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1  Technical details  
 

1.1 Optical Design Description  
 

1.1.1 GREEN PROBING LASER SOURCE  
A pigtailed laser head (Cobolt 04-01 “Samba”) is chosen, which is more resistant to vibrations (Figure 

S1) than a laser delivering a free propagation beam that is injected into a single mode fiber. The laser is 

specially selected to guarantee a laser power higher than 170mW at the fiber exit and 150mW at the cell 

level.   

The laser head contains pump diode, laser cavity, beam shaping optics and thermoelectric coolers (TEC) 

for temperature control of the cavity and pump diode. The laser head contains an optical feed-back loop 

which ensures long-term power stability of the emitted visual beam. 

The fiber is permanently aligned and fixed inside the hermetically sealed package providing stable 

output over a large temperature range and insensitive to transport conditions. 

The optical fiber is a polarization-maintaining single-mode fiber. The polarization of the laser is aligned 

along the slow axis of the PM fiber (Figure S2). The fiber has a MFD = 4.5µm ± 0.5µm and a NA = 

0.22 and has a FC/APC connector. The fiber is protected by a stainless steel 3mm jacket.  

  

  
Fig. S1 (left) Cobolt laser head with pigtailed fiber, (right) Cobolt laser controller.  

  
Fig. S2 The polarization of the laser is aligned along the slow axis of the PM fiber.  

   

The laser’s properties and performances can be found in Table S3 to Table S6.  
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Table S3 Cobolt 04-01 Fiber pigtailed specifications.  

  
 

 

 

Table S4 Optical Specifications Fiber Pigtailed Laser head version 04-03.  
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Table S5 Operation and environmental specifications.  

  
Table S6 Electrical interfaces.  

   
 

 

 

1.1.1.2 Beam collimation  
The collimator 60FC-4-M10-01 is selected from Schäfter + Kirchhoff (focal length = 10mm, spectral 

range = 400-600nm). At 532nm, the collimated beam has a diameter of 1.5mm +0.19mm/-0.15mm with 

a divergence angle of 0.013° +0.01°/-0.02°, for the pigtailed fiber with a MFD of 4.5µm±0.5µm. The 

fiber coupler has a type FC APC with a pre-angled coupling axis. Back-reflection into the laser system 

is suppressed and the laser spectrum does not change. Inclined laser beam couplers / collimators ensure 

a coupling efficiency as high as those using a coaxial coupling axis with 0°-polish. 
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Fig S7 Collimator used for the laser beam shaping.  

 

 

1.1.1.3 Laser beam polarization clean-up  
A 5mm Laser Line Polarizing Cube Beamsplitter (ER = 1000:1, 532nm (Edmund Optics #48-570)) is 

inserted between the fiber collimator and the laser shutter to reduce the laser source polarization 

component that is perpendicular to the main polarization direction, in other words to increase the 

polarization ratio.  

 

 

1.1.1.4 Laser shutter  
A laser shutter is placed behind the green laser fiber collimator. The shutter consists of a self-restoring 

rotary solenoid (P/N A1279-2 from Brandstrom Instruments) and a blade, which can be rotated by 30° 

by the solenoid. The center of gravity of the blade coincides with the axis of rotation for a better stability.  

The lifetime of the solenoid has been measured experimentally to be 1 million cycles at 1Hz with 1.25 

safety factor (RD08). A small hole is foreseen in the bracket of the shutter to manually push the shutter 

to the open position if it gets blocked in the closed position. As such in case of failure of the shutter in 

the closed position, the setup will be still operational but without the shutter.    
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Fig. S8 Small hole (in blue) through the shutter bracket to manually push the shutter to the open position  

 

1.1.1.5 Attenuator  
The attenuator subsystem is inserted in the illumination path, after the fiber collimator and the shutter. 

This subsystem consists of a half-waveplate and a polarizing beam splitter cube. The amount transmitted 

by the polarizing beam splitter cube is controlled by rotating the half-waveplate, that rotates the 

polarization of the incident light.  

