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Appendix A: Cryogenic sample holder

The development and fabrication of a dedicated sample holder were necessary to facilitate the
temperature-dependent analysis of photoelasticity. This holder needed to fulfill dual objectives:
1. Uniform and symmetrical imposition of forces across the sample. 2. Efficient cooling of the
sample to cryogenic temperatures via the holder. The ultimate configuration of this holder is illus-
trated in Figure 6. Our selection consists of a dual cantilever design crafted from copper, chosen
for its remarkable thermal conductivity. Enhancing structural connectivity, the sample is affixed
to the cantilevers through two supplementary copper plates joined by brass balls. The cooling
cantilevers are then attached to the cryostat’s cooling finger. This cooling mechanism uses liquid
nitrogen or helium to reduce the finger’s temperature from ambient conditions to approximately
5 K. Thermally insulating rods are employed to administer the force to the sample, aided by a

vacuum manipulator (refer to Fig. 1 in the primary section).
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FIG. 1. Computer-aided design (CAD) model of the cryogenic sample holder designed for high-force
vacuum manipulation. The red arrows indicate the manipulating forces applied to the sample, while the

blue arrows represent the heat flow from the sample to the heat sink.

Appendix B: Temperature-dependent readjustment

The assessment of silicon sample photoelasticity was executed across a temperature spectrum
ranging from 300 K to 5 K. Within this wide temperature span, the copper cooling finger of the
cryostat underwent substantial length variations. Consequently, the assurance of the polarimeter’s
laser measuring the sample’s birefringence at a precise position would be compromised. Given the
anisotropic nature of the sample’s stress distribution (as demonstrated in Fig. 2 of the main sec-

tion), this potential misalignment held the potential to distort the photoelasticity measurement. To
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counter this, another laser for alignment was integrated into the setup (1 mW, 520 nm laser diode
- Thorlabs PL201). This alignment laser was adjusted to emit parallel to the primary measuring
laser (wavelength 1.55 um) onto the sample, as depicted in Fig. 7. Positioned at half the sample’s
height (equivalent to 5 mm) below the measuring laser, the alignment laser’s intensity that fell
below the lower edge was the only portion of its light capable of passing the non-transmissive
silicon sample in the visual spectrum. The transmitted intensity was then separated from the mea-
suring laser using a D-shaped mirror and then measured via a photodetector positioned behind the

cryostat, as indicated in Fig. 7.
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FIG. 2. Computer-aided design (CAD) model of the cryostat featuring a temperature-dependent readjust-
ment system for the optical readout using an alignment laser. The CAD model highlights the components

and mechanisms involved in the precise realignment of the optical readout caused by temperature variations.

Alterations in the sample’s height due to temperature-induced shifts in the cooling finger led to
concomitant variations in the transmitted intensity of the alignment laser. Since the alignment laser
had a Gaussian intensity profile, these intensity fluctuations took the form of an error function. Fig-
ure 8(a) presents the recorded alignment laser intensity change during manual adjustments of the
sample height. The fitted error function exhibited a near-zero fit error, underscoring the alignment
laser’s well-defined Gaussian shape. Furthermore, Fig. 8(a) displays the Gaussian profile, derived
through numerical integration of the measured values. To enable consistent tracking of the mea-
surement laser’s height after each temperature shift within the cryostat, the complete optics of the
polarimeter and alignment laser were mounted on a linear stage. This stage was manipulated via

a stepper motor, delivering a vertical axis resolution surpassing 1 pum. The procedure depicted in
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FIG. 3. (a) The plot depicts the intensity of the detector as a function of the edge position. The red dots
represent the measured data points. The green curve corresponds to the regression based on the error

function, while the blue curve represents the Gaussian profile of the laser beam. (b) The graph displays the

detector voltage for the readjustment plotted versus time.

Fig. 8(b) outlines the progression toward the central position, depicting the measured alignment
laser intensity versus time. Through this automated method, precise realignment of the measuring
laser after every temperature alteration was attained. This process ensures that the photoelasticity

within the sample’s center is measured while reliably considering the calculated sample stress.



