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Abstract: We have proposed three novel Raman techniques to expand capabilities for non-destructive
dyed-fiber forensics: THz Raman spectroscopy (TRS), integrating-cavity-enhanced Raman spec-
troscopy (ICERS), and deep-UV Raman spectroscopy (DUVRS). In this study, we report on our
attempts to apply these techniques to a variety of dyed-nylon fibers and report on the results of
each technique, with a particular focus on the dyes Acid Red 337 and Acid Yellow 49. We find that
none of the dyes tested had discernible THz peaks but that they do impact the peak positions of
the host fabric’s THz spectrum. For ICERS, we find that light absorption overwhelms any possible
cavity enhancement, making the technique unusable for most dyed fabrics when using UV/VIS
excitation. However, NIR excitation may still prove beneficial, but a new cavity material (with a
higher NIR reflectance) is needed. Finally, we tested DUVRS but found that, for all the dyed fibers
tested, the DUV excitation resulted in rapid photodegradation, making the technique unusable for
non-destructive forensics.

Keywords: Raman spectroscopy; forensics; Terahertz spectroscopy; integrating cavity; DUV Raman
spectroscopy

1. Introduction

Collecting and analyzing trace evidence (e.g., fibers, hair, soil, wood, gunshot residue)
is a standard practice during forensic investigations as it can be used to link a suspect to
a victim, or link a suspect/victim to a location [1]. However, many of these investigative
techniques are not well-developed and rely on non-rigorous techniques that do not have
scientific support [2].

One such forensic field in need of further scientific development is trace fiber analysis.
Currently, fiber analysis primarily focuses on the color of the fibers as the most important
property [1,3]. Typically, this analysis begins with non-destructive approaches (e.g., light
microscopy, Raman spectroscopy, and UV/VIS microspectrophotometry), and, if necessary,
destructive approaches (e.g., thin-layer chromatography and gas chromatography mass
spectrometry) are used [4–7]. The goal of these analyses is to determine the underlying
dye blend that gives rise to a specific hue, which can then be compared to reference
measurements to determine the fabric’s origin and/or match to a sample belonging to
a suspect or victim as needed. While this procedure is simple in theory, in practice, it
faces a significant challenge in the fact that there are thousands of different dyes and dye
mixtures that are used in preparing colored fabrics. This large set of possible dyes/mixtures
makes it difficult to uniquely identify which dyes are actually present in any given sample,
especially for non-destructive techniques.

Out of all the non-destructive techniques, the most promising approach is Raman
spectroscopy [5,6,8–16] as Raman scattering signatures of dyes typically contain much
narrower and unique peaks, whereas microscopy and UV/VIS spectrophotometry can
struggle to differentiate between dyes as they rely on broad electronic transition. However,
Raman spectroscopy also faces several major challenges: (1) Raman scattering efficiencies
are tiny (on the order of 10−7) [17], (2) most wavelengths for Raman spectroscopy also excite
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fluorescence from the dyes, which is many orders of magnitude brighter than the Raman
signal, (3) if too much laser intensity is used, the dyes photodegrade, resulting in new
Raman spectra, and (4) mixtures of dyes can produce complicated spectra that are difficult
to deconvolute due to the small signal from Raman scattering. To address these challenges,
we have proposed applying three different novel Raman spectroscopy techniques to forensic
fibers: Terahertz (THz) Raman spectroscopy (TRS), integrating-cavity-enhanced Raman
spectroscopy (ICERS), and deep-UV Raman spectroscopy (DUVRS).

Terahertz (THz) Raman spectroscopy is a method to probe low-energy phonon modes
of materials, typically with energies < 200 cm−1 [18]. A TRS setup is nearly identical to a
standard Raman spectrometer, except, instead of using typical holographic notch filters
(which have widths on the order of hundreds of cm−1), they use specialized Bragg grating
notch filters that can have notch widths on the order of 10 cm−1. These narrow notch
widths enable the capability to simultaneously probe structural information of materials
(peaks below < 200 cm−1) and chemical information (peaks > 200 cm−1) [18]. In theory,
the combination of these two pieces of information could help differentiate component
dyes in mixtures.

The second proposed novel Raman technique is ICERS. ICERS was first demon-
strated by Cone et al. [19] and involves using a highly reflecting integrating cavity to
obtain cavity-enhanced Raman scattering due to multiple scattering of light inside the
integrating cavity [19–23]. This technique is similar to traditional cavity-enhanced Ra-
man spectroscopy [24], except, instead of using two highly reflecting mirrors—which are
carefully aligned—ICERS uses a highly reflecting cavity, which drastically simplifies the
setup and also reduces the cost. In theory, cavity enhancement could help significantly
boost the Raman intensity while also lowering the peak intensity on the sample due to
diffuse illumination. This combination would help produce greater signals with a lower
risk of photodegradation.

