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Abstract. We study the collective behavior of dislocation assemblies in simplified models of plastic de-
formation. We first review several numerical results on long range dislocation interactions with simplified
dislocation motion constraints. These typically give rise to a yielding transition separating stationary and
moving dislocation phases. Furthermore, we discuss the intermittent relaxation of the plastic strain-rate
observed around this transition at mesoscopic scales, and how this intermittent behavior gives rise to an
average slow power law relaxation in time known in the literature as Andrade’s creep. We analyze the
coherent dynamics and the average stress-strain relationship in the steady regime of plastic deformation.
In this steady regime, plastic deformation proceeds in the form of plastic avalanches whose size and dura-
tion are broadly distributed and statistically characterized. One signature of the time correlations of this
heterogeneous collective dislocation dynamics is a power spectrum scaling with frequency as f−α with an
exponent α close to 1.5. This feature appears to be peculiar of dislocation and grain boundary motion as
has been observed in other physical situations in the vicinity of a yielding transition.

PACS. 62.20.-x Mechanical properties of solids – 62.20.Fe Deformation and plasticity

1 Introduction

In materials science, the general concept of yielding im-
plies that the amount of force or stress applied to a mate-
rial is above its characteristic yield strength which causes
plastic flow or irreversible deformation. Thus the yield
strength (or the yield point) should separate the two differ-
ent regimes of elastic or reversible deformation, when the
strain caused in the material will disappear once the force
is removed, and that of plastic deformation after which
some fraction of the induced strain will be permanent and
non-reversible. Both crystalline and amorphous solids un-
dergo plastic deformation under certain conditions. Crys-
tals deform irreversibly due to the collective motion of
dislocations. On the other hand, the microscopic mecha-
nisms responsible for plastic flow in amorphous materials
are, as yet, not so well understood. The yield stress of a
crystal depends on several quantities such as dislocation
density or temperature. Likewise, the yield stress of an
amorphous material may depend on density, temperature,
effective temperature, or other relevant variables.

In the past decade, it has been repeatedly reported
that the mechanical and rheological properties of vari-
ous amorphous materials, from foams to granular media,
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at high densities and under low driving forces exhibit
common features despite their constitutive and micro-
structural differences. A new kind of phase transition, the
jamming transition, and the jamming concept was pro-
posed to comprehend the observed phenomenology, which
in some aspects resembles the behavior of glassy materi-
als. On approaching the jamming transition, the dynam-
ics becomes very slow and strongly heterogeneous in space
and time. Well below the jamming threshold it appears as
completely frozen. In the last few years a great effort has
been devoted to the characterization of this jamming or
yielding, if coming from the jammed phase, transition [1–
4]. Foams under low shear rate deformation will initially
stretch elastically until a critical value of the strain is
reached, the yield strain, above which their flow will
proceed in the form of heterogeneous bubble rearrange-
ments [5]. Confined granular media under slow shear and
near jamming conditions exhibit similar heterogeneous dy-
namics in space and time [6]. In this respect, exciting new
pieces of experimental evidence seem to indicate that the
jamming transition appears to be a critical phenomenon
with universal features. In reference [7] growing time and
dynamical length scales have been, for instance, recently
measured in an air-driven granular material.
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Dislocation assemblies in crystalline matter belong to
the broad class of systems that are governed by the pres-
ence of kinetic constraints (induced by interactions, ge-
ometry, and disorder), and are thus susceptible to un-
dergo a yielding transition. Dislocations are quanta of
plastic deformation. Their mutual interactions together
with their dynamic constraints, which tie the motion of
dislocations to their slip planes, lead to the possibility
of forming metastable jammed configurations even in the
absence of any disorder in the material. Thus the flow
dynamics in crystal plasticity turns out to be qualita-
tively similar to that observed in some amorphous materi-
als near jamming. Indeed, heterogeneous and intermittent
deformation processes have been recently reported in the
mechanical response of crystals at various length scales.
Acoustic emission experiments of macroscopic ice single
crystals [8,9] and ice polycrystals [10] under constant load
(creep tests) show that their plastic deformation proceeds
as a series of intermittent bursts of activity, in response to
dislocation multiplication and annihilation processes, or
corresponding to collective dislocation rearrangements. A
statistical analysis of the intensity of the acoustic events
was performed in references [9,10], showing that the event
sizes are broadly distributed according to a power law,
which decays with an exponent roughly equal to 1.6 and
spans various orders of magnitude. More recently, new
acoustic emission experiments performed on more con-
ventional metallic crystals such as Cd, Zn, or Cu under
strain-controlled tensile tests show again the same phe-
nomenology, scale free distributed plastic bursts or plas-
tic avalanches with similar power law exponents [11]. The
plastic flow of colloidal crystals at mesoscopic scales have
also been analyzed by means of videomicroscopy [12]. A
colloidal crystal made of charged polystyrene microspheres
under stress induced by osmotic pressure gradients shows
heterogeneous and intermittent dislocation behavior. The
distribution of individual dislocation velocities appears to
be quite broad as well as that of the global energy released
through dislocation motion. The distribution of this last
quantity appears to be well fitted by a power law with
a similar exponent of 1.6. At microscopic scales, indenta-
tion experiments especially designed to perform compres-
sion tests on micron and submicron-sized single crystals
of Ni exhibit large strain bursts and staircase strain-stress
curves as well as highly fluctuating yield stress values as
sample size is reduced [13,14]. The strain jumps in these
strain-rate controlled experiments is again distributed ac-
cording to a power law which decays with an exponent
close to 1.6.

