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双道窄入口完全非对称排他过程中自发对称破缺现象的研究

田 波1,2,陈登根1,郭树勇1,夏 萍1

(1.安徽农业大学工学院,安徽合肥230036;2.中国科学技术大学工程科学学院,安徽合肥230027)

摘要:研究了双道窄入口完全非对称排他过程.运用了集簇平均场理论来研究了自发对称破缺现象,该方法



考虑了2N 个格点之间的相关性.研究结果显示非对称低密度/低密度相是不存在的;随着每道格点数 N 的

增加,理论分析结果越来越接近蒙特卡罗模拟结果。此外,系统中各相的边界均呈现指数变化,据此变化得

到了各相边界理论分析的精确值,这些精确值与大尺寸系统下的模拟结果非常吻合.在该模型中,入口和出

口处粒子之间相互作用的强度用p 来表示,当p 比较大的时候,该系统才会产生自发对称破缺现象.在集簇

平均场理论分析中,非对称的高密度/低密度相对应的最大入口概率值随着p 的增加而呈现指数衰减的特

征,据此可以得到非对称的高密度/低密度相消失时对应的临界p 值.此外,随着 N 的增加,得到的不同的

临界p 值也呈现指数增加的特征,据此可以得到临界p 值的精确分析值,该分析值与模拟值也非常吻合.
关键词:自发对称破缺;简单平均场分析;集簇平均场分析;完全非对称排他过程

0 Introduction
The totally asymmetric simple exclusion

process(TASEP)isaprominentmodelinstudyof
non-equilibriumsystem,anditsstatusissimilarto
theIsingmodelinequilibriumsystem[1].Itwas
initially introduced in the modelling of
biopolymerizationkinetics[2],andithasreceived
muchattentioninrecentdecadesbecauseitcanbe
appliedinvarioussituations,includingmicroscopic
scale such as intracellular transportation[3-8],

macroscopicscalesuchastrafficandpedestrian
flow[10-13]andsoon.Despiteitssimplicity,TASEP
canreproducesomecomplexphenomena,suchas
spontaneous symmetric breaking (SSB)[14-23],

phasetransition[24-25],phaseseparation[17,26],shock
formation[27-28]andsoon.

SSBisanintriguingphenomenonwhichwas
firstfoundin “bridgemodel”[14],inwhichtwo
typesofparticles moveinthesamelane with
oppositedirections.Bothparticlesinteractwith
eachotherateverysite.Itisshownthatsymmetry
broken phases exist corresponding to the
symmetrical conditions for both particles.
However,occurrenceofthisphenomenonisanot
wellcomprehended.Toinvestigatetheinfluenceof
locationofinteractiononSSB,Proninaetal.has
studied two-lane TASEP with narrow
entrances[15].In Ref.[15],therearealsotwo
speciesofparticles,buttheymoveintwoparallel
lanes with opposite directions.Inthe model,

changinglanesisforbidden,andtheinteractionof
bothparticlesonlyexistsattheentranceandexit
sites.MonteCarlosimulationshaveshownthat

oneasymmetricphasemaydisappearinthelarge
sizesystem.The simple mean field (SMF)

analysisadoptedinRef.[15]hasindicatedthatthe
asymmetricphaseexists.However,correlationof
sites wasignored.Later,cluster mean field
(CMF)analysishasbeencarriedout,andthe
correlation was considered. The analysis has
verifiedthenonexistenceofasymmetricLD/LD
(lowdensity/lowdensity)phase[18-19].However,

understandingSSBisstillaquestion.
Two-parallel-lane TASEP has also been

studiedinRef.[29].Inthemodel,aparameterp
wasintroduced,andtheparametercancontrolthe
strengthofinteractionbetweenparticlesatthe
entranceandexitsites.ThemodelinRefs.[15,

18]isthespecialcaseofthatin Ref.[29].
SimulationshaveindicatedthatSSBoccursonly
whentheinteractionisstrongenough.However,

theSMF methodwasadopted,andexistenceof
oneasymmetricphase(i.e.,asymmetricLD/LD)

can not be validated by the analysis. The
theoreticalanalyticalresultsofphasesboundaries
deviateremarkablyfrom the simulation ones,

especially when the correlation is strong.In
addition,thecriticalvalueofp obtainedfrom
analysis,beyond whichtheasymmetricphases
disappear,alsodeviatesfromthatobtainedfrom
simulation.

