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Active Matter
Active matter is characterized by its ability to convert energy from surroundings 
to its own mechanical energy for self-propulsion. Fish, birds, motile bacteria, and 
even we are active matter!

Fluids in a suspension tend to flow from dilute to concentrated region: the osmotic effect. 
It might not be true in active matter systems.

Problem Description
One of the most fundamental questions we can ask about active matter systems 
is what would happen if active matter has spatially varying speed. We 
investigate results of step change in self-propelling speed and diffusivities in 
dilute active matter system at colloidal scales.

Introduction

Model and Theory
Active Brownian Particles (ABPs)
Microswimmers are modeled as ABPs. In addition to the Brownian motion with 
translational diffusivity      , an ABP self-propels with swim speed     into direction 
q which reorients with rotational diffusivity      , which defines
the reorientation time                   . The persistence
length of swimming motion is called run length              .
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The Swim Pressure
Swimming motion with random orientations effectively 
increases translational diffusivity at a long time scale. Due 
to the enhancement of diffusivity, ABPs exert
compared to their passive Brownian analogs. 

Results and Conclusions
Concentration Is Governed by Swim Speed 
and Modulated by Diffusivities

extra pressure, the swim pressure
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Pressure Exerted by ABPs on the Wall
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<latexit sha1_base64="c/qoTk/aXSrXvlxs/UlGMs88tnA=">AAAB+XicbVBNS8NAEN34WetX1KOXxSJ4qkkV9CIU7MFjLfYD2hA22027dLMJu5NCCf0nXjwo4tV/4s1/47bNQVsfDDzem2FmXpAIrsFxvq219Y3Nre3CTnF3b//g0D46buk4VZQ1aSxi1QmIZoJL1gQOgnUSxUgUCNYORvczvz1mSvNYPsEkYV5EBpKHnBIwkm/bPSCp38B32MWXuOY3fLvklJ058Cpxc1JCOeq+/dXrxzSNmAQqiNZd10nAy4gCTgWbFnupZgmhIzJgXUMliZj2svnlU3xulD4OY2VKAp6rvycyEmk9iQLTGREY6mVvJv7ndVMIb72MyyQFJuliUZgKDDGexYD7XDEKYmIIoYqbWzEdEkUomLCKJgR3+eVV0qqU3aty5fG6VK3lcRTQKTpDF8hFN6iKHlAdNRFFY/SMXtGblVkv1rv1sWhds/KZE/QH1ucPqQ2Rug==</latexit>

` = U⌧R
<latexit sha1_base64="o0+d0bMNcJegz6ovGnwsvFlGKXY=">AAAB9XicbVDLSgNBEJz1GeMr6tHLYBA8hd0o6EUI6MFjFPOA7BpmJ73JkNkHM71KWPIfXjwo4tV/8ebfOEn2oIkFDUVVN91dfiKFRtv+tpaWV1bX1gsbxc2t7Z3d0t5+U8ep4tDgsYxV22capIiggQIltBMFLPQltPzh1cRvPYLSIo7ucZSAF7J+JALBGRrpwQUp6SVtuMjS7l23VLYr9hR0kTg5KZMc9W7py+3FPA0hQi6Z1h3HTtDLmELBJYyLbqohYXzI+tAxNGIhaC+bXj2mx0bp0SBWpiKkU/X3RMZCrUehbzpDhgM9703E/7xOisGFl4koSREiPlsUpJJiTCcR0J5QwFGODGFcCXMr5QOmGEcTVNGE4My/vEia1YpzWqnenpVr13kcBXJIjsgJccg5qZEbUicNwokiz+SVvFlP1ov1bn3MWpesfOaA/IH1+QNnMpHO</latexit>