Despite some of the heterogeneous attributes concern-
ing dislocation motion have been known for quite some
time (for instance, their arrangement in intricate patterns
inside the crystal, or the rough surface morphologies they
give rise to through slip band formation), the most re-
cent experimental findings emphasizing a certain degree
of universality in the dislocation behavior have stimulated
renewed interest in the subject. Universal behavior mo-
tivates and validates the formulation of simple models.
These can help us unraveling the coarse-grained dynamics

of crystal plasticity, and the rich variety of physical phe-
nomena emerging from the presence of topological defects
in non-equilibrium conditions.

In this paper, we study several physical phenom-
ena induced by the collective behavior of dislocations in
simplified models of plastic deformation of crystals at
mesoscopic scales. These models, that are mainly ana-
lyzed numerically, allow us to study the interplay between
topological defects, geometry, and quenched disorder in
the corresponding material. The paper is organized as fol-
lows. In Section 2 we first explore the collective dynamic
behavior of a two-dimensional assembly of point-like edge
dislocations with a discrete dislocation dynamics model.
This mesoscopic approach has been widely used to study
the mechanical behavior of conventional crystals such as
metals and alloys, and will be very useful to investigate
a dislocation mediated yielding transition in crystals un-
dergoing plastic deformation. In particular, we will dis-
cuss the yielding transition between stationary and mov-
ing dislocation states, and the intermittent slow relax-
ations observed around this transition. Section 3 is de-
voted to the statistical analysis of the steady regime of
plastic deformation achieved above the yielding thresh-
old. We will show the occurrence of broadly distributed
plastic avalanches in this simple model, avalanches that
have also been measured in various experiments, in very
recent numerical models in three dimensions [15] under
various circumstances, as well as in the coarse grained
model proposed in references [16,17] to study the disloca-
tion yielding transition. In this section, we will comment
their main characteristics and scaling behavior. We also
study the temporal correlations of the strain-rate signal in
the steady regime. These temporal correlations are quan-
tified through the power-spectrum which scales as a power
law of frequency. Its scaling properties are then justified in
terms of the statistical properties concerning the size and
duration of the plastic avalanches observed in this regime.
The influence of the thresholding procedure used to iden-
tify avalanches is also discussed in this context. Finally, in
Section 4 we draw the conclusions of our work.