Inthepresentpaper,wealsostudythemodel
mentionedinRef.[29].WefocusontheSSB
usingN-clustermeanfield(N-CMF)method.We
notonlyinvestigatetheexistenceofasymmetric
LD/LD phase,butalso studythe boundaries
betweenphases.Itisfoundthattheboundaries
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exhibitacharateristicofexponentialchange,and
the results of thermodynamic limit can be
predicted.Theanalyticalresultsandsimulation
onesarealsodiscussed.

1 Modeldescription
The modelconsists oftwo parallel one-

dimensionallanescomposedofLsites.Thesites
arenumberedfrom 1toL,seeFig.1.Inthe
system,each site hastwo states:empty or
occupiedbyoneparticle.Twospeciesofparticles
moveindifferentlanes,andchanginglanesis
forbidden.Onespeciesofparticlesmovefromleft
toright,andtheother moveoppositely.The
updateruleisrandomlyupdated,which means
thatonlyonesiteischosenateverytimestep.In
thebulkofthesystem,theparticlescan move
forwardifthenextsiteisempty.Theparticlesof
exitsitescanleavethesystemwitharateβ.The
entranceratedependsonstatesofentrancesiteof
onelaneandtheexitsiteoftheotherlane.When
theentrancesiteisemptyandtheexitsiteisempty
(occupied),oneparticlecanenterthesystemwith
arateα(pα).Here,parameterprepresentsthe
strength ofinteraction between particles.The
modelofRefs.[15,18]isthespecialcaseofthe
presentmodelinwhichp=0.Withincreaseofp,

theinteractiondeceases,andwhenp=1,thetwo
lanesareindependent.

Filledcirclesrepresentparticles,and arrowsshow allowed

hopping.Exitratesofparticlesareequaltoβ.Whentheentrance

siteisemptyandtheexitsiteontheotherlaneisempty
(occupied),theentrancerateisα(pα).

Fig.1 Illustrationofmodel

2 Analyticalandsimulationresults
InRef.[29],MonteCarlosimulationshave

shownthatfivephases(i.e.,asymmetricLD/LD,

asymmetricHD/LD(highdensity/lowdensity),

symmetricHD,symmetricMC(maximumcurrent)

andsymmetricLDphases)existinthesystem
whenpissmall.Withincreaseofp,asymmetric
LD/LDandasymmetric HD/LDphasesshrink,

symmetricHDandsymmetricMCphasesexpand,

symmetric LD phaseexpands horizontally and
shrinksvertically.Largesystemsize(L=10000)

simulationsshowthatwhenp>pcr≈0.56,the
twoasymmetricphasesdisappear,which means
thatSSBdoesnotexistwhenp>0.56.

InRef.[29],theSMFmethodwasadopted,

andthesystemwasconsideredastwoindependent
singlelanes.Thecorrelation ofparticles was
ignored.ItwasfoundthattheasymmetricLD/LD
phaseisdeterminedby

α-pα-pα2+p2α2

1+α+α2-pα-2pα2+p2α2 <β<

1
6
[2α-4α2-2pα+4pα2+

(2α-4α2-2pα+4pα2)2+12(α2-2pα2+p2α2)]
(1)

TheasymmetricHD/LDphaseexistswhen
pα

1-α(1-p)<β<

α-pα-pα2+p2α2

1+α+α2-pα-2pα2+p2α2
(2)

  TheexistenceofsymmetricHDphasereqiures

β<min(
pα

1-α(1-p)
,1
2
) (3)

  When

β>
1
2

(4)

and

α>
2β

4β-1+p
(5)

aresatisfied,thesymmetricMCphaseexists.
When

α<
2β

4β-1+p
(6)

thesymmetricLDphaseexists.
However, because of the ignorance of

correlation,the analytical results of phases
boundariesdeviateremarkablyfromthesimulation
ones,especially whenp issmallin whichthe
correlationisstrong,seeFig.2.Inaddition,the
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criticalvaluesofpbeyondwhichSSBdisappears
wereobtainedfromtheanalysisandsimulation,

anddeviationalsoexistsbetweenthetwovalues.

