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Asymmetri sim lee 1 sion ro esses A s a eattra te aloto attentioninre ent

years . eyareim ortantinst ieso one imensionalm Iti arti le ynami  enom
ena s as kineti s 0 io olymeri ation , re tation ynami s o entan le olymers |,
i siont ro iolo i al mem rane annels ,an tra ro lems . A s are lat

tie asmo els ere artiles i se mainly in one ire tion an intera t it ar ore
e 1 sion. ome sim le ersionso t ese mo els ae eensol e e a tly
e ara teristi eat reo A sist eo rreneo o n aryin e ase tran
sitions et een none ili ri m stationary states t at o not a e analo sine ili ri m
systems . emiros oi nat re o t ese ase transitions an e e laine sin a
enomenolo i al omain allt eory . A or in tot ist eory, ort e A it o en

o n aries,t eentran e, t eeitan t e lko t esystem enor et eiro n omains,

i.e., omo eneo s arts o t e system it a niorm ensity an rrent. At any i en
time t o omains oe ist int e system, i im liest e e isten e 0 a omain all, or
asok,int e omn aryre ion et eent eset o omains. is omain all is mo in

as aran om alker it rates etermine y rrents an ensitieso omains,an int e

limit o lar e times one o t e omains is innin o er t e ot er. s, in a stationary
statet e omain all il e o n t atin nearoneo t e o n aries. Note, o e er,
t att e omain all it re ailsin ma imal rrent ase,ie., ent e ro ertieso t e
system are etermine y lk ynami salone . ist eory as eena lie s ess lly

toe laint e e a ioro asymmetri e | sion ro esses it ot om le ynami san
symmetry
Most t eoreti al in esti ations o asymmetri sim le e 1 sion ro esses on entrate on

translationally in ariant systems  ere artiles an al ays e o n on t e latti e

0 e er, some e erimental o ser ations, s as re entirre ersi le eta mentso ar
ti les rin iolo i al trans ort enomena , eman an e tension o asi asymmetri
sim lee 1 sion ro esses. ee e to isso iation rom linear tra ks, i isim ortant
or t e motion o motor roteins , as eenin esti ate re ently in etail ort e trans
ort o sin le artiles . o eer,t ee eto irre ersi le eta ments on ynami s o
m Iti arti le systems oesnota earto ae eenst ie yetin asystemati ay.

ntis aer, est yteeeto eta mentsin A san in esti ate,s e i ally,



t e sim lest sit ation  ere irre ersi le isso iations may lay a roleint e ynami s o
asymmetri sim lee 1 sion ro esses. e onsi er a one imensional latti e mo el it

sites  ere arti les enter t e system it rate , 1 t ereisno artile at
t e rstsite an lea et esystem it rate | , 1t ereisa arti leatt elast
site ass o nin 1. . nt ismo elea latti e site , , 1s eit er o ie vy
a arti le, or em ty, an t e only allo e motionist at o arti les o in rom site
one ste or ar to site it  nit rate i site isem ty. na ition, arti les an

isso iate irre ersi ly it rate roma lksite ara ay rom o n aries see 1 .

ie., . it ot eta ments, o r mo elisre e to a totally asymmetri
sim lee 1 sion moel or 1 teeatsol tioniskno n . ort is reason, t e
totally asymmetri sim lee | sionmo el ill e se in o r analysis as are eren e mo el,
an t eeeto eta ments ill ee al ate y om arison it t e ro ertieso t is
mo el.

A ossi lemet o o sol tiono A sis ase ont ematri ro tansat , 1
re ires translational symmetry int e lko t esystem. o e er,int e resent mo el
t e ossi ility o eta ment rom t e sin le site in t e lk reaks t is symmetry an
t sonly a ro imate sol tions are ossi le. o in esti atet ee et o eta ments on

ynami s o asymmetri e | sion ro esses, e ill resent an a ro imatet eory similar
toone 1 as een se s ess lly orA s it lo alin omo eneity . eres lts

il e eri e it Monte arlo om ter sim lations.