2 Dislocation assemblies in two dimensions

A few years ago, we proposed a simple model to study
the collective dynamics of a two-dimensional ensemble of
point edge-like dislocations gliding along a unique gliding
direction, i.e. a single slip system [9,18,19]. This model
could represent, for instance, a cross section of a single
slip crystal such as the ice single crystals referred above.
The basic model incorporates the long range elastic inter-
actions between dislocation pairs, with forces algebraically
decaying as 1/r with distance r between dislocation pairs
and changing sign according to the pair relative orienta-
tion, as well as dislocation pair annihilation and multi-
plication mechanisms (for details see Refs. [9,18,19]). Our
main goal was to investigate the response of such a system
under low stress driving conditions. For that purpose, we
numerically solved the coupled equations of motion, as-
suming an overdamped dislocation dynamics and periodic
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boundary conditions,

χ−1
d vn

b
= bn(

∑

m �=n

σs(rnm) + σ), (1)

where χ−1
d /b is the effective friction per unit dislocation

length and rnm ≡ rn − rm the relative position vector
of dislocations n and m. Indeed, an edge dislocation with
Burgers vector bx̂ located at the origin gives rise to a shear
stress σs at a point r = (x, y) of the form

σs(r) = Db
x(x2 − y2)
(x2 + y2)2

, (2)

where D = μ/2π(1− ν) is a coefficient involving the shear
modulus μ and the Poisson ratio ν of the material.

These type of models, usually referred to as discrete
dislocation dynamics models (DDD models) in the litera-
ture, are suitable to analyze the collective dislocation dy-
namics at mesoscopic lengthscales since they do not incor-
porate any of the microstructural changes undergoing in
the crystal as dislocations move or pile against each other.

Starting from a random initial configuration of dislo-
cations with Burgers vectors ±bx̂ pointing along the x
axis, and after an initial period of free relaxation, dislo-
cations glide and annihilate each other until they reach
metastable configurations. At this point, the dislocation
ensemble appears almost frozen. Most of the simulations
were performed at zero temperature, although the influ-
ence of Gaussian thermal noise on the results was also
explored. A constant stress σ was then applied to the re-
laxed dislocation configurations with the following results:
a) If the stress value was well below a given threshold, we
observed an initial time evolution of the average strain
rate 〈γ̇〉, followed by an exponentially fast relaxation to-
wards zero strain rate. The strain rate is proportional to
the density of mobile dislocations in each slip system and,
for each numerical realization, we define it as

γ̇ =
∑

n

bnvn, (3)

where bn and vn are the Burgers vector and velocity of dis-
location n along the glide direction x, respectively. This
quantity is then averaged over many initial dislocation
configurations. b) On the other hand, if the stress applied
is above threshold the average strain rate reaches a stress-
dependent plateau after a slow power-law relaxation, sig-
naling a steady rate of plastic deformation. c) Close to the
stress threshold the strain-rate decays as a power law with
an exponent close to 2/3 for all the time span [19,21]. In
other words, plastic deformation in the model only occurs
when the externally applied stress overcomes a thresh-
old value σc, the yield stress of the material. Above this
threshold, large-scale dislocation motion may take place
and a steady regime of plastic deformation is established.
Above σc the creep deformation curve could be well de-
scribed by the general asymptotic behavior

γ(t) ∼
{

βt1/3 if t < tc
γ̇stt otherwise, (4)

where tc is a characteristic crossover time whose value de-
creases with the external stress applied. The term βt1/3 is
known as Andrade creep, and the term γ̇stt is referred to as
linear creep regime. Both the coefficients β and γ̇st depend
on the external stress σ. The first term in equation (4)
describes the linear but time dependent rheology of the
dislocation assembly, β depends linearly on σ, and domi-
nates at early times and for low applied stress values (see
Fig. 1a). The last term describes a nonlinear steady flow,
γ̇st grows with the stress applied roughly like γ̇st ∼ σ3,
and will be the main contribution at longer times and for
higher stress values. In Figure 1 we summarize most of
these findings. Here we have considered two system sizes
of linear dimensions L = 100b and L = 300b, containing
400 and 1500 initial dislocations, respectively. For both
we obtain similar dynamic behavior around a threshold
value σc ∼ 0.01 (in the simulation units [20]) separating
jammed and moving phases.

