
Self-Assembly of Magnetic Colloids with Radially Shifted Dipole 

Jonathan A. Victoria-Camacho,1 Ronal A. DeLaCruz-Araujo,2 
Ilona Kretzschmar,3 and Ubaldo M. Córdova-Figueroa2  

1Department of Mechanical Engineering, University of Puerto Rico–
Mayagüez, Mayagüez, PR 00681, USA  

2Department of Chemical Engineering, University of Puerto Rico–Mayagüez, 
Mayagüez, PR 00681, USA  

3Department of Chemical Engineering, City College of new York, City 
University of New York, NY 10031, USA.  

Electronic Supplementary Material (ESI) for Soft Matter.
This journal is © The Royal Society of Chemistry 2020



Figure S1 shows the mean average cluster size for values from s = 0.0 to s = 0.8, it can be clearly 
observed that there are three very marked separations of the power low which correspond to the 
three aggregation regions. The bonded particle orientation distribution function is also shown, 
where the differentiated orientation trends for  the face of  the aggregation region are  clearly 
observed.

�

Fig. S1. Time evolution of average cluster size and Bonded particle orientation distribution 
functions at λ = 45 (HLR) 
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Conclusions
lStudy the effect of self-assembly on the cluster formation at
intermediate and high surface fraction.
lInvestigate and characterize the effect of hydrodynamic interactions
on the dynamic aggregation of the present model system.
lStudy the effect of self-propulsion on the dynamic aggregation of the
present model system.

N-body Langevin equations (force/torque):

Magnetic colloids are becoming increasingly important
in material science, due to the manipulability of the
structures formed by their various magnetic
interactions. Additionally, the anisotropic potentials in
Janus particles provide additional freedom to control
particle aggregation into clusters with different sizes
and morphologies. In this work, we perform Brownian
dynamics simulation (BDS) of a dilute suspension of
magnetic spherical Janus colloids with their magnetic
dipole moments shifted radially towards the surface of
the particle in order to gain valuable microstructural
insight.

lIt is possible to distinguish between two regimes of aggregation (LLR and HLR)
which determine the existence or not of clusters growth.
lThere are three aggregation modes: Head-To-Tail (lower shift), Bidirectional
(intermedium shift), Double-Chain (high shift).
lDue to the interplay between the two aggregation regimes and the three aggregation
modes, we can find seven cluster regions: Two in LLR (SLC and Triplets regions) and
Five in HLR (Single-Chain, Loop-Like, Island-Like, Worm-Like and ADC regions).
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Ground states of clusters in a
quasi two-dimensional system and
configurations of lowest energy
(the ground state clusters) [2].

Magic Cluster. Images of magnetic
clusters and schematic description
of their properties [1].

Results
Simulation renderings for various dipolar shifts: Building blocks at low lambda (LLR) 

and high lambda regimes (HLR)

Nci : number of particles

in cluster i
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Microfluidics: The rich aggregation
behavior of active magnetic systems can
be useful to have a better control of
transport properties in flows at
micrometer scale.

Drug Delivery: Magnetic particles act as
carriers for therapeutic molecules which
can be concentrated on a specific organ
avoiding damaging healthy tissue.

Hyperthermia Treatment: magnetic
particles are concentrated on a tumor and
exposed to an alternating magnetic field
which makes the particles oscillate, the
constant oscillation causes the particles
to heat by friction and kill tumor cells.

Dynamic “phase” diagram of the cluster regions

Magnetic Potential:

Methodology: Simulation Method

Particle dynamics is simulated by solving 
numerically the Langevin equation for a 
magnetic Janus particle suspension at 
low particle concentration and without 
an external magnetic field:

rdij = |rdij |

tdij =
rdij
rdij

m = |mi|

ni =
mi

m

FD + FM + FR + FB = 0

TD +TM +TB = 0

Drag Magnetic External Brownian

Drag Magnetic Brownian

FD + FM + FR + FB = 0

TD +TM +TB = 0

Model: interaction parameters

dipole-dipole distance

unit vector in the direction 
of dipole-dipole distance

magnetic dipole moment

particle and magnetic 
dipole moment orientation

Force balance

Torque balanceSome variables:

Dipolar 
shift

Dipolar Coupling 
Constant

Area 
Fraction

s =
S

a
� =

µ0m2

16⇡a3kBT
� = N

⇡a2

L2

Governing Dimensionless Groups:

Model: A monodisperse suspension of magnetic
colloidal particles of radius a and a steric layer b
with a dipole moment m, shifted radially at a radius
ratio s towards the surface. The particles interact via
dipole-dipole interaction governed by a magnetic
potential which depends on the dipole-dipole
distance, rrddr.

a
<latexit sha1_base64="awQaH9axAFaMcuUI/vfglcbTr6A=">AAAB4nicbZDLSgNBEEVrfMb4irp00xgEV2EmCrqSgBuXCZgHJEOo6dQkTXoedPcIIeQHdCXqzk/yB/wbO3EWmnhXp+vehroVpFJo47pfztr6xubWdmGnuLu3f3BYOjpu6SRTnJo8kYnqBKhJipiaRhhJnVQRRoGkdjC+m/vtR1JaJPGDmaTkRziMRSg4GjtqYL9UdivuQmwVvBzKkKveL332BgnPIooNl6h113NT409RGcElzYq9TFOKfIxD6lqMMSLtTxeLzth5mChmRsQW79/ZKUZaT6LAZiI0I73szYf/ed3MhDf+VMRpZijmNmK9MJPMJGzelw2EIm7kxAJyJeyWjI9QITf2KkVb31suuwqtasW7rFQbV+XabX6IApzCGVyAB9dQg3uoQxM4EDzDG7w7A+fJeXFef6JrTv7nBP7I+fgGuQGKeg==</latexit>

�
<latexit sha1_base64="j+Y1hr3x+A36R6uY6XS6y/sL1g0=">AAAB6HicbZDLSsNAFIZPvNZ6q7p0EyyCq5JUQVdScOOygr1AG8pketKOnVyYORFK6DvoStSdz+ML+DZOahba+q++Of8/cP7jJ1Jocpwva2V1bX1js7RV3t7Z3duvHBy2dZwqji0ey1h1faZRighbJEhiN1HIQl9ix5/c5H7nEZUWcXRP0wS9kI0iEQjOyIw6/SFKYuVBperUnLnsZXALqEKh5qDy2R/GPA0xIi6Z1j3XScjLmCLBJc7K/VRjwviEjbBnMGIhai+brzuzT4NY2TRGe/7+nc1YqPU09E0mZDTWi14+/M/rpRRceZmIkpQw4iZivCCVNsV23toeCoWc5NQA40qYLW0+ZopxMrfJ67uLZZehXa+557X63UW1cV0cogTHcAJn4MIlNOAWmtACDhN4hjd4tx6sJ+vFev2JrljFnyP4I+vjG7EujMU=</latexit>

s
<latexit sha1_base64="/74OFmRGd6avTYZXA7+Y7v2LPoc=">AAAB4nicbZDLSgNBEEVrfMb4irp00xgEV2EmCrqSgBuXCZgHJEPo6dQkTXoedNcIIeQHdCXqzk/yB/wbO3EWmnhXp+vehroVpEoact0vZ219Y3Nru7BT3N3bPzgsHR23TJJpgU2RqER3Am5QyRibJElhJ9XIo0BhOxjfzf32I2ojk/iBJin6ER/GMpSCkx01TL9UdivuQmwVvBzKkKveL332BonIIoxJKG5M13NT8qdckxQKZ8VeZjDlYsyH2LUY8wiNP10sOmPnYaIZjZAt3r+zUx4ZM4kCm4k4jcyyNx/+53UzCm/8qYzTjDAWNmK9MFOMEjbvywZSoyA1scCFlnZLJkZcc0H2KkVb31suuwqtasW7rFQbV+XabX6IApzCGVyAB9dQg3uoQxMEIDzDG7w7A+fJeXFef6JrTv7nBP7I+fgG092KjA==</latexit>

m
<latexit sha1_base64="O9YxDfOu056J638YshvsewBteoM=">AAAB63icbVDLSsNAFL3xWeur6tLNYBFclaQKupKCG5cV7APbUCbTm3boTBJmJkIJ/Qpdibrzb/wB/8ZJzUJbz+rce86Fc26QCK6N6345K6tr6xubpa3y9s7u3n7l4LCt41QxbLFYxKobUI2CR9gy3AjsJgqpDAR2gslNrnceUWkeR/dmmqAv6SjiIWfU2NVDX1IzDsJMzgaVqltz5yDLxCtIFQo0B5XP/jBmqcTIMEG17nluYvyMKsOZwFm5n2pMKJvQEfYsjahE7WfzxDNyGsaKmDGS+fzbm1Gp9VQG1pNn04tavvxP66UmvPIzHiWpwYhZi9XCVBATk7w4GXKFzIipJZQpblMSNqaKMmPfU7b1vcWyy6Rdr3nntfrdRbVxXTyiBMdwAmfgwSU04Baa0AIGETzDG7w70nlyXpzXH+uKU9wcwR84H9/LBI6m</latexit>

Methodology: Simulation Method

Particle dynamics is simulated by solving 
numerically the Langevin equation for a 
magnetic Janus particle suspension at 
low particle concentration and without 
an external magnetic field:

rdij = |rdij |

tdij =
rdij
rdij

m = |mi|

ni =
mi

m

FD + FM + FR + FB = 0

TD +TM +TB = 0

Drag Magnetic External Brownian

Drag Magnetic Brownian

FD + FM + FR + FB = 0

TD +TM +TB = 0

Model: interaction parameters

dipole-dipole distance

unit vector in the direction 
of dipole-dipole distance

magnetic dipole moment

particle and magnetic 
dipole moment orientation

Force balance

Torque balanceSome variables:

Dipolar 
shift

Dipolar Coupling 
Constant

Area 
Fraction

s =
S

a
� =

µ0m2

16⇡a3kBT
� = N

⇡a2

L2

Governing Dimensionless Groups:

Methodology: Simulation Method

Particle dynamics is simulated by solving 
numerically the Langevin equation for a 
magnetic Janus particle suspension at 
low particle concentration and without 
an external magnetic field:

rdij = |rdij |

tdij =
rdij
rdij

m = |mi|

ni =
mi

m

FD + FM + FR + FB = 0

TD +TM +TB = 0

Drag Magnetic External Brownian

Drag Magnetic Brownian

FD + FM + FR + FB = 0

TD +TM +TB = 0

Model: interaction parameters

dipole-dipole distance

unit vector in the direction 
of dipole-dipole distance

magnetic dipole moment

particle and magnetic 
dipole moment orientation

Force balance

Torque balanceSome variables:

Dipolar 
shift

Dipolar Coupling 
Constant

Area 
Fraction

s =
S

a
� =

µ0m2

16⇡a3kBT
� = N

⇡a2

L2

Governing Dimensionless Groups:

Methodology: Simulation parameters

Range of numerical Parameters:

Cluster Properties:

