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Supporting Information Text16

SI Appendix17

Further details of experimental characterization. Four different suspensions used in the present study are characterized in18

Table S1. In addition, three different shearing setups are involved. Carbon black (CB) gels are sheared in a homemade19

plane-shear cell consisting of two parallel glass plates separated by a constant gap and in a rheo-optical setup consisting of a20

parallel-plate geometry attached to a stress-controlled rheometer (Anton-Paar, MCR 301). In the plane-shear setup, the lower21

plate is translated thanks to an endless screw connected to a stepper motor. The gap spacing is fixed to h = 173± 10 µm22

using thin aluminum spacers. This setup allows us to shear a very large surface of sample (∼ 70 cm2) with a homogeneous23

strain field over distances as large as 100 mm, which corresponds to a cumulated strain γ ∼ 600, with shear rates ranging24

from 0.1 to 3 s−1. The evolution of the CB gel microstructure is followed with a CCD camera (Mikrotron, MC1310) fixed25

above the shear cell. The camera is used either with a standard objective (Fujinon, 16 mm) for wide-field imaging or with26

a microscope objective (Leica, N Plan 10× in order to obtain an enlarged view of the sample [see Ref. (1) for more details].27

In the rheo-optical setup, the sample is visualized from below through a mirror fixed under the transparent Plexiglas lower28

plate using the same camera and objectives as those of the plane-shear cell. The upper plate of diameter 60 mm serves as29

a rotating tool. In such a torsional plate geometry, the shear rate depends linearly on the radial position. The shear rate30

reported throughout this study is computed at the periphery of the rotating plate.31

Shear-induced structuring in non-colloidal suspensions of polyamide particles and of hollow glass spheres is achieved in32

two different concentric-cylinder (or Taylor-Couette) shear cells. The fixed outer cylinders of diameter 50 mm and heights33

50 mm or 60 mm are made of transparent, polished Plexiglas. The inner cylinders are opaque to allow for a visualization of the34

log-rolling flocs. The inner cylinder is connected to a stress-controlled rheometer (TA Instruments, AR1000 and ARG2). The35

gap spacing between the inner and outer cylinders is varied between 250 µm and 3 mm by changing the diameter of the inner36

cylinder. This setup allows us to shear the sample over unlimited strain units with a relatively small stress variation across the37

gap, from 2% for a 250 µm to 30% for a 3 mm gap. Pictures and movies of the sheared suspensions are taken with a standard38

digital camera (Nikon, D7200) equipped with a macro lens (Tamron, SP 90 mm).39

None of our suspensions of attractive particles are perfectly density-matched. Therefore, in the absence of shear, they tend40

to slowly phase-separate due to sedimentation or creaming. In order to disrupt any preexisting aggregate and to fully fluidize41

the dispersion into a reproducible and well-dispersed initial state, samples are strongly presheared (typically at 500 s−1 for42

30 s in both rotation directions) in setups involving a rheometer. A constant shear rate is subsequently imposed thanks to43

a feedback loop on the torque applied to the rotating tool. In the planar shear cell, preshear is applied for 50 s through an44

electromagnetic shaker (LDS, V201) that imposes a sinusoidal displacement of the upper plate that amounts to an oscillatory45

shear rate of amplitude 1100 s−1. All experiments are performed at room temperature.46

Images of the shear-induced patterns are recorded once a steady state is reached. Images are subsequently analyzed to47

extract the diameter d of the log-rolling flocs and the wavelength λs reached at steady state. Depending on the image quality,48

d is either measured manually or by thresholding the images and counting pixels within the width of the flocs. λs is estimated49

through a Fourier transform or through an auto-correlation along the velocity direction. We checked that the different methods50

gave the same results up to experimental uncertainty. Also note that due to the density mismatch between the particles and51

the solvent (see Table S1), log-rolling flocs tend ultimately to sediment down to the bottom of the shear cell so that they can52

only be studied for a limited amount of time, up to typically a couple of minutes. In the case of the lower density polyamide53

particles, however, the shear-induced patterns could be stabilized over longer times by adding glycerin to the suspending water54

in order to match the particle density (see movies S1–S3).55

Electron microscopy images of the polyamide particles were recorded by a scanning electron microscope (SEM, Zeiss Supra56