(a) Monte Carlosimulation(system sizeL =10 000)is

representedbythescattered points.The SMF analysisis

representedbydashedlines,and1-cluster,2-cluster,3-cluster

and4-clustermeanfieldanalysisarerepresentedbyblack,red,

magentaandolivesolidlinesrespectively.Thevioletsolidlines

arepredictedanalyticalresultsinlimit.

Fig.2 Thephasediagramsofthemodelwithdifferentp

Motivated by these, N-CMF analysis is
carriedoutinthispaper,andcorrelationof2N
sitesisconsidered.The2Nsitesareconsecutive,

whichconsistofNconsecutivesitesoneachlane.
TheN sitesofLane1(2)startfromtheexit
(entrance)site.

Wefirstpresentananalysisof1-cluster.In
theanalysis,theentrancesiteandtheexitsiteof
differentlanesareconsidered,seeFig.3.P00,

P01, P10 and P11 denote four probabilities
correspondingtofourstatesinthecluster.P00and
P11correspondtothestatesthattwositesareboth
emptyand occupiedrespectively,P01 and P10

correspondtothestatesinwhichonlyonesiteis
occupied. p1 denotes the effective injection
probabilitytotheexitsiteofLane1,p2denotes
theeffectiveremovalprobabilityfromtheentrance
siteofLane2.

Wecanobtainfourmasterequations.
dP00

dt =-(α+p1)P00+βP01+p2P10 (7)

Fig.3 Fourstatesinthe1-CMFanalysis

dP01

dt =p1P00-(β+pα)P01+p2P11 (8)

dP10

dt =αP00-(p1+p2)P10+βP11 (9)

dP11

dt =pαP01+p1P10-(p2+β)P11 (10)

Whenthesystemarrivesatastationarystate,

dP00/dt=dP01/dt=dP10/dt=dP11/dt=0.
However, only three of the equations are
independent. For conservation of the four
probabilities,wehave

P00+P01+P10+P11=1 (11)

  WefirstanalyzetheasymmetricLD/LDphase.
ThecurrentandbulkdensityofLane1aredenotedby
J1andρ1respectively,thenρ1andJ1satisfy

J1=ρ1(1-ρ1) (12)

LetρLdenotethedensityofsiteLofLane1,then
wehave

J1=βρL (13)

  FurthermoreJ1canbegivenby
J1=p1(1-ρL) (14)

  ThebulkdensityofLane2iscalculatedby
ρ2=P10+P11 (15)

Thenwecanobtain

p2=1-ρ2 (16)

  Nowwehavetenvariables,i.e.,P00,P01,

P10,P11,p1,p2,ρ1,ρ2,ρLandJ1.However,

weonlyhavenineequations,i.e.,Eqs.(7)~(9),
(11)~(16).Inordertosolvetheequations,ρ1is
given,andwecanobtainthenumericalresultof

ρ2.Withchangeofρ1,ρ2=f(ρ1)canbeobtained.
Attheotherendofthesystem,1-clusterincluding
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theentrancesiteofLane1andtheexitsiteofLane
2 satisfies similar conditions. Under this
circumstance,whenρ2isgiven,ρ1=f(ρ2)can
alsobeobtained.Theboundariesoftheleftand
rightcanbeobtainedbythedifferenceofcurvesof

ρ2=f(ρ1)andρ1=f(ρ2),ashasbeenstudiedin
Ref.[18].