- Nucleation factor:

- Extent of Aggregation:

- Weighted mean average size

- Orientational distribution

nC =
NC �NS

N

" = 1� NC

N

P (ni · nj)

hNCi =
P

NCiNPi

NCNumber of Particles

Dipolar shift

Dipolar Coupling Constant

Surface Fraction

0.0  s  0.80

10  �  80

� = 0.01 ^ 0.05

N = 500 ^ 1000

Q� 2D

Model: interaction parameters
Problem Formulation

hNci =
*Pnc

i=1 (Nci)
2

Pnc
i=1 Nci

+
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Dipolar Coupling
Constant:

Average Mean Cluster Size:

Power-Low

Power-Low
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2
<latexit sha1_base64="m8W87kII1I+zJ/A4jlXmuDuvO/A=">AAAB43icbZDNSgMxFIXv1L9a/6ou3QSL4KrMVEFXUnDjsor9gXYsmfROG5rJDElGKEOfQFei7nwjX8C3Ma2z0Naz+nLPCdxzg0RwbVz3yymsrK6tbxQ3S1vbO7t75f2Dlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7G1zO//YhK81jem0mCfkSHkoecUWNHdw+1frniVt25yDJ4OVQgV6Nf/uwNYpZGKA0TVOuu5ybGz6gynAmclnqpxoSyMR1i16KkEWo/m286JSdhrIgZIZm/f2czGmk9iQKbiagZ6UVvNvzP66YmvPQzLpPUoGQ2Yr0wFcTEZFaYDLhCZsTEAmWK2y0JG1FFmbFnKdn63mLZZWjVqt5ZtXZ7Xqlf5YcowhEcwyl4cAF1uIEGNIFBCM/wBu8OOk/Oi/P6Ey04+Z9D+CPn4xskboqz</latexit>

3
<latexit sha1_base64="60jNJe47t5QUP5WtVTiqjIS6Tt8=">AAAB43icbZDNSgMxFIXv+FvrX9Wlm2ARXJWZVtCVFNy4rGJ/oB1LJr3ThiYzQ5IRytAn0JWoO9/IF/BtTOsstPWsvtxzAvfcIBFcG9f9clZW19Y3Ngtbxe2d3b390sFhS8epYthksYhVJ6AaBY+wabgR2EkUUhkIbAfj65nffkSleRzdm0mCvqTDiIecUWNHdw+1fqnsVty5yDJ4OZQhV6Nf+uwNYpZKjAwTVOuu5ybGz6gynAmcFnupxoSyMR1i12JEJWo/m286JadhrIgZIZm/f2czKrWeyMBmJDUjvejNhv953dSEl37GoyQ1GDEbsV6YCmJiMitMBlwhM2JigTLF7ZaEjaiizNizFG19b7HsMrSqFa9Wqd6el+tX+SEKcAwncAYeXEAdbqABTWAQwjO8wbuDzpPz4rz+RFec/M8R/JHz8Q0l7Iq0</latexit>

4
<latexit sha1_base64="53YHAVT2OSF/qr9oyfslRvVDpN4=">AAAB43icbZDNSgMxFIXv+FvrX9Wlm2ARXJWZWtCVFNy4rGJ/oB1LJr3ThmYmQ5IRytAn0JWoO9/IF/BtTOsstPWsvtxzAvfcIBFcG9f9clZW19Y3Ngtbxe2d3b390sFhS8tUMWwyKaTqBFSj4DE2DTcCO4lCGgUC28H4eua3H1FpLuN7M0nQj+gw5iFn1NjR3UOtXyq7FXcusgxeDmXI1eiXPnsDydIIY8ME1brruYnxM6oMZwKnxV6qMaFsTIfYtRjTCLWfzTedktNQKmJGSObv39mMRlpPosBmImpGetGbDf/zuqkJL/2Mx0lqMGY2Yr0wFcRIMitMBlwhM2JigTLF7ZaEjaiizNizFG19b7HsMrSqFe+8Ur2tletX+SEKcAwncAYeXEAdbqABTWAQwjO8wbuDzpPz4rz+RFec/M8R/JHz8Q0naoq1</latexit>

5
<latexit sha1_base64="cT5ouoBip+ae0nBDPUWg/JWBy9w=">AAAB43icbZC9TsMwFIVv+C3lr8DIYlEhMVVJAcGEKrEwFkR/pDZUjnvTWnXiyHaQqqhPABMCNt6IF+BtcEsGaDnT53uOpXtukAiujet+OUvLK6tr64WN4ubW9s5uaW+/qWWqGDaYFFK1A6pR8BgbhhuB7UQhjQKBrWB0PfVbj6g0l/G9GSfoR3QQ85Azauzo7uG8Vyq7FXcmsgheDmXIVe+VPrt9ydIIY8ME1brjuYnxM6oMZwInxW6qMaFsRAfYsRjTCLWfzTadkONQKmKGSGbv39mMRlqPo8BmImqGet6bDv/zOqkJL/2Mx0lqMGY2Yr0wFcRIMi1M+lwhM2JsgTLF7ZaEDamizNizFG19b77sIjSrFe+0Ur09K9eu8kMU4BCO4AQ8uIAa3EAdGsAghGd4g3cHnSfnxXn9iS45+Z8D+CPn4xso6Iq2</latexit>

6
<latexit sha1_base64="yf8K3SxXV/3R7wtYSsVRzB7v4Co=">AAAB43icbZC9TsMwFIVv+C3lr8DIYlEhMVVJQcCEKrEwFkR/pDZUjnvTWnXiyHaQqqhPABMCNt6IF+BtcEsGaDnT53uOpXtukAiujet+OUvLK6tr64WN4ubW9s5uaW+/qWWqGDaYFFK1A6pR8BgbhhuB7UQhjQKBrWB0PfVbj6g0l/G9GSfoR3QQ85Azauzo7uG8Vyq7FXcmsgheDmXIVe+VPrt9ydIIY8ME1brjuYnxM6oMZwInxW6qMaFsRAfYsRjTCLWfzTadkONQKmKGSGbv39mMRlqPo8BmImqGet6bDv/zOqkJL/2Mx0lqMGY2Yr0wFcRIMi1M+lwhM2JsgTLF7ZaEDamizNizFG19b77sIjSrFe+0Ur09K9eu8kMU4BCO4AQ8uIAa3EAdGsAghGd4g3cHnSfnxXn9iS45+Z8D+CPn4xsqZoq3</latexit>

7
<latexit sha1_base64="uNGVajD99JhQ4sFjmpWwHpBXzrE=">AAAB43icbZDNSgMxFIXv+FvrX9Wlm2ARXJWZKtSVFNy4rGJ/oB1LJr3ThmYmQ5IRytAn0JWoO9/IF/BtTOsstPWsvtxzAvfcIBFcG9f9clZW19Y3Ngtbxe2d3b390sFhS8tUMWwyKaTqBFSj4DE2DTcCO4lCGgUC28H4eua3H1FpLuN7M0nQj+gw5iFn1NjR3UOtXyq7FXcusgxeDmXI1eiXPnsDydIIY8ME1brruYnxM6oMZwKnxV6qMaFsTIfYtRjTCLWfzTedktNQKmJGSObv39mMRlpPosBmImpGetGbDf/zuqkJL/2Mx0lqMGY2Yr0wFcRIMitMBlwhM2JigTLF7ZaEjaiizNizFG19b7HsMrSqFe+8Ur29KNev8kMU4BhO4Aw8qEEdbqABTWAQwjO8wbuDzpPz4rz+RFec/M8R/JHz8Q0r5Iq4</latexit>

8
<latexit sha1_base64="pT2KrOmK/Gx5ePo00enhN+Pk4ew=">AAAB43icbZDNSgMxFIXv+FvrX9Wlm2ARXJWZKtiVFNy4rGJ/oB1LJr3ThmYmQ5IRytAn0JWoO9/IF/BtTOsstPWsvtxzAvfcIBFcG9f9clZW19Y3Ngtbxe2d3b390sFhS8tUMWwyKaTqBFSj4DE2DTcCO4lCGgUC28H4eua3H1FpLuN7M0nQj+gw5iFn1NjR3UOtXyq7FXcusgxeDmXI1eiXPnsDydIIY8ME1brruYnxM6oMZwKnxV6qMaFsTIfYtRjTCLWfzTedktNQKmJGSObv39mMRlpPosBmImpGetGbDf/zuqkJa37G4yQ1GDMbsV6YCmIkmRUmA66QGTGxQJnidkvCRlRRZuxZira+t1h2GVrVindeqd5elOtX+SEKcAwncAYeXEIdbqABTWAQwjO8wbuDzpPz4rz+RFec/M8R/JHz8Q0tYoq5</latexit>

9
<latexit sha1_base64="/x33XT7j4vT/D3qEW+8i8zlW5eg=">AAAB43icbZDNSgMxFIXv+FvrX9Wlm2ARXJWZKqgbKbhxWcX+QDuWTHqnDc1MhiQjlKFPoCtRd76RL+DbmNZZaOtZfbnnBO65QSK4Nq775Swtr6yurRc2iptb2zu7pb39ppapYthgUkjVDqhGwWNsGG4EthOFNAoEtoLR9dRvPaLSXMb3ZpygH9FBzEPOqLGju4fLXqnsVtyZyCJ4OZQhV71X+uz2JUsjjA0TVOuO5ybGz6gynAmcFLupxoSyER1gx2JMI9R+Ntt0Qo5DqYgZIpm9f2czGmk9jgKbiagZ6nlvOvzP66QmvPAzHiepwZjZiPXCVBAjybQw6XOFzIixBcoUt1sSNqSKMmPPUrT1vfmyi9CsVrzTSvX2rFy7yg9RgEM4ghPw4BxqcAN1aACDEJ7hDd4ddJ6cF+f1J7rk5H8O4I+cj28u4Iq6</latexit>

101
<latexit sha1_base64="acU8njAf6LudbBhxzIQ5nX1a+rg=">AAAB5XicbZDLSsNAFIZP6q3WW9Wlm8EiuCpJLehKCm5cVrAXaGOZTE+aoZMLMxOhhD6CrkTd+UK+gG/jpGahrf/qm/P/A+c/XiK40rb9ZZXW1jc2t8rblZ3dvf2D6uFRV8WpZNhhsYhl36MKBY+wo7kW2E8k0tAT2POmN7nfe0SpeBzd61mCbkgnEfc5ozofOfaDM6rW7Lq9EFkFp4AaFGqPqp/DcczSECPNBFVq4NiJdjMqNWcC55VhqjChbEonODAY0RCVmy12nZMzP5ZEB0gW79/ZjIZKzULPZEKqA7Xs5cP/vEGq/Ss341GSaoyYiRjPTwXRMckrkzGXyLSYGaBMcrMlYQGVlGlzmIqp7yyXXYVuo+5c1Bt3zVrrujhEGU7gFM7BgUtowS20oQMMAniGN3i3JtaT9WK9/kRLVvHnGP7I+vgG/mOLJw==</latexit>

