur, thus the irreversability of the pracess  with the bath is deemed as irrelevant, and these correlation
Time’s arrow emerges only locally because time reversahored. The initial state is selected dynamically by the ulyde
symmetry is broken locally only, at the bubble nucleation,ing physical laws. The nonequlibrium dynamics also ensures
although the fundamental time of the multiverse is arrow-the nonergodicity of phase space which induces an asymme-
less. If local observers were able to move away from the tratry between the initial and boundary conditions - the bubble
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can never recur to its initial state. breaks time-reveral symmetry and leads to the emergence of a
However, the system inherits the same laws of physics fronfocal arrow of time. Ini[[L, 2,|6] we showed how to incorporate
the multiverse that were valid before its decohering, witho the superhorizon nonlocal entanglement with the bath tireo
processing or changing them. But since globally fundamensystem’s correlation. A general approach to quantifyingeso
tal time has no arrow, and the laws of physics therefore aréations and information loss to the gravitational sectouislo
symmetric with respect to time reversal operations, theh ea require an understanding of the role of gravitational Dsoté
nucleating universe inheriting these laws from birth to d-mu Boltzmann’s kinetic equation and H-function. Once we have
tiverse, would carry the same time-reversal symmetry feirth a handle on the information lost via correlations of the ipart
laws. The time reversal symmetry of laws is a direct conseele with the gravitational sectors, we would be in a position
guence of the fundamental time in the multiverse and not th¢o test the theory. The coupling between the matter and grav-
local time in the bubble. For this reason, the emerging aritational sectors results in nonequilibrium dynamics vitie
row of time at the bubble location and the time-symmetry ofrate of information transferred from one sector to the other
the laws of physics are concomitant since they are indeperproviding a concept of clocks. Clocks could not be built in a
dent in origin. Unlike the arrow of time, laws do not emerge universe in perfect equlibrium, such as the thermal batla-of r
at the bubble nucleation, they are inherited from the uyderl diation of a pure DeSitter geometry since in this case therma
ing theory. This addresses our second mystery in a cohesivaguilibrium requires that entropy remains a constant, bhat t
way: the physical laws a universe is born with, can be timeparticle creation from the gravitational vacuum excitatibe-
symmetric despite the breaking of this symmetry locallyt tha comes extinct.
induces the emergence of the local time’s arrow. The time- A universe nucleating from the multiverse through the dy-
symmetry of laws inherited by 'survivor’ universes does notnamic selection of its initial conditions results in theléoling
imply that physical laws are the same in every bubble. It simpicture: time in the multiverse is arrowless, with no begin-
ply makes a statement about a feature they all have in conning, no end and it is a fundamental building block. Laws of
mon from their origin in the multiverse, they share the time-physics inherit the time-symmetry of the underlying theory
symmetry property. But local time in the bubble universe is a dynamic parameter
Here we have demonstrated how, within a multiversewith an emerging arrow at birth, since more and more infor-
framework, we can achieve a coherent existence of both phenation is lost about the underlying reality and transfeted
nomena, an emerging local arrow of time and time symmetri¢he gravitational sector, which creates an asymmetry bertwe
laws. The separation of the system from the bath produce$e initial and final states of the local universe. The buliible
an arrow of time but does not modify or process the physicaherits the arrowless physical laws despite it breakingithe-t
laws. symmetry. The initial conditions of the bubble are dynam-
ically chosen from physical laws from a generic state. The
bubble tries to drive towards symmetric boundary condgtion
I1l. DISCUSSION Therefore the emerging arrow is not a consequence of an arti-
ficially imposed symmetry breaking between the selection of

The situation with time’s enigma and the reversal symmetr a preferred initial condition, without the selection of noary
; L 9 : M y >Monditions [11]. Initial and boundary conditions are botivg
of physical laws is similar to the resolution of the Loschiid

; i erned and dynamically selected by physical laws from generi
paradox concerning Boltzmann's H-theorem. The reason fO§ets, which can be achieved when the birth of the universe is

T{owless time. The asymmetry arises from the informatios los
o the universe and the nonequlibrium dynamics of matter and
rE;ravitational D.o.F’s that leads to a nonergodic phaseespac
Such asymmetry renders local time to be dynamic and have
an emerging arrow.

As | tried to caution at the start, any attempts at tackling
Mime’s enigma remain in the realm of speculation until thie ca

and information about interaction and the microdynamics o
particles. A similar situation arises in our case. Based o
classical results of [17] that assume equlibrium for thesetb

system, the gravitational entropy is usually taken to be,zer
except for objects with horizons, such as DeSitter geoeeetri
and black holes. Yet the entropy of particles created fro

:E:Siﬁtg:z\clzlttiiuoggvxtfgstlhnetrrfaaglrv:;ze L:’ar\]/ci)t;tzi(ca)rnoail gtlg culational tools of information transfer and gravitatibea-
9 .tropy are discovered. Without these tools it is hard to make

alway's present, which ensures th"?‘t the open system remaiistable predictions of the theory since the information-co
out-of-equlibrium. The transfer of information from therpa tained in the interactions between matter and gravitationa
Rﬁﬁ;@ggﬁ,«]toatgztr?r?\éﬁgﬁl :ﬁg;c;r,sifr?égrlﬁeo?cig Zﬂ?ihvacuum can not be estimated. Yet, the theory described in
noneauilibrium d na’mics of aravitational dearees of fremd fhis letter, for time’s enigma in the context of the dynartiica
is notqtaken intoyaccount Tghe assum tiongof inde enolenCselected birth of the universe from the multiverse, proside
- P pen Coherent picture of the concomitant co-existence of theethr
of the system from the muItlyers_e bath, together with Infor'aspects of this enigma: a locally emerging time’s arrowyfro
mation transferred to the gravitational sector and copthin a fundamentally arrowléss time. for a universe that inséhie

t_he grawt_atmnal entropy are |gnored_ as wrele_:vant. Inrfm time-symmetry of its laws from the multiverse.
tion lost via these channels by enforcing locality, equilin,

and choosing local matter D.o.F.'s as the only relevant®so. Acknowledgment: L.M.H is grateful to A.Guth for use-
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FIG. 1: A schematic drawing of the birth of the universe frdme t
multiverse. Only the high energy initial states in the nvalises are
dynamically selected to give birth to a universe. Low enestptes
become 'terminal’. Information is conserved in the multse thus
multiversal time is fundamental and directionless. Theleating

universe is an open system. Its out-of-equlibrium dynaraius en-
tanglement with the multiverse break the time-reversalragitny lo-

cally. But physical laws of the bubble originate from the tivaelrse

thus carry the reversal-symmetry.
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