55VP). We also used an atomic force microscope (AFM, JPK Nanowizard 4) to estimate the attractive force between polyamide57

particles. SEM images and AFM measurements are presented in details below in Figs. S4 and S5.58

Further details of simulation methodology. The recently developed positively-split Ewald (PSE) algorithm (2, 3) is employed59

to enable rapid calculations of displacements in simulations of spherical particles with hydrodynamic interactions accounted for60

by the RPY tensor with great fidelity. The method relies on a new formulation for Ewald summation of the RPY tensor, which61

guarantees that the real-space and wave-space contributions to the tensor are independently symmetric and positive-definite62

for all possible particle configurations. The computational complexity scales linearly with the number of particles enabling63

hydrodynamic simulations with system sizes up to n = O(106) particles.64

Particles in suspension have a mean radius a and an imposed polydispersity of σ = 5%. The short-ranged interparticle65

attraction is modeled with an Asakura-Oosawa form (4) of width δ/a = 0.2 and depth U . We focus on athermal systems66

and therefore set the thermal energy scale to kBT = 0. The strength of shear is varied by adjusting the strain rate γ̇ and67

the dispersion is strained for γ = 600 strain units. The Mason number Mn = 6πηa2γ̇δ/U characterizes the ratio of the shear68

force exerted on the particles to the attractive interparticle force. In these simulations, hydrodynamic lubrication is neglected69

for computational expediency. However, recent work has shown that in dispersions of rigid particulate aggregates, for which70

relative motion between nearly touching particles is minimal, hydrodynamic lubrication has only a marginal effect on the71

structure and dynamics (5, 6).72

The dispersion is sheared employing Lees-Edwards boundary conditions in the flow v and flow-gradient ∇v directions (7). In73

order to resolve a statistically significant number of log-rolling aggregates, the aspect ratio of the simulation box dimensions in74

the flow to flow-gradient directions is kept at a factor of A = 10 with an overall simulation box volume of A2h3. Confining walls75

2 of 14Zsigmond Varga, Vincent Grenard, Stefano Pecorario, Nicolas Taberlet, Vincent Dolique, Sébastien Manneville, Thibaut
Divoux, Gareth H. McKinley, James W. Swan



are represented by a hexagonal close-packed lattice of spherical particles connected to each other through rigid, harmonic bonds.76

The walls interact hydrodynamically with particles of the colloidal dispersion and exert a hard repulsion at contact. This77

approach produces a very simplistic representation of confining walls, yet it can effectively capture the complex hydrodynamic78

interactions near walls at leading order (8). There are three layers of particles in each wall to ensure sufficient bending stiffness79

under shear and to avoid buckling. The two walls in the (v,∇× v) plane define the boundaries of the sheared cell and their80

separation h in number of particle radii sets the height of the confining gap that is filled with attractive particles of volume81

fraction φ = 4πa3n
3h3A2 . We study the effects of confinement in the parameter range: h/a = 8–50, Mn = 10−2–101 and φ = 4–22%.82

Because we fix the aspect ratio, the number of particles modeled varies with the gap and ranges from n = 103 to n = 105.83

Prior to application of shear, the particles start dispersed with a hard-sphere configuration between the walls in a attempt to84

mimic the well-dispersed initial states in the experiments. Three independent simulations were performed for each combination85

of φ, h and Mn.86

The floc width d is measured in the simulations via an automated process. First we compute the radius of gyration tensor87

of the logs:88

R2
g =

〈
1
Nc

Nc∑
i

riri

〉
, [1]89

where the average is computed over all clusters in the dispersion, Nc is the size of each cluster and ri is the position vector of90

the particles such that
∑Nc

i
ri = 0. d is then found from:91

d =
√

8 min
(
λRg

)
, [2]92

where λRg is the vector of eigenvalues of Eq. (1). The factor of
√

8 stems from relating the diameter to the radius of gyration93

of a solid cylinder.94

To extract the pattern wavelength λ, we compute the two-dimensional structure factor Sxz(q) = Sxz(qx, 0, qz) along the flow95