P
(m

i
·m

j
)

<latexit sha1_base64="SO56bp9h2n36NawPiUmcv7ZrBzk=">AAACC3icbVDJTgJBFOzBDXFDPXrpSEzwQmbQRE+GxItHTGRJGEJ6mjfQ0rOk+42RTPgE/Rk9GfXmzR/wb+xBDgrWqbqqOnlVXiyFRtv+snJLyyura/n1wsbm1vZOcXevqaNEcWjwSEaq7TENUoTQQIES2rECFngSWt7oMvNbd6C0iMIbHMfQDdggFL7gDI3UK5ZdhHtM65OyGzAcen4aTHqCurwf4S/l9rhXLNkVewq6SJwZKZEZ6r3ip9uPeBJAiFwyrTuOHWM3ZQoFlzApuImGmPERG0DH0JAFoLvptNGEHvmRojgEOn3/zqYs0HoceCaTnafnvUz8z+sk6J93UxHGCULITcR4fiIpRjQbhvaFAo5ybAjjSpgrKR8yxTia+QqmvjNfdpE0qxXnpFK9Pi3VLmZD5MkBOSRl4pAzUiNXpE4ahJNH8kzeyLv1YD1ZL9brTzRnzf7skz+wPr4BIgibpw==</latexit>

mi ·mj
<latexit sha1_base64="+Ipu4D/zYqEHhGQGVcRhF90Kpr0=">AAACAXicbVDNSsNAGNzUv1r/oh4FWSyCp5KooCcpePFYwf5AG8Jm+6Vdu8mG3Y1QQk/6MnoS9eYr+AK+jZuaQ22d0+zMLHwzQcKZ0o7zbZWWlldW18rrlY3Nre0de3evpUQqKTSp4EJ2AqKAsxiammkOnUQCiQIO7WB0nfvtB5CKifhOjxPwIjKIWcgo0Uby7cNeRPQwCLNo4jPco32hZ5R73646NWcKvEjcglRRgYZvf/X6gqYRxJpyolTXdRLtZURqRjlMKr1UQULoiAyga2hMIlBeNu0xwcehkFgPAU/fs9mMREqNo8Bk8uvUvJeL/3ndVIeXXsbiJNUQUxMxXphyrAXO58B9JoFqPjaEUMnMlZgOiSRUm9Eqpr47X3aRtE5r7lnt9Pa8Wr8qhiijA3SETpCLLlAd3aAGaiKKntALekcf1qP1bL1ab7/RklX82Ud/YH3+AJO4l4k=</latexit>

0
<latexit sha1_base64="N2aSAKqsms58ml/tes2tNEe6Gm0=">AAAB4nicbZDLSgNBEEVrfMb4irp00xgEV2EmCrqSgBuXCZgHJEPo6dQkTXoedNcIIeQHdCXqzk/yB/wbO3EWmnhXp+vehroVpEoact0vZ219Y3Nru7BT3N3bPzgsHR23TJJpgU2RqER3Am5QyRibJElhJ9XIo0BhOxjfzf32I2ojk/iBJin6ER/GMpSCkx013H6p7FbchdgqeDmUIVe9X/rsDRKRRRiTUNyYruem5E+5JikUzoq9zGDKxZgPsWsx5hEaf7pYdMbOw0QzGiFbvH9npzwyZhIFNhNxGpllbz78z+tmFN74UxmnGWEsbMR6YaYYJWzelw2kRkFqYoELLe2WTIy45oLsVYq2vrdcdhVa1Yp3Wak2rsq12/wQBTiFM7gAD66hBvdQhyYIQHiGN3h3Bs6T8+K8/kTXnPzPCfyR8/ENb+OKSQ==</latexit>

�1.0
<latexit sha1_base64="aNWBQTS8qqVFayAOW8vSPBFoq/Y=">AAAB5XicbZDLSsNAFIZPvNZ6q7p0M1gEN4akCrqSghuXFewF2lAm05Nm6OTCzEQooY+gK1F3vpAv4Ns4qVlo67/65vz/wPmPnwqutON8WSura+sbm5Wt6vbO7t5+7eCwo5JMMmyzRCSy51OFgsfY1lwL7KUSaeQL7PqT28LvPqJUPIkf9DRFL6LjmAecUV2Mzl3bGdbqju3MRZbBLaEOpVrD2udglLAswlgzQZXqu06qvZxKzZnAWXWQKUwpm9Ax9g3GNELl5fNdZ+Q0SCTRIZL5+3c2p5FS08g3mYjqUC16xfA/r5/p4NrLeZxmGmNmIsYLMkF0QorKZMQlMi2mBiiT3GxJWEglZdocpmrqu4tll6HTsN0Lu3F/WW/elIeowDGcwBm4cAVNuIMWtIFBCM/wBu/W2HqyXqzXn+iKVf45gj+yPr4BsJGK8w==</latexit> �0.5

<latexit sha1_base64="KcWCtHGbFox54TP5nkFNKQixF+0=">AAAB5XicbZDLSsNAFIZP6q3WW9Wlm8EiuDEkVdGVFNy4rGAv0IYymZ60QycXZiZCCX0EXYm684V8Ad/GSc1CW//VN+f/B85//ERwpR3nyyqtrK6tb5Q3K1vbO7t71f2DtopTybDFYhHLrk8VCh5hS3MtsJtIpKEvsONPbnO/84hS8Th60NMEvZCOIh5wRnU+OnPsy0G15tjOXGQZ3AJqUKg5qH72hzFLQ4w0E1Spnusk2suo1JwJnFX6qcKEsgkdYc9gRENUXjbfdUZOglgSPUYyf//OZjRUahr6JhNSPVaLXj78z+ulOrj2Mh4lqcaImYjxglQQHZO8MhlyiUyLqQHKJDdbEjamkjJtDlMx9d3FssvQrtvuuV2/v6g1bopDlOEIjuEUXLiCBtxBE1rAYAzP8Abv1sh6sl6s159oySr+HMIfWR/ftoeK9w==</latexit>

0.5
<latexit sha1_base64="KgXnajPmDMmd3PMsfHrF5yUZVag=">AAAB5HicbZDLSsNAFIZP6q3WW9Slm8EiuApJVXQlBTcuK9oLtKFMpift0MmFmYlQQt9AV6LufCJfwLdxWrPQ1n/1zfn/gfOfIBVcadf9skorq2vrG+XNytb2zu6evX/QUkkmGTZZIhLZCahCwWNsaq4FdlKJNAoEtoPxzcxvP6JUPIkf9CRFP6LDmIecUW1G965z0berruPORZbBK6AKhRp9+7M3SFgWYayZoEp1PTfVfk6l5kzgtNLLFKaUjekQuwZjGqHy8/mqU3ISJpLoEZL5+3c2p5FSkygwmYjqkVr0ZsP/vG6mwys/53GaaYyZiRgvzATRCZk1JgMukWkxMUCZ5GZLwkZUUqbNXSqmvrdYdhlaNcc7c2p359X6dXGIMhzBMZyCB5dQh1toQBMYDOEZ3uDdCq0n68V6/YmWrOLPIfyR9fENTfiKwA==</latexit>

1.0
<latexit sha1_base64="huaM8DIsb/wLPVeme/8y5uUSA3Q=">AAAB5HicbZDNSsNAFIVv/K31r+rSzWARXIWkCrqSghuXFe0PtKFMpjft0JkkzEyEEvoGuhJ15xP5Ar6N05qFtp7VN/ecgXtumAqujed9OSura+sbm6Wt8vbO7t5+5eCwpZNMMWyyRCSqE1KNgsfYNNwI7KQKqQwFtsPxzcxvP6LSPIkfzCTFQNJhzCPOqLGje9/1+pWq53pzkWXwC6hCoUa/8tkbJCyTGBsmqNZd30tNkFNlOBM4LfcyjSllYzrErsWYStRBPl91Sk6jRBEzQjJ//87mVGo9kaHNSGpGetGbDf/zupmJroKcx2lmMGY2Yr0oE8QkZNaYDLhCZsTEAmWK2y0JG1FFmbF3Kdv6/mLZZWjVXP/crd1dVOvXxSFKcAwncAY+XEIdbqEBTWAwhGd4g3cncp6cF+f1J7riFH+O4I+cj29IAoq8</latexit>

0.0
<latexit sha1_base64="ovmTbYDLhG/Jbd06j/Lvs3Iqdlc=">AAAB5HicbVDLSgNBEOz1GeMr6tHLYBA8hd0o6EkCXjxGNA9IljA76U2GzD6Y6RVCyB/oSdSbX+QP+DdO4h40sQ5NdVc1dHWQKmnIdb+cldW19Y3NwlZxe2d3b790cNg0SaYFNkSiEt0OuEElY2yQJIXtVCOPAoWtYHQz01uPqI1M4gcap+hHfBDLUApOdnTvVtxeqWzrHGyZeDkpQ456r/TZ7SciizAmobgxHc9NyZ9wTVIonBa7mcGUixEfYMfSmEdo/Mn81Ck7DRPNaIhs3v/2TnhkzDgKrCfiNDSL2mz4n9bJKLzyJzJOM8JYWIvVwkwxStgsMetLjYLU2BIutLRXMjHkmguyfyna+N5i2GXSrFa880r17qJcu84fUYBjOIEz8OASanALdWiAgAE8wxu8O6Hz5Lw4rz/WFSffOYI/cD6+AUaCirs=</latexit>

0.2
<latexit sha1_base64="IT0mMbUQ0WEuoyrrXkcvnTy6j8g=">AAAB5HicbZDNSsNAFIVv/K31r+rSzWARXIWkCrqSghuXFe0PtKFMpjft0JkkzEyEEvoGuhJ15xP5Ar6N05qFtp7VN/ecgXtumAqujed9OSura+sbm6Wt8vbO7t5+5eCwpZNMMWyyRCSqE1KNgsfYNNwI7KQKqQwFtsPxzcxvP6LSPIkfzCTFQNJhzCPOqLGje8+t9StVz/XmIsvgF1CFQo1+5bM3SFgmMTZMUK27vpeaIKfKcCZwWu5lGlPKxnSIXYsxlaiDfL7qlJxGiSJmhGT+/p3NqdR6IkObkdSM9KI3G/7ndTMTXQU5j9PMYMxsxHpRJohJyKwxGXCFzIiJBcoUt1sSNqKKMmPvUrb1/cWyy9Cquf65W7u7qNavi0OU4BhO4Ax8uIQ63EIDmsBgCM/wBu9O5Dw5L87rT3TFKf4cwR85H99Jfoq9</latexit>