By analogy with the behavior of soft condensed matter
systems, we could define a flow viscosity for the disloca-
tion assembly in the moving phase as η = σ/γ̇ result-
ing in a linear but time dependent viscosity η(t) ∼ t2/3

at short times, whereas at longer times it will crossover
to a steady but nonlinear (shear thinning like) behavior
ηst ∼ γ̇

−2/3
st . Both results appear to be coherent at least

on dimensional grounds. Moreover, this result is compat-
ible with the power law shear-thinning behavior η ∼ γ̇−α

with α = 0.5 − 1.0 observed in many different complex
fluids [22].

Similar results were obtained after considering vari-
ous dislocation multiplication rates and thermal-like fluc-
tuations. Dislocation multiplication favors the rearrange-
ments of the system and induces a linear creep regime
(flowing phase) at lower stress values, but it does not af-
fect the initial power-law creep. The introduction of a fi-
nite effective temperature T has a similar effect [19].

Back in 1910 Andrade reported that the creep defor-
mation of soft metals at constant temperature and stress
grows in time according to a power law with exponent
1/3 [23]. The same qualitative behavior has since been ob-
served in many materials with rather different structures
(including amorphous polymer melts or paper), leading to
conclude that this should be a process determined by quite
general principles. Nevertheless, this general behavior re-
mains, as yet, unexplained. Most of the arguments used to
explain Andrade’s creep are based on thermally activated
processes over time (or strain) dependent energy barri-
ers. On the contrary, Andrade’s creep has been observed
to appear in the athermal version of this kind of simple
model system, as well as in creep deformation experiments
of paper, which suggest that the relaxation dynamics of
residual stress in the vicinity of the yield threshold should
be the relevant quantity to look at, the one responsible for
such collective behavior.

The detailed analysis of the model data unveils the
dislocation microscopic dynamics in the Andrade and the
stationary regimes: Most dislocations are arranged into
metastable structures so that the stress field generated
in the material is screened out on large length-scales.
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Fig. 1. a) Time evolution of the average strain rate after the
application of external stress σ to relaxed dislocation configu-
rations without creating new dislocation pairs. The applied
stress ranges between σ = 0.0025 − 0.1 in the simulation
units [20]. The solid line represents the best linear fit of the
σ = 0.01 strain-rate curve for two system sizes of linear di-
mensions L = 100b and L = 300b. b) Strain rate versus stress
relation in the steady state. The solid lines represent a cubic
law. The average strain-rate depends on the initial dislocation
densities which change with L.

These structures consist of small-angle dislocation bound-
aries separating slightly misoriented crystalline blocks or
far more complex dislocation arrangements. If the applied
stress is below the yield threshold, dislocations are unable
to explore the space of configurations looking for more
favorable arrangements and they are, most of the time,
trapped in metastable configurations, which induce a jam-
ming of the system. In Figure 2a, we show a snapshot of
the dislocations and the shear stress distribution within
the jammed phase. The stress applied is 0.005 in the sim-
ulation units [20], that is below the yield threshold for

(a)

(b)

Fig. 2. Snapshots representing the dislocation configurations
and the residual shear stress in a jammed phase with σ = 0.005
(top) and in the moving phase for σ = 0.07 (bottom) [20]. The
system size considered here is L = 300b. Internal stress levels
are represented with different colors from dark blue (lowest
stress) to dark red (highest stress).

L = 300b. Internal stress levels are represented with differ-
ent colors from dark blue (lowest stress values) to dark red
(highest stress values). Around the yield threshold, a small
fraction of dislocations may, however, attain a higher mo-
bility and provoke several intermittent rearrangements of
the whole system in the course of time. The shear stresses
generated by these unsettled dislocations conserve the ini-
tial long-range character and force the system to continue
evolving in time, in a cooperative manner, to try to screen
them out (or minimize the internal energy) by exploring
further more favorable arrangements. Figure 2b shows one
example of a moving configuration for σ = 0.07, including
the corresponding shear stress distribution.