and vorticity coordinates of the colloidal particles. We find the characteristic spacing by identifying the wavenumber qx,max96

corresponding to the peak in Sxz(qx, 0, 0) and define:97

λ = 2π/qx,max. [3]98

The steady-state wavelength λs is computed by averaging the instantaneous wavelength λ over 100 additional strain units of99

the simulation once steady state has been reached.100

Attractive suspensions of non-colloidal polyamide particles. Figure S1 gathers pictures of the shear-induced patterns observed101

in attractive polyamide particles suspended in a density-matched fluid. It can be checked that the floc diameter and the102

pattern wavelength grow proportionally to the gap size h [Fig. S1(i)]. The pattern does not depend significantly on the particle103

diameter nor on the solvent [Fig. S1(ii)]. In order to illustrate the dynamics of shear-induced pattern formation, Fig. S1(iii)104

displays a few snapshots of the state of the suspension when a constant shear rate γ̇ = 2 s−1 is imposed on a suspension with105

φ = 5%. The first image is taken right after switching the shear rate from a strong preshear at 200 s−1 that fully fluidizes the106

suspension to the target shear rate γ̇ = 2 s−1 [Fig. S1(iii)a]. A steady-state is obtained after a strain γ ' 100 [Fig. S1(iii)d].107

At long times, log-rolling flocs further grow along the vorticity direction, reaching lengths up to about 40 mm i.e. an aspect108

ratio of 40. Some flocs are also observed to cream to the top of the cell, most probably due to imperfect density matching,109

thereby creating holes in the pattern [Fig. S1(iii)e]. The full image sequence corresponding to Fig. S1(iii) is presented in110

Movie S1. Movies S2 and S3 show two other examples of shear-induced patterns obtained for gap sizes h = 0.5 mm and 1.5 mm111

respectively. Movie S5 shows magnifications of Movie S1 that focus on incomplete logs undergoing strong fluctuations relative112

to the mean log-rolling motion.113

Attractive suspensions of non-colloidal hollow glass spheres. Figure S2 gathers pictures of the shear-induced patterns observed114

in attractive suspensions of non-colloidal hollow glass spheres. It can be checked that the floc diameter and the pattern115

wavelength grow proportionally to the gap size h [Fig. S2(i)] while the pattern characteristics are essentially independent of116

the particle volume fraction φ [Fig. S2(ii)] and of the amount of water φw used to create capillary bridges and thus induce117

attractive forces between the particles [Fig. S2(iii)]. In order to illustrate the dynamics of shear-induced pattern formation,118

Fig. S2(iv) displays a few snapshots of the state of the suspension when a constant shear rate γ̇ = 40 s−1 is imposed on a119

suspension with φ = 4.6% and φw = 0.17%. The first image is taken right after switching the shear rate from a strong preshear120

at 2000 s−1 that fully fluidizes the suspension to the target shear rate γ̇ = 40 s−1 [Fig. S2(iv)a]. Strains of a few hundreds121

units are necessary to obtain a steady-state pattern with fully-developed log-rolling flocs [Fig. S2(iv)c-d]. At long times, the122

flocs eventually break into small pieces that sediment due to the small mismatch in density between the particles and the123

suspending fluid [Fig. S2(iv)e. The full image sequence corresponding to Fig. S2(iv) is presented in Movie S4.124

Discrete element simulations. The effect of increasing the volume fraction within the discrete element simulations is to increase125

the number or completeness of the flow-organized flocs. Figure S3 depicts the steady state of three simulations at different126

particle volume fractions φ = 11%, 13% and 16% with a confinement ratio h/a = 10 and Mason number Mn = 0.08. Even127

incomplete logs organize within the periodic pattern indicating that a globally homogeneous flow field has been established.128

Fluctuations of small clusters between neighboring eddies are observed directly in Movies S6 and S7. Movies S8 and S9 show129

more examples of shear-induced pattern formation at various particle volume fractions. Movies S10 and S11 illustrate the130

wavelength selection mechanism as discussed in the main text.131
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Fitting and measuring the interparticle attractive force in experiments132