Note t att issystem, as ell asmany ot er A s, asas e ial arti le olesymmetry,

ere oles an e ie e as ne arti les , ile arti les e ome ne oles . en
t ismo el an e ie e asanasymmetri sim lee 1 sion ro ess,alt o it arti les
mo in no romri ttolet,an it irre ersi le atta ments at site . r analysist s

also esri est ee e t o irre ersi le asso iations on ynami s o A S.

osim liyt e al lations e ass met att elattiesie isalaree enn m er

an e ttes eial site rom i isso iations are ossi leatt emi leo t e



latti e, i.e., . tisreasona letoe ettt att ee at ositiono t iss e ial
site ill not in en e alitati ely o r ar ments, as lon as t is site is ar a ay rom
t € o n aries . Beore resentin t e sol tion ort e asymmetri e 1 sion mo el it
irre ersi le eta ments, ere ie someres lts ort e totally asymmetri e 1 sion mo el

it o t isso iations, i ill e se int e resentt eory.
e totally asymmetri sim lee 1 sionmo elatt et ermo ynami limit an

e 0 n int reestationary ases e en in ont e al eso t eentran erate an t e

e it rate . en an , a ma imal rrent m ase ominates, or
i
1k
ere ist e arti le ensity at site , Jkist e ensityint e lko t esystem an
is t e stationary arti le rrent. e on itions an e nea 1 ensity
ase or i
1k
Alo ensity 1 ase e ists  en an . is ase an e esrie y
1k

es eialsite , rom i irre ersi le eta ments are ossi le, reaks t e ori inal
translational in arian e o t e totally asymmetri e | sionmo el. o e er,italso i1 es
t e latti e 0 si e into t o translationally in ariant s latti es o si e . s, e
an t ink o o r system as t o totally asymmetri e 1 sion mo els o le at t e site
see i . , an stationary artile rrents t ro s latti es are relate y t eir

s e ial on ition. A or in tot isre irement,t e rrentt ro t eri tlatties ol
ee altot e rrentt ro t elet latti e min st e rrent lost e to irre ersi le
isso iations rom site . s e an sekno nres lts ort etotally asymmetri e 1 sion

mo el or ea s latti e in or er to etermine t e ro erties or t e o erall system. A



similar a roa as een se s ess llyint e in esti ation o t e asymmetri sim le
e 1 sionmo el it lo alin omo eneity

ollo in t ei eat att esystem it eta ments an e ie e ast o o le latti es

it ot eta ments,t elets lattie ill a et eentran erate an t ee e ti ee it

rate o , 1 an e e ne as

e

ise ressionre etst e att at artiles anleaet eletlattieint o ays t ey

anmo eintot eri tlatti e it rate i t ereisno arti leatt e site ,ort ey
an isso iate irre ersi ly it rate . imilarly,t eri ts lattie il a et ee it rate
an t ee eti eentran erate , , 1 is e ne as
e
By e nin t ee e ti eentran ean e itratest ro e ressions  an , 1t is ass me
t at arti les an o yt et onei orin sites an in e en ently rom ea
ot er,ie, t e ro a ilityt at arti leso y sites an sim ltaneo slyise al to
te ro to te roailitiest at arti leso y ea site in e en ently. io sly,

t isisnot t e ase in real systems.

ineea s lattie an e ie e in e en ently as a totally asymmetri sim le e
| sion mo el, it may e ist in t ree i erent stationary states. ere are t en ossi le
ases ort e o erall asymmetri e 1 sion mo el it irre ersi le eta ments. o e er,
e a se arti les an isso iate romsite ,t e rrentint eri ts system annot rea

its ma imal al e,an t st ree ases i s ortt ema imal rrentint eri t

latti e, i.e., lo  ensity ma imal rrent 1 m , i ensity ma imal rrent m
an ma imal rrent ma imal rrent m m , o not e ist. e on itions or e isten e
ot eot er ases an e on sin t e ro erties o t e totally asymmetri e 1 sion
mo el an e ressions an

ema imal rrent i ensity m ase is etermine 7yt e ollo in eneral
on itions



n a ition, ensities at sites an are ien y

e e
oeer, e ol liketo esri et e on itions ort e e isten e 0o t is ase only in
terms o arameters , an . rom  S. , an , e eriet ee e tiee itrate

romt eletlattiean t ee e ti e entran erate tot eri t latti e, namely,

Be a set eseratess o |l satisyt e eneral on itions , e nallyo taint e arameter

ran es or , an

ort e asein i t e asymmetri sim lee | sion mo el it irre ersi le eta ments
an e on intem ase.
imilar al lations an e erorme ort ema imal rrent lo ensity m 1 ase,