LetJA,JBandJCdenotethecurrentsofthe
systemwhenthesystemisinasymmetricHD/LD,

symmetric LD and asymmetric LD/LD phases
respectively,andtheyareallthesumofcurrents
ofthetwolanes.ThecurrentsofLane1andLane
2areβ(P11+P01)andαP00+pαP01.ThenJA,

JBandJCallsatisfy
J=β(P11+P01)+αP00+pαP01 (17)

  Whenparametersαandβarefixed,valuesof
P00,P01andP11arenotthesamewhenthesystem
isinthethreephases.ThenJA,JBandJCcanbe
compared.In Ref.[18],p =0,correlationis
strongerthanthat when p >0.Ithasbeen
demonstratedthattheasymmetricLD/LDphase
doesnotexistwhenp=0,nordoesitexistwhen
p>0.

Intheanalysisoftheasymmetric HD/LD
phase,itissupposedthatLane1andLane2arein
highdensityandlow densityrespectively.The
Eqs.(7)~(11),(15)and(16)arestillvalid,and
Eqs.(12)~(14)canbereplacedby

p1=1-β (18)

Underthiscircumstance,thereareeightvariables,

i.e.,P00,P01,P10,P11,p1,p2,ρ1,ρ2,and
therearealsoeightequations,i.e.,Eqs.(7)~
(11),(15),(16)and(18).Whenpandαare
given,ρ2increaseswithdecreaseofβ.Whenρ2=

β,theβ correspondstotheboundarybetween
symmetricHDandasymmetricHD/LDphases.In
addition,theboundarybetweensymmetricLDand
asymmetricHD/LDphasescanalsobeobtained
whenthecurrentsoftwophasesareequal.
InthesymmetricLDphase,thedensitiesof

twolanesareequal,ρ1=ρ2.Inthiscase,thereare
ninevariables,i.e.,P00,P01,P10,P11,p1,p2,

ρ1 (ρ2),ρL andJ1,andtherearealso nine

equations,i.e.,Eqs.(7)~(9),(11)~(16).
Whenpandαaregiven,ρ1(ρ2)increaseswith
increaseofβ.Whenρ1=ρ2 =β(0.5),theβ
correspondstotheboundarybetweensymmetric
LDandsymmetricHD(MC)phases.

The1-CMFanalyticalresultsisshowninFig.
2.Itcanbeseenthattheresultsareclosertothe
simulationonesthanthoseoftheSMFanalysis.
However, deviation between analysis and
simulationstillexists,especiallywhenpissmall.
Motivatedbythis,thecorrelationofmoresitesis
considered,andN-CMFanalysis(N=2,3,4)are
carriedout.Intheanalysis,thereare4N master
equationswiththechangeofN.

FromEqs.(12)~(14),p1=βρ1(1-ρ1)/
[β-ρ1(1-ρ1)]issatisfied.Whenweanalyzethe
asymmetricLD/LDphaseinthe1-CMFanalysis,

ρ1isgiven,andp1canbeobtained.However,a
similarrelationshipbetweenp1andρ1cannotbe
satisfiedinN-CMFanalysis(N >1)becauseof
correlation.Then p1 is directly givenin the
analysisofthephase.

WithincreaseofN,theanalysisalsoverifies
thenonexistenceoftheasymmetricLD/LDphase.
Theboundariesofotherphasesarealsoobtained,

seeFig.2.Whenp=0.2,itisshownthatthe
resultsoftheanalysisareremarkably getting
closertothoseofsimulationwiththeincreaseof
N.Thisisbecauseofthethestrongcorrelation.
Whenp =0.6,thereisverysmalldifference
betweenthe CMF and SMF duetothe weak
correlation.

