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DYNAMIC PHASE TRANSITIONS

¢ Phase transitionsstland 29order) are ubiquitoum nature.

¢ |deas extended tBuctuationswheredynamic phase transitions (DPTs&ve
been identiPed In theajectory statisticof classical and quantum systems

¢ DPTs appeawhen conditioning system to have a bxed value of some time-
iIntegrated observablasuch as, e.qg., tha@rrent or the activity
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¢ |deas extended tBuctuationswheredynamic phase transitions (DPTs&ve
been identiPed In theajectory statisticof classical and quantum systems

¢ DPTs appeawhen conditioning system to have a bxed value of some time-
iIntegrated observablasuch as, e.qg., tha@rrent or the activity

¢ Dynamical phasaesrrespond taifferent types of trajectoriessome may
displayemergent order, collective rearrangements, and symmetry-breaking
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e Thelarge deviation functions (LDFspntrolling the statistics of these (3uctuati
exhibitnonanalyticities and Lee-Yang singularities at the E2Riiniscent of
standard critical behavio
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WHY TO STUDY DPTQGS

¢ LDFs play a role akin to thermodynamic potentials for nonequilibrium syste
so their nonanalyticities are interesting

e Rare events far more probable than anticipatkee to self-organized structure:

e Control-theory (or active) interpretation of [3uctuatiorslows to se®PTs as
singular changes in optimal control b@&daperimentally observable

¢ Mayhelp understanding some elusive phenomengglass transition
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DYNAMIC PHASE TRANSITIONS IN D>1

¢ However, study of DPTmostly restricted to 1d models or Buctuations of scala
observables in d>1
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e Challengebridge the gap tBuctuations of vectorial observables in daid
how they are affected by tljpossible) system anisotropy
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e Current statisticsimportant for nonequilibrium statistical physics.
Fundamental observablaarrent LDF

e AIm: DPTs In the vectorial current statistics of d>1 driven diffusive systems

e Tools. Macroscopic Fluctuation ThedWHT) and advancedoning Monte
Carlo simulations forare events



2D WEAKLY ASYMMETRIC SIMPLE EXCLUSION PRO!

e WASERN 2d:Diffusive particle transport under external peld

e Occupation numbers+0,1 + particle jumps to empty neighbors with rates

S %exp(i E, /L)

¢ Periodic bounday conditions
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¢ For large E and moderatdhe Peld per unit length E/L Is strogg
effective anisotropg, enhancing diffusivity and mobility alang



MACROSCOPIC FLUCTUATION THEORY (MFT)

Bertini, Gabrielli, De Sole, Jona-Lasinio & Landim, 2001-2016
Rev. Mod. Phy&7, 593 (2015)
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¢ Probability of &rajectory {! (r,t),j(r,t)}; — P ({!, j}5) ~e* LA ]
ol = /0 dt/ arlj — Qe ()" - &' *(p)lj — Qe (0)
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CURRENT STATISTIAS MFT
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e Statistics of trajectories conditioned on total curredt= - / dt / drj(r,t)
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¢ Dynamical partition functioanddynamical free-energy (dFE)
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¢ MFT leads t@ariational problem fop(A). Optimal trajectory-steady proble
PJ (I‘, t) jJ (I‘, t)
_ ) . Do! D(!o)
¢ Homogeneous steady stateyi(r) = po i (r) = 13" = 0o&E =)
N 0

e Small current Ructuationgsult from weakly-correlated local eventghich sum

Incoherently= homogeneous optimal belds pi(r,t) = po
= J P J—-J)| <1

jJ (I‘, t) - <J>
¢ | eads toquadratic dFEEndGaussian current statistics

Ug(z) = (zabpz — E abgE)/ 2 z! A+ E

e Stability of this homogeneous solution?
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Gaussian current statistigig (!
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Shows up a
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INn g-space
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There exists a critical anisotropse~0.035 beyond which only one symmetry-broken phase appea



KEY INGREDIENTS BEHIND NEW PHYSICS ?

e First, by consideringctorial currentsit becomes apparent thadirrent
rotations can trigger prst-order transitiorisetween different dynamical phases.

e Second, by includiagisotropyit becomes clear istrong effect on the relative
shape and position of the different jammed phases

e Mathematically, the competition between different traveling-waves ste
from astructured vector beld coupled to the current / by (£} dr = 0
3 J p—
A

i3r, )= 30 v[to! "(r! v+ 5(r! vi)i

PZrez-Espigares, Garrido & PH,93RE0103(R) (2016) V. ¢5(r)=0
Villavicencio & Harris, PRE032134 (2016)
Tiz—n, PH & Garrido, PRRE032119 (2017)
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DPTOS IN OPEN SYSTEMS (1D)



DPTOS IN OPEN SYSTEMS (1D)

¢ Up to now, DPTOs in current statistics associatetetgence of time-dependent
optimal probPlege.qg. traveling waves). Only possibperodic systems

¢ Baek, Kafri & Lecom®PTOs for current Ructuationsapen systems
Baek, Kafri & Lecomte, PRI8 030604 (2017); arXiv/10.07139

¢ Need an underlying symmetrg.g. particle-hole symmetry aroundpsdy?

1 1 1 1
- I |" — - |" I - ll# — I - Il#
D(5! I")= D5+ 1) (3 )=1(5+"#)
e BeautifuLandau theory within MFTeads to predictions dfst and 2nd order

DPTOs in open 1d systearsl symmetry-breaking phenomena




DPTOS IN OPEN SYSTEMS (1D)
e Physical picture for ,Ld WASERom Y. Kafri talk in Bangaloye
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ONGOING WORK: DPTOS IN OPEN SYSTEMS (1D)

e Joint Ructuations of the current and order paramefgtal mass) idd open
WASEP

e E or RBuctuations of total mass in trajectory ensembles with constrained currer

e Exact MFT result (non-perturbative) + arbitrary gradients + numerical observa
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ONGOING WORK: DPTOS IN OPEN SYSTEMS (1D)
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ONGOING WORK: DPTOS IN OPEN SYSTEMS (1D)
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SUMMARY

¢ Dynamic phase transitions (DPTs) at the trajectory learel one of the most
Intriguing phenomena of nonequilibrium physics

¢ However, thenature of DPTan high-dimensional systems remauzzling

¢ We report compelling evidences of a complex DiaTfthe vectorial current
statistics of an archetypal 2d driven diffusive sy&f&BHP, and characterize its
properties using macroscopic f3uctuation thadiyi)

¢ Thecomplex interplay among the external beld, anisotropy and currents in z
leads to aich phase diagram

e Different symmetry-broken Ructuation phassgparated by lines df- and 2%-
order DPTs

¢ Key role of divergence-free [mfituctured current bPeldsveak additivity principle

¢ Order In the form ottoherent jammed statesmerges to hinder transport for
low-current [3uctuations

¢ AlsoDPTOs in the current statistics of open 1d systEmsork in progress
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¢ MFT. 1d density wavem symmetry-broken phase jam particle R3ow

e Tomographic analysislice system alongdirection=> |-slice Is aing in
2d (due to pbc)= computeangular position of center of ma$im
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¢ MFT. 1d density wavem symmetry-broken phase jam particle R3ow

e Tomographic analysislice system alongdirection=> |-slice Is aing in
2d (due to pbc)= computeangular position of center of ma$im

e Small dispersioof the angular centers of mass across slices
signals themergence of ordeDebnetomographic coherences

("N = ("3 A(t) =1 (o)
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