1 e ists en

e
e e
arti le ensities at s e ial sites an are ien y
e
e
om inin . it S. an lea stot e ollo in e ressions ort ee e ti e
rates
e e
stit tin t ese res Its into . yiel st e ollo in arameter ran es or m 1

ase




e ase it te i ensity i ensity ase is more om li ate . t an

e enerally esri e yt e ollo in on itions

e e
e
an
e
e
stit tin t is last e ation into an yiel st ee e ti e entran e an e it rates
e e
om arin t esee ressions it t eine alities e o tain or
ile or
ations an eterminet e on itions ort ee isten eo t e ase. rom

t elaste ation e analso onl et att is ase e ists only or

e i ensity lo  ensity 1 aseis e ne y
e e
e e
arti le ensities at sites an are ien y
e e

o e er,in ontrasttot e aseo t e re io s ases, om arison o t ese e ations it

an s o st at on itions annot e satis e orany al eso t e arameters
, an . st e 1 ase oes not e ist at stationary on itions.
ort elo ensity i ensity 1 ase, 1 is e ne or
e



aln

e e
e an er orm similar al lations,an n t att is asee ists en

inally, ort elo ensity lo ensity 1 1 ase, or i

al

t ee isten e on itions are i en y

st e ase iaram onsistso or or or e or stationary
ases,ass o nin i . . ensity ro lesinall ases an eeasily onstr te romt e

orres on in ensity ro lesatea s lattie sin t ee ate ressions ienin es.

nt elimito ,t e resent mo el it eta mentsre estot e totally asym
metri e 1 sion mo el, an it an e easily eke t att e res lts o taine sin o r
a ro imatet eorya ree eretly it t ekno ne a tsol tion . oin esti atet e a
li ityo o rt eoreti ala roa or eneral al eso , e erorme Monte arlo om ter
sim lations.

no r om tersim lations e onsi ere alatti e it sites. in eo rt eory
is ali only at t e t ermo ynami limit , t ere are e iations rom t eoreti al
re i tions or nitesi elatties o eer,as e e ke ort e totally asymmetri sim le
e 1 sion mo el, is lar e eno tone le tt ese e iations. imilar latti e si es

ae een se s ess llyin om ter analysis o lo al in omo eneities in A S . n



a ition, in o r sim lations e ass me t at t e system rea es a stationary state en
more t an arti les asst ro t e latti e startin rom t e initial moment. a

ensity ro le as al late ya erain o er Monte arloste s. Bo n ariesin ase
ia rams ere etermine y analyin t e an es in ensity ro les in orres on in

s latti es see 1 .

or ,0Tra roimatet eory re itst at t ere are e ossi le stationary
ases, 1ile or t en m ero aaila le ases e reases yone. ealso reit

t at t ere aret oty es o ase transitions in t e system rst or er ase transitions
t ik soli lines in i . inolea m int e artile ensity in oneo t es lat
ti es, ile orse on or er ase transitions t insoli linesin i . t e ensity ro les
an e ontin o sly. ese res Its are ells orte ye tensi e om ter sim lations
as ill strate in 1. . e ase o n aries o taine rom Monte arlo sim lations are
in e ellent a reement it t eoreti ally al late o n aries, alt o t ere are small

e lations at rst or er ase o n aries.
imilarly,ass o nin i . ,t ereisa ery oo alitati e an antitati e a reement
et eent e ensity ro les al late romo ra ro imatea roa an t ose o taine
y Monte arlo sim lations. o e er, t ere are i eren esint e re ion neart e s e ial
site rom i irre ersi le eta ments mayo . isisa onse eneo t ea rO0i
mation 1 ne le tst e ensity orrelations near t es e ial site . n real systemst ese
orrelations are si ni ant an eterminet e e a ioro t esystemneart e o n ary e
t eent os latties. ise e tis learlyseenint e ail reo o rt eory tolo atee a tly
t e ositions o  ase transitions see 1. ,es eially rstor er ase o n aries.
ra ro imate t eory is ase on t e re resentation o t e system it irre ersi le
eta ments ast o o le totally asymmetri e 1 sion mo els. iss estst att ere
are ossi le stationary ases o e er,t ree ases annoto r etote att at
t e artile rrentint eri ts latti e annot rea its ma imal al e. na ition,o r
t eoreti al al lations,s orte y om ter sim lations,in i atet att e 1 ase
also annot e o n atstationary on itions. o e er,t ereason ort isisnot n erstoo
oe laint emiros o1 nat reo t is enomenon ein oket e omain allt eory
At lar e times,t ¢ omain alls ill e o n near orres on in o0 n arieso s latti es,
ass o nin i . . nalle istin stationary ases, oneort o omain allsare o n near