U
<latexit sha1_base64="/3vmXExlMg4zy8T++EbaLYii5I8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeCHjy2YGqhDWWznbRrN5uwuxFK6S/w4kERr/4kb/4bt20O2vpg4PHeDDPzwlRwbVz32ymsrW9sbhW3Szu7e/sH5cOjlk4yxdBniUhUO6QaBZfoG24EtlOFNA4FPoSjm5n/8IRK80Tem3GKQUwHkkecUWOlpt8rV9yqOwdZJV5OKpCj0St/dfsJy2KUhgmqdcdzUxNMqDKcCZyWupnGlLIRHWDHUklj1MFkfuiUnFmlT6JE2ZKGzNXfExMaaz2OQ9sZUzPUy95M/M/rZCa6DiZcpplByRaLokwQk5DZ16TPFTIjxpZQpri9lbAhVZQZm03JhuAtv7xKWrWqd1GtNS8r9ds8jiKcwCmcgwdXUIc7aIAPDBCe4RXenEfnxXl3PhatBSefOYY/cD5/ALMVjN8=</latexit>
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DT1, DR1, U1
<latexit sha1_base64="1cL2yT0DI3+xFQCILVbdP4GdFE0=">AAACAHicbZBPS8MwGMZT/875r+rBg5fgEDzIaETQ40APHjxMWbfBVkqapVtYmpYkFUbpxa/ixYMiXv0Y3vw2Zl0PuvlA4Mfzvi9v3idIOFPacb6tpeWV1bX1ykZ1c2t7Z9fe22+rOJWEuiTmsewGWFHOBHU105x2E0lxFHDaCcbX03rnkUrFYtHSk4R6ER4KFjKCtbF8+/DGz1ooP+tDAw8FuH6Gct+uOXWnEFwEVEINlGr69ld/EJM0okITjpXqISfRXoalZoTTvNpPFU0wGeMh7RkUOKLKy4oDcnhinAEMY2me0LBwf09kOFJqEgWmM8J6pOZrU/O/Wi/V4ZWXMZGkmgoyWxSmHOoYTtOAAyYp0XxiABPJzF8hGWGJiTaZVU0IaP7kRWif15FTR/cXtcZdGUcFHIFjcAoQuAQNcAuawAUE5OAZvII368l6sd6tj1nrklXOHIA/sj5/AGkzlQY=</latexit><latexit sha1_base64="1cL2yT0DI3+xFQCILVbdP4GdFE0=">AAACAHicbZBPS8MwGMZT/875r+rBg5fgEDzIaETQ40APHjxMWbfBVkqapVtYmpYkFUbpxa/ixYMiXv0Y3vw2Zl0PuvlA4Mfzvi9v3idIOFPacb6tpeWV1bX1ykZ1c2t7Z9fe22+rOJWEuiTmsewGWFHOBHU105x2E0lxFHDaCcbX03rnkUrFYtHSk4R6ER4KFjKCtbF8+/DGz1ooP+tDAw8FuH6Gct+uOXWnEFwEVEINlGr69ld/EJM0okITjpXqISfRXoalZoTTvNpPFU0wGeMh7RkUOKLKy4oDcnhinAEMY2me0LBwf09kOFJqEgWmM8J6pOZrU/O/Wi/V4ZWXMZGkmgoyWxSmHOoYTtOAAyYp0XxiABPJzF8hGWGJiTaZVU0IaP7kRWif15FTR/cXtcZdGUcFHIFjcAoQuAQNcAuawAUE5OAZvII368l6sd6tj1nrklXOHIA/sj5/AGkzlQY=</latexit><latexit sha1_base64="1cL2yT0DI3+xFQCILVbdP4GdFE0=">AAACAHicbZBPS8MwGMZT/875r+rBg5fgEDzIaETQ40APHjxMWbfBVkqapVtYmpYkFUbpxa/ixYMiXv0Y3vw2Zl0PuvlA4Mfzvi9v3idIOFPacb6tpeWV1bX1ykZ1c2t7Z9fe22+rOJWEuiTmsewGWFHOBHU105x2E0lxFHDaCcbX03rnkUrFYtHSk4R6ER4KFjKCtbF8+/DGz1ooP+tDAw8FuH6Gct+uOXWnEFwEVEINlGr69ld/EJM0okITjpXqISfRXoalZoTTvNpPFU0wGeMh7RkUOKLKy4oDcnhinAEMY2me0LBwf09kOFJqEgWmM8J6pOZrU/O/Wi/V4ZWXMZGkmgoyWxSmHOoYTtOAAyYp0XxiABPJzF8hGWGJiTaZVU0IaP7kRWif15FTR/cXtcZdGUcFHIFjcAoQuAQNcAuawAUE5OAZvII368l6sd6tj1nrklXOHIA/sj5/AGkzlQY=</latexit><latexit sha1_base64="1cL2yT0DI3+xFQCILVbdP4GdFE0=">AAACAHicbZBPS8MwGMZT/875r+rBg5fgEDzIaETQ40APHjxMWbfBVkqapVtYmpYkFUbpxa/ixYMiXv0Y3vw2Zl0PuvlA4Mfzvi9v3idIOFPacb6tpeWV1bX1ykZ1c2t7Z9fe22+rOJWEuiTmsewGWFHOBHU105x2E0lxFHDaCcbX03rnkUrFYtHSk4R6ER4KFjKCtbF8+/DGz1ooP+tDAw8FuH6Gct+uOXWnEFwEVEINlGr69ld/EJM0okITjpXqISfRXoalZoTTvNpPFU0wGeMh7RkUOKLKy4oDcnhinAEMY2me0LBwf09kOFJqEgWmM8J6pOZrU/O/Wi/V4ZWXMZGkmgoyWxSmHOoYTtOAAyYp0XxiABPJzF8hGWGJiTaZVU0IaP7kRWif15FTR/cXtcZdGUcFHIFjcAoQuAQNcAuawAUE5OAZvII368l6sd6tj1nrklXOHIA/sj5/AGkzlQY=</latexit>

