
Thingson the phase separation surface tunaand
how to compute thephasediagram in off latticemodelscan
be found in Solon etal New Journalof Physics 20
075 001 2018D
Here we focus on the simplen case of a lattice Rip in Id

inspiredby Thompson etal 5 Stat Mech road

t in Ep
lattice gas

model of non interacting un and table
bacteria

Configurations Y es occupancies ni ni which des aihe the
numberof particles hopping to the righta to the left a site i

n x T
i ni a lift p la mi

mi mittmi is thetotal occupancy
nor is the maximal occupancy allowedon a lattice site



Tumbling rate otto
Idea Describethe dynamics of g CmtexD and showthat
honogeneasprofits an eustable

Mastequation IP E 5,4 was 9
Play W19 94 Play

ummm ummm

Hae 4 faitmi mimi mimi c mimi
U such that w1954140

6 mimi en mi te mi mi ymi mimi I mittsMit if

4 Mitt 1 mt t D 4 atnut w plni.tl 1 1I
and it sue as inY

Y as 9 butwith Mitt mi 144 atutlw14541 plmi.tt t e
U'asU butwith MitteMi ti thenlwl944146tt
Y as I bentwith Mitt Mit ti thenMasukfluitt
e'suchthat wa sa't o e.g ftp Ii
U'as 4 butwith mit 1 mitts WI9 11pmtl1 ME

Mit e ni ti W9 upmiltml



Mit l mith iwll ll.fm
A LMi t mi ti W4 s4 Emi

1 7,1 7 plait ti la mim Pl miHint is

plain tilt II P mi te mi i

tutti P mitts mi i tf miti P Mit mit is

pmila it tpnilt.it tEnittEnifPlEnimill
when P mitt mi 11 P1419withmi replacedbymi te

ng mf 1

Fromthere use Mt I m P Gris togetgents fr
the

master equation as good luck

Em afobservable 01917 20191 Plait cog
of Oz 0191EPH E I Master equation

658,0191 will 911194 W193941191
Key

14,019159481 019 waging



I 2,10191 091 WIGY'DPcg

i I

charge inOfra nut atwhich

I to 4 this change occurs

Dynein ofaverageoccupant de Mt

Carita le that can be reached fora 9 mi ni
and caput MY 94 miCal Dmt

Moves that impact met are hops into or outof site i

a turtle at site i

gnit w Dat w

demit 4EE pmiilt ImDtE It xpmitl1 YtmD

we It É É
demit p Mit la Enl p Mit I It D Eat mi

eais psmitlt.tl pattt Dtftb
4aiZ

Comment these equations involve Mi Mi mitmitD etc
not closed equations for nits



In practice N points functions will involve ntt pointfactions in thin

dynamics Weneed approximations to get a solvable system

Meg fid approximation mint a Cmt it
In general this is quantitatively wrong butoften qualitatively right

Sit 2mi i fi mis i foeman

Ignacia I sit pet t ft stilt D Esta si ul

de si plein CI sign silt Sj tf sit EST ca

Typicalmicroscopic lugth dp fanexpect variations of siton this
scale If 1 51 little differences between set andsit
Taylor expand 0 I 0 a DOG theDOG in I Eloi

Canging out thisexpansion in 4 14 leads to D Ox D da

festal I Ust
1 fml tf stem Ends It fat 11,11 Estt icy

desk 1 5 Ci Fal 150ftfelons e f E g ifEstEs a
sext StatHimmel ftN jCH

3 141 6 descat dx ImCI far Eades s

qmcxk amexs dxffsct fmtftfc.d.nl 1 fmltEamffm to



Analysis1linthlagelhinit
L so Csl de s o Nothing happens in a tireof adu t fa

cateredfield in the largesizedinit

Speedup
time A LI

is If dx pmale Ifl EdxD s

61 in ext alm Pdx 511 Salt E dam 1 f Eindas
If days dam are finite then the last two tens are negligible

milk alma pox sci ED
Windt Tra mix Edsa fadin atire scale for a fat nonTn Fc

Injecting next back into Csl then leadsto

5 dx Elf Em defect Iif Eas
Again j no fat 0cal as I LE t c E diffusive

scalingl

4 dx Et G full ElloxD
dx Deff scaldis



At the macroscopic x I i t t we obtain an effective

dynamics forthe density fieldwhich is a non linear diffusion
equation

If DeffIs o a small fluctuations around so relaxtoo

DeffCeo ko D getamplified

j DAS It is f blog
linear instability

Deff o e Ya i 1 fat Ep fern
persistence byH

lost a instability for s sq

our computations
Conned hopping rate a vest p It fulfthyMyis consistentwith

E f s SE
argument

Whatremains is to characterize the phase coexistenceemerging
from this instability DDerive the noise tune loch f a
effeitiv.fm energy



I Populationdynamics pattern formation

Taels
RATdynamics Is

diffusive approximation n I n im

bacterial division n I hour ro fa ecoli i goodconditions

To describe experiments on tire scale ofdays
approximate by
model

II 1 The logistic growth

big 094Model bacteria divide at att s Épetitiaffa
food

bacteria die at nut d file do tdet
Comment death is a very complicated process for bacteria stop

growing stop running all lysis as many different tin scale

Here I assurestiltteach healty bacteria

Mean fieldgrad dz f DC t sbest sd s ifb the
sht Itg setlityPC I MS 11 f

withme bo do and so Ed TT logistic term

homogenadgnania des y g t f
two fixedpoints go s so stability



g o to b If p dy es of rent Is geo unstable

s lot's D fed yds pJjnetted gas stable

Howdoesgal relax towards s so
deSolve through separation of variables T.gg

Mdt

Ff Is f ftp.ydt as h f Ktvt
Ihf 64 101 If ke't file

seen fÉ
to seek Si YI Is k Efg
sat t ÉÉ J

SH
se Éffett tito sat so

i

y
exponential relaxation towards geeky



I 2 Colony speeding dfishaway

diffusion logistic growth

j bag t act to 1 1

Initialcondition as 1 1

is
dittos

gyres
steady

75wave

growth e o instable

t i'sattendant when en ce

Ii DX tax G XK C X

DIE xcel c ft Val i Val a ta

No oscillation in No regia

case over damped relaxation
111

FLY

x
in the potentialwell

that
on ayy

close to cool



m1
1 1 1 111 1 At at IVca dittt

E I Et 10 402
satin
pin.tt gmus

des DAS tag as de8191 4 094519

8191 gig eh
094

SEEl I Idg flyer
09 t e.iqIEtcHsczl

Jjtqdqzei93
tLa Dqltiqc

large to saddlepaint x belt i go o loaigty
at quid as 9n o 42071
Steady solution Re x Dq ti gtfo atDq coli o

L Dai I 9 Vj thefd
The slowest

spud is selected



II 3 Motility inducedpatternformation

I isFran Mips to finite size patterns

long time dynamics

Is IfsDix histhrill ofdas t a g e f

Tarte Joneses
FJoStahl

pystallists so

Tb competition between mins population dynamics

S x Sot Jex

Edsel Ox s Disold It is it dad as

Fomin thasfan 8gal a 8191 Ox big

98941 92soDcs I t É is t IG q Ssg ads

Aq dsg

Aq x q's Doo tot 1 II q
MI 141 co age x a q by i a b o

Ng o es a 4ab o

a c 21 5



I rise

as ac

Eli
dsit

n

E ten
airs m i p t

IIColing goothshire

2 VDI Do D fo

e't can also becaputd
and can be larger or smaller

than c



This car he extended to activemixtures and complex
ecosystems
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