Finally, DUV Raman spectroscopy is identical to traditional Raman, but, instead of
using a visible or NIR laser for excitation, the technique uses a DUV laser at 266 nm, which
requires special optics, gratings, and detectors. DUV excitation is desirable for Raman
spectroscopy as its spectral range typically avoids a material’s fluorescence emission and
it is more intense due to the Raman intensity depending on λ−4 [25]. These features of
DUV Raman spectroscopy have previously been used to interrogate a wide variety of other
materials, including bacteria [26,27], chemical warfare agents [28], biochemical warfare
agents [29], coal liquid [30], proteins [31,32], explosives [33], food/beverages [34], and
other chemicals [35,36].

In this report, we compare the application of all three techniques to characterization
of dyed-nylon fibers, with a special focus on Acid Red 337 and Acidy Yellow 49. These
dyes were chosen as the main test dyes as they were found to have the best Raman
characteristics of all the dyes tested. We find that, despite their promise, all three techniques
face significant challenges, which limit their usefulness to non-destructive fiber forensics
for dyed-nylon fibers.

2. Method
2.1. Samples

The dyed fabric samples tested in this study consisted of disperse dyes, reactive dyes,
or acid dyes dispersed into either nylon, polyester, or cotton. Table 1 lists the different
dyes with their respective hosts. The Permasil, Permabril, and Permalon dye samples were
provided by Standard Colors, while the other samples were provided by Nelson Vinueza
at North Carolina State University. Note that, while all these dyed fabrics were tested,
we found that only the Acid Yellow 49 (AY49) and Acid Red 337 (AR337) dyed nylons
provided us good data, with the rest of the samples displaying little to no Raman signal.
Therefore, our discussion below will focus on these two dyed nylons and pristine nylon.
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Table 1. List of dyed fabric swatches tested. Note: A. = acid, D. = disperse, R. = reactive.

Nylon Dyes Polyester Dyes Cotton Dyes

A. Black Black Permasil Black Permabril
A. Blue 62 Blue Permasil Orange Permabril

A. Blue 260 Red Permasil Red Permabril
A. Orance 67 Yellow Permasil
A.Red 337 * D. Red 153

A. Yellow 49 * D. Red 60
Black Permalon R. Blue 4
Blue Permalon R. Red 2
Red Permalon R. Red 123

Yellow Permalon R. Yellow 86
* These dyes will be the samples for the rest of the paper.

2.2. THz Raman Spectroscopy

THz Raman spectroscopy (TRS) was performed using a setup consisting of a Coherent
Verdi V5 Nd:YVO4 laser (532 nm, 5 W, <5 MHz linewidth, RMS noise, 2%, 2 mm), a spatial
filter, reflective Bragg grating (λ0 = 532 nm, ∆ν < 7 cm−1, 90% efficiency), beam steering
optics, a Mitutoyo long working distance objective (20×, 0.40 NA, 20 mm WD), three
Bragg notch filters (λ0 = 532 nm, ∆ν < 10 cm−1, OD3), a Princeton Instruments SP2500
monochromator (1800 g/mm, 500 nm blaze, 30 µm slit), and a Princeton Instruments Spec
10 CCD. See Figure 1 for a schematic of the TRS setup.

Figure 1. Experimental setups used for THz Raman spectroscopy (TRS), integrating-cavity-enhanced
Raman spectroscopy (ICERS), and deep-UV Raman spectroscopy (DUVRS). BNF: Bragg notch filter,
RBG: reflective Bragg grating, L: lens, M: mirrors, PH: pinhole, LPF: longpass filter, BS: beamsplitter.

