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1. Theoretical model 
Here, we present a generic model of the particle density variation under external forces. Microscopically, the movement particle of mass  is, in general, subject to random forces  of thermal origin and possible external forces  1. For times much longer than the ballistic time, , the instantaneous velocity is  with  being the inverse of particle’s mobility. The random force  is a Wigner process of zero average  and  at thermal equilibrium. In principle, the external force can vary in time and its evolution be characterized by 
Around a mean location , the one-dimensional displacement along the direction of the external field is  and, if  and  are uncorrelated, the corresponding mean square displacement is found to be 
.				(S1)
where we used the definition of the thermal diffusion coefficient  . This means that, around any position , the particle executes a Brownian motion that is biased along the direction of the external force. The magnitude of this bias and its temporal variation are determined by the properties of the external force field. 
In a colloidal system, a large amount of microscopic components are subject to similar Langevin equations leading to the diffusive motion as described in Eq. (S1). At macroscopic scales, when one examines the collective motion of many of such particles, it is often convenient to describe the system in terms of a locally averaged number density  of particles and assign a local velocity field  that represents, at point , the average over much faster individual velocities . Even though it is an average over many microscopic components,  may vary spatially from point to point and also temporally, but at much larger time scales. At macroscopic scales, the internal dynamics of the colloidal system can be described in terms of a directional flux  that points along the direction of the local velocity field . Of course, when the diffusion of individual particles is unbiased, i.e. when external field in Eq. (S1) is absent, the average flux vanishes. 
When there are no sources or sinks for the colloidal particles, the local density can only increase or decrease due to internal flows, say across a virtual surface within the medium. With respect to such a surface, the continuity equation requires and, taking into account that 2, it follows that. The formal solution for the time-varying density around a particular location  is
.						(S2)
where  denotes the initial density of particles. The Eq. (S2) describes the spatiotemporal variation of the local density of particles that are individually executing a biased Brownian motion with an average mean square displacement given in Eq. (S1). In the absence of an external force field, the local velocity at the location  is practically determined by the ensemble average over randomly oriented thermal forces and, therefore, . 
Next, we describe in detail the particular situation illustrated in Fig. 1 of the main text. We consider only external forces acting along the radial direction and the local flux of particles through a generic cylindrical surface. 
If the applied field is azimuthally symmetric, the problem can be fully described as a one-dimensional process. Such an external force acting locally can be easily generated electromagnetically, for instance, by a structured field such as an optical vortex beam3. Rigorously, the force field comprises both conservative and non-conservative components3, and the particles are subject to longitudinal and transversal forces4. We will first analyze the effect of the transversal forces, which are dominated by intensity gradients5. 
For particles much smaller than the wavelength, the time averaging electromagnetic force can be formally written as the sum of three components  that depend on intensity , Poynting vector, and spin flux 4. Here the time averaging is over time scales that are much larger than the frequency of the electromagnetic waves. The force will also depend on scattering cross-section  of the particle and its polarizability . Here, we assumed that the scattering of the particle suspension is weak such that the beam profile could be presented analytically. When the colloidal system is subjected to a linearly polarized optical vortex field with topological charge , beam waist  and a slowly varying envelope , 
,			(S3)
the applied external force can be written as
,	 		(S4)
where  In these conditions, the instantaneous velocity of a typical particle becomes 
,			(S5)
where the first two terms represent the contributions of the conservative and nonconservative external forces.
To estimate the effect on the local density of particles, one has to evaluate the gradient of the local velocity field  in Eq. (S2). At a generic point , the radial gradient is 
,			(S6)
which means that the conservative part of external force is responsible for a radial flux of particles through the surface of the virtual cylinder in Fig. 1 (See main text). As a result, assuming that the external field is applied at time 0, over a period of time , the colloidal density varies like
,					(S7) 
with a rate of change  If the field amplitude is constant during the interval , a steady state establishes where the colloidal density acquires a radial profile  determined by the properties of the optical field.	 As long as the field is applied, the density at the radial position decreases exponentially with a rate determined by 1/ Over the cross-section of the entire virtual cylinder of radius , the total density will vary as  The level of this density variation is controlled by the structure and the intensity of the applied field. We have investigated both the effect of intensity and the topological charge of the beam in the next two sections, respectively.
        Once the external force field is turned off, say at time  the particles return to their state of free thermal motion with a velocity. Thus, at time  the displacement of an arbitrary particle located initially at  will be  One can easily find that  in terms of the mean position  and mean square displacement  Thus, at a radial position, the density will evolve in time as
 					(S8) 
at a rate determined solely by the thermal diffusion coefficient . 


2. Effect of radial field intensity
In this section we evaluate the effect of field magnitude on the density variation based on the model described in the main text, Eq. (2) (as well as Eq. (S7)), within a virtual cylinder of diameter 1.2mm. As expected, the particle density decreases  more rapidly when higher power is applied, which leads to a decrease of the overall optical density within the virtual cylinder. 
[image: ]

The density decrease determines an increase in the transmittance of a co-axial probe beam as shown here for a co-axial Gaussian beam of 0.5mm. The transmittance is evaluated according to the Lambert-Beer attenuation law. The optical density variations are calculated for 22 nm particles in water at λ=543nm. This dependence was verified experimentally as shown in Fig 4(b) in the main text. 
[image: ]




3. Effect of topological charge of applied field
In this section we investigate the effect of topological charge of the vortex beam on the density variation based on the model described in the main text, Eq. (2) (as well as Eq. (S7)), within a virtual cylinder of diameter 1.2mm. As can be seen, the particle density within the cylinder decreases faster with smaller topological charge, which leads to a decrease of the optical density within the cylinder. 



The density decrease determines an increase in the transmittance of a co-axial probe beam as shown here for a co-axial Gaussian beam of 0.5mm. The transmittance is evaluated according to the Lambert-Beer attenuation law. The optical density variations are calculated for 22 nm particles in water at λ=543nm.



4. Density variation for different types of particles
Experimental results for 3μm polystyrene particles in DI water are summarized in Fig. S1. The results for the 22nm particle colloidal with the same concentration are also included for comparison. Similar to the experiments described in the main text, the green control beam is turned on only between 150 and 1350 seconds during the experiment (Fig. S1(a)). 
Similar trends are observed for the evolution of longitudinal particle density (Fig. S1(b)). In this case, however, one cannot find an analytical description of the velocity fields like in Eq. (S6) (see section 1) as the complex electromagnetic interaction can only be described numerically. On the other hand, as shown in Fig. S1(c), the decrease of the increment of intensity will both follow the trends described in the main text. As a pure Fick diffusion process, its rate of decrease (slope in Fig. S1(c)) will be inversely proportional to the hydrodynamic diameter of the particle.  Figure S1: Experimental results on particles at different scale. (a) The normalized transmittance for different particle size. Note that the green vortex beam is on between 150-1350s (between two dashed lines). (b) The regime right after the green beam is turned on. (c) The regime after the green control beam is turned off.

[image: ]The magnitude of the transmitted probe intensity increases with the laser power in a manner similar to the one presented in the main text for the 22nm colloidal system.  The maximum intensity varies linearly with the power of the external vortex field as described in the main text.  Note that the effects of radiation intensity and particle size are independently of each other.
Figure S2: (a) Evolution of normalized transmittance for different power of the vortex beam (b) Normalized maximum intensity value as a function of the initial power in the vortex beam.
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