Carbon black particles. Carbon black particles are known to interact via van der Waals interactions (9–11). The particles133

specifically studied here (Cabot Vulcan XC72R) have been extensively characterized in the literature (12–16). Carbon black134

gels result from the aggregation of attractive particles, also referred to as “primary aggregates,” that are themselves made of135

unbreakable, fractal aggregates of particles of radius rp ' 20 nm. We take a = 135 nm for the average radius of the primary136

aggregates as determined by dynamic light scattering in Ref. (16). The interparticle force that best collapses the carbon black137

data onto numerical simulations in Fig. 5 in the main text is found to be F = (0.17± 0.02) nN. With the attraction energy138

U ' 30kBT as reported in Ref. (15), this corresponds to an attraction range δ = U/F ' 0.7 nm, which appears as a reasonable139

order of magnitude for the short-range potential resulting from van der Waals interactions.140

More precisely, following Ref. (10), we may assume that primary aggregates interact via the van der Waals potential Uvdw141

between two spherical particles of radius rp, namely Uvdw(r) = −Arp/12r, where A is the Hamaker constant and the separation142

distance r between the two particles is supposed to be short, i.e. r � rp. For r = δ = 0.7 nm and U = −Uvdw(δ) = 30kBT , this143

leads to A = 12Uδ/rp ' 5.5× 10−20 J. This value of the Hamaker constant compares very well with previous studies. Indeed,144

measurements of the tensile strength of various carbon black powders (in air) reported an average value of A = 2.1× 10−19 J145

for various types of carbon blacks and a value of A = 1.0× 10−19 J for the specific Vulcan 3 carbon black (10, 17). Moreover,146

theoretical values in vacuum were calculated to be A = 1.09× 10−19 J and A = 2.53× 10−19 J respectively for carbon (18) and147

for graphite half spaces (19), while the actual Hamaker constant of carbon black dispersed in mineral oil can only be smaller148

than the value in air due to the oil dielectric permittivity (20). It was indeed reported to be A = 2.8× 10−20 J for carbon149

black (furnace black from Sterling NS) dispersed in dodecane (21). In the absence of other published measurements closer to150

our experimental situation, we take our value of A ' 5.5× 10−20 J as a correct estimate.151

To put it differently, if one assumes that the Hamaker constant falls within the usual range A = 10−20–10−19 J, the attraction152

energy U = 30kBT leads to the attraction range δ = Arp/12U = 0.13–1.3 nm which in turn corresponds to an interparticle153

force Fvdw = −dUvdw/dr(δ) = U/δ = 0.09–0.9 nN that is fully consistent with our fitted value of 0.17 nN. Finally, also note154

that adhesion forces of 0.1–0.3 nN were reported between carbon black particles and a cellulose film in aqueous solution (22),155

which further confirms the order of magnitude of the interparticle force inferred from our data.156

Hollow glass spheres. In our suspensions of hollow glass spheres in a mineral oil, attractive interactions arise from capillary157

bridges created upon addition of a tiny amount of water (23, 24). As reported in Fig. 5 and Table 1 in the main text, a good158

collapse of the stability boundary on the simulation data is obtained for an interparticle force F = (0.31± 0.02) µN, more than159

three orders of magnitude larger than the previous van der Waals force found for carbon black aggregates. The adhesion force160

associated with a capillary bridge of volume V between two identical spheres of radius a and separated by a distance r reads161

(20, 25, 26)162

Fcap(r) = −2πγa cos θ

(
1− 1√

1 + 2V
πar2

)
, [4]163

where γ is the oil–water surface tension and θ is the contact angle of the meniscus on the glass surface. This expression is valid164

in the case of small separation distances r � a and for “small” liquid bridges between two perfectly smooth elastic spheres.165

Under these assumptions, the capillary force at contact Fcap(0) = −2πγa cos θ gives an upper bound for the capillary force166

that is independent of the volume of the liquid bridge. We may estimate Fcap(0) in our experiments by taking γ = 50 mNm−1
167

as measured in Ref. (27) for the same mineral oil (Sigma-Aldrich, CAS number 8042-47-5, US catalog part number 330779)168

and θ . 10◦ such that cos θ ' 1. This leads to Fcap(0) ' 1.9 µN about six times larger than the fitted value.169