Furthermore, in Figure 3, we also show the mean ki-
netic energy N〈v2〉 =

∑
i v2

i of all the dislocations present
in a square cell of size L = 100b as a function of time for a
single run of the numerical simulations (initially, N = 121
dislocations). Each run would represent the creep behav-
ior of a small piece (a few nanometers big) of a macro-
scopic system, and starts from different initial dislocation
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Fig. 3. Time evolution of the mean kinetic energy in a single simulation run without creation of new dislocations (left). Here
the applied stress is σ = 0.0125 and the system size L = 100b [20]. Three snapshots illustrating the arrangement of dislocations
before the second spike (left), at the second peak maximum (center), and after the peak (right). The dislocation marked with a
red circle in the first and last snapshots has finally become part of a dislocation wall after a collective dislocation rearrangement
(red dislocations within the central snapshot).

configuration obtained after letting the system relax in the
absence of external load during a given time interval. The
external shear stress applied is this case is σ = 0.0125,
that is, in the vicinity of the critical threshold around
σc ∼ 0.01 for the system sizes considered L = 100b and
L = 300b. We can clearly appreciate the presence of inter-
mittent bursts after which 〈v2〉 slowly decreases in time.
The first burst is clearly triggered by the annihilation of
a dislocation pair, as can be corroborated in the inset of
the figure showing the evolution of the number of disloca-
tions in the run. The second burst is, on the other hand,
triggered by the collective dislocation rearrangement illus-
trated with three snapshots recorded before (left), at the
peak maximum (center), and after (right) the rearrange-
ment has taken place. Black dislocations have a velocity
below the external stress induced velocity, which in the
simulation units is equal to σ = 0.0125. Red dislocations
(second snapshot) are moving with a higher velocity. Af-
ter the second velocity burst, one dislocation, marked in
red in both the initial and final snapshots, that initially
was separated from a dislocation wall has finally become
part of the wall. A collective rearrangement (highlighted
by red color dislocations within the central snapshot) has
made that possible. Similar bursts, but either positive or
negative, can also be observed in the corresponding strain-
rate curves dγ/dt. Andrade’s power law creep appears as
a result of the averaging process over many of these runs,
mimicking the behavior of a much bigger system.

3 Stress-strain curves and plastic avalanches
in the steady state

In the flowing state, but close to the yielding transition
the dynamics of the dislocation assembly can be charac-
terized by a combination of incoherent small-scale mo-
tions and collective avalanches. Dislocation avalanches
have been identified in several experiments at various
size scales and for different deformation protocols (creep,

load-controlled or strain-controlled tests) [8–14]. Similarly,
plastic avalanches have been revealed in numerical simu-
lations in two [9,16–18] and, more recently, in three di-
mensions [15]. All these simulations try to incorporate the
most essential features characterizing dislocation interac-
tions and motion. After thresholding the strain-rate signal
to eliminate incoherent small-scale motions (or numeri-
cal noise) and to identify dislocation avalanches, the size
distribution of the resulting plastic bursts have demon-
strated to show a very robust scaling behavior with size s
as s−τs with an exponent τs close to 1.6, in close agreement
with most of the experimental results. The spatiotemporal
characterization of this steady state proceeds by showing
that the are indeed separate avalanches, and concentrates
on the most pertinent signatures of the steady state.

3.1 Scaling of the power spectrum of yielding

Here we compute the power spectrum (PS) of the global
dislocation velocity V (t) =

∑
i |vi|. This is an intermit-

tent signal consisting of plastic avalanches on top of a
background due to incoherent dislocation motion. An ex-
ample of such a time series is shown in Figure 4. Our re-
cent results [24] indicate that in addition to the power law
distribution characterizing the avalanches (which are iden-
tified after thresholding the signal V (t) with some thresh-
old value Vth), the high frequency part of such a PS can
also be described by a power law, P (f) ∼ 1/fα, with a
non-trivial exponent α. For 0 < α < 2, this is usually re-
ferred to as 1/f noise. Furthermore, one can understand
the origin of the exponent α, as it can be related to the
exponents describing the avalanches [24]. This appears to
be a generic property of “critical” avalanching systems,
examples ranging from models of Barkhausen noise [25]
to self-organized criticality [26] to fluctuations in fluid in-
vasion into disordered media [27].