0.4
<latexit sha1_base64="4lB4U8C8mJMImUj9Bc2qQuj042E=">AAAB5HicbZDLSsNAFIZP6q3WW9Wlm8EiuApJLehKCm5cVrQXaEOZTE/aoZMLMxOhhL6BrkTd+US+gG/jNGahrf/qm/P/A+c/fiK40o7zZZXW1jc2t8rblZ3dvf2D6uFRR8WpZNhmsYhlz6cKBY+wrbkW2Esk0tAX2PWnNwu/+4hS8Th60LMEvZCOIx5wRrUZ3Tt2Y1itObaTi6yCW0ANCrWG1c/BKGZpiJFmgirVd51EexmVmjOB88ogVZhQNqVj7BuMaIjKy/JV5+QsiCXREyT5+3c2o6FSs9A3mZDqiVr2FsP/vH6qgysv41GSaoyYiRgvSAXRMVk0JiMukWkxM0CZ5GZLwiZUUqbNXSqmvrtcdhU6ddu9sOt3jVrzujhEGU7gFM7BhUtowi20oA0MxvAMb/BuBdaT9WK9/kRLVvHnGP7I+vgGTHqKvw==</latexit>

0.6
<latexit sha1_base64="GSc4lrg9uFjS4b1nzGewuub2H90=">AAAB5HicbZDLSsNAFIZP6q3WW9Slm8EiuApJFXUlBTcuK9oLtKFMpift0MmFmYlQQt9AV6LufCJfwLdxWrPQ1n/1zfn/gfOfIBVcadf9skorq2vrG+XNytb2zu6evX/QUkkmGTZZIhLZCahCwWNsaq4FdlKJNAoEtoPxzcxvP6JUPIkf9CRFP6LDmIecUW1G965z0berruPORZbBK6AKhRp9+7M3SFgWYayZoEp1PTfVfk6l5kzgtNLLFKaUjekQuwZjGqHy8/mqU3ISJpLoEZL5+3c2p5FSkygwmYjqkVr0ZsP/vG6mwys/53GaaYyZiRgvzATRCZk1JgMukWkxMUCZ5GZLwkZUUqbNXSqmvrdYdhlaNcc7c2p359X6dXGIMhzBMZyCB5dQh1toQBMYDOEZ3uDdCq0n68V6/YmWrOLPIfyR9fENT3aKwQ==</latexit>

P
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j
)

<latexit sha1_base64="SO56bp9h2n36NawPiUmcv7ZrBzk=">AAACC3icbVDJTgJBFOzBDXFDPXrpSEzwQmbQRE+GxItHTGRJGEJ6mjfQ0rOk+42RTPgE/Rk9GfXmzR/wb+xBDgrWqbqqOnlVXiyFRtv+snJLyyura/n1wsbm1vZOcXevqaNEcWjwSEaq7TENUoTQQIES2rECFngSWt7oMvNbd6C0iMIbHMfQDdggFL7gDI3UK5ZdhHtM65OyGzAcen4aTHqCurwf4S/l9rhXLNkVewq6SJwZKZEZ6r3ip9uPeBJAiFwyrTuOHWM3ZQoFlzApuImGmPERG0DH0JAFoLvptNGEHvmRojgEOn3/zqYs0HoceCaTnafnvUz8z+sk6J93UxHGCULITcR4fiIpRjQbhvaFAo5ybAjjSpgrKR8yxTia+QqmvjNfdpE0qxXnpFK9Pi3VLmZD5MkBOSRl4pAzUiNXpE4ahJNH8kzeyLv1YD1ZL9brTzRnzf7skz+wPr4BIgibpw==</latexit>

P
(m

i
·m

j
)

<latexit sha1_base64="SO56bp9h2n36NawPiUmcv7ZrBzk=">AAACC3icbVDJTgJBFOzBDXFDPXrpSEzwQmbQRE+GxItHTGRJGEJ6mjfQ0rOk+42RTPgE/Rk9GfXmzR/wb+xBDgrWqbqqOnlVXiyFRtv+snJLyyura/n1wsbm1vZOcXevqaNEcWjwSEaq7TENUoTQQIES2rECFngSWt7oMvNbd6C0iMIbHMfQDdggFL7gDI3UK5ZdhHtM65OyGzAcen4aTHqCurwf4S/l9rhXLNkVewq6SJwZKZEZ6r3ip9uPeBJAiFwyrTuOHWM3ZQoFlzApuImGmPERG0DH0JAFoLvptNGEHvmRojgEOn3/zqYs0HoceCaTnafnvUz8z+sk6J93UxHGCULITcR4fiIpRjQbhvaFAo5ybAjjSpgrKR8yxTia+QqmvjNfdpE0qxXnpFK9Pi3VLmZD5MkBOSRl4pAzUiNXpE4ahJNH8kzeyLv1YD1ZL9brTzRnzf7skz+wPr4BIgibpw==</latexit>

100

101

10−1 100 101 102 103

⟨N
c
⟩

t/τD

s = 0.0; ∼ t̃ 0.477

s = 0.4; ∼ t̃ 0.341

s = 0.5; ∼ t̃ 0.359

s = 0.6; ∼ t̃ 0.396

100

101

10−1 100 101 102 103

⟨N
c
⟩

t/τD

s = 0.0; ∼ t̃ 0.477

s = 0.1; ∼ t̃ 0.476

s = 0.2; ∼ t̃ 0.470

s = 0.3; ∼ t̃ 0.455

hN
c
i

<latexit sha1_base64="TJe/K9LLb+l0QNBR8KyxEJCDcK4=">AAAB9nicbZDNSsNAFIUn/tb6F+3SzWARXJWkCrqSghtXUsH+QBPCZHrTDp1MwsxEDKWvoitRdz6IL+DbOI1ZaOtZfXPPGbj3hClnSjvOl7Wyura+sVnZqm7v7O7t2weHXZVkkkKHJjyR/ZAo4ExARzPNoZ9KIHHIoRdOrud+7wGkYom413kKfkxGgkWMEm1GgV3zOBEjDvg2oNiTBQd23Wk4hfAyuCXUUal2YH96w4RmMQhNOVFq4Dqp9qdEakY5zKpepiAldEJGMDAoSAzKnxbLz/BJlEisx4CL9+/slMRK5XFoMjHRY7XozYf/eYNMR5f+lIk00yCoiRgvyjjWCZ53gIdMAtU8N0CoZGZLTMdEEqpNU1Vzvrt47DJ0mw33rNG8O6+3rsoiKugIHaNT5KIL1EI3qI06iKIcPaM39G49Wk/Wi/X6E12xyj819EfWxzfXiJHy</latexit>

100
<latexit sha1_base64="h4dy6GIoIvGy5DTym9/tKrlWy4E=">AAAB5nicbZDNSsNAFIVv6l+tf1WXbgaL4KokVdCVFNy4rGBqoY1lMr1phk5+mJkIJfQVdCXqzgfyBXwbJzULbT2rb+45A/dcPxVcadv+siorq2vrG9XN2tb2zu5eff+gq5JMMnRZIhLZ86lCwWN0NdcCe6lEGvkC7/3JdeHfP6JUPInv9DRFL6LjmAecUW1GrmM/2LVhvWE37bnIMjglNKBUZ1j/HIwSlkUYayaoUn3HTrWXU6k5EzirDTKFKWUTOsa+wZhGqLx8vuyMnASJJDpEMn//zuY0Umoa+SYTUR2qRa8Y/uf1Mx1cejmP00xjzEzEeEEmiE5I0ZmMuESmxdQAZZKbLQkLqaRMm8sU9Z3FssvQbTWds2br9rzRvioPUYUjOIZTcOAC2nADHXCBAYdneIN3K7SerBfr9Sdasco/h/BH1sc3MbOLOg==</latexit>

2
<latexit sha1_base64="m8W87kII1I+zJ/A4jlXmuDuvO/A=">AAAB43icbZDNSgMxFIXv1L9a/6ou3QSL4KrMVEFXUnDjsor9gXYsmfROG5rJDElGKEOfQFei7nwjX8C3Ma2z0Naz+nLPCdxzg0RwbVz3yymsrK6tbxQ3S1vbO7t75f2Dlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7G1zO//YhK81jem0mCfkSHkoecUWNHdw+1frniVt25yDJ4OVQgV6Nf/uwNYpZGKA0TVOuu5ybGz6gynAmclnqpxoSyMR1i16KkEWo/m286JSdhrIgZIZm/f2czGmk9iQKbiagZ6UVvNvzP66YmvPQzLpPUoGQ2Yr0wFcTEZFaYDLhCZsTEAmWK2y0JG1FFmbFnKdn63mLZZWjVqt5ZtXZ7Xqlf5YcowhEcwyl4cAF1uIEGNIFBCM/wBu8OOk/Oi/P6Ey04+Z9D+CPn4xskboqz</latexit>

3
<latexit sha1_base64="60jNJe47t5QUP5WtVTiqjIS6Tt8=">AAAB43icbZDNSgMxFIXv+FvrX9Wlm2ARXJWZVtCVFNy4rGJ/oB1LJr3ThiYzQ5IRytAn0JWoO9/IF/BtTOsstPWsvtxzAvfcIBFcG9f9clZW19Y3Ngtbxe2d3b390sFhS8epYthksYhVJ6AaBY+wabgR2EkUUhkIbAfj65nffkSleRzdm0mCvqTDiIecUWNHdw+1fqnsVty5yDJ4OZQhV6Nf+uwNYpZKjAwTVOuu5ybGz6gynAmcFnupxoSyMR1i12JEJWo/m286JadhrIgZIZm/f2czKrWeyMBmJDUjvejNhv953dSEl37GoyQ1GDEbsV6YCmJiMitMBlwhM2JigTLF7ZaEjaiizNizFG19b7HsMrSqFa9Wqd6el+tX+SEKcAwncAYeXEAdbqABTWAQwjO8wbuDzpPz4rz+RFec/M8R/JHz8Q0l7Iq0</latexit>

4
<latexit sha1_base64="53YHAVT2OSF/qr9oyfslRvVDpN4=">AAAB43icbZDNSgMxFIXv+FvrX9Wlm2ARXJWZWtCVFNy4rGJ/oB1LJr3ThmYmQ5IRytAn0JWoO9/IF/BtTOsstPWsvtxzAvfcIBFcG9f9clZW19Y3Ngtbxe2d3b390sFhS8tUMWwyKaTqBFSj4DE2DTcCO4lCGgUC28H4eua3H1FpLuN7M0nQj+gw5iFn1NjR3UOtXyq7FXcusgxeDmXI1eiXPnsDydIIY8ME1brruYnxM6oMZwKnxV6qMaFsTIfYtRjTCLWfzTedktNQKmJGSObv39mMRlpPosBmImpGetGbDf/zuqkJL/2Mx0lqMGY2Yr0wFcRIMitMBlwhM2JigTLF7ZaEjaiizNizFG19b7HsMrSqFe+8Ur2tletX+SEKcAwncAYeXEAdbqABTWAQwjO8wbuDzpPz4rz+RFec/M8R/JHz8Q0naoq1</latexit>