Inaddition,itisfoundthattheboundaries
exhibitexponentialchangewiththechangeofN,

seeFig.4,inwhichtheparameterspandαare
fixed,Fig.4(a),(b)and(c)showthatthevalues
ofboundariesareconsistentwithexponentialdecay
βc-βc,∞∝ea1N+b1,anda1<0,b1<0.Thevalues
decreasewiththeincreaseofN.WhenN→∞,βc

isequaltoβc,∞.Fig.4(d)showsthatthevalues
ofboundariesarealsoconsistentwithexponential
decayβc,∞-βc∝ea2N+b2,anda2<0,b2<0.The
valuesincreasewiththeincreaseofN.WhenN→

2621 中国科学技术大学学报 第50卷



∞,βcisalsoequaltoβc,∞.WhenN→∞,the
analyticalresultstendtobetheexactsolutions.
Fig.2showsthatthepredictedresultsandMonte
CarlosimulationonesinwhichsystemsizeLis
10000areingoodagreement.Inordertovalidate
theprediction,largersystemsizesimulationsare
needed. However, in very large system
simulations,therandom-numbergeneratorcan
produceapseudorandomnumberseriesratherthan
atruerandomnumberseries[18-19].

(a)TheboundaryseparatingthesymmetricHDandasymmetric

HD/LDphaseswithparameterα=0.4.(b)Theboundary
separatingtheasymmetricHD/LDandsymmetricLDphases

withparameterα=0.5.(c)Theboundaryseparatingthe

symmetricLDandsymmetricHDphaseswithparameterα=

0.8.(d)The boundaryseparatingthesymmetric LD and

symmetricMCphaseswithparameterα=0.9.

Fig.4 TherelationshipbetweentheboundariesandNinthe
CMFanalysis(coloronline).Theparameterp=0.2

Simulationsshow that when p exceedsa
criticalvaluepcr,asymmetricphasesdisappear,

andpcr≈0.56.Intheanalysis,wealsoinvestigate
thecriticalvaluepcr.IneveryCMFanalysis,itis
foundthatthemaximalvaluesofα(i.e.αmax)of
asymmetric HD/LD phase exhibit exponential
decaywiththeincreaseofp.Take1-CMFanalysis
forexample,theαmaxisconsistentwithαmax-
αmax,∞∝exp(ap +b),αmax,∞ = -0.66,a=
-2.1129,b=0.69517,seeFig.5.Whenthe
asymmetricHD/LDdisappears,αmax=0,thenwe
canobtainthatpcr=0.525669.Inaddition,itis
shownthatpcr obtainedfrom N-CMFanalysis
exhibitexponentialincreasewiththeincreaseof

N,seeFig.6.WhenN→∞,pcrisequaltopcr,∞

=0.555.Thepredictedvalueisingoodagreement
withthatobtainedfromlargesizesimulations.

Fig.5 Therelationshipbetweenαmaxandp
inthe1-CMFanalysis(coloronline)

Fig.6 TherelationshipbetweenpcrandN
intheCMFanalysis(coloronline)

3 Conclusion
Tosummarize,wehavestudiedTASEPin

twoparallellaneswithnarrow entrances.Two
speciesofparticlesmoveindifferentlaneswith
opposite directions, and changing lanes is
forbidden.Theparameterpisintroduced,which
representsstrengthofinteractionbetweenparticles
atthe entrance and exit sites. Monte Carlo
simulations show that five phases (i.e.
asymmetric LD/LD, asymmetric HD/LD,

symmetric HD,symmetric MC andsymmetric
LD)existinthesystem whenpissmall.The
interactiondecreaseswiththeincreaseofp.Large
sizesystemsimulationsindicatethatasymmetric
phasesdisappearwhenp>0.56.Itmeansthat
SSBexistsonlywhenp≤0.56.

TheSMF method can beadoptedinthe
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theoretical analysis. However,the analytical
resultsdeviateremarkablyfrom thesimulation
ones. This is because of the ignorance of
correlation.Motivatedbythis,N-CMFanalysis
(N=1,2,3,4)iscarriedoutinthepresentpaper.
TheN-clusterconsistsofN consecutivesiteson
eachlane,andtheconsecutivesitesstartfromthe
exitsiteononelaneandtheentrancesiteonthe
otherlane.