There are several reasons why the fitted force F ' 0.3 µN could be significantly smaller than the above upper bound Fcap(0).170

First, the oil–water surface tension may be smaller than 50 mNm−1, typically in the range 20–30 mNm−1, due to contamination171

of our shear cell by dust particles or by residual surfactants coming from our batch of glass beads. The factor cos θ may also172

depart from 1 depending on the exact wetting properties. Therefore, the above estimate could easily overestimate the actual173

value of Fcap(0) by a factor of 2.174

Second, Fcap(r) steeply decreases with the separation distance r and there is no reason for the glass beads to come into175

contact in our sheared suspension. In order to exploit quantitatively Eq. (4), however, one needs to estimate the volume V of176

liquid bridges and to specify the separation distance r. In a very crude approach, we may assume that the total amount of177

available water is shared between all particles with nc bridges per particle so that V = 8πa3φw/(3ncφp) where φ is the volume178

fraction of particles and φw that of water. Although nc obviously depends on the details of the “pendular state” (24, 28) that179

results from the specific arrangement of the particles, we take a coordination number nc = 6 as a reasonable guess. In such180

a case, with our experimental volume fractions φ = 3.1% and φw = 0.17%, and for a separation distance of r = 1 µm, the181

adhesion force drops from Fcap(0) = 1.9 µN to Fcap(0) = 0.6 µN, only a factor of 2 above the fitted value.182

Third, and most importantly, it is well known that the above model fails when the particles are not perfectly smooth (29, 30).183

Indeed, for small enough amounts of liquid, the particles may be connected through capillary bridges between the asperities184

of their surfaces. At larger liquid content, most of the liquid becomes trapped in the asperities and does not contribute to185

the adhesion force. These processes make the adhesion force drop dramatically below Fcap(0). Here, in the absence of a186

precise characterization of the roughness of our hollow glass beads, it is hard to conclude quantitatively on that issue. Still, an187

interparticle force F ' 0.3 µN clearly has the right order of magnitude.188
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Polyamide particles. SEM images of the polyamide particles used in the present study are shown in Fig. S4. The particles189

are not spherical but rather irregularly shaped. Their surface contains asperities with bumps and cavities of characteristic190

sizes ranging from tens of nanometers up to the micrometer scale. When dispersed in water or in water–glycerin mixtures,191

these particles quickly flocculate into large aggregates. Such a strong attraction between polymeric particles results from192

so-called “hydrophobic” forces, the origin of which remains a matter of intense debate in the literature (31). In particular, it is193

still unclear whether hydrophobic interactions are due to local changes of the water structure leading to solvation forces, to194

electrostatic ion-correlation and/or van der Waals-like interactions, to capillary forces from bridging of nanobubbles or to a195

combination of these various effects (31–33).196

In order to estimate the attractive force between our polyamide particles, we performed the AFM measurements summarized197

in Fig. S5. This was achieved by gluing a single polyamide particle on an AFM cantilever as shown in Fig. S4(c) and by198

immersing the cantilever in a drop of solvent covering a substrate onto which polyamide particles had been previously glued.199

Particles were first made to contact each other and retraction curves were subsequently recorded. These direct measurements200

yield force values of 0.4–4 nN and attraction ranges of 5 to 50 nm depending on the substrate (two-particle aggregate or201

dense assembly of particles) and on the solvent (water–glycerol mixture or degassed water). Measurements on the two-particle202

aggregate [Fig. S5(a)] resulted in smaller force levels and shorter attraction ranges than on the substrate covered with particles203

[Fig. S5(b)] while the solvent did not appear to play a major role.204

The rather long attraction range, the large dispersion of the data and the step-like force profiles hint at the existence of205

capillary bridges due to nanobubbles at the particle surface (34–36). Such nanobubbles could be either air bubbles trapped206

within the surface asperities of the polyamide particles upon dispersion in water or bubbles generated from dissolved air or207

even from cavitation of water vapor under confinement (32, 37). Also note that approach curves led to even more dispersion208

in the force data, which could be linked to the deformation of preexisting bubbles under compression or to the progressive209

nucleation of new bubbles, and to bubble coalescence during the approach of the particles. In any case, the values of the210