5
<latexit sha1_base64="cT5ouoBip+ae0nBDPUWg/JWBy9w=">AAAB43icbZC9TsMwFIVv+C3lr8DIYlEhMVVJAcGEKrEwFkR/pDZUjnvTWnXiyHaQqqhPABMCNt6IF+BtcEsGaDnT53uOpXtukAiujet+OUvLK6tr64WN4ubW9s5uaW+/qWWqGDaYFFK1A6pR8BgbhhuB7UQhjQKBrWB0PfVbj6g0l/G9GSfoR3QQ85Azauzo7uG8Vyq7FXcmsgheDmXIVe+VPrt9ydIIY8ME1brjuYnxM6oMZwInxW6qMaFsRAfYsRjTCLWfzTadkONQKmKGSGbv39mMRlqPo8BmImqGet6bDv/zOqkJL/2Mx0lqMGY2Yr0wFcRIMi1M+lwhM2JsgTLF7ZaEDamizNizFG19b77sIjSrFe+0Ur09K9eu8kMU4BCO4AQ8uIAa3EAdGsAghGd4g3cHnSfnxXn9iS45+Z8D+CPn4xso6Iq2</latexit>

6
<latexit sha1_base64="yf8K3SxXV/3R7wtYSsVRzB7v4Co=">AAAB43icbZC9TsMwFIVv+C3lr8DIYlEhMVVJQcCEKrEwFkR/pDZUjnvTWnXiyHaQqqhPABMCNt6IF+BtcEsGaDnT53uOpXtukAiujet+OUvLK6tr64WN4ubW9s5uaW+/qWWqGDaYFFK1A6pR8BgbhhuB7UQhjQKBrWB0PfVbj6g0l/G9GSfoR3QQ85Azauzo7uG8Vyq7FXcmsgheDmXIVe+VPrt9ydIIY8ME1brjuYnxM6oMZwInxW6qMaFsRAfYsRjTCLWfzTadkONQKmKGSGbv39mMRlqPo8BmImqGet6bDv/zOqkJL/2Mx0lqMGY2Yr0wFcRIMi1M+lwhM2JsgTLF7ZaEDamizNizFG19b77sIjSrFe+0Ur09K9eu8kMU4BCO4AQ8uIAa3EAdGsAghGd4g3cHnSfnxXn9iS45+Z8D+CPn4xsqZoq3</latexit>

7
<latexit sha1_base64="uNGVajD99JhQ4sFjmpWwHpBXzrE=">AAAB43icbZDNSgMxFIXv+FvrX9Wlm2ARXJWZKtSVFNy4rGJ/oB1LJr3ThmYmQ5IRytAn0JWoO9/IF/BtTOsstPWsvtxzAvfcIBFcG9f9clZW19Y3Ngtbxe2d3b390sFhS8tUMWwyKaTqBFSj4DE2DTcCO4lCGgUC28H4eua3H1FpLuN7M0nQj+gw5iFn1NjR3UOtXyq7FXcusgxeDmXI1eiXPnsDydIIY8ME1brruYnxM6oMZwKnxV6qMaFsTIfYtRjTCLWfzTedktNQKmJGSObv39mMRlpPosBmImpGetGbDf/zuqkJL/2Mx0lqMGY2Yr0wFcRIMitMBlwhM2JigTLF7ZaEjaiizNizFG19b7HsMrSqFe+8Ur29KNev8kMU4BhO4Aw8qEEdbqABTWAQwjO8wbuDzpPz4rz+RFec/M8R/JHz8Q0r5Iq4</latexit>

8
<latexit sha1_base64="pT2KrOmK/Gx5ePo00enhN+Pk4ew=">AAAB43icbZDNSgMxFIXv+FvrX9Wlm2ARXJWZKtiVFNy4rGJ/oB1LJr3ThmYmQ5IRytAn0JWoO9/IF/BtTOsstPWsvtxzAvfcIBFcG9f9clZW19Y3Ngtbxe2d3b390sFhS8tUMWwyKaTqBFSj4DE2DTcCO4lCGgUC28H4eua3H1FpLuN7M0nQj+gw5iFn1NjR3UOtXyq7FXcusgxeDmXI1eiXPnsDydIIY8ME1brruYnxM6oMZwKnxV6qMaFsTIfYtRjTCLWfzTedktNQKmJGSObv39mMRlpPosBmImpGetGbDf/zuqkJa37G4yQ1GDMbsV6YCmIkmRUmA66QGTGxQJnidkvCRlRRZuxZira+t1h2GVrVindeqd5elOtX+SEKcAwncAYeXEIdbqABTWAQwjO8wbuDzpPz4rz+RFec/M8R/JHz8Q0tYoq5</latexit>

9
<latexit sha1_base64="/x33XT7j4vT/D3qEW+8i8zlW5eg=">AAAB43icbZDNSgMxFIXv+FvrX9Wlm2ARXJWZKqgbKbhxWcX+QDuWTHqnDc1MhiQjlKFPoCtRd76RL+DbmNZZaOtZfbnnBO65QSK4Nq775Swtr6yurRc2iptb2zu7pb39ppapYthgUkjVDqhGwWNsGG4EthOFNAoEtoLR9dRvPaLSXMb3ZpygH9FBzEPOqLGju4fLXqnsVtyZyCJ4OZQhV71X+uz2JUsjjA0TVOuO5ybGz6gynAmcFLupxoSyER1gx2JMI9R+Ntt0Qo5DqYgZIpm9f2czGmk9jgKbiagZ6nlvOvzP66QmvPAzHiepwZjZiPXCVBAjybQw6XOFzIixBcoUt1sSNqSKMmPPUrT1vfmyi9CsVrzTSvX2rFy7yg9RgEM4ghPw4BxqcAN1aACDEJ7hDd4ddJ6cF+f1J7rk5H8O4I+cj28u4Iq6</latexit>

101
<latexit sha1_base64="acU8njAf6LudbBhxzIQ5nX1a+rg=">AAAB5XicbZDLSsNAFIZP6q3WW9Wlm8EiuCpJLehKCm5cVrAXaGOZTE+aoZMLMxOhhD6CrkTd+UK+gG/jpGahrf/qm/P/A+c/XiK40rb9ZZXW1jc2t8rblZ3dvf2D6uFRV8WpZNhhsYhl36MKBY+wo7kW2E8k0tAT2POmN7nfe0SpeBzd61mCbkgnEfc5ozofOfaDM6rW7Lq9EFkFp4AaFGqPqp/DcczSECPNBFVq4NiJdjMqNWcC55VhqjChbEonODAY0RCVmy12nZMzP5ZEB0gW79/ZjIZKzULPZEKqA7Xs5cP/vEGq/Ss341GSaoyYiRjPTwXRMckrkzGXyLSYGaBMcrMlYQGVlGlzmIqp7yyXXYVuo+5c1Bt3zVrrujhEGU7gFM7BgUtowS20oQMMAniGN3i3JtaT9WK9/kRLVvHnGP7I+vgG/mOLJw==</latexit>

hN
c
i

<latexit sha1_base64="TJe/K9LLb+l0QNBR8KyxEJCDcK4=">AAAB9nicbZDNSsNAFIUn/tb6F+3SzWARXJWkCrqSghtXUsH+QBPCZHrTDp1MwsxEDKWvoitRdz6IL+DbOI1ZaOtZfXPPGbj3hClnSjvOl7Wyura+sVnZqm7v7O7t2weHXZVkkkKHJjyR/ZAo4ExARzPNoZ9KIHHIoRdOrud+7wGkYom413kKfkxGgkWMEm1GgV3zOBEjDvg2oNiTBQd23Wk4hfAyuCXUUal2YH96w4RmMQhNOVFq4Dqp9qdEakY5zKpepiAldEJGMDAoSAzKnxbLz/BJlEisx4CL9+/slMRK5XFoMjHRY7XozYf/eYNMR5f+lIk00yCoiRgvyjjWCZ53gIdMAtU8N0CoZGZLTMdEEqpNU1Vzvrt47DJ0mw33rNG8O6+3rsoiKugIHaNT5KIL1EI3qI06iKIcPaM39G49Wk/Wi/X6E12xyj819EfWxzfXiJHy</latexit>

100
<latexit sha1_base64="h4dy6GIoIvGy5DTym9/tKrlWy4E=">AAAB5nicbZDNSsNAFIVv6l+tf1WXbgaL4KokVdCVFNy4rGBqoY1lMr1phk5+mJkIJfQVdCXqzgfyBXwbJzULbT2rb+45A/dcPxVcadv+siorq2vrG9XN2tb2zu5eff+gq5JMMnRZIhLZ86lCwWN0NdcCe6lEGvkC7/3JdeHfP6JUPInv9DRFL6LjmAecUW1GrmM/2LVhvWE37bnIMjglNKBUZ1j/HIwSlkUYayaoUn3HTrWXU6k5EzirDTKFKWUTOsa+wZhGqLx8vuyMnASJJDpEMn//zuY0Umoa+SYTUR2qRa8Y/uf1Mx1cejmP00xjzEzEeEEmiE5I0ZmMuESmxdQAZZKbLQkLqaRMm8sU9Z3FssvQbTWds2br9rzRvioPUYUjOIZTcOAC2nADHXCBAYdneIN3K7SerBfr9Sdasco/h/BH1sc3MbOLOg==</latexit>

2
<latexit sha1_base64="m8W87kII1I+zJ/A4jlXmuDuvO/A=">AAAB43icbZDNSgMxFIXv1L9a/6ou3QSL4KrMVEFXUnDjsor9gXYsmfROG5rJDElGKEOfQFei7nwjX8C3Ma2z0Naz+nLPCdxzg0RwbVz3yymsrK6tbxQ3S1vbO7t75f2Dlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7G1zO//YhK81jem0mCfkSHkoecUWNHdw+1frniVt25yDJ4OVQgV6Nf/uwNYpZGKA0TVOuu5ybGz6gynAmclnqpxoSyMR1i16KkEWo/m286JSdhrIgZIZm/f2czGmk9iQKbiagZ6UVvNvzP66YmvPQzLpPUoGQ2Yr0wFcTEZFaYDLhCZsTEAmWK2y0JG1FFmbFnKdn63mLZZWjVqt5ZtXZ7Xqlf5YcowhEcwyl4cAF1uIEGNIFBCM/wBu8OOk/Oi/P6Ey04+Z9D+CPn4xskboqz</latexit>

3
<latexit sha1_base64="60jNJe47t5QUP5WtVTiqjIS6Tt8=">AAAB43icbZDNSgMxFIXv+FvrX9Wlm2ARXJWZVtCVFNy4rGJ/oB1LJr3ThiYzQ5IRytAn0JWoO9/IF/BtTOsstPWsvtxzAvfcIBFcG9f9clZW19Y3Ngtbxe2d3b390sFhS8epYthksYhVJ6AaBY+wabgR2EkUUhkIbAfj65nffkSleRzdm0mCvqTDiIecUWNHdw+1fqnsVty5yDJ4OZQhV6Nf+uwNYpZKjAwTVOuu5ybGz6gynAmcFnupxoSyMR1i12JEJWo/m286JadhrIgZIZm/f2czKrWeyMBmJDUjvejNhv953dSEl37GoyQ1GDEbsV6YCmJiMitMBlwhM2JigTLF7ZaEjaiizNizFG19b7HsMrSqFa9Wqd6el+tX+SEKcAwncAYeXEAdbqABTWAQwjO8wbuDzpPz4rz+RFec/M8R/JHz8Q0l7Iq0</latexit>

