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FLUCTUATIONS AND LARGE DEVIATIONS
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* rare events

© The rate G(q) Is a large deviation function (LDF): it controls the statistics of
fluctuations, and plays a role akin to thermodynamic potentials out of equilibrium

¢ Rare events have interesting physics, crucial to understand nonequilibrium physics
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© Dynamical phase transitions (DPTs) appear when conditioning a system to have a
fixed value of some time-integrated observable, such as e.g. the current

¢ Dynamical phases correspond to different types of trajectories: some may display
emergent order, collective rearrangements, and symmetry-breaking
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e At the DPT, LDFs exhibit nonanalyticities and Lee-Yang singularities reminiscent
of standard critical behavior
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© Dynamical phase transitions (DPTs) appear when conditioning a system to have a
fixed value of some time-integrated observable, such as e.g. the current

¢ Dynamical phases correspond to different types of trajectories: some may display
emergent order, collective rearrangements, and symmetry-breaking
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e At the DPT, LDFs exhibit nonanalyticities and Lee-Yang singularities reminiscent
of standard critical behavior

¢ Why to study DPTs?
M Rare events far more probable than anticipated due to self-organized structures
& DPTs can be engineered in interesting ways, e.g. to build time crystals ...

& May help understanding some elusive phenomena, e.g. glass transition



DPT'S IN OPEN SYSTEMS

e Up to now, DPT's in current statistics associated to broken time .- £~ = = | g
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© Baek, Kafri & Lecomte (prL 118,030604 2017)): DPT’s for current fluct. in open systems
© New kind of symmetry breaking scenario: particle-hole (PH) symmetry

@ Beautiful perturbative Landau theory within MFT |eads to predictions of |st and
2nd order DPT’s in open |d systems and symmetry-breaking phenomena
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© Baek, Kafri & Lecomte (prL 118,030604 2017)): DPT’s for current fluct. in open systems

© New kind of symmetry breaking scenario: particle-hole (PH) symmetry

@ Beautiful perturbative Landau theory within MFT |eads to predictions of |st and

2nd order DPT’s in open |d systems and symmetry-breaking phenomena

e Limitations:

@ Perturbative predictions - nonperturbative physics beyond the critical point?
@ No gradient = existence under strong boundary driving? (Fourier's problem)

@ Role of asymmetry?! Microscopic origin? Direct observation?
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WEAKLY ASYMMETRIC SIMPLE EXCLUSION PROCESS

© WASEP: |d lattice with occupation numbers ni=0,| + particle jumps to empty
neighbors with rates

1
T4+ = 5 exp(::E/L)

e At the mesoscopic scale, driven diffusive system j(z,t)
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DPT IN OPEN SYSTEMS: A PHYSICAL PICTURE

® Current fluctuations
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Optimal path:
additivity principle
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® Current fluctuations
P(q) ~ e THE)

T 1
q:T_l/ dt/ dll?](il?,t) . 1 .
0 0 G(g) = lim 7 T(p,J)

| Optimal path:
@ Picture for the DPT (Baek, Kafri & Lecomte) additivity principle

0up = =0u( = D(p)0ep + 7(p)E + /3 (p)E(w,1))

_ Diffusion favors Small q is easier
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ORDER PARAMETER FLUCTUATIONS

e By studying the joint fluctuations of the current and order parameter (total mass) In
|d open WASEP, we unveil the full dynamical phase diagram for arbitrary gradients
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® Exact MFT result (non-perturbative) + arbitrary gradients + numerical observation
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@ By studying the joint fluctuations of the current and order parameter (total mass) in
|d open WASEP, we unveil the full dynamical phase diagram for arbitrary gradients
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¢ Exact MFT result (non-perturbative) + arbitrary gradients + numerical observation
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DPT IN OPEN SYSTEMS: NO GRADIENT
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DPT IN OPEN SYSTEMS: SYMMETRIC GRADIENT
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DPT IN OPEN SYSTEMS: ASYMMETRIC GRADIENT
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INSTANTON SOLUTION AND ADDITIVITY VIOLATION

e Question: do time-dependent optimal trajectories exist iImproving the additivity
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INSTANTON SOLUTION AND ADDITIVITY VIOLATION

e Question: do time-dependent optimal trajectories exist improving the additivity
principle minimizers?

e YES: Maxwell-like instanton solution in non-convex regime of 1(m|q) lg] < |0

pg (z) for t < pr m € (m, ,m,)

— q’
pmq (2,1) pq_(x) for t > pr

I(mlq) = pI(m, |q) + (1 — p)I(m |q)

I(mlq)




DIRECT OBSERVATION AND MICROSCOPIC ORIGIN

e Microscopically, the DPT appears due to an emerging degeneracy in the ground
state of the deformed dynamic generator

e Our predictions are confirmed by measuring the symmetry-breaking profiles in
rare-event simulations
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SUMMARY

© We have uncovered the full dynamical phase diagram for current fluctuations of
the open |d-VWASEP

e A DPT is observed for any boundary driving symmetric around the density 1/2
where the joint mass-current LDF I(m,q) becomes nonconvex

@ This signals the breaking of the particle-hole symmetry present in the governing
action but no longer in the optimal trajectories



SUMMARY

© We have uncovered the full dynamical phase diagram for current fluctuations of
the open |d-VWASEP

e A DPT is observed for any boundary driving symmetric around the density 1/2
where the joint mass-current LDF I(m,q) becomes nonconvex

@ This signals the breaking of the particle-hole symmetry present in the governing
action but no longer in the optimal trajectories

¢ |n the non-convex regime of I(m,q), instanton-like time-dependent trajectories
connecting the two local minima become optimal: dynamical coexistence and
additivity violation

© Microscopic origin of the DPT: emerging degeneracy in the ground state of the
deformed dynamic generator

e Our predictions are confirmed In rare-event simulations
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