DT2, DR2, U2
<latexit sha1_base64="/uUUGO6/1vWXPO86iJLxgG/JF+E=">AAACAHicbZC7SgNBFIbPxluMt1ULC5vBIFhI2A2ClgEtLCyiZJNAsiyzk0kyZPbCzKwQlm18FRsLRWx9DDvfxslmC038YeDjP+dw5vx+zJlUlvVtlFZW19Y3ypuVre2d3T1z/6Ato0QQ6pCIR6LrY0k5C6mjmOK0GwuKA5/Tjj+5ntU7j1RIFoUtNY2pG+BRyIaMYKUtzzy68dJWPTvvIw0POTheWs88s2rVrFxoGewCqlCo6Zlf/UFEkoCGinAsZc+2YuWmWChGOM0q/UTSGJMJHtGexhAHVLppfkCGTrUzQMNI6BcqlLu/J1IcSDkNfN0ZYDWWi7WZ+V+tl6jhlZuyME4UDcl80TDhSEVolgYaMEGJ4lMNmAim/4rIGAtMlM6sokOwF09ehna9Zls1+/6i2rgr4ijDMZzAGdhwCQ24hSY4QCCDZ3iFN+PJeDHejY95a8koZg7hj4zPH23blQk=</latexit><latexit sha1_base64="/uUUGO6/1vWXPO86iJLxgG/JF+E=">AAACAHicbZC7SgNBFIbPxluMt1ULC5vBIFhI2A2ClgEtLCyiZJNAsiyzk0kyZPbCzKwQlm18FRsLRWx9DDvfxslmC038YeDjP+dw5vx+zJlUlvVtlFZW19Y3ypuVre2d3T1z/6Ato0QQ6pCIR6LrY0k5C6mjmOK0GwuKA5/Tjj+5ntU7j1RIFoUtNY2pG+BRyIaMYKUtzzy68dJWPTvvIw0POTheWs88s2rVrFxoGewCqlCo6Zlf/UFEkoCGinAsZc+2YuWmWChGOM0q/UTSGJMJHtGexhAHVLppfkCGTrUzQMNI6BcqlLu/J1IcSDkNfN0ZYDWWi7WZ+V+tl6jhlZuyME4UDcl80TDhSEVolgYaMEGJ4lMNmAim/4rIGAtMlM6sokOwF09ehna9Zls1+/6i2rgr4ijDMZzAGdhwCQ24hSY4QCCDZ3iFN+PJeDHejY95a8koZg7hj4zPH23blQk=</latexit><latexit sha1_base64="/uUUGO6/1vWXPO86iJLxgG/JF+E=">AAACAHicbZC7SgNBFIbPxluMt1ULC5vBIFhI2A2ClgEtLCyiZJNAsiyzk0kyZPbCzKwQlm18FRsLRWx9DDvfxslmC038YeDjP+dw5vx+zJlUlvVtlFZW19Y3ypuVre2d3T1z/6Ato0QQ6pCIR6LrY0k5C6mjmOK0GwuKA5/Tjj+5ntU7j1RIFoUtNY2pG+BRyIaMYKUtzzy68dJWPTvvIw0POTheWs88s2rVrFxoGewCqlCo6Zlf/UFEkoCGinAsZc+2YuWmWChGOM0q/UTSGJMJHtGexhAHVLppfkCGTrUzQMNI6BcqlLu/J1IcSDkNfN0ZYDWWi7WZ+V+tl6jhlZuyME4UDcl80TDhSEVolgYaMEGJ4lMNmAim/4rIGAtMlM6sokOwF09ehna9Zls1+/6i2rgr4ijDMZzAGdhwCQ24hSY4QCCDZ3iFN+PJeDHejY95a8koZg7hj4zPH23blQk=</latexit><latexit sha1_base64="/uUUGO6/1vWXPO86iJLxgG/JF+E=">AAACAHicbZC7SgNBFIbPxluMt1ULC5vBIFhI2A2ClgEtLCyiZJNAsiyzk0kyZPbCzKwQlm18FRsLRWx9DDvfxslmC038YeDjP+dw5vx+zJlUlvVtlFZW19Y3ypuVre2d3T1z/6Ato0QQ6pCIR6LrY0k5C6mjmOK0GwuKA5/Tjj+5ntU7j1RIFoUtNY2pG+BRyIaMYKUtzzy68dJWPTvvIw0POTheWs88s2rVrFxoGewCqlCo6Zlf/UFEkoCGinAsZc+2YuWmWChGOM0q/UTSGJMJHtGexhAHVLppfkCGTrUzQMNI6BcqlLu/J1IcSDkNfN0ZYDWWi7WZ+V+tl6jhlZuyME4UDcl80TDhSEVolgYaMEGJ4lMNmAim/4rIGAtMlM6sokOwF09ehna9Zls1+/6i2rgr4ijDMZzAGdhwCQ24hSY4QCCDZ3iFN+PJeDHejY95a8koZg7hj4zPH23blQk=</latexit>

Region 1 Region 2

DT1, DR1, U1
<latexit sha1_base64="1cL2yT0DI3+xFQCILVbdP4GdFE0=">AAACAHicbZBPS8MwGMZT/875r+rBg5fgEDzIaETQ40APHjxMWbfBVkqapVtYmpYkFUbpxa/ixYMiXv0Y3vw2Zl0PuvlA4Mfzvi9v3idIOFPacb6tpeWV1bX1ykZ1c2t7Z9fe22+rOJWEuiTmsewGWFHOBHU105x2E0lxFHDaCcbX03rnkUrFYtHSk4R6ER4KFjKCtbF8+/DGz1ooP+tDAw8FuH6Gct+uOXWnEFwEVEINlGr69ld/EJM0okITjpXqISfRXoalZoTTvNpPFU0wGeMh7RkUOKLKy4oDcnhinAEMY2me0LBwf09kOFJqEgWmM8J6pOZrU/O/Wi/V4ZWXMZGkmgoyWxSmHOoYTtOAAyYp0XxiABPJzF8hGWGJiTaZVU0IaP7kRWif15FTR/cXtcZdGUcFHIFjcAoQuAQNcAuawAUE5OAZvII368l6sd6tj1nrklXOHIA/sj5/AGkzlQY=</latexit><latexit sha1_base64="1cL2yT0DI3+xFQCILVbdP4GdFE0=">AAACAHicbZBPS8MwGMZT/875r+rBg5fgEDzIaETQ40APHjxMWbfBVkqapVtYmpYkFUbpxa/ixYMiXv0Y3vw2Zl0PuvlA4Mfzvi9v3idIOFPacb6tpeWV1bX1ykZ1c2t7Z9fe22+rOJWEuiTmsewGWFHOBHU105x2E0lxFHDaCcbX03rnkUrFYtHSk4R6ER4KFjKCtbF8+/DGz1ooP+tDAw8FuH6Gct+uOXWnEFwEVEINlGr69ld/EJM0okITjpXqISfRXoalZoTTvNpPFU0wGeMh7RkUOKLKy4oDcnhinAEMY2me0LBwf09kOFJqEgWmM8J6pOZrU/O/Wi/V4ZWXMZGkmgoyWxSmHOoYTtOAAyYp0XxiABPJzF8hGWGJiTaZVU0IaP7kRWif15FTR/cXtcZdGUcFHIFjcAoQuAQNcAuawAUE5OAZvII368l6sd6tj1nrklXOHIA/sj5/AGkzlQY=</latexit><latexit sha1_base64="1cL2yT0DI3+xFQCILVbdP4GdFE0=">AAACAHicbZBPS8MwGMZT/875r+rBg5fgEDzIaETQ40APHjxMWbfBVkqapVtYmpYkFUbpxa/ixYMiXv0Y3vw2Zl0PuvlA4Mfzvi9v3idIOFPacb6tpeWV1bX1ykZ1c2t7Z9fe22+rOJWEuiTmsewGWFHOBHU105x2E0lxFHDaCcbX03rnkUrFYtHSk4R6ER4KFjKCtbF8+/DGz1ooP+tDAw8FuH6Gct+uOXWnEFwEVEINlGr69ld/EJM0okITjpXqISfRXoalZoTTvNpPFU0wGeMh7RkUOKLKy4oDcnhinAEMY2me0LBwf09kOFJqEgWmM8J6pOZrU/O/Wi/V4ZWXMZGkmgoyWxSmHOoYTtOAAyYp0XxiABPJzF8hGWGJiTaZVU0IaP7kRWif15FTR/cXtcZdGUcFHIFjcAoQuAQNcAuawAUE5OAZvII368l6sd6tj1nrklXOHIA/sj5/AGkzlQY=</latexit><latexit sha1_base64="1cL2yT0DI3+xFQCILVbdP4GdFE0=">AAACAHicbZBPS8MwGMZT/875r+rBg5fgEDzIaETQ40APHjxMWbfBVkqapVtYmpYkFUbpxa/ixYMiXv0Y3vw2Zl0PuvlA4Mfzvi9v3idIOFPacb6tpeWV1bX1ykZ1c2t7Z9fe22+rOJWEuiTmsewGWFHOBHU105x2E0lxFHDaCcbX03rnkUrFYtHSk4R6ER4KFjKCtbF8+/DGz1ooP+tDAw8FuH6Gct+uOXWnEFwEVEINlGr69ld/EJM0okITjpXqISfRXoalZoTTvNpPFU0wGeMh7RkUOKLKy4oDcnhinAEMY2me0LBwf09kOFJqEgWmM8J6pOZrU/O/Wi/V4ZWXMZGkmgoyWxSmHOoYTtOAAyYp0XxiABPJzF8hGWGJiTaZVU0IaP7kRWif15FTR/cXtcZdGUcFHIFjcAoQuAQNcAuawAUE5OAZvII368l6sd6tj1nrklXOHIA/sj5/AGkzlQY=</latexit>