4
<latexit sha1_base64="53YHAVT2OSF/qr9oyfslRvVDpN4=">AAAB43icbZDNSgMxFIXv+FvrX9Wlm2ARXJWZWtCVFNy4rGJ/oB1LJr3ThmYmQ5IRytAn0JWoO9/IF/BtTOsstPWsvtxzAvfcIBFcG9f9clZW19Y3Ngtbxe2d3b390sFhS8tUMWwyKaTqBFSj4DE2DTcCO4lCGgUC28H4eua3H1FpLuN7M0nQj+gw5iFn1NjR3UOtXyq7FXcusgxeDmXI1eiXPnsDydIIY8ME1brruYnxM6oMZwKnxV6qMaFsTIfYtRjTCLWfzTedktNQKmJGSObv39mMRlpPosBmImpGetGbDf/zuqkJL/2Mx0lqMGY2Yr0wFcRIMitMBlwhM2JigTLF7ZaEjaiizNizFG19b7HsMrSqFe+8Ur2tletX+SEKcAwncAYeXEAdbqABTWAQwjO8wbuDzpPz4rz+RFec/M8R/JHz8Q0naoq1</latexit>

5
<latexit sha1_base64="cT5ouoBip+ae0nBDPUWg/JWBy9w=">AAAB43icbZC9TsMwFIVv+C3lr8DIYlEhMVVJAcGEKrEwFkR/pDZUjnvTWnXiyHaQqqhPABMCNt6IF+BtcEsGaDnT53uOpXtukAiujet+OUvLK6tr64WN4ubW9s5uaW+/qWWqGDaYFFK1A6pR8BgbhhuB7UQhjQKBrWB0PfVbj6g0l/G9GSfoR3QQ85Azauzo7uG8Vyq7FXcmsgheDmXIVe+VPrt9ydIIY8ME1brjuYnxM6oMZwInxW6qMaFsRAfYsRjTCLWfzTadkONQKmKGSGbv39mMRlqPo8BmImqGet6bDv/zOqkJL/2Mx0lqMGY2Yr0wFcRIMi1M+lwhM2JsgTLF7ZaEDamizNizFG19b77sIjSrFe+0Ur09K9eu8kMU4BCO4AQ8uIAa3EAdGsAghGd4g3cHnSfnxXn9iS45+Z8D+CPn4xso6Iq2</latexit>

6
<latexit sha1_base64="yf8K3SxXV/3R7wtYSsVRzB7v4Co=">AAAB43icbZC9TsMwFIVv+C3lr8DIYlEhMVVJQcCEKrEwFkR/pDZUjnvTWnXiyHaQqqhPABMCNt6IF+BtcEsGaDnT53uOpXtukAiujet+OUvLK6tr64WN4ubW9s5uaW+/qWWqGDaYFFK1A6pR8BgbhhuB7UQhjQKBrWB0PfVbj6g0l/G9GSfoR3QQ85Azauzo7uG8Vyq7FXcmsgheDmXIVe+VPrt9ydIIY8ME1brjuYnxM6oMZwInxW6qMaFsRAfYsRjTCLWfzTadkONQKmKGSGbv39mMRlqPo8BmImqGet6bDv/zOqkJL/2Mx0lqMGY2Yr0wFcRIMi1M+lwhM2JsgTLF7ZaEDamizNizFG19b77sIjSrFe+0Ur09K9eu8kMU4BCO4AQ8uIAa3EAdGsAghGd4g3cHnSfnxXn9iS45+Z8D+CPn4xsqZoq3</latexit>

7
<latexit sha1_base64="uNGVajD99JhQ4sFjmpWwHpBXzrE=">AAAB43icbZDNSgMxFIXv+FvrX9Wlm2ARXJWZKtSVFNy4rGJ/oB1LJr3ThmYmQ5IRytAn0JWoO9/IF/BtTOsstPWsvtxzAvfcIBFcG9f9clZW19Y3Ngtbxe2d3b390sFhS8tUMWwyKaTqBFSj4DE2DTcCO4lCGgUC28H4eua3H1FpLuN7M0nQj+gw5iFn1NjR3UOtXyq7FXcusgxeDmXI1eiXPnsDydIIY8ME1brruYnxM6oMZwKnxV6qMaFsTIfYtRjTCLWfzTedktNQKmJGSObv39mMRlpPosBmImpGetGbDf/zuqkJL/2Mx0lqMGY2Yr0wFcRIMitMBlwhM2JigTLF7ZaEjaiizNizFG19b7HsMrSqFe+8Ur29KNev8kMU4BhO4Aw8qEEdbqABTWAQwjO8wbuDzpPz4rz+RFec/M8R/JHz8Q0r5Iq4</latexit>

8
<latexit sha1_base64="pT2KrOmK/Gx5ePo00enhN+Pk4ew=">AAAB43icbZDNSgMxFIXv+FvrX9Wlm2ARXJWZKtiVFNy4rGJ/oB1LJr3ThmYmQ5IRytAn0JWoO9/IF/BtTOsstPWsvtxzAvfcIBFcG9f9clZW19Y3Ngtbxe2d3b390sFhS8tUMWwyKaTqBFSj4DE2DTcCO4lCGgUC28H4eua3H1FpLuN7M0nQj+gw5iFn1NjR3UOtXyq7FXcusgxeDmXI1eiXPnsDydIIY8ME1brruYnxM6oMZwKnxV6qMaFsTIfYtRjTCLWfzTedktNQKmJGSObv39mMRlpPosBmImpGetGbDf/zuqkJa37G4yQ1GDMbsV6YCmIkmRUmA66QGTGxQJnidkvCRlRRZuxZira+t1h2GVrVindeqd5elOtX+SEKcAwncAYeXEIdbqABTWAQwjO8wbuDzpPz4rz+RFec/M8R/JHz8Q0tYoq5</latexit>

9
<latexit sha1_base64="/x33XT7j4vT/D3qEW+8i8zlW5eg=">AAAB43icbZDNSgMxFIXv+FvrX9Wlm2ARXJWZKqgbKbhxWcX+QDuWTHqnDc1MhiQjlKFPoCtRd76RL+DbmNZZaOtZfbnnBO65QSK4Nq775Swtr6yurRc2iptb2zu7pb39ppapYthgUkjVDqhGwWNsGG4EthOFNAoEtoLR9dRvPaLSXMb3ZpygH9FBzEPOqLGju4fLXqnsVtyZyCJ4OZQhV71X+uz2JUsjjA0TVOuO5ybGz6gynAmcFLupxoSyER1gx2JMI9R+Ntt0Qo5DqYgZIpm9f2czGmk9jgKbiagZ6nlvOvzP66QmvPAzHiepwZjZiPXCVBAjybQw6XOFzIixBcoUt1sSNqSKMmPPUrT1vfmyi9CsVrzTSvX2rFy7yg9RgEM4ghPw4BxqcAN1aACDEJ7hDd4ddJ6cF+f1J7rk5H8O4I+cj28u4Iq6</latexit>

101
<latexit sha1_base64="acU8njAf6LudbBhxzIQ5nX1a+rg=">AAAB5XicbZDLSsNAFIZP6q3WW9Wlm8EiuCpJLehKCm5cVrAXaGOZTE+aoZMLMxOhhD6CrkTd+UK+gG/jpGahrf/qm/P/A+c/XiK40rb9ZZXW1jc2t8rblZ3dvf2D6uFRV8WpZNhhsYhl36MKBY+wo7kW2E8k0tAT2POmN7nfe0SpeBzd61mCbkgnEfc5ozofOfaDM6rW7Lq9EFkFp4AaFGqPqp/DcczSECPNBFVq4NiJdjMqNWcC55VhqjChbEonODAY0RCVmy12nZMzP5ZEB0gW79/ZjIZKzULPZEKqA7Xs5cP/vEGq/Ss341GSaoyYiRjPTwXRMckrkzGXyLSYGaBMcrMlYQGVlGlzmIqp7yyXXYVuo+5c1Bt3zVrrujhEGU7gFM7BgUtowS20oQMMAniGN3i3JtaT9WK9/kRLVvHnGP7I+vgG/mOLJw==</latexit>

⇠ tz
<latexit sha1_base64="YnojBu3Zb6Sovew9nD2a8//lelM=">AAAB6nicbZC9TsMwFIVv+C3lr8DIYlEhMVVJQYIJVWJhLBL9QW2oHPemtWonke0glagvARMCNh6HF+BtcEsGaDnT53uOpXtukAiujet+OUvLK6tr64WN4ubW9s5uaW+/qeNUMWywWMSqHVCNgkfYMNwIbCcKqQwEtoLR1dRvPaDSPI5uzThBX9JBxEPOqLGju67mkhhy/9grld2KOxNZBC+HMuSq90qf3X7MUomRYYJq3fHcxPgZVYYzgZNiN9WYUDaiA+xYjKhE7WezhSfkOIwVMUMks/fvbEal1mMZ2IykZqjnvenwP6+TmvDCz3iUpAYjZiPWC1NBTEymvUmfK2RGjC1QprjdkrAhVZQZe52ire/Nl12EZrXinVaqN2fl2mV+iAIcwhGcgAfnUINrqEMDGEh4hjd4d4Tz5Lw4rz/RJSf/cwB/5Hx8Ax/5jZo=</latexit>

⇠ tz
<latexit sha1_base64="YnojBu3Zb6Sovew9nD2a8//lelM=">AAAB6nicbZC9TsMwFIVv+C3lr8DIYlEhMVVJQYIJVWJhLBL9QW2oHPemtWonke0glagvARMCNh6HF+BtcEsGaDnT53uOpXtukAiujet+OUvLK6tr64WN4ubW9s5uaW+/qeNUMWywWMSqHVCNgkfYMNwIbCcKqQwEtoLR1dRvPaDSPI5uzThBX9JBxEPOqLGju67mkhhy/9grld2KOxNZBC+HMuSq90qf3X7MUomRYYJq3fHcxPgZVYYzgZNiN9WYUDaiA+xYjKhE7WezhSfkOIwVMUMks/fvbEal1mMZ2IykZqjnvenwP6+TmvDCz3iUpAYjZiPWC1NBTEymvUmfK2RGjC1QprjdkrAhVZQZe52ire/Nl12EZrXinVaqN2fl2mV+iAIcwhGcgAfnUINrqEMDGEh4hjd4d4Tz5Lw4rz/RJSf/cwB/5Hx8Ax/5jZo=</latexit>