interparticle forces F = 2.2 and 3.4 nN extracted from the stability boundary of log-rolling flocs made of polyamide particles211

are in quantitative agreement with the present direct force measurements.212
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Table S1. Characteristics of the various samples used in the experiments together with fitting and scaling parameters. a denotes the mean
particle radius, φ the volume fraction, ρp the particle density, ρs the solvent density and ηs the solvent viscosity. The critical shear rate
γ̇c above which log-rolling flocs do not form is fitted by γ̇c = γ̇0

c (h/a)−α with the prefactor γ̇0
c and exponent α listed below. γ̇? is the

rescaling factor used to collapse experimental data for γ̇c onto the critical Mason number inferred from simulations, Mnc = γ̇c/γ̇?, and
F = 6πηsa2γ̇? is the corresponding attractive force.

Particle type and solvent a (µm) φ (%) ρp (g cm−3) ρs (g cm−3) ηs (mPa s) γ̇0
c (s−1) α γ̇? (s−1) F (nN)

Carbon black particles
(Cabot Vulcan XC72R)
in light mineral oil (Sigma-Aldrich)

0.135 1.5–9.0 1.8 0.838 20 3.9 × 104 1.4 2.5 × 104 0.17

Polyamide particles
(Arkema Orgasol 2001UDNAT1)
in degassed water

2.4 5 1.03 1.0 1.0 1.3 × 104 1.1 3.1 × 104 3.4

Polyamide particles
(Arkema Orgasol 2002DNAT1)
in density-matched water–glycerin mix-
ture

9.4 5 1.03 1.03 1.5 6.6 × 102 1.1 9.1 102 2.2

Hollow glass spheres
(Potters Sphericel)
in light mineral oil (Sigma)
and ∼ 0.2% vol. water

6.0 1.5–7.8 1.1 0.838 20 3.0 × 104 1.3 2.3 × 104 310

6 of 14Zsigmond Varga, Vincent Grenard, Stefano Pecorario, Nicolas Taberlet, Vincent Dolique, Sébastien Manneville, Thibaut
Divoux, Gareth H. McKinley, James W. Swan



(a) h = 0.25 mm (b) h = 0.5 mm (c) h = 1 mm

(e) h = 2 mm(d) h = 1.5 mm (f) h = 2.5 mm

5 mm

(i) Influence of the gap width h for polyamide particles of mean diameter a = 9.4 µm and volume fraction φ = 5%. The suspending fluid is a density-matched
water–glycerin mixture (10% wt. glycerin). The scale bar is 5 mm for all pictures.

(b) a = 2.4 µm(a) a = 9.4 µm

10 mm

(ii) Steady-state pattern for polyamide particles (a) of diameter a = 9.4 µm suspended in a density-
matched water–glycerin mixture and (b) of diameter a = 2.4 µm suspended in water. Other parameters
are φ = 5%, h = 1 mm and γ̇ = 2 s−1 in both cases. The scale bar is 10 mm for both pictures.

10 mm

(a) γ = 0.8 (b) γ = 20 (c) γ = 60 (d) γ = 100 (e) γ = 240

(iii) Dynamics of pattern formation as a function of strain γ for a = 9.4 µm, h = 1 mm, φ = 5% and an applied shear rate γ̇ = 2 s−1. The scale bar is 10 mm for all pictures.

Fig. S1. Shear-induced patterns observed in attractive suspensions of non-colloidal polyamide particles sheared in a concentric cylinder geometry. At rest, these particles
strongly flocculate due to hydrophobic interactions.
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(a) h = 0.5 mm (b) h = 1 mm (c) h = 1.5 mm (d) h = 2 mm (e) h = 3 mm

(i) Influence of the gap width h for a fixed volume fraction φ = 3.1% and water content φw = 0.17%. In the rightmost image, the inner cylinder is transparent so that log-rolling
flocs are visible in the background.

(a)φ=1.5% (b)φ=3.1% (c)φ=4.6% (d)φ=7.8%

(ii) Influence of the particle volume fraction φ for fixed h = 0.5 mm and φw = 0.17%.