DT2, DR2, U2
<latexit sha1_base64="/uUUGO6/1vWXPO86iJLxgG/JF+E=">AAACAHicbZC7SgNBFIbPxluMt1ULC5vBIFhI2A2ClgEtLCyiZJNAsiyzk0kyZPbCzKwQlm18FRsLRWx9DDvfxslmC038YeDjP+dw5vx+zJlUlvVtlFZW19Y3ypuVre2d3T1z/6Ato0QQ6pCIR6LrY0k5C6mjmOK0GwuKA5/Tjj+5ntU7j1RIFoUtNY2pG+BRyIaMYKUtzzy68dJWPTvvIw0POTheWs88s2rVrFxoGewCqlCo6Zlf/UFEkoCGinAsZc+2YuWmWChGOM0q/UTSGJMJHtGexhAHVLppfkCGTrUzQMNI6BcqlLu/J1IcSDkNfN0ZYDWWi7WZ+V+tl6jhlZuyME4UDcl80TDhSEVolgYaMEGJ4lMNmAim/4rIGAtMlM6sokOwF09ehna9Zls1+/6i2rgr4ijDMZzAGdhwCQ24hSY4QCCDZ3iFN+PJeDHejY95a8koZg7hj4zPH23blQk=</latexit><latexit sha1_base64="/uUUGO6/1vWXPO86iJLxgG/JF+E=">AAACAHicbZC7SgNBFIbPxluMt1ULC5vBIFhI2A2ClgEtLCyiZJNAsiyzk0kyZPbCzKwQlm18FRsLRWx9DDvfxslmC038YeDjP+dw5vx+zJlUlvVtlFZW19Y3ypuVre2d3T1z/6Ato0QQ6pCIR6LrY0k5C6mjmOK0GwuKA5/Tjj+5ntU7j1RIFoUtNY2pG+BRyIaMYKUtzzy68dJWPTvvIw0POTheWs88s2rVrFxoGewCqlCo6Zlf/UFEkoCGinAsZc+2YuWmWChGOM0q/UTSGJMJHtGexhAHVLppfkCGTrUzQMNI6BcqlLu/J1IcSDkNfN0ZYDWWi7WZ+V+tl6jhlZuyME4UDcl80TDhSEVolgYaMEGJ4lMNmAim/4rIGAtMlM6sokOwF09ehna9Zls1+/6i2rgr4ijDMZzAGdhwCQ24hSY4QCCDZ3iFN+PJeDHejY95a8koZg7hj4zPH23blQk=</latexit><latexit sha1_base64="/uUUGO6/1vWXPO86iJLxgG/JF+E=">AAACAHicbZC7SgNBFIbPxluMt1ULC5vBIFhI2A2ClgEtLCyiZJNAsiyzk0kyZPbCzKwQlm18FRsLRWx9DDvfxslmC038YeDjP+dw5vx+zJlUlvVtlFZW19Y3ypuVre2d3T1z/6Ato0QQ6pCIR6LrY0k5C6mjmOK0GwuKA5/Tjj+5ntU7j1RIFoUtNY2pG+BRyIaMYKUtzzy68dJWPTvvIw0POTheWs88s2rVrFxoGewCqlCo6Zlf/UFEkoCGinAsZc+2YuWmWChGOM0q/UTSGJMJHtGexhAHVLppfkCGTrUzQMNI6BcqlLu/J1IcSDkNfN0ZYDWWi7WZ+V+tl6jhlZuyME4UDcl80TDhSEVolgYaMEGJ4lMNmAim/4rIGAtMlM6sokOwF09ehna9Zls1+/6i2rgr4ijDMZzAGdhwCQ24hSY4QCCDZ3iFN+PJeDHejY95a8koZg7hj4zPH23blQk=</latexit><latexit sha1_base64="/uUUGO6/1vWXPO86iJLxgG/JF+E=">AAACAHicbZC7SgNBFIbPxluMt1ULC5vBIFhI2A2ClgEtLCyiZJNAsiyzk0kyZPbCzKwQlm18FRsLRWx9DDvfxslmC038YeDjP+dw5vx+zJlUlvVtlFZW19Y3ypuVre2d3T1z/6Ato0QQ6pCIR6LrY0k5C6mjmOK0GwuKA5/Tjj+5ntU7j1RIFoUtNY2pG+BRyIaMYKUtzzy68dJWPTvvIw0POTheWs88s2rVrFxoGewCqlCo6Zlf/UFEkoCGinAsZc+2YuWmWChGOM0q/UTSGJMJHtGexhAHVLppfkCGTrUzQMNI6BcqlLu/J1IcSDkNfN0ZYDWWi7WZ+V+tl6jhlZuyME4UDcl80TDhSEVolgYaMEGJ4lMNmAim/4rIGAtMlM6sokOwF09ehna9Zls1+/6i2rgr4ijDMZzAGdhwCQ24hSY4QCCDZ3iFN+PJeDHejY95a8koZg7hj4zPH23blQk=</latexit>