te onary et eens latties, o eerint e ossi le 1 ase t e re ion near site



oesnot ontaint e omain alls. is meanst at any ensity t ation in t is re ion
ill estroy t e ensity ra ient et eent eletan t eri ts latti esan e ent ally,
at lar e times, t is ase illnot o r. n ontrast, all ot er ases ill e sta le it

res e t to any ensity t ation.

ein esti ate t ee et o irre ersi le eta ments o arti leson t e ynami s o

asymmetri sim le e 1 sion 1o esses. es ei ally onsi ere t e sim le mo el it
only isso iations rom asin lesiteint e lko t esystem. emo el assol e analyt
ially sin asim lea ro imatet eory. rmet o is ase ont o ass m tions. irst,

ema e ormo el it irre ersi le eta mentsintot o o le totally asymmetri
e | sion roesses it ot eta ments. nt ese on ass m tion, e treate t e arti le
0 an ies o site ere eta ments take la e an site in a mean el as
ion, i.e., ene le te t e ensity orrelationsneart e o n ary et eent os latti es.
sin t eseass m tions es o e t atirre ersi le eta ments, e en romt e sin le site
ar a ay romt e o n aries, stron ly in en e t e ensity ro les an ase e a ior
in A S. ese res lts are enerally s orte y om ter Monte arlo sim lations.
ome 0 ser e e iations et een t eory an om ter sim lations are attri te tot e
mean el ass m tion or ensitiesneart es e ialsite it eta ments. emi ros o i
ori inso om le ase e a ior asanaly e sin a enomenolo i al omain allt e
ory. isanalysis on |l est ate istin stationary asess o1 ontaint e omain alls
int e on aryre ion et eens latti es.

e to arti le ole symmetry, o r analyti al an om tational analysis is also ali
orte esritiono e etso atta mentsont e ynamiso A S. is lea s to an
interestin  ro lem o o atta ments an eta ments may in en et e ynam
iso asymmetri sim le e 1 sion ro esses. t is reasona le tos estt at o r sim le
a ro imate met o , alon it om ter sim lations, is a romisin a roa to ta kle

t ese om le ro lemso lo imensional m Iti arti le trans ort.
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i. . e totally asymmetri e | sion mo el it irre ersi le eta ments rom a
sei siteint emi leo t elattie. emo el an ema e intot o o le totally

asymmetri e 1 sionmo els it o t eta ments see te t or etails .

i. . ase ia rams ort e asymmetri e 1 sionmo el it irre ersi le eta ments
a or or . oli lines orres on to res lts o taine rom a ro imate
sol tions. ik soli linesin i atet e ositiono 1rstor er ase o n aries, ilet in
soli lines enote se on or er ase transitions. e irless o t eres Its rom Monte

arlo om ter sim lations. ille irless o rstor er ase o n aries, an em ty
ir les is layse on or er ase o n aries.
i. . ensity ro les or t e system o sie it . e s ares

in 1 atet e Monte arlosim lationres lts. oli liness o t e resentt eoreti al res lts.

ations , an o e. ae en se int e al lation o a ro imate
ensity ro les. Monte arlo ensities are o taine y a era in o er Monte arlo
ste s. a ase it , 1 ase it ,
m ase it , m | ase it , e 1 1 ase
it ,
i. . ensity ro les near ase o n aries or t e system o sie it
e s ares in i atet e Monte arlo sim lation res Its. oli liness o t e
resent t eoreti al res lts. ations ) an o e. ae een se in

t e al lationo t ea ro imate ensity ro les. Monte arlo ensities are o taine y

a era in o er Monte arlo ste s. a
; ;

i. . emati ensity ro les or ossi le stationary asesint e asymmetri e |

sion mo el it irre ersi le eta ments. Arro sin i atet e a ro imate ositions an

ire tions 0 t e motion o omain alls.
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Figure 3b
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Figure 3d
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Figure 4a
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Figure4c
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