  

Components of the beam attenuator are:  

Å 12.7mm Dia. 532nm λ/2 Quartz waveplate Zero Order (Edmund Optics #85-037)  

Å 1/2" high-power, polarizing beam splitter cube, 532 nm (Thorlabs PBS12-532-HP), ER >2000:1  

Based on experimental tests we have checked that:  

Å Rotating the waveplate has a negligible influence on the beam pointing direction  

Å The attenuation system does not deteriorate the beam profile  

Å The attenuation system does not increase the amount of scattering in the SALS diagnostic path  

Å The power loss due to the attenuation system does not exceed 4%, if the polarization axis of the 

laser light exiting the collimator is initially aligned with the polarization axis of the beam splitter.  

Å The relative power variation (3σ) is below 1%  

  

For the motorization of the waveplate, a stepper motor from Faulhaber (P/N: DM0620) has been selected 

for its very small footprint (see Table S9).   
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Table S9 Polarizer stepper motor data.  

  
The motor itself has 20 steps per revolution, achieving 18° per full step. A gearbox is mounted on the 

motor. The reduction ratio equals a 16:1 reduction ratio. The combination of the motor and the gearbox 

permits a final 1.125° per full step. In addition, an extra reduction ratio comes from the mechanical 

rotation gears interface leading to 0.141° per full step (80 teeth gear vs 10 teeth pinion).  

 

1.1.1.6 LASER POWER MONITORING  
As shown in Figure S10, the assembly for the laser power monitoring consists of following elements:  

1. A beam sampler (Thorlabs, BSF05-A) reflecting typically 1% of the incident light  

2. A 532nm bandpass filter (Thorlabs, FLH05532-4) to avoid crosstalk with other light sources  

3. A diffuser (Edmund Optics #62-616) to increase the beam size on the detectors  

4. The photodiode detecting the sampled power (Thorlabs, SM05PD1A)  

  

  
Fig S10 Laser power monitoring system.  

 

The incoming beam is sampled by using an uncoated window placed at 45°. A small part of the beam is 

reflected downwards, towards a low-noise photodiode. 0.7% of the power is reflected with a fused silica 

window according to the Fresnel reflection law (p-polarization with a 45 incident angle).   

A bandpass filter and diffuser are inserted, between the sampling window and the photodiode, to select 

the green laser light and to expand the beam size respectively. Light is detected by a mounted silicon 

based photodiode type FDS100 from Thorlabs (SM05PD1A).  

Including all attenuation factors, the noise level of the photodiode with 1MΩ load resistance corresponds 

to 15µW power of the green laser.  
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1.1.2 NIR HEATING LASER  

OVERVIEW  
An NIR laser is requested to heat the water-based solution samples. Indeed, water exhibits an absorption 

peak at 980nm. A fibre-Bragg filtered laser diode delivers a power of several hundreds of mW at that 

wavelength.  

The green and NIR collimated beams are coaxially merged by using a dichroic beam combiner (Figure 

S11).  

  

  

  
Fig. S11 Coalignment of green and NIR laser.  

 

1.1.2.1 LASER SOURCE AND COLLIMATION  
The laser source is a fibered laser diode in a butterfly packaging. Lumics LU0975M500 is a 975 nm, 

500mW FBG-stabilized laser with a SM fiber output and FC/APC connector in a 14-pin butterfly 

package. The FBG, which is temperature-insensitive by design, stabilizes the Fabry-Perot gain chip 

emission and reduces the gain chip’s sensitivity to external reflection. The laser has an internal TEC, 

which thermally stabilizes the laser. Therefore, it requires a TEC controller in addition to a laser current 

controller. The internal photodiode was used for power monitoring.  

  
Fig. S12 NIR laser diode source.  
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Table S13 NIR laser specifications.  

  
  

  

1.1.2.2 BEAM COLLIMATION  
The collimator 60FC-4-M10-02 is selected from Schäfter + Kirchhoff (focal length = 10mm, spectral 

range = 600-1050nm). At 975nm, the collimated beam has a diameter of 2.1mm +0.11mm/-0.22mm 

with a divergence angle of 0.017° ±0.01°, for the pigtailed fiber with a 5.9µm±0.3μm at 980 nm.  

 

1.1.2.3 WAVELENGTHS COMBINER  
A dichroic combiner aligns the NIR laser beam co-linearly with the green probing beam. The chosen 

combiner (DMLP650T, Thorlabs) reflects the green laser light and transmits the NIR light.  