Asexpected,theanalysisindicatesthatthe
asymmetricLD/LDphasedoesnotexist.Withthe
increaseofN,theanalyticalresultsaregetting
closertosimulationones,especially whenpis
smallinwhichthecorrelationisstrong.Withthe
increaseofp,thedifferencebetweentheresultsof
SMFandCMFanalysisbecomessmallerduetothe
decrease ofcorrelation.Itisfound thatthe
boundariesseparatingphasesexhibitexponential
changewiththechangeofN.Theboundariesare
predictedin the thermodynamic limit, which
correspondtotheexactsolutions,andtheyarein
goodagreementwithsimulationsobtainedfrom
largesizesystems.

Itisfoundthatthemaximaαofasymmetric
HD/LDphaseobeyexponentialdecay withthe
changeofp,whichenablesustoobtaincritical
valuepcrbeyondwhichtheasymmetricHD/LD
disappears.What’s more,thecriticalvalues
obtainedform N-CMFanalysisalsoexhibitthe
characteristicofexponentialchange.Theexact
solutionofthecriticalvalueisobtained,anditis
alsoingoodagreementwiththatobtainedfrom
largesizesystemsimulations.

Thisstudyhasindicatedthattheresultsare
moreaccuratewhenthecorrelationisconsidered.
Theanalysiscanbeadoptedintheothercomplex
systems,andthiswillbeourfuturework.

References

[1]SCHÜTZ G M.Criticalphenomenaand universal
dynamicsinone-dimensionaldrivendiffusivesystems
withtwospeciesofparticles[J].JPhysA:MathGen,

2003,36:R339-R379.

[2]MACDONALDC T,GIBBS J H,PIPKIN A C.
Kineticsofbiopolymerizationonnucleicacidtemplates
[J].Biopolymers,1968,6:1-5.

[3]APPERT-ROLLAND C, EBBINGHAUS M,

SANTEN L. Intracellular transport driven by
cytoskeletalmotors:Generalmechanismsanddefects
[J].PhysRep,2015,593:1-59.

[4]KUAN H S,BETTERTON M D.Motorprotein
accumulationonantiparallelmicrotubuleoverlaps[J].
BiophysJ,2016,110:2034-2043.

[5]VERMA A K,SHARMA N,GUPTA A K.Far-
from-equilibrium bidirectionaltransportsystem with
constrainedentrancescompetingforpooloflimited
resources[J].PhysRevE,2018,97:022105.

[6]BELITSKY V,SCHÜTZ G M.RNA polymerase
interactionsandelongationrate[J].J TheorBio,

2019,462:370-380.
[7]GHOSHS,DUTTAA,PATRAS,etal.Biologically

motivatedasymmetricexclusionprocess:Interplayof
congestioninRNApolymerasetrafficandslippageof
nascenttranscript[J].PhysRevE,2019,99:052122.

[8]VERMA A K, SHARMA N, GUPTA A K.
Cooperative motor action to regulate microtubule
lengthdynamics[J].PhysRevE,2019,99:032411.

[9]EZAKIT,YANAGISAWAD,OHTSUKAK,etal.
Simulationofspaceacquisitionprocessofpedestrians
usingProxemicFloorField Model[J].Physica A:

StatisticalMechanicsanditsApplications,2012,391:

291-299.
[10]FOULAADVANDME,MAASSP.Phasetransitions

andoptimaltransportinstochasticroundabouttraffic
[J].PhysRevE,2016,94:012304.

[11]LIUY,XIAOW,DONGP,etal.Theeffectofsingle
on-rampwithconstrainedresourcesonthedensityof
asymmetricsimpleexclusionprocesses[J].Renew
SustainEnergyRev,2016,62:815-820.

[12]ARITA C,FOULAADVAND M E,SANTEN L.
Signaloptimizationin urban transport: A totally
asymmetricsimpleexclusionprocesswithtrafficlights
[J].PhysRevE,2017,95:032108.

[13]YAMAMOTO H,YANAGISAWA D,NISHINARI
K.Comparisonofescalatorstrategiesinmodelsusing
amodifiedtotallyasymmetricsimpleexclusionprocess
[J].PhysA,2020,555:124571.