Region 1 Region 2

Abrupt change in properties

Case 1. Infinite Suspension Case 2. Bounded by Walls  

Infinite Suspension:

Concentration of ABPs swimming twice faster in region 1 (left;          ) but with 
the same diffusivities in the two regions:

x < 0
<latexit sha1_base64="cfjp5SadNHRNVHbDNQ9sc1hO/mo=">AAAB7HicbVA9SwNBEJ3zM8avqKXNYhCswl0UtLAIaGEZwUsCyRH2NnPJkr29Y3dPDCG/wcZCEVt/kJ3/xk1yhSY+GHi8N8PMvDAVXBvX/XZWVtfWNzYLW8Xtnd29/dLBYUMnmWLos0QkqhVSjYJL9A03AlupQhqHApvh8GbqNx9RaZ7IBzNKMYhpX/KIM2qs5D+Ra+J2S2W34s5AlomXkzLkqHdLX51ewrIYpWGCat323NQEY6oMZwInxU6mMaVsSPvYtlTSGHUwnh07IadW6ZEoUbakITP198SYxlqP4tB2xtQM9KI3Ff/z2pmJroIxl2lmULL5oigTxCRk+jnpcYXMiJEllClubyVsQBVlxuZTtCF4iy8vk0a14p1XqvcX5dptHkcBjuEEzsCDS6jBHdTBBwYcnuEV3hzpvDjvzse8dcXJZ47gD5zPH4NjjdY=</latexit>
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102
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

10
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

1
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

10-1
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

Pe2
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

BD
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

Analytical
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

DT = 0
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

(BD)
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

Pe =
U2

DTDR
<latexit sha1_base64="3T8GUEn1lUkajCmux6oUL7JYa7Q=">AAACAXicbVDLSsNAFL3xWesr6kZwM1gEVyWpgm6Egl24rNK0hTaGyXTSDp08mJkIJcSNv+LGhSJu/Qt3/o3Tx0JbD1w4nHMv997jJ5xJZVnfxtLyyuraemGjuLm1vbNr7u03ZZwKQh0S81i0fSwpZxF1FFOcthNBcehz2vKH12O/9UCFZHHUUKOEuiHuRyxgBCsteeZhnaIr1A0EJplzX8mzmtdANe8u98ySVbYmQIvEnpESzFD3zK9uLyZpSCNFOJayY1uJcjMsFCOc5sVuKmmCyRD3aUfTCIdUutnkgxydaKWHgljoihSaqL8nMhxKOQp93RliNZDz3lj8z+ukKrh0MxYlqaIRmS4KUo5UjMZxoB4TlCg+0gQTwfStiAywTkPp0Io6BHv+5UXSrJTts3Ll9rxUrc3iKMARHMMp2HABVbiBOjhA4BGe4RXejCfjxXg3PqatS8Zs5gD+wPj8AYjElaw=</latexit>

Péclet number

BD: Brownian Dynamics Simulation
(A measure of activity)

Region 1 Region 2

IncreasingDT
<latexit sha1_base64="RN+iDURMS1XCPY9p7s4ff2qDMVE=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe6ioIVFQAvLiPmC5Ah7m7lkyd7esbsnhJCfYGOhiK2/yM5/4ya5QhMfDDzem2FmXpAIro3rfju5tfWNza38dmFnd2//oHh41NRxqhg2WCxi1Q6oRsElNgw3AtuJQhoFAlvB6Hbmt55QaR7Luhkn6Ed0IHnIGTVWerzr1XvFklt25yCrxMtICTLUesWvbj9maYTSMEG17nhuYvwJVYYzgdNCN9WYUDaiA+xYKmmE2p/MT52SM6v0SRgrW9KQufp7YkIjrcdRYDsjaoZ62ZuJ/3md1ITX/oTLJDUo2WJRmApiYjL7m/S5QmbE2BLKFLe3EjakijJj0ynYELzll1dJs1L2LsqVh8tS9SaLIw8ncArn4MEVVOEeatAABgN4hld4c4Tz4rw7H4vWnJPNHMMfOJ8/8PWNjQ==</latexit>

It can be analytically shown that
in the singular athermal

(purely active;             ) limit.
nU = const.