(a) φ
w
= 0.08% (b) φ

w
= 0.17% (c) φ

w
= 0.34% (d) φ

w
= 0.68%

(iii) Influence of the water volume fraction φw for fixed h = 1 mm and φ = 3.1%.

(a) γ = 0 (b) γ = 39 (c) γ = 142 (d) γ = 390 (e) γ = 1335

(iv) Dynamics of pattern formation as a function of strain γ for h = 0.5 mm, φ = 4.6%, φw = 0.17% and an applied shear rate γ̇ = 40 s−1.

Fig. S2. Shear-induced patterns observed in attractive suspensions of non-colloidal hollow glass spheres sheared in a concentric cylinder geometry. The particles of mean
diameter a = 6 µm are suspended in mineral oil at a volume fraction φ and made attractive by adding a small amount of water at a volume fraction φw, which leads to the
formation of capillary bridges between the particles. The diameter of the rolls gives the scale for the gap width h.
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(c) 16%

(b) 13%(a) 11%

(d) 20%

Fig. S3. Influence of particle volume fraction on pattern formation from discrete element simulations. Suspensions with three different volume fractions φ = 11%, 13%, 16%
and 20% are depicted at their steady state with h/a = 10 and Mason number Mn = 0.08. Stable, particle logs are observed occupying eddy locations within the fundamental
stripe pattern at low particle volume fractions. Concentrating the dispersion results in a more complete set of logs.
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2 µm

(b)

10 µm

(c)

2 µm

(d)

5 µm

(a)

Fig. S4. Scanning electron microscopy of polyamide particles (Arkema Orgasol). (a) Polyamide particle (Arkema Orgasol 2001UDNAT1) with mean radius a = 9.4 µm.
(b) Polyamide particle (Arkema Orgasol 2002DNAT1) with mean radius a = 2.4 µm. See Table 1 in the main text for full details. (c) Polyamide particle (Arkema Orgasol
2001UDNAT1) glued to the end of a tipless AFM cantilever thanks to a tiny drop of UV-curable adhesive (Norland NOA 88) deposited on the cantilever. This setup is used for
the force measurements shown in Fig. S5(a). (d) High-magnification image of the particle shown in (c) (see yellow frame) highlighting the small-scale roughness of the particle
surface.
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Fig. S5. Atomic force microscopy with polyamide particles. A polyamide particle is glued to a tipless AFM cantilever as shown in Fig. S4(c). The cantilever is first immersed in a
drop of solvent covering the substrates shown in the two pictures above. The cantilever is then slowly moved down towards the substrate until contact. The cantilever is finally
pulled back up at the same speed until the polyamide particle detaches from the substrate. Graphs show the force F exerted on the cantilever as a function of the cantilever
position r during this “retraction” phase. The baseline force value measured when the cantilever is far from the substrate (at least 5 µm apart) is set to F = 0. The position
r = 0 is defined as the point where F vanishes upon retraction after contact. (a) Retraction curves for a single particle pulled apart from the two-particle aggregate shown in
the inset and glued on a silicon wafer with a UV-curable adhesive (Norland NOA 88). The scan speed is 0.1 µms−1. Orange and red curves correspond to two different
measurements performed in a water–glycerin mixture whose density matches that of the polyamide particles while green curves are recorded in degassed water. (b) Four
typical retraction curves measured for a single particle pulled apart from different locations on a substrate made of a dense assembly of polyamide particles with mean radius
a = 9.4 µm and glued on a microscope slide with a UV-curable adhesive (Norland NOA 88) (see inset). The solvent is a density-matched water–glycerin mixture. The scan
speed is 0.2 µms−1.
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Movie S1. Shear-induced pattern formation in an attractive suspension of non-colloidal polyamide particles213

sheared in a concentric cylinder geometry of gap h = 1 mm under a shear rate of γ̇ = 2 s−1. The particles214

of mean radius a = 9.4 µm are suspended in a density-matched water–glycerin mixture at a volume fraction215

φ = 5%. The height of the Taylor-Couette cell is 50 mm. The speed of the video corresponds to real time.216

Movie S2. Shear-induced pattern formation in an attractive suspension of non-colloidal polyamide particles217

sheared in a concentric cylinder geometry of gap h = 0.5 mm under a shear rate of γ̇ = 3 s−1. The particles218

of mean radius a = 9.4 µm are suspended in a density-matched water–glycerin mixture at a volume fraction219