[14]EVANSMR,FOSTERDP,GODRECHEC,etal.
Spontaneoussymmetrybreakinginaonedimensional
drivendiffusivesystem[J].PhysRevLett,1995,74:

208-211.
[15]PRONINA E,KOLOMEISKY A B.Spontaneous

symmetry breaking in two-channel asymmetric

4621 中国科学技术大学学报 第50卷



exclusionprocesseswithnarrowentrances[J].JPhys
A:MathGen,2007,40:2275-2286.

[16]GUPTA A K, DHIMAN I. Coupling of two
asymmetricexclusionprocesseswithopenboundaries
[J]. Physica A: Statistical Mechanics and its
Applications,2013,392:6314-6329.

[17]SHARMAN,GUPTA A K.Phasesegregationand
spontaneoussymmetrybreakinginabidirectionaltwo-
channelnon-conserving modelwithnarrowentrances
[J].JStatMech:TheoryExp,2017,4:043211.

[18]TIAN B,JIANG R,HU M B,etal.Spurious
symmetry-broken phasein a bidirectionaltwo-lane
ASEPwithnarrowentrances[J].ChinPhysB,2017,

26:020503.
[19]TIANB,JIANGR,LIM,etal.Clustermean-field

analysisforspontaneoussymmetric breakingin a
bidirectionaltwo-lanesystem withnarrowentrances
and parallel update [J]. Europhys Lett,2017,

117:40003.
[20]DE QUEIROZ S L A,STINCHCOMBE R B.

Dynamicalaspectsofspontaneoussymmetrybreaking
indrivenflowwithexclusion[J].PhysRevE,2019,

100:012141.
[21]TIANB,JIANGR,LIM,etal.Totallyasymmetric

simpleexclusionprocessesontwointersectedlanes[J].
EurophysLett,2019,128:40005.

[22]TIANB,JIANGR,LIM,etal.Clustermeanfield
analysisofspontaneoussymmetrybreakingintotally
asymmetric simple exclusion processes on two
intersected lattices [J]. Physica A: Statistical
MechanicsanditsApplications,2020,541:123542.

[23]TIAN B,XIA P,LIU L,etal.Existence of
spontaneoussymmetrybreakingintwo-lanetotally
asymmetric simple exclusion processes with an
intersection[J].ChinPhysB,2020,29:050505.

[24]WANG Y Q, WANG J W,ZHU Z A,etal.
Stochasticdynamicsinnonequilibriumphasetransitions
of multiple totally asymmetric simple exclusion
processescoupled withstrongand weakinteracting
effects[J].IntJModPhysB,2019,20:1950229.

[25]BOTTO D,PELIZZOLA A,PRETTI M,etal.
DynamicaltransitionintheTASEP with Langmuir
kinetics:Mean-fieldtheory[J].JPhysA:MathGen,

2019,4:045001.
[26]HAOQ Y,JIANGR,HU M B,etal.Dualphase

separationinatwo-dimensionaldrivendiffusivesystem
[J].PhysLettA,2017,381:1543-1547.

[27]Parmeggiani A, Franosch T, Frey E. Phase
coexistenceindrivenone-dimensionaltransport[J].
PhysRevLett,2003,90:086601.

[28]JIANGR,HU M B,WU Y H,etal.Weakand
strongcouplinginatwo-laneasymmetricexclusion
process[J].PhysRevE,2008,77:041128.

[29]ZHUKX,WANGN,HAOQY,etal.Weakening
interactionsuppressesspontaneoussymmetrybreaking
intwo-channelasymmetricexclusionprocesses[J].
PhysRevE,2012,85:041132.

[30]JIANGR,HUANGW,HUMB,etal.Commenton
“Bulk-driven nonequilibrium phasetransitionsin a
mesoscopicring”[J].PhysRevLett,2011,106:

079601.

5621第9期 Spontaneoussymmetricbreakingintwo-lanetotallyasymmetricsimpleexclusionprocesswithnarrowentrances