<latexit sha1_base64="US3QtMYq4zEDfEWAJ/w8xXWpt0M=">AAAB+3icbVDLSsNAFJ3UV62vWJduBovgKiRV0I1QcOOygmkLbSiT6aQdOo8wM5GW0F9x40IRt/6IO//GaZuFth64cDjnXu69J04Z1cb3v53SxubW9k55t7K3f3B45B5XW1pmCpMQSyZVJ0aaMCpIaKhhpJMqgnjMSDse38399hNRmkrxaKYpiTgaCppQjIyV+m5VhPAW9ngsJzmWQhtv1ndrvucvANdJUJAaKNDsu1+9gcQZJ8JghrTuBn5qohwpQzEjs0ov0yRFeIyGpGupQJzoKF/cPoPnVhnARCpbwsCF+nsiR1zrKY9tJ0dmpFe9ufif181MchPlVKSZIQIvFyUZg0bCeRBwQBXBhk0tQVhReyvEI6QQNjauig0hWH15nbTqXnDp1R+uao1GEUcZnIIzcAECcA0a4B40QQgwmIBn8ArenJnz4rw7H8vWklPMnIA/cD5/AFsBlAA=</latexit>

DT = 0
<latexit sha1_base64="E8P2izp6R9vHc322hkuGz5fnkFQ=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9mtgl6Egh48VuiXtEvJptk2NMkuSVYoS3+FFw+KePXnePPfmG33oK0PBh7vzTAzL4g508Z1v53C2vrG5lZxu7Szu7d/UD48ausoUYS2SMQj1Q2wppxJ2jLMcNqNFcUi4LQTTG4zv/NElWaRbJppTH2BR5KFjGBjpce7QdqcoRvkDsoVt+rOgVaJl5MK5GgMyl/9YUQSQaUhHGvd89zY+ClWhhFOZ6V+ommMyQSPaM9SiQXVfjo/eIbOrDJEYaRsSYPm6u+JFAutpyKwnQKbsV72MvE/r5eY8NpPmYwTQyVZLAoTjkyEsu/RkClKDJ9agoli9lZExlhhYmxGJRuCt/zyKmnXqt5FtfZwWanX8ziKcAKncA4eXEEd7qEBLSAg4Ble4c1Rzovz7nwsWgtOPnMMf+B8/gBZTY9y</latexit>

Highly active (             ) particles 
also have                        . 

Pe � 1
<latexit sha1_base64="l/APVRA+tf/OxO6ggVmBf3h5wRI=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4KkkV9Fjw4rGC/YA2lM12ki7dbOLuRiihf8KLB0W8+ne8+W/ctjlo64OBx3szzMwLUsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZIphi2WiER1A6pRcIktw43AbqqQxoHATjC+nfmdJ1SaJ/LBTFL0YxpJHnJGjZW6TST9KCLeoFJ1a+4cZJV4BalCgeag8tUfJiyLURomqNY9z02Nn1NlOBM4LfczjSllYxphz1JJY9R+Pr93Ss6tMiRhomxJQ+bq74mcxlpP4sB2xtSM9LI3E//zepkJb/ycyzQzKNliUZgJYhIye54MuUJmxMQSyhS3txI2oooyYyMq2xC85ZdXSbte8y5r9furaqNRxFGCUziDC/DgGhpwB01oAQMBz/AKb86j8+K8Ox+L1jWnmDmBP3A+fwC9sI8c</latexit>

nU ⇡ constant
<latexit sha1_base64="eyFRN1PqOi7lwlW7apZQpVdjJ1w=">AAACA3icbVA9SwNBEN3zM8avqJ02i0GwCndR0DJgYxnBfEDuCHubvWTJ3u6xOycJR8DGv2JjoYitf8LOf+MmuUITHww83pthZl6YCG7Adb+dldW19Y3NwlZxe2d3b790cNg0KtWUNagSSrdDYpjgkjWAg2DtRDMSh4K1wuHN1G89MG24kvcwTlgQk77kEacErNQtHcsG9kmSaDXCfhyqUUaVNEAkTLqlsltxZ8DLxMtJGeWod0tffk/RNGYSqCDGdDw3gSAjGjgVbFL0U8MSQoekzzqWShIzE2SzHyb4zCo9HCltSwKeqb8nMhIbM45D2xkTGJhFbyr+53VSiK6DjMskBSbpfFGUCgwKTwPBPa4ZBTG2hFDN7a2YDogmFGxsRRuCt/jyMmlWK95FpXp3Wa7V8jgK6ASdonPkoStUQ7eojhqIokf0jF7Rm/PkvDjvzse8dcXJZ47QHzifP5CBmB4=</latexit>

Jump in concentration smeared out 
as the product of diffusivities
increases. 

DRDT
<latexit sha1_base64="J+hovxRqSqTgs1XDcMToDVUly1E=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBU9mtgh4L9uCxSr+gXZZsmm1Ds9mQZIWy9Ed48aCIV3+PN/+NabsHbX0w8Hhvhpl5oeRMG9f9dgobm1vbO8Xd0t7+weFR+fiko5NUEdomCU9UL8SaciZo2zDDaU8qiuOQ0244uZv73SeqNEtEy0wl9WM8EixiBBsrdRvBI2oEraBccavuAmideDmpQI5mUP4aDBOSxlQYwrHWfc+Vxs+wMoxwOisNUk0lJhM8on1LBY6p9rPFuTN0YZUhihJlSxi0UH9PZDjWehqHtjPGZqxXvbn4n9dPTXTrZ0zI1FBBlouilCOToPnvaMgUJYZPLcFEMXsrImOsMDE2oZINwVt9eZ10alXvqlp7uK7U63kcRTiDc7gED26gDvfQhDYQmMAzvMKbI50X5935WLYWnHzmFP7A+fwBLvGOzg==</latexit>

