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What dictinguishes the following cystems?

¢ “Bpe

molecules in colution a cand<torm a murmoration of starlings




— QVERVIEW — What ic «Active Matter> ?

What dictinguishes the following cystems?
\od
& %&fc

molecules in colution a cand<torm a murmoration of starlings

Equilibrium External drive (External and) internal drive




— QVERVIEW — What ic «Active Matter> ?

What dictinguishes the following cystems?
\od
& %,ctc

molecules in colution a cand<torm a murmoration of starlings

Recent review: ] Tailleur, G Gompper, M C Marchetti, JM Yeomans & C Salomon, 2018 cchool ‘Active Matter
and Nonequilibrium Statistical Physice”, (ecture Notes of the (es Houches Summer Sehool, OUP 2022




EXAMPLES AND MOTIVATIONS FOR STUDYING LARGE DEVIATIONS

» Giant number fluctvations in active fluids
Romaswamy et al [EPL 62 196 (2003)], Chaté et al. [PRL 96 180602 (2006)]
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EXAMPLES AND MOTIVATIONS FOR STUDYING LARGE DEVIATIONS

+ Giant number fluctvations in active fluids

/(/amyo.u, Romaswami & Menon [Seience 312 105 (2002)]
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EXAMPLES AND MOTIVATIONS FOR STUDYING LARGE DEVIATIONS

+ Giant number fluctvations in active fluids

/(/amyo.u, Romaswami & Menon [Seience 312 105 (2002)]
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[ARGE DEVIATIONS IN ACTIVE MATTER — EXAMPLE RESULTS

* An experiment: Dictribution of time-averaged velocity for a qas polar granular rods confined in 2]
Kumar et al [PR( 106 118001 (2011)]
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[ARGE DEVIATIONS IN ACTIVE MATTER — EXAMPLE RESULTS

* An _example model: Dictribution of ‘active work” for self-propelled dumbbell particles
Cagnetta et al [PR(L 119 158002 (2017)]
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[ARGE DEVIATIONS IN ACTIVE MATTER — EXAMPLE RESULTS

: An_example model: Active Brownian Particles (APB) X — — Iuvv + vu (9) —+ v 2D§(t )

Weak-noise deccription (D —>0 ), for a single particle:

P(x,,1|x,,0 / DIx ~W/D)AREIPIG(r)]

:Z/ 1% + uVV(x) — vu(0)|Pdr
0

PlO(1)] o e Jo ¥/

[Woillez et al. PR( 122 258001 (2019)]



[ARGE DEVIATIONS IN ACTIVE MATTER — EXAMPLE RESULTS

: An_example model: Active Brownian Particles (APB) X — — ’uvv + vu (6) + 2 Dg( t)
Weak-noise deccription @ D — 0

P(%,.1x,,0) = | Dx(1),0(r)]e~V/2IARAPlG(1)]

Minimizing w.r.t. o) [eontraction pm’nc/}b/e]:
/D ~(I/D)AXAPY(1)] x e~ (/D)AXE A[x,é]:i%fC—L/tHX +,uVV(x)—vu(9)||2dz’)
0

D—>O

x + uVV(x)
X+ uVV(x)]|

Optimal angle trajectory: u(é) —

[Woillez et al. PR( 122 258001 (2019)]



[ARGE DEVIATIONS IN ACTIVE MATTER — EXAMPLE RESULTS

* An _example model: Active Brownian Particles (APB) X _ — Iuvv + vu (6 ) Y 2D §(t )

Substituting, we arrive at

1

Al = [ (% + 69V - vpar

Eccape problem: mean escape time (T) between from domain 6'7 to demain C’Z given by
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[Woillez et al. PR( 122 258001 (2019)]



[ARGE DEVIATIONS IN ACTIVE MATTER — EXAMPLE RESULTS

* An _example model: Active Brownian Particles (APB) X _ — MVV + vu (8 ) Y 2D §(t )

Eccape from an elliptic trap in 2]

2 rate of eccape from an elliptic trap |/ = Vox-Ax [,b/né to purple)
=0 the escape time would be uniform for a pacsive particle (@D— 0)
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[Woillez et al. PR( 122 258001 (2019)]