The scaling relation connecting the scaling of the PS
to that of the avalanches is obtained by assuming that the
avalanches have an average shape described by a function
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fshape(x), such that the averaged avalanche shapes V (T, t)
of avalanches of different durations T can be collapsed
onto a single curve by using the ansatz

V (T, t) = T γst−1fshape(t/T ), (5)

where γst is the exponent relating average avalanche size
〈s(T )〉 = 〈∫ T

0
[V (t) − Vth]dt〉 and duration T through

〈s(T )〉 ∼ T γst . By averaging the energy spectrum of
avalanches of size s over the avalanche size probability
distribution Ds(s) ∼ s−τs (see Ref. [24]), one finds that
for τs < 2, the PS scales as

P (f) ∼ f−γst , (6)

i.e. α = γst. This relation has been verified numerically,
resulting in α = γst ≈ 1.5 for the model at hand, see
Figure 6. The observed scaling seems to be largely in-
dependent of the value of the external stress, as well as
many other details of the model, such as the precise mech-
anism to create new dislocation pairs. Similar results can
be recovered even in the case with no dislocation multi-
plication, where avalanches are due to different threshold
mechanisms such as depinning of dislocation dipoles.

Notice that the above scaling relation assumes that
correlations between different avalanches are negligible,
such that the 1/fα decay of the PS reflects correlations
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Fig. 6. Scaling of the power spectrum of V (t) and the average
avalanche sizes for σ = 0.03 and L = 300b. The thick solid line
corresponds to α = γst = 1.5.

within individual avalanches only. In experiments, how-
ever, dislocation avalanches have been found to exhibit a
tendency to cluster in time ([28] as well as the next sub-
section on waiting time distributions). This could modify
the low-frequency part of the PS (indeed we do not ob-
serve an abrupt crossover to white noise behavior for low
frequencies), but the high frequency part (i.e. frequencies
higher than the one corresponding to the inverse duration
of the longest avalanche) should still be dominated by cor-
relations within individual avalanches and thus follow the
scaling of equation (6).

Another important condition for equation (6) is the
existence of a “universal” avalanche shape, equation (5).
For the present case in which we are considering a sim-
plified model of a single crystal, this seems to be true
for large enough avalanches. For polycrystals, however,
this is not necessarily the case: Large avalanches tend to
interact with the grain boundaries, leading most likely
to an s-dependent fshape(x) [10]. Interestingly, the av-
erage avalanche shape observed in the present case ap-
pears to be asymmetric in time, see Figure 5. This is in
line with results from acoustic emission experiments [29].
In Barkhausen noise, an explanation for the pulse shape
asymmetry involves a negative mass term in the dynamical
equation for the avalanche activity [30]. The applicability
of such a coarse-grained description is not clear for dislo-
cation avalanches, but the idea needs to be investigated
in the future.

Similar scaling for the power spectra have been ob-
served also in other systems in which dislocation or grain
boundary motion takes place, for instance, in the vortex
lattice of a type II superconductor in the mixed phase.
There the nucleation and motion of topological defects in
the vortex crystal gives rise to similar scaling properties
of the resistance noise power spectra [31,32].

3.2 Coherent and incoherent dynamics

Next we illustrate the intermittent character of the flowing
state by considering how to separate the “true avalanches”
from the rest in V (t). First, as for the 1/f -spectrum, let us
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look at the result of splitting the signal into avalanches by
thresholding by Vth. This will create a sequence of waiting
times tw, defined as the time interval between two consec-
utive avalanche triggerings (the instant when V (t) crosses
Vth from below).

The distributions of such quantities can be used to
quantify the correlations between subsequent avalanches,
and have in general been considered as signatures of cor-
relations in driven, out-of-equilibrium systems [33]. Here,
the triggering of an avalanche from a quiescent state starts
from the low-level incoherent state of activity. If the trig-
gerings of different avalanches are not correlated, the pro-
cess is expected to be related to a Poisson process, corre-
sponding to an exponential distribution of waiting times.
Thus, deviations from the exponential law are a sign of
correlation between different avalanches.