⇠ tz
<latexit sha1_base64="YnojBu3Zb6Sovew9nD2a8//lelM=">AAAB6nicbZC9TsMwFIVv+C3lr8DIYlEhMVVJQYIJVWJhLBL9QW2oHPemtWonke0glagvARMCNh6HF+BtcEsGaDnT53uOpXtukAiujet+OUvLK6tr64WN4ubW9s5uaW+/qeNUMWywWMSqHVCNgkfYMNwIbCcKqQwEtoLR1dRvPaDSPI5uzThBX9JBxEPOqLGju67mkhhy/9grld2KOxNZBC+HMuSq90qf3X7MUomRYYJq3fHcxPgZVYYzgZNiN9WYUDaiA+xYjKhE7WezhSfkOIwVMUMks/fvbEal1mMZ2IykZqjnvenwP6+TmvDCz3iUpAYjZiPWC1NBTEymvUmfK2RGjC1QprjdkrAhVZQZe52ire/Nl12EZrXinVaqN2fl2mV+iAIcwhGcgAfnUINrqEMDGEh4hjd4d4Tz5Lw4rz/RJSf/cwB/5Hx8Ax/5jZo=</latexit>

H
e
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d
-T
o
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a
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<latexit sha1_base64="HzWVAUybkK/5nTXeC8PFIQNZHbA=">AAAB9nicbZDNTsJAFIWn+If4V2XpppGYuIG0aKJLohuWmACSQEOmwy1MmP5k5tbQNLyKroy680F8Ad/GAbtQ8Ky+uedMcu/xYsEV2vaXUdjY3NreKe6W9vYPDo/M45OuihLJoMMiEcmeRxUIHkIHOQroxRJo4Al48KZ3C//hEaTiUdjGNAY3oOOQ+5xR1KOhWR4gzDBrAh1V21G1TbmYD82KXbOXstbByaFCcrWG5udgFLEkgBCZoEr1HTtGN6MSORMwLw0SBTFlUzqGvsaQBqDcbLn83Dr3I2nhBKzl+3c2o4FSaeDpTEBxola9xfA/r5+gf+NmPIwThJDpiPb8RFgYWYsOrBGXwFCkGiiTXG9psQmVlKFuqqTPd1aPXYduveZc1ur3V5XGbV5EkZySM3JBHHJNGqRJWqRDGEnJM3kj78bMeDJejNefaMHI/5TJHxkf3zkqkjQ=</latexit>

B
id
ir
ec
ti
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al
<latexit sha1_base64="WNdP5aXRbrRmJWJ2F2WOATztCZA=">AAAB93icbVDJTsMwFHRYS9nCcuMSUSFxqpKCBMeqXDgWiS5SG1WO+9JadRbZL4gQ9VvghIAb/8EP8Dc4bQ7QMqfxzFh6M14suELb/jZWVtfWNzZLW+Xtnd29ffPgsK2iRDJosUhEsutRBYKH0EKOArqxBBp4Ajre5Cb3Ow8gFY/Ce0xjcAM6CrnPGUUtDczjPsIjZg0+5BJYrlExHZgVu2rPYC0TpyAVUqA5ML/6w4glAYTIBFWq59gxuhmVyJmAabmfKIgpm9AR9DQNaQDKzWbXT60zP5IWjsGavX9nMxoolQaezgQUx2rRy8X/vF6C/rWb8TBOEEKmI9rzE2FhZOUjWPOyItWEMsn1lRYbU0kZ6qnKur6zWHaZtGtV56Jau7us1BvFECVyQk7JOXHIFamTW9IkLcLIE3kh7+TDSI1n49V4m0dXjOLPEfkD4/MHGGSTXg==</latexit>

D
ou

b
le
-C

h
ai
n

<latexit sha1_base64="lLq0HXelnBRD7/qCG8XQVMRgOOM=">AAAB9nicbVDLTsJAFJ3iC/FVZemmkZi4kbRooksiLlxiIo8EGjIdbmHC9JGZW0PT8Cu6MurOD/EH/BsH7ELBszr3nnOTc48XC67Qtr+Mwtr6xuZWcbu0s7u3f2AeHrVVlEgGLRaJSHY9qkDwEFrIUUA3lkADT0DHmzTmeucRpOJR+IBpDG5ARyH3OaOoVwOz3EeYYnYbJfrivDGmPJwNzIpdtRewVomTkwrJ0RyYn/1hxJIAQmSCKtVz7BjdjErkTMCs1E8UxJRN6Ah6moY0AOVmi/Az69SPpIVjsBbzb29GA6XSwNOegOJYLWvz5X9aL0H/2s14GCcIIdMWrfmJsDCy5h1YQy6BoUg1oUxyndJiYyopQ91USb/vLD+7Stq1qnNRrd1fVuo3eRFFckxOyBlxyBWpkzvSJC3CSEqeyRt5N6bGk/FivP5YC0Z+UyZ/YHx8A7YdkoY=</latexit>
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<latexit sha1_base64="RQpijLBXmf8vD+Pc6iM4ggK+E1w=">AAAB9XicbVC7TsNAEDzzDOFlQkljESFRRXZAgjJAQxkk8pASKzpf1s4p54fu1pDIyqdAhYCOH+EH+BsuxgUkTDU7MyvtjpcIrtC2v4yV1bX1jc3SVnl7Z3dv3zyotFWcSgYtFotYdj2qQPAIWshRQDeRQENPQMcb38z9zgNIxePoHqcJuCENIu5zRlFLA7PSR5hgdhUEEoJcmw3Mql2zc1jLxClIlRRoDszP/jBmaQgRMkGV6jl2gm5GJXImYFbupwoSysY0gJ6mEQ1BuVl++8w68WNp4QisfP6dzWio1DT0dCakOFKL3lz8z+ul6F+6GY+SFCFiOqI9PxUWxta8AmvIJTAUU00ok1xfabERlZShLqqs33cWn10m7XrNOavV786rjeuiiBI5IsfklDjkgjTILWmSFmFkQp7JG3k3Ho0n48V4/YmuGMXOIfkD4+MbhtWSeQ==</latexit>

A
gg
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ga
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on

<latexit sha1_base64="RQpijLBXmf8vD+Pc6iM4ggK+E1w=">AAAB9XicbVC7TsNAEDzzDOFlQkljESFRRXZAgjJAQxkk8pASKzpf1s4p54fu1pDIyqdAhYCOH+EH+BsuxgUkTDU7MyvtjpcIrtC2v4yV1bX1jc3SVnl7Z3dv3zyotFWcSgYtFotYdj2qQPAIWshRQDeRQENPQMcb38z9zgNIxePoHqcJuCENIu5zRlFLA7PSR5hgdhUEEoJcmw3Mql2zc1jLxClIlRRoDszP/jBmaQgRMkGV6jl2gm5GJXImYFbupwoSysY0gJ6mEQ1BuVl++8w68WNp4QisfP6dzWio1DT0dCakOFKL3lz8z+ul6F+6GY+SFCFiOqI9PxUWxta8AmvIJTAUU00ok1xfabERlZShLqqs33cWn10m7XrNOavV786rjeuiiBI5IsfklDjkgjTILWmSFmFkQp7JG3k3Ho0n48V4/YmuGMXOIfkD4+MbhtWSeQ==</latexit>

A
gg

re
ga

ti
on

<latexit sha1_base64="RQpijLBXmf8vD+Pc6iM4ggK+E1w=">AAAB9XicbVC7TsNAEDzzDOFlQkljESFRRXZAgjJAQxkk8pASKzpf1s4p54fu1pDIyqdAhYCOH+EH+BsuxgUkTDU7MyvtjpcIrtC2v4yV1bX1jc3SVnl7Z3dv3zyotFWcSgYtFotYdj2qQPAIWshRQDeRQENPQMcb38z9zgNIxePoHqcJuCENIu5zRlFLA7PSR5hgdhUEEoJcmw3Mql2zc1jLxClIlRRoDszP/jBmaQgRMkGV6jl2gm5GJXImYFbupwoSysY0gJ6mEQ1BuVl++8w68WNp4QisfP6dzWio1DT0dCakOFKL3lz8z+ul6F+6GY+SFCFiOqI9PxUWxta8AmvIJTAUU00ok1xfabERlZShLqqs33cWn10m7XrNOavV786rjeuiiBI5IsfklDjkgjTILWmSFmFkQp7JG3k3Ho0n48V4/YmuGMXOIfkD4+MbhtWSeQ==</latexit>

Time evolution of average cluster size and bonded particle orientation 
distribution at             (HLR) for the different aggregation modes� = 45

<latexit sha1_base64="dOYsGdsBDnYgETwHvq11iGkPtV0=">AAAB+HicbVDLTgJBEOzFF+ILNZ68TCQmnsguYvSiIfHiERMBE9iQ2aEXJsw+MjNrghv+RU9Gvfkd/oB/4yzuQcE6VXdVJ9XlxYIrbdtfVmFpeWV1rbhe2tjc2t4p7+61VZRIhi0WiUjee1Sh4CG2NNcC72OJNPAEdrzxdaZ3HlAqHoV3ehKjG9BhyH3OqDarfvmgF1A98vy0J8zRgJJLUj+b9ssVu2rPQBaJk5MK5Gj2y5+9QcSSAEPNBFWq69ixdlMqNWcCp6VeojCmbEyH2DU0pAEqN53Fn5JjP5JEj5DM5t/elAZKTQLPeLKYal7Llv9p3UT7F27KwzjRGDJjMZqfCKIjkrVABlwi02JiCGWSm5SEjaikTJuuSuZ9Z/7ZRdKuVZ3Tau22Xmlc5UUU4RCO4AQcOIcG3EATWsAghWd4g3fr0XqyXqzXH2vBym/24Q+sj2/jYJJ7</latexit>

rdij
<latexit sha1_base64="rcfKoGKbQBCzFJE7B3vuS8H63ys=">AAAB83icbVC7TsNAEFyHVwgvAyWNRYREFdkBCcoIGsogkYeUWNb5sk6OnB+6O0eKLH8JVAjo+BN+gL/hHFxAwlSzO7PS7PgJZ1LZ9pdRWVvf2Nyqbtd2dvf2D8zDo66MU0GxQ2Mei75PJHIWYUcxxbGfCCShz7HnT28LvTdDIVkcPah5gm5IxhELGCVKrzzTHIZETfwgE7mXjdhj7pl1u2EvYK0SpyR1KNH2zM/hKKZpiJGinEg5cOxEuRkRilGOeW2YSkwInZIxDjSNSIjSzRbJc+ssiIWlJmgt5t/ejIRSzkNfe4qEclkrlv9pg1QF127GoiRVGFFt0VqQckvFVlGANWICqeJzTQgVTKe06IQIQpWuqabfd5afXSXdZsO5aDTvL+utm7KIKpzAKZyDA1fQgjtoQwcozOAZ3uDdSI0n48V4/bFWjPLmGP7A+PgGGEiRqg==</latexit>

rdij
<latexit sha1_base64="rcfKoGKbQBCzFJE7B3vuS8H63ys=">AAAB83icbVC7TsNAEFyHVwgvAyWNRYREFdkBCcoIGsogkYeUWNb5sk6OnB+6O0eKLH8JVAjo+BN+gL/hHFxAwlSzO7PS7PgJZ1LZ9pdRWVvf2Nyqbtd2dvf2D8zDo66MU0GxQ2Mei75PJHIWYUcxxbGfCCShz7HnT28LvTdDIVkcPah5gm5IxhELGCVKrzzTHIZETfwgE7mXjdhj7pl1u2EvYK0SpyR1KNH2zM/hKKZpiJGinEg5cOxEuRkRilGOeW2YSkwInZIxDjSNSIjSzRbJc+ssiIWlJmgt5t/ejIRSzkNfe4qEclkrlv9pg1QF127GoiRVGFFt0VqQckvFVlGANWICqeJzTQgVTKe06IQIQpWuqabfd5afXSXdZsO5aDTvL+utm7KIKpzAKZyDA1fQgjtoQwcozOAZ3uDdSI0n48V4/bFWjPLmGP7A+PgGGEiRqg==</latexit>