    

1.1.2.4 NIR FILTERING IN OTHER CHANNELS  
The NIR wavelength is filtered out from other channels as follows:  

Å DLS, PCI and photodiodes (laser monitoring and turbidity): bandpass filter, with OD ≥ 5.  

o Photodiodes and DLS: Thorlabs FLH05532-4 (d = 12.5 mm, FWHM = 4 nm) o PCI: Thorlabs 

FLH532-10 (d = 25 mm, FWHM = 10nm)  

Å SALS: low-pass filter with OD ≥ 4.  

o Edmund Optics 84-727  
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1.1.3 DYNAMIC LIGHT SCATTERING CHANNELS (DLS)  

 

OVERVIEW  
The dynamic light scattering collecting channels will be located at the three different geometrical angles. 

These are defined with respect to the laser direction, which is the ‘0° direction’:  

Å Forward scattering: 45° in air – 32.12° in water inside the FS optical cell  

Å 90° scattering: 90° in air and in water inside the FS optical cell  

Å Backscattering: 166.65° in air – 170° in water inside the FS optical cell  

  

1.1.3.1 COLLECTING OPTICS  
Each collecting channel has a motorized polarizer, a 532nm bandpass filter, an adjustable 2-axis mirror 

and a fiber collimator coupled to a standard SMF (Figure S14). The SMF is the input fiber of a 1x2 fiber 

optics splitter (Thorlabs TW560R5F1, MFD = 3.5µm ± 0.5μm at 515 nm). The viewing angle can be 

finely adjusted on ground by of the tip-tilt mirror. In practice, it can be tuned by ±2°. Each output port 

of the fiber splitter is connected to an avalanche photodiode (APD). The outputs of two APD’s are 

connected to one correlator (Figure S15). In total, 6 APD’s (2 per diagnostic angle) and 3 correlators are 

used for the three DLS diagnostics.  

  

  
Fig. S14 DLS collection channel overview.  

  

  

  
Fig. S15 DLS detection path from fiber collimator to correlator.  

 

Two identical fiber collimators are used for the forward and backward DLS:  

Å Thorlabs F220FC-532, FC/PC fiber connector, 2.1mm diameter beam size with a full angle beam 

divergence of 0.02°±0.003° 

Another fiber collimator is used for the DLS at 90°, since this probing diameter should be smaller than 

the length of the cell D, which is 2mm.  

Å Thorlabs F240FC-532, FC/PC fiber connector, 1.5mm diameter beam size with a full angle beam 

divergence  of 0.025°±0.004° 

 

Both fiber collimator types are optimized for 532nm.  
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For the forward and backward DLS channels, the collection collimator beam size is larger than the 

laser beam size: This is not optimal since a maximum SNR requires an optimization of the overlap. On 

the other hand, it offers two advantages. First, it is less critical to the beam displacement that could 

occur due to cell changes. Second, scattered light will be collected from a longer length along the 

direction of the laser, therefore increasing the signal.   

A fiber collimator with a smaller beam size is chosen for the DLS diagnostic at 90° in order to prevent 

to collect light form an area corresponding to the wall of the cell. Signal from this area would be a 

parasitic signal leading to an erroneous measurement.  

  

Between the optical cell and the fiber collimator, two components are present:  

1. A polarizer (Pol) that can be rotated in two defined positions: parallel and perpendicular to the laser 

polarization. This is achieved by using motorized polarizers, with two hard stop positions that will 

be adjusted and locked on ground.  

2. A bandpass filter (BBF), filtering out all (in particular the NIR) but the green laser light. The 

bandpass filter is placed between the polarizer and the collecting collimator.  

  

The selected polarizing component is from Thorlabs (P/N LPVISA050). Its performances are shown in 

Table S16.  

 

Table S16 Polarizer used for spurious light removal from light scattering collection channels.  

Diameter (mm)  12.5  

Clear aperture (mm)  11.86  

Thickness (mm)  2 ± 0.2  

Polarization Extinction Ratio (PER)  > 10000:1 (from 480 to 550nm)  

Parallelism (arcmin)  < 1  

Construction  Nanoparticle Linear Film Polarizer (spherical ellipsoid nanoparticles 

embedded in sodium-silicate glass)  

Type  VIS Linear Polarizer  

  

The substrate of the polarizer is B-270 glass from Schott, with a refractive index of 1.5261. The wedge 

of the assembly can be up to 1arcmin (0.01667°), meaning a potential viewing angle tilt of 0.0088°. This 

tilt will move with the rotation of the polarizer. In this case, the pointing direction will vary with ±15µm 

at a distance of 100mm, which is negligible with respect to the laser and collection beams diameters.  