[ARGE DEVIATIONS IN ACTIVE MATTER — EXAMPLE RESULTS

* An _example model: Active Brownian Particles (APB) X _ — MVV + vu (8 ) Y 2D g(t )

From barrier of pofential to barrier of force
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At large activity v, the particle prefers to crocs the barrier with the smaller maximal force.
[Woillez et al. PR( 122 258001 (2019)]



[ARGE DEVIATIONS IN ACTIVE MATTER — EXAMPLE RESULTS

: An_example model: Active Brownian Particles (APB) X — — Iuvv + vu (9) —+ v 2D§(t )

More generic optimal paths in 2[): depending on bovndary conditions
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[Yacuda & Ichimoto, PRE 106 064120 (2022)]



[ARGE DEVIATIONS IN ACTIVE MATTER — EXAMPLE RESULTS

* An example model: Active Brownian Particles (APB) X — — MVV + vu (Q) + 2 Dg(t )

2]) case without potential:

* Anomalous scaling of the marginal dictributione at chort timee
* Anomalous scaling of 1 -passage time
at chort times 10
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[Majumdar & Meerson, PRE 102 022113 (2020)] [Bacu, Majumdar, Rocso & Sehehr, PRE 98 062121 (2018)]



[ARGE DEVIATIONS IN ACTIVE MATTER — EXAMPLE RESULTS

* An example model: Active Brownian Particles (APB) X — — IMVV + vu (Q) + V2 Dg(t )

2D case with a harmonic potential:
Exact colvtion at all timee [Caraglio & Franssch, PR( 129 158001 (2022)]

* Another important model: Run-and-Tumble (RT) v v
2D case with a harmonic potential: /' \
Exact colvtion at all times [Smith, (e Dovesal, Majumdar & Schehr

PRE 106 054133 (2022)] \_ ‘/ ]

|4 |4

+ How to extract the large-time and/or small-noise asymptotice?

Do we learn generic features of active particles from thic?



[ARGE DEVIATIONS IN ACTIVE MATTER — EXAMPLE RESULTS

* An example model: Active Brownian Particles (APB) X — — IMVV + vu (8) + 2 Dg(t )

2D case with a torque:

© radially cymmetric or elliptic confinement

© different types of optimal trajectories

[Doamascena & de Sovza Silva, PRE 108 044605 (2023)]



[ARGE DEVIATIONS IN ACTIVE MATTER — EXAMPLE RESULTS

* An_example model: Active Brownian Dyson model

N particles in 1D, non-intercecting, with a logarithmic repulsion
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[Touzo, Le Dovesal & Sehehr, EPL 142 61004(2023); PRE 109 014136 (202¢)]



[ARGE DEVIATIONS IN ACTIVE MATTER — EXAMPLE RESULTS

» A variety of large-deviafion scalings: a run-and-tumble model in a parabolic potential

mx(t) + I'x(t) + kx(t) = 2(2)

3 [ t)ica telegraphic noice of typical correlation time T
+ Large-deviation scaling for The steady-ctate acT — 0

Pu(X) ~ e 0% wo= KT,

[Smith & Farago, PRE 106 054118 (2022)]



LARGE DEVIATIONS IN ACTIVE MATTER — EXAMPLE METHODOLOGY

o ‘Effective” [ “auxiliary” forces ac a tool

From Hugo Touchette'e lecture: if Altrajectory] ic extensive in the duration ¢ of the trajectory

PIA/t = al = exp[ t I(a) ] & (e <A) - exp[t YW(c)] “biaced” ensemble (W(c) = ccaled CGF)

S modified dynamics with ¢-dependent “effective forces”

Methodology: if the binsed ensemble presents interesting features (c/ucter/‘ng, occillations, ete.),

uce the effective forces to decign protscols to control the system

[Keta et al, PRE 103 022603 (2021)]

[Fodsr et al, Ann Rev CondMat Phyc 13 215 (2022)]
[Lamtyugina et al, PRL 129 128002 (2022)]
[Pizeros & Fodor, arXiv:2403.16961 (2024)]
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