φ = 5%. The height of the Taylor-Couette cell is 50 mm. The speed of the video corresponds to real time.220

Movie S3. Steady-state pattern observed in an attractive suspension of non-colloidal polyamide particles221

sheared in a concentric cylinder geometry of gap h = 1.5 mm under a shear rate of γ̇ = 0.8 s−1. The particles222

of mean radius a = 9.4 µm are suspended in a density-matched water–glycerin mixture at a volume fraction223

φ = 5%. The height of the Taylor-Couette cell is 50 mm. The speed of the video corresponds to real time.224

Movie S4. Shear-induced pattern formation in an attractive suspension of non-colloidal hollow glass spheres225

sheared in a concentric cylinder geometry of gap h = 0.5 mm under a shear rate of γ̇ = 40 s−1. The particles226

of mean radius a = 6 µm are suspended in mineral oil at a volume fraction φ = 4.6% and made attractive by227

adding a small amount of water at a volume fraction φw = 0.17%. The height of the Taylor-Couette cell is228

60 mm. The speed of the video corresponds to real time.229

Movie S5. Magnification of Movie S1 showing a detail of the shear-induced pattern in a co-moving frame of230

reference. A square region of size of ∼ 10 mm is followed during γ ' 60 strain units, which corresponds to231

about one third of a revolution of the inner cylinder. The background particles that move to the right are232

actually stuck to the rotating cylinder. The global apparent motion of the pattern and the blurred regions233

are due to the curvature of the Taylor-Couette cell. This movie highlights partially formed logs or small234

aggregates: the motion of these logs strongly deviates from the mean log-rolling motion and evidences the235

complex structure of the underlying flow.236

Movie S6. Shear-induced pattern formation in a numerical simulation of an initially randomly-dispersed237

attractive suspension of athermal colloidal particles with φ = 10% sheared between two plates with a gap of238

h/a = 10 at a Mason number Mn = 0.04. The movie is shown in a co-moving frame of reference for γ = 500239

strain units.240

Movie S7. Shear-induced pattern formation in a numerical simulation of an initially randomly-dispersed241

attractive suspension of athermal colloidal particles with φ = 11% sheared between two plates with a gap of242

h/a = 10 at a Mason number Mn = 0.07. The movie is shown in a co-moving frame of reference for γ = 500243

strain units.244

Movie S8. Shear-induced pattern formation in a numerical simulation of an initially randomly-dispersed245

attractive suspension of athermal colloidal particles with φ = 14% sheared between two plates with a gap of246

h/a = 20 at a Mason number Mn = 0.03. The movie is shown in a co-moving frame of reference for γ = 500247

strain units.248

Movie S9. Shear-induced pattern formation in a numerical simulation of an initially randomly-dispersed249

attractive suspension of athermal colloidal particles with φ = 16% sheared between two plates with a gap of250

h/a = 15 at a Mason number Mn = 0.05. The movie is shown in a co-moving frame of reference for γ = 500251

strain units.252

Movie S10. Shear-induced pattern formation in a numerical simulation of an initially randomly-dispersed253

attractive suspension of athermal colloidal particles with φ = 13% sheared between two plates with a gap of254

h/a = 10 at a Mason number Mn = 0.08. At γ = 0 a modulation is imposed on the initial density configuration255

with a wavelength of λ0/λs = 4 along the flow direction. The movie is shown in a co-moving frame of reference256

for γ = 500 strain units and shows the evolution towards the stable periodic spacing λs ≈ 2.5h.257

Movie S11. Shear-induced pattern formation in a numerical simulation of an initially randomly-dispersed258

attractive suspension of athermal colloidal particles with φ = 13% sheared between two plates with a gap of259

h/a = 10 at a Mason number Mn = 0.08. At γ = 0 a modulation is imposed on the initial density configuration260

with a wavelength of λ0/λs = 0.25 along the flow direction. The movie is shown in a co-moving frame of261

reference for γ = 500 strain units and shows the evolution towards the stable periodic spacing λs ≈ 2.5h.262
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