Pressure Exerted by Highly Active Particles 
Is Linear with Their Run Length

Confined Suspension:

For highly active particles,                      , which leads toDswim � DT
<latexit sha1_base64="b6I791CDTx0dT6hsVEgp3HWeGGQ=">AAAB+XicbVBNS8NAEJ34WetX1KOXxSJ4KkkV9FiwB48V+gVtCJvtJl262YTdTaWE/hMvHhTx6j/x5r9x2+agrQ8GHu/NMDMvSDlT2nG+rY3Nre2d3dJeef/g8OjYPjntqCSThLZJwhPZC7CinAna1kxz2kslxXHAaTcY38/97oRKxRLR0tOUejGOBAsZwdpIvm03/Fw9sXiGBlGEGn7LtytO1VkArRO3IBUo0PTtr8EwIVlMhSYcK9V3nVR7OZaaEU5n5UGmaIrJGEe0b6jAMVVevrh8hi6NMkRhIk0JjRbq74kcx0pN48B0xliP1Ko3F//z+pkO77yciTTTVJDlojDjSCdoHgMaMkmJ5lNDMJHM3IrICEtMtAmrbEJwV19eJ51a1b2u1h5vKvVGEUcJzuECrsCFW6jDAzShDQQm8Ayv8Gbl1ov1bn0sWzesYuYM/sD6/AGzi5MN</latexit>

⇧w ⇡ ⇧swim = nbulk

✓
kBT

DT

◆
Dswim ⇡ ⇣nbulkU` / `

<latexit sha1_base64="BZLYiUkO5IbaORSDDaAhnbUD1CY="></latexit>

= ⇣
<latexit sha1_base64="gybvpy86IhvY3rlrgndi48n+dek=">AAAB7XicdVDLSgNBEOz1GeMr6tHLYBA8LbtJjNmDENCDxwjmAckSZiezyZjZnWVmVogh/+DFgyJe/R9v/o2Th6CiBQ1FVTfdXUHCmdKO82EtLa+srq1nNrKbW9s7u7m9/YYSqSS0TgQXshVgRTmLaV0zzWkrkRRHAafNYHgx9Zt3VCom4hs9Sqgf4X7MQkawNlLjvHNPNe7m8o7tVbxC8RQ5drHkeeWyIY7nlisecm1nhjwsUOvm3js9QdKIxppwrFTbdRLtj7HUjHA6yXZSRRNMhrhP24bGOKLKH8+unaBjo/RQKKSpWKOZ+n1ijCOlRlFgOiOsB+q3NxX/8tqpDiv+mMVJqmlM5ovClCMt0PR11GOSEs1HhmAimbkVkQGWmGgTUNaE8PUp+p80CrZbtAvXpXz1chFHBg7hCE7AhTOowhXUoA4EbuEBnuDZEtaj9WK9zluXrMXMAfyA9fYJBoyPcw==</latexit>

: Hydrodynamic drag coefficient
(Stokes-Einstein-Sutherland Relation)

Nearly constant
for highly active particles
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<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

BD
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

Analytical
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

1
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

10
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

102
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

103
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

104
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

⇧w / ` ) ⇧w
1 > ⇧w

2
<latexit sha1_base64="Ya8MLkCoMPlTuabwQNWEkjmv21k=">AAACI3icbVBLSwMxGMz6rPW16tFLsAieym4VFA9S8OKxin1Ad12yadqGZjchyVrKsv/Fi3/FiwelePHgfzFtF9TWgcBkZj6Sb0LBqNKO82ktLa+srq0XNoqbW9s7u/befkPxRGJSx5xx2QqRIozGpK6pZqQlJEFRyEgzHFxP/OYjkYry+F6PBPEj1Itpl2KkjRTYl16NPqTDDHpCcqE59Ahj0Lujvb5GUvIhzANB6mbw6udWyQK75JSdKeAicXNSAjlqgT32OhwnEYk1ZkiptusI7adIaooZyYpeoohAeIB6pG1ojCKi/HS6YwaPjdKBXS7NiTWcqr8nUhQpNYpCk4yQ7qt5byL+57UT3b3wUxqLRJMYzx7qJgyaLiaFwQ6VBGs2MgRhSc1fIe4jibA2tRZNCe78youkUSm7p+XK7VmpWs3rKIBDcAROgAvOQRXcgBqoAwyewAt4A+/Ws/Vqja2PWXTJymcOwB9YX994hqTE</latexit>

nbulkU ⇡ const. ) nbulk
1 < nbulk

2
<latexit sha1_base64="kjywSmgIV7LNMfxdfLsUl0y5048="></latexit>

If                and                    ,DR1 = DR2
<latexit sha1_base64="e1NNktUgbdlLcZJn2zAiiatJcy8=">AAAB+HicbZDLSsNAFIZPvNZ6adWlm8EiuCpJFXQjFHThsoq9QBvCZDpph04mYWYi1JAnceNCEbc+ijvfxkmbhbb+MPDxn3M4Z34/5kxp2/62VlbX1jc2S1vl7Z3dvUp1/6CjokQS2iYRj2TPx4pyJmhbM81pL5YUhz6nXX9ynde7j1QqFokHPY2pG+KRYAEjWBvLq1ZuvPTeydAVyqGRedWaXbdnQsvgFFCDQi2v+jUYRiQJqdCEY6X6jh1rN8VSM8JpVh4kisaYTPCI9g0KHFLlprPDM3RinCEKImme0Gjm/p5IcajUNPRNZ4j1WC3WcvO/Wj/RwaWbMhEnmgoyXxQkHOkI5SmgIZOUaD41gIlk5lZExlhiok1WZROCs/jlZeg06s5ZvXF3Xms2izhKcATHcAoOXEATbqEFbSCQwDO8wpv1ZL1Y79bHvHXFKmYO4Y+szx/5BZH9</latexit>