  

A bandpass filter is inserted between the polarizer and the collimator of DLS channels to avoid any 

depolarizing effects from the filter. The bandpass filter filters out other sources of light such as the 

975nm NIR laser used for thermal purposes. The filter is from Thorlabs (P/N FLH05532-4, FWHM = 

4nm, T > 90%) and its transmission at 532nm is above 91%.  

  

The scattered light picked up by the fiber collimator is brought to the detection and correlation system 

by means of a 1x2 fiber optic splitter (P/N TW560R5F1).  

 

1.1.3.2 POLARIZERS MOTORIZATION  
For the motorization of the polarizer, as for the illumination module channel, a stepper motor from 

Faulhaber (P/N: DM0620) has been selected for its very small footprint. The motor itself has 20 steps 

per revolution, achieving 18° per full step. A gearbox (P/N: 06/1K) is mounted on the motor. The 

reduction ratio equals 4:1 for at 45° and 16:1 for DLS at 90° and 170°. The combination of the motor 

and the gearbox permits a final 4.5° per full step. In addition, an extra reduction ratio comes from the 

mechanical rotation gears interface leading to 0.216° per full step at 90° and 170° and 0.865°per full 

step at 45° (52 teeth gear vs 10 teeth pinion).  



































2 Measuring temperature maps

In order to monitor locally the sample temperature while operating the NIR laser with
a pNIPAM microgel sample, a spatially- and temporally-resolved approach is needed.
We adopt a strategy involving measuring the scattered intensity in the �eld of view of
the PCI90 camera. Since the scattered intensity of a dense suspension of pPNIPAM
microgels strongly depends on temperature, changes in the sample temperature are
quanti�ed by measuring intensity changes in the PCI images.

Fig. S39 Procedure to establish a spatially-resolved calibration curve relating the scattered intensity
to the local temperature. The arrows indicate the sequence of steps for processing the data. a) PCI90
image of the average scattered intensity for a pNIPAM sample at T = 27 � C. The image is the
average of � 2000 frames acquired over � 5.5 hours. Note that speckles are still partially visible, due
to the slow dynamics of pNIPAM. b) Intensity level along two representative column of pixels of the
image in a), indicated using the same color code in both panels. The curves in b) are �tted with a
Gaussian function to obtain a smooth intensity pro�le, disregarding short-distance 
uctuations due
to the residual speckles. c) Amplitude A p of the Gaussian �t as a function of the X coordinate, see
text for details. The blue dashed curve is a 2 nd -order polynomial �t to the data. d) Reconstructed
spatial distribution of the scattered intensity, where speckle 
uctuations have been fully smoothed.

As a �rst step, we establish a spatial map of the average scattered intensity at a
�xed, uniform temperature T (no NIR beam), where spatial variations of I are due
to the non-uniformity of the illuminating Gaussian beam. For several temperatures
in the range Tmin = 18 � C to Tmax = 30 � C we acquire sequences of the scattered
intensity. Each sequence contains up to a few thousands of frames, which are averaged
to reduce pixel-to-pixel intensity 
uctuations due to speckles. `Hot' spots, i.e. regions
with anomalously high scattering intensity due to spurious contributions such as dust
or aggregates in the sample are masked and the average image is convoluted with a
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square kernel box of side 10 pixels, to further smooth the intensity. An example of the
result is shown in Fig.(S39a), where the laser beam entering from the left side of the
image is clearly visible. The intensity profile along each column of the image is then
fitted with a Gaussian function:

IX(Y ) = Ap(X) exp[�(Y � Y0(X))2/4σ2(X)] (1)

with Ap the amplitude, Y0 the center and σ2 the variance of the Gaussian, respec-
tively. X indicates the position of the column of pixels. The Gaussian fit is an effective
and robust way to model the local intensity, removing the residual effect of speckles
and scattering impurities. Figure (S39b) shows an example of the Gaussian fit, while
Fig. (S39c) shows the X dependence of Ap. Overall, the beam is slightly attenuated
while passing across the sample, since scattering removes power from the propagating
beam. We attribute the slight decrease of Ap, and thus I, near X = 0 (entrance wall)
to limitations of the collection optics. Finally, in order to further smooth the intensity
profile, the fit parameters Ap, Y0, and σ2 are themselves fitted to polynomials in X of
degree 2, 1, and 0, respectively. As an example, Fig.(S39c) shows the parabolic fit of
Ap(X). The polynomials are used to reconstruct a smooth map of the scattered inten-
sity, as shown in Fig.(S39d). We emphasize that the smoothing and fitting procedure
described above is essential in order to suppress intensity fluctuations due to speckles
and to obtain reliable results in the subsequent calibration step described below.

The mapping procedure has been repeated for more than 50 times in the tem-
perature range of interest, yielding, for each image point with coordinates (X,Y ), a
calibration curve I vs T , as shown in Fig.(S40). These spatially-resolved calibration
curves are used for inferring the local temperature while operating the NIR laser, by
reading, for each image pixel, the temperature corresponding to a given measured
intensity level. Note that the calibration curves are built using intensity levels nor-
malized with respect to the exposure time, to allow for optimizing the exposure time
in any given experiment.
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Fig. S40 a) Same average image as in Fig.(S39), with the three points highlighted where we extracted
the calibration curves shown in the bottom panel. b) Calibration curves (scattered intensity as a
function of temperature) for the points shows in the upper panel.

3 Correction of the four-point susceptibility χ4 for
the contribution of finite ROI size

The four-point susceptibility χ4 [1, 2] is calculated as the variance of the degree of
correlation, see Sec. 3.6.1 of the main text:

χ4(τ) = hcI(t, τ)
2it � hcI(t, τ)i2t . (2)

As discussed in [3], the finite size of the ROI over which cI is calculated introduces
a statistical noise that adds up to the real value of χ4. This additional noise scales
as 1/Npix, with Npix the number of pixels belonging to the ROI. It is thus clear that
in the limit of Npix ! 1, one would recover the desired, noise-free χ4 value. To
estimate the correct value of χ4, we follow an extrapolation procedure similar to that
of [3]: we calculate χ4 for ROIs of different size, plot the result vs 1/Npix and linearly
extrapolate to 1/Npix ! 0.

In PCI, however, different ROIs correspond to different scattering volumes and in
principle the dynamics could be heterogeneous across the scattering volume. Thus, the

30



1
7500

1
15000

1
240000

1/Npix

1

3

5

7

9

11

4(
=1

26
 s,

 N
pi

x)

10 5

Fig. S41 Four-point susceptibility at �t = 126 s calculated for di�erent number of pixels for the
glassy sample reported in the main text (Fig.9). Black-dashed line is the best linear �t to the data.

extrapolation procedure needs to be somehow modified. We start by choosing an initial
region of interest, ROIN , containing N pixels. We then extract N/Npix sub-ROIs,
randomly choosing at each time Npix pixels from the initial ROIN . This ensures that,
even with a reduced number of pixels, we still sample the entire volume corresponding
to the initial. Figure (S41) shows the result of applying such a procedure for the glassy
sample discussed in Sec. 3.6.1 of the main text. An initial ROIN with N = 240000
pixels is selected and is then divided into 2m sub-ROIs, with m = [0, 1, 2, 3, 4, 5]. The
dynamic susceptibility is calculated for each sub-ROI, and the χ4 vs 1/Npix data are
fitted with a straight line (dashed line). The intercept of the fitted line corresponds
to the desired χ4(τ) value in the Npix !1 limit. This procedure is repeated for each
delay τ , leading to the four-point susceptibilities shown in Figs. 9c,f of the main text.

4 Additional Dynamic Light Scattering data for the
Brownian particles of Sec. 3.1.1 of the main text
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Fig. S42 Dynamics of Brownian particles measured by polarized DLS. a) intensity correlation
function measured by the PCI45 camera. b) Intensity correlation function measured by the DLS45
correlator. For a) and b), the scattering angle is � = 29:32�. c) Intensity correlation function mea-
sured by the DLS90 correlator.
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