�dd(rdij) = ��
8

r3dij
[3 (ni · tdij) (nj · tdij)� ni · nj ]

<latexit sha1_base64="Su6zJeKn812DIFF34wqDpzzFJCU="></latexit>

� =
µ0m2

4⇡a3kbT
=

Dipole-Dipole Force

Brownian Force
<latexit sha1_base64="tI4DEpz3zvouMXUPHcBrvZ8cUlc="></latexit>

Power-Law

Power-Law

100

101

10−1 100 101 102 103

⟨N
c
⟩

t/τD

s = 0.0; ∼ t̃ 0.477

s = 0.7; ∼ t̃ 0.375

s = 0.8; ∼ t̃ 0.388

Power-LawPower-Law

20
<latexit sha1_base64="oCstqlP0EGE4eVRWbSdn49SZsNY=">AAAB5nicbZDNTsJAFIVv8Q/xD3XpZiIxcUVaJNEl0Y1LTCyQQCXT4ZZOmP5kZmpCGl5BV0bd+UC+gG/jgF0oeFbf3HMmuef6qeBK2/aXVVpb39jcKm9Xdnb39g+qh0cdlWSSocsSkcieTxUKHqOruRbYSyXSyBfY9Sc3c7/7iFLxJL7X0xS9iI5jHnBGtRm5D3nDng2rNbtuL0RWwSmgBoXaw+rnYJSwLMJYM0GV6jt2qr2cSs2ZwFllkClMKZvQMfYNxjRC5eWLZWfkLEgk0SGSxft3NqeRUtPIN5mI6lAte/Phf14/08GVl/M4zTTGzESMF2SC6ITMO5MRl8i0mBqgTHKzJWEhlZRpc5mKqe8sl12FTqPuXNQbd81a67o4RBlO4BTOwYFLaMEttMEFBhye4Q3erdB6sl6s159oySr+HMMfWR/fUTWL/Q==</latexit>

20
<latexit sha1_base64="oCstqlP0EGE4eVRWbSdn49SZsNY=">AAAB5nicbZDNTsJAFIVv8Q/xD3XpZiIxcUVaJNEl0Y1LTCyQQCXT4ZZOmP5kZmpCGl5BV0bd+UC+gG/jgF0oeFbf3HMmuef6qeBK2/aXVVpb39jcKm9Xdnb39g+qh0cdlWSSocsSkcieTxUKHqOruRbYSyXSyBfY9Sc3c7/7iFLxJL7X0xS9iI5jHnBGtRm5D3nDng2rNbtuL0RWwSmgBoXaw+rnYJSwLMJYM0GV6jt2qr2cSs2ZwFllkClMKZvQMfYNxjRC5eWLZWfkLEgk0SGSxft3NqeRUtPIN5mI6lAte/Phf14/08GVl/M4zTTGzESMF2SC6ITMO5MRl8i0mBqgTHKzJWEhlZRpc5mKqe8sl12FTqPuXNQbd81a67o4RBlO4BTOwYFLaMEttMEFBhye4Q3erdB6sl6s159oySr+HMMfWR/fUTWL/Q==</latexit>

20
<latexit sha1_base64="oCstqlP0EGE4eVRWbSdn49SZsNY=">AAAB5nicbZDNTsJAFIVv8Q/xD3XpZiIxcUVaJNEl0Y1LTCyQQCXT4ZZOmP5kZmpCGl5BV0bd+UC+gG/jgF0oeFbf3HMmuef6qeBK2/aXVVpb39jcKm9Xdnb39g+qh0cdlWSSocsSkcieTxUKHqOruRbYSyXSyBfY9Sc3c7/7iFLxJL7X0xS9iI5jHnBGtRm5D3nDng2rNbtuL0RWwSmgBoXaw+rnYJSwLMJYM0GV6jt2qr2cSs2ZwFllkClMKZvQMfYNxjRC5eWLZWfkLEgk0SGSxft3NqeRUtPIN5mI6lAte/Phf14/08GVl/M4zTTGzESMF2SC6ITMO5MRl8i0mBqgTHKzJWEhlZRpc5mKqe8sl12FTqPuXNQbd81a67o4RBlO4BTOwYFLaMEttMEFBhye4Q3erdB6sl6s159oySr+HMMfWR/fUTWL/Q==</latexit>
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Worm-Like

ADC

Island-Like

0.0
<latexit sha1_base64="ovmTbYDLhG/Jbd06j/Lvs3Iqdlc=">AAAB5HicbVDLSgNBEOz1GeMr6tHLYBA8hd0o6EkCXjxGNA9IljA76U2GzD6Y6RVCyB/oSdSbX+QP+DdO4h40sQ5NdVc1dHWQKmnIdb+cldW19Y3NwlZxe2d3b790cNg0SaYFNkSiEt0OuEElY2yQJIXtVCOPAoWtYHQz01uPqI1M4gcap+hHfBDLUApOdnTvVtxeqWzrHGyZeDkpQ456r/TZ7SciizAmobgxHc9NyZ9wTVIonBa7mcGUixEfYMfSmEdo/Mn81Ck7DRPNaIhs3v/2TnhkzDgKrCfiNDSL2mz4n9bJKLzyJzJOM8JYWIvVwkwxStgsMetLjYLU2BIutLRXMjHkmguyfyna+N5i2GXSrFa880r17qJcu84fUYBjOIEz8OASanALdWiAgAE8wxu8O6Hz5Lw4rz/WFSffOYI/cD6+AUaCirs=</latexit>

0.2
<latexit sha1_base64="IT0mMbUQ0WEuoyrrXkcvnTy6j8g=">AAAB5HicbZDNSsNAFIVv/K31r+rSzWARXIWkCrqSghuXFe0PtKFMpjft0JkkzEyEEvoGuhJ15xP5Ar6N05qFtp7VN/ecgXtumAqujed9OSura+sbm6Wt8vbO7t5+5eCwpZNMMWyyRCSqE1KNgsfYNNwI7KQKqQwFtsPxzcxvP6LSPIkfzCTFQNJhzCPOqLGje8+t9StVz/XmIsvgF1CFQo1+5bM3SFgmMTZMUK27vpeaIKfKcCZwWu5lGlPKxnSIXYsxlaiDfL7qlJxGiSJmhGT+/p3NqdR6IkObkdSM9KI3G/7ndTMTXQU5j9PMYMxsxHpRJohJyKwxGXCFzIiJBcoUt1sSNqKKMmPvUrb1/cWyy9Cquf65W7u7qNavi0OU4BhO4Ax8uIQ63EIDmsBgCM/wBu9O5Dw5L87rT3TFKf4cwR85H99Jfoq9</latexit>

0.4
<latexit sha1_base64="4lB4U8C8mJMImUj9Bc2qQuj042E=">AAAB5HicbZDLSsNAFIZP6q3WW9Wlm8EiuApJLehKCm5cVrQXaEOZTE/aoZMLMxOhhL6BrkTd+US+gG/jNGahrf/qm/P/A+c/fiK40o7zZZXW1jc2t8rblZ3dvf2D6uFRR8WpZNhmsYhlz6cKBY+wrbkW2Esk0tAX2PWnNwu/+4hS8Th60LMEvZCOIx5wRrUZ3Tt2Y1itObaTi6yCW0ANCrWG1c/BKGZpiJFmgirVd51EexmVmjOB88ogVZhQNqVj7BuMaIjKy/JV5+QsiCXREyT5+3c2o6FSs9A3mZDqiVr2FsP/vH6qgysv41GSaoyYiRgvSAXRMVk0JiMukWkxM0CZ5GZLwiZUUqbNXSqmvrtcdhU6ddu9sOt3jVrzujhEGU7gFM7BhUtowi20oA0MxvAMb/BuBdaT9WK9/kRLVvHnGP7I+vgGTHqKvw==</latexit>
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Figure S2 shows the magnetic potential given by the interaction between the magnetic dipoles of 
two neighboring particles versus the distribution of orientations in the ground state. It can be 
differentiated from the behavior of the curbs that there are three differentiated behaviors, for s = 
0.0 as = 0.3 the minimum energy is located in the orientation equal to 1.0, this corresponds to 
heat-to-tail aggregation, for s = 0.4 as = 0.6 the minimum energetic is between the orientations 
-0.5 and 0.5, the curve has a smooth behavior so that the energy variation is minimal if the 
particles meet at close angles to the minimum, this corresponds to bidirectional aggregation, for s 
= 0.7 as = 1.0 the minimum energetic is between the orientations -1.0 to -0.5, the curve has a 
pronounced minimum where the particles can not be maintained in a stable way in different 
angles to the minimum, this corresponds to double-chain aggregation.

� �

Fig. S2. Bonded particle orientation distribution functions for duplets in ground state
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Videos of magnetic Janus particle aggregation  

Video Information:  

Each video is titled lXX_sYYY.mov, where XX corresponds to the dipolar coupling constant and 
YYY to the dipolar shift of the particles present in the video. All systems start with random 
initial positions and orientations, and have a !  = 0.01. �s

<latexit sha1_base64="VRgpmjKdQnz+5cp6iSD5wRilsuo=">AAAB53icbZDLSgMxFIZPvNZ6q7p0EyxCV2WmCrosuHFZwV6gHUomPdOJzVxIMkIZ+gy6EnXn+/gCvo1pnYW2/qsv5/8D5z9+KoU2jvNF1tY3Nre2Szvl3b39g8PK0XFHJ5ni2OaJTFTPZxqliLFthJHYSxWyyJfY9Sc3c7/7iEqLJL430xS9iI1jEQjOjB11BmkohnpYqTp1ZyG6Cm4BVSjUGlY+B6OEZxHGhkumdd91UuPlTBnBJc7Kg0xjyviEjbFvMWYRai9fbDuj50GiqAmRLt6/szmLtJ5Gvs1EzIR62ZsP//P6mQmuvVzEaWYw5jZivSCT1CR0XpqOhEJu5NQC40rYLSkPmWLc2NOUbX13uewqdBp196LeuLusNmvFIUpwCmdQAxeuoAm30II2cHiAZ3iDdyLIE3khrz/RNVL8OYE/Ih/fgeKMpA==</latexit>