Figure 7 shows the waiting time distributions for a
system in the moving steady state, with L = 200b and
σ = 0.03. Other external stress values yield similar results
close but above σc. The distribution clearly evolves with
the threshold applied so that as the threshold Vth is in-
creased, two waiting times are joined, as well as the dura-
tion of any event in between. For sufficiently high thresh-
old values Vth, the distributions P (tw) follow a power law,
P (tw) ∼ tτw

w . The exponent τw is observed to be close to
−1. The power law waiting time distribution is in quali-
tative agreement with experimental evidence of avalanche
correlations [28].

The presence of inter-avalanche correlations can also
be detected by computing the correlation integral of
avalanche starting times (Fig. 8). Here, we can see the
effect of Vth in that a high value will break into sub-
avalanches larger ones, thus creating clusters of highly
correlated avalanches and a small correlation dimension
(slope of the integral). For low thresholds, the correla-
tion dimension is observed to be only slightly below unity
(about 0.9), but upon increasing Vth, significant clustering
of avalanche starting times is observed.
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Fig. 8. Correlation integral of avalanche starting times for
various Vth-values.

4 Conclusions

Here we have reviewed the physics of dislocation dynamics
close to the yielding transition. The change from a frozen,
“jammed” state to a moving one appears to be a second-
order phase transition, and it results in these systems from
a combination of long-range anisotropic interactions and
topological constraints.

The physics of the jamming transition must thus be
linked to the formation of dislocation structures and it
remains an open question what message this tells about
the universality or possible universality classes - what the
dependence of the critical properties would be on the
details of the model at hand. It is worth pointing out
the similarities and differences with another class of ab-
sorbing state phase transitions: pinning and depinning.
The models we have considered here do not include any
external (quenched) randomness, that would couple to
coarse-grained elastic degrees of freedom and the exter-
nally applied stress. The coarse-grained description of the
dislocation systems here might be conjectured to have a
self-organized spatially varying, random force field coming
from the fluctuating effect of dislocation structures [16,17].
It would thus seem to be an interesting issue to study the
formation of dislocation structures close to the yielding/
jamming transition.

Another crucial feature of the physics here is that we
are usually considering the dynamics in the absence of
thermal noise. It is an interesting question as to what
this tells then us about the general physics of creep de-
formation, in particular the fact that the models repro-
duce “primary creep” or an Andrade law. Clearly here
this does not result from any thermally activated dynam-
ics of dislocations or deformation. The fact that the dis-
location assemblies close to the yielding transition exhibit
strong history dependence brings forth further interesting
analogies with the time-dependent mechanics of materials.
Figures 9 show two examples of the effect produced by
two different load histories on the deformation dynamics.
The dislocation assemblies are submitted to several load-
ing/unloading cycles of creep deformation with constant
stress. The system is unloaded during the same period
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Fig. 9. Time evolution of the average strain rate for fatigue-
like creep tests, i.e. loading/unloading cycles with constant
stress σ. a) σ = 0.01. Unloading cycles of equal duration
tw = 5 × 103. b) Unloading cycles of different durations
tw = 10, 102, 103, 104. Two different external stress values are
considered: σ = 0.01 (circles) and σ = 0.04 (diamonds).

(tw = 5× 103 time units) in Figure 9a, or during different
waiting times (tw = 10, 102, 103, 104 time units) in Fig-
ure 9b. The primary regime of slow relaxation as well as
the crossover time to the steady regime are clearly influ-
enced by the deformation history. The relaxation of in-
ternal stress over the time intervals with no load (aging
periods) results in a non trivial response of the system
which has to be further explored [34]. Nevertheless, these
suffice to demonstrate that these models, hence maybe
many real crystalline materials, also exhibit waiting-time
dependent response.

In summary, the materials science-inspired particle
models of dislocation assemblies present novel problems
for statistical physics, and offer interesting analogies with
the physics of jamming transitions in granular media.
They also highlight the benefits of trying to understand
the hitherto often neglected intermittent character of de-
formation in materials science, in particular the crackling
noise that ensues therein.
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