U1 > U2
<latexit sha1_base64="uRwOKya5Zj8bIBbzRxSeKSjWlRE=">AAAB9HicbVBNSwMxEJ34WetX1aOXYBE8ld0q6EkKXjxWcNtCu5Rsmm1Ds9k1yRbKsr/DiwdFvPpjvPlvTNs9aOuDYR7vzZDJCxLBtXGcb7S2vrG5tV3aKe/u7R8cVo6OWzpOFWUejUWsOgHRTHDJPMONYJ1EMRIFgrWD8d3Mb0+Y0jyWj2aaMD8iQ8lDTomxku/1MzfHt9j2et6vVJ2aMwdeJW5BqlCg2a989QYxTSMmDRVE667rJMbPiDKcCpaXe6lmCaFjMmRdSyWJmPaz+dE5PrfKAIexsiUNnqu/NzISaT2NAjsZETPSy95M/M/rpia88TMuk9QwSRcPhanAJsazBPCAK0aNmFpCqOL2VkxHRBFqbE5lG4K7/OVV0qrX3Mta/eGq2mgUcZTgFM7gAly4hgbcQxM8oPAEz/AKb2iCXtA7+liMrqFi5wT+AH3+AGwqkTc=</latexit>

For global mechanical balance, 
the total pressure including fluid 
pressure must be constant.

⇧w + pwf = const.
<latexit sha1_base64="YFW1aKbCIPGuImgfZXvWXU3IzLM=">AAACCnicbZDLSgMxFIYz9VbrrerSTbQIgjDMVEE3QsGNywr2Am0tmTTThuYyJBm1DLN246u4caGIW5/AnW9j2s5CW38IfPznHE7OH0SMauN5305uYXFpeSW/Wlhb39jcKm7v1LWMFSY1LJlUzQBpwqggNUMNI81IEcQDRhrB8HJcb9wRpakUN2YUkQ5HfUFDipGxVre4367S2+Q+hccw6oYTuoBtHsiHBEuhjZt2iyXP9SaC8+BnUAKZqt3iV7snccyJMJghrVu+F5lOgpShmJG00I41iRAeoj5pWRSIE91JJqek8NA6PRhKZZ8wcOL+nkgQ13rEA9vJkRno2drY/K/Wik143kmoiGJDBJ4uCmMGjYTjXGCPKoING1lAWFH7V4gHSCFsbHoFG4I/e/I81Muuf+KWr09LlUoWRx7sgQNwBHxwBirgClRBDWDwCJ7BK3hznpwX5935mLbmnGxmF/yR8/kDes6aIg==</latexit>

Consequently, 

nbulk
1 < nbulk

2
<latexit sha1_base64="7seqXcISfUymQyzERAFXHcb0/o4=">AAACBHicbVDLSsNAFL2pr1pfUZfdDBbBVUmqoAsXBTcuK9gHtDVMppN26GQSZiZCCVm48VfcuFDErR/hzr9x2gbU1gMXzpxzL3Pv8WPOlHacL6uwsrq2vlHcLG1t7+zu2fsHLRUlktAmiXgkOz5WlDNBm5ppTjuxpDj0OW3746up376nUrFI3OpJTPshHgoWMIK1kTy7LO5SP+HjzEvdDF2in2ct8+yKU3VmQMvEzUkFcjQ8+7M3iEgSUqEJx0p1XSfW/RRLzQinWamXKBpjMsZD2jVU4JCqfjo7IkPHRhmgIJKmhEYz9fdEikOlJqFvOkOsR2rRm4r/ed1EBxf9lIk40VSQ+UdBwpGO0DQRNGCSEs0nhmAimdkVkRGWmGiTW8mE4C6evExatap7Wq3dnFXq9TyOIpThCE7AhXOowzU0oAkEHuAJXuDVerSerTfrfd5asPKZQ/gD6+MbyPGYLA==</latexit>

pwf1 < pwf2
<latexit sha1_base64="Vg8v4EkSB/zn8zV2yCrHfZJ+J58=">AAACAHicbVC7TsMwFL0pr1JeAQYGFosKialKChIMDJVYGItEH1IJkeM6rVXnIdsBVVEWfoWFAYRY+Qw2/gYnzQAtR7J07jn36voeL+ZMKsv6NipLyyura9X12sbm1vaOubvXlVEiCO2QiEei72FJOQtpRzHFaT8WFAcepz1vcpX7vQcqJIvCWzWNqRPgUch8RrDSkmsexG7q29l9+pihS5QXzaJwzbrVsAqgRWKXpA4l2q75dTeMSBLQUBGOpRzYVqycFAvFCKdZ7S6RNMZkgkd0oGmIAyqdtDggQ8daGSI/EvqFChXq74kUB1JOA093BliN5byXi/95g0T5F07KwjhRNCSzRX7CkYpQngYaMkGJ4lNNMBFM/xWRMRaYKJ1ZTYdgz5+8SLrNhn3aaN6c1VutMo4qHMIRnIAN59CCa2hDBwhk8Ayv8GY8GS/Gu/Exa60Y5cw+/IHx+QOXpZZm</latexit>

yet

Fluid pressure is lower in dilute 
region. Thus, fluid can flow from 
concentrated to dilute region: 
reverse osmotic effect!!

Link to reference: Takatori and Brady, PRL (2014)

Link to reference: Yan and Brady, JFM (2015)
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