2.3. ICERs

For integrating cavity preparation, we used Aerosil OX 50 (Evonik), which has
very high reflectivity from 300 nm to 620 nm. See Figure 2 for example reflectance
data. Poly(vinyl butyral-co-vinyl alcohol-co-vinyl acetate) (PVBVA) powder, average
Mw 90,000–120,000, was used as a binder, 5% w/w with respect to Aerosil to aid with press-
ing and sintering. The PVBVA binder was combined with acetone (ACS grade) and the
Aerosil to make a slurry. The PVBVA was first dissolved into acetone. Aerosil (20% w/w)
was then added to the PVBA–acetone to make a slurry. The slurry was mixed for several
hours to allow for PVBVA coating onto the Aerosil and then poured into shallow Pyrex
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pans. The slurry was dried, crushed, coarse-sieved, and the resulting powder was pressed
and heated to make cavity green bodies. For green body preparation, the powder was
loaded into a 4-inch ID × 2-inch high cylinder made of polished fused quartz (Technical
Glass Products). Approximately 135–250 g of the powder was packed and pressed between
two quartz discs at approximately 318 psi (12.56-square-inch area) for 10 min. For the top
and bottom segments of the cavity, 135 g of green powder was pressed. For the sections
prepared for machining a hollow volume, 250 g of green powder was pressed. The quartz
molds containing the pressed PVBVA-coated Aerosil were heated in air at 600 ◦C for 3 h to
bake out the PVBVA, followed by heating in air at 1050 ◦C for 1.5 h to complete the sintering.
The hollow volume sections of the cavity were prepared by machining the sintered Aerosil
using a titanium-nitride-coated end mill. For light/tight mating of the cavity sections,
each part was leveled on both sides by polishing on a glass plate with 240 grit SiC paper.
An assembled cavity is shown in Figure 3.

Figure 2. Absolute reflectivity curve of Aerosil cavity material with Spectralon reference curve
for comparison.

Figure 3. Images of the Aerosil cavity used for our ICERS experiments.

For spectroscopy in the integrating cavity, we used a frequency-tripled Nd:YAG laser
(Photonics Industries DCH-355-5, 355 nm, 5 W average power, 0–200 kHz repetition rate,
9–51 ns pulse width, 0.7 mm) laser whose emission was coupled into a solarization-resistant
silica fiber (Thorlabs FG400AEA, 0.22 NA, 400 µm, FC/PC connectors). The other end of the
fiber was inserted into the cavity lid such that the tip of the fiber was even with the bottom
of the lid. To collect the scattered light, we placed a lens tube into the cavity lid, which
contained a 355 nm longpass filter (Semrock LP02-355RU-12.5-D, 279 cm−1 transition)
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and coupling lens that coupled the collected light into a fiber bundle (round to linear,
19 × 200 µm high-OH fibers) attached to a spectrometer. The spectrometer consisted of a
Princeton Instruments SP2500 monochromator (600 g/mm, 300 nm blaze, 100 µm slit) and
a Princeton Instruments PI-Max 4 ICCD (1024i, 1024 × 1024, SB Phosphor). See Figure 1 for
a schematic of the ICERs setup.

2.4. DUV Raman Spectroscopy

For DUV Raman spectroscopy (DUVRS), we utilize two different DUV sources: an
OPOtek Radiant 355 HE OPO (<70 mJ, 10 Hz, 5 ns, 9 mm, 410 nm–2500 nm) and a frequency-
tripled Coherent MIRA 900f Ti:sapphire oscillator (798 nm, 1.8 W, <115 fs, 76 MHz), which
is pumped by a Coherent Verdi V10 Nd:YVO4 laser (532 nm, 10 W, <5 MHz linewidth,
RMS noise, 2%, 2 mm). The MIRA is tuned to 798 nm and then passed into a Harmonics
box that contains nonlinear crystals that generate second harmonic (399 nm) and third
harmonic (266 nm) light. Note that, since we are using an OPO and an fs-pulsed laser for
our spectroscopy, the linewidths of the lasers are significantly larger than for a CW laser.
For the OPO, we measure a linewidth of 6 cm−1, and, for the MIRA, we measured the
linewidths of the first, second, and third harmonics and find the linewidths to be 6 nm
(95 cm−1), 1.16 nm (69 cm−1), and 0.52 nm (69 cm−1), respectively.

For both lasers, the 266 nm emission is directed (using UV-protected aluminum
mirrors) through a 50:50 UVFS plate beam splitter to a UVFS plano-convex focusing lens
( f = 40 mm) that focuses the light onto the sample. The back-scattered light is then collected
by the same lens and partially reflected by the beamsplitter through a 266 nm longpass filter
(Semrock LP02-266RU-25, 372 cm−1 transition) and into a spectrometer. The spectrometer
consists of a Princeton Instruments SP2300i monochromator (1800 g/mm holographic UV
grating, slit 50 µm) and a Princeton Instruments PI-Max 3 ICCD (1024 × 256, UV). We
center the monochromator at 281 nm to cover a relative wavenumber range of 87 cm−1 to
3652 cm−1 with a resolution of 12.6 cm−1. See Figure 1 for a schematic of the DUVRS setup.

3. Results and Discussion

Before discussing the results of the novel Raman techniques, we first consider the
results of a traditional Raman measurement using 532 nm excitation. Figure 4 displays the
background- and fluorescence-subtracted Raman spectra from AY49-dyed nylon, AR337-
dyed nylon, and pristine nylon. From Figure 4, we observe that nylon’s strongest peak is
near 2900 cm−1, while AR337’s strongest peak is at 1330 cm−1 and AY49’s is at 1300 cm−1.
There are also many other peaks in the 800 cm−1 to 1800 cm−1 range, which correspond to
various bonds (C-C, C-H, N-H, C=O, etc.).

3.1. THz Raman Spectroscopy

The first novel Raman technique we report on is THz Raman spectroscopy. After mea-
suring the raw Raman spectrum, we performed background subtraction to remove residual
signal near the Rayleigh line, with the resulting normalized spectra shown in Figure 5 for
the pristine and dyed nylon. From Figure 5, we find that all three samples have similar
spectra, with the only difference being a shift in the peak near 141 cm−1 and the relative
intensity of some of the weaker peaks. These results suggest that neither of the dyes has
vibrations in the THz regime, which was further confirmed by measuring the dyes in
powder form. Note that the other dyes in Table 1 were also investigated for THz peaks,
but none were found for any of these dyes. However, while the dyes have no THz peaks,
they are found to affect nylon’s 141 cm−1 peak, which is related to nylon’s C-C torsion
mode [37].
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(a) (b)
Figure 4. Background and fluorescence subtracted Raman spectra of pristine nylon, AY49-dyed nylon,
and AR337-dyed nylon measured using a standard Raman spectrometer and 532 nm excitation with
(a) showing the full spectral range measured and (b) showing a zoomed in view of the 900 cm−1 to
1800 cm−1 range.

Figure 5. Background and fluorescence subtracted and normalized THz Raman spectra for both neat
and dyed nylon.

3.2. ICERS

The next novel Raman technique we test is ICERS. We first characterized the cav-
ity’s average reflectivity at 355 nm and 532 nm using cavity ringdown measurements.
The cavity’s ringdown time τ is related to the average reflectivity R as [19]:

R = e−d/τ , (1)

where d is the cavity’s characteristic distance [19], which, for our cavity, is 2.185 cm.
With Equation (1) and the measured ringdown times, we determined that the cavity had
average reflectances of R355 = 99.460 ± 0.065% and R532 = 99.214 ± 0.065%, which have
theoretical cavity enhancements [25] of 185× and 127×, respectively.

Having confirmed sufficient cavity reflectivity to obtain noticable enhancement, we
next performed ICERS measurements on pristine nylon, AY49-dyed nylon, and AR337-
dyed nylon using both 532 nm and 355 nm excitation, with Figure 6a showing the spectra
for 532 nm excitation and Figure 6b showing the spectra for 355 nm excitation. Note that
the figure also includes the Raman spectrum of an empty cavity for reference.
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(a) (b)
Figure 6. Spectra measured from integrating cavity using 532 nm (a) and 355 nm (b) excitation for
different nylon fibers and the empty cavity. Insets: normalized intensities.

From Figure 6a, we find that, for 532 nm excitation, the AR337-dyed sample displays
little signal, while the AY49-dyed sample displays strong fluorescence emission (albeit
with negligible Raman peaks). This difference in performance is due to the absorption
spectra for the two fabrics. At 532 nm, the AR337-dyed nylon is strongly absorbing, such
that the light scattering inside the cavity is quickly absorbed and does not allow for cavity
enhancement. AY49, on the other hand, absorbs poorly at 532 nm, and, therefore, we do see
some cavity enhancement of its signal. However, due to the fluorescence peak’s location,
the Raman peaks are overwhelmed by fluorescence.

Moving next to the 355 nm excitation, we find from Figure 6b that all three nylons
display significantly less signal than the empty cavity’s signal. This effect is due to all three
nylons strongly absorbing at 355 nm, thus negating any possible cavity enhancement. Based
on these observations (at 532 nm and 355 nm), it is obvious that the the ICERS technique is
not suitable for samples that strongly absorb at the pump wavelength. However, given the
observation of significant fluorescence signal for the AY49 sample using 532 nm, there is a
possibility that using a wavelength that is not absorbed well could provide improvement.
On the other hand, for dyed fibers, these wavelengths would typically be in the NIR, where
the cavity reflectivities are significantly lower and the Raman intensities would be less
(due to Raman scattering’s dependence on λ−4 [17]). Therefore, it is unlikely that ICERS
using UV/VIS excitation and the current cavity material will be a useful technique for fiber
forensics. However, if a suitable cavity material is found with sufficient reflectivity in the
NIR, it may be possible to take advantage of ICERS.

3.3. DUV Raman Spectroscopy

The final novel Raman technique we test is DUV Raman spectroscopy using 266 nm
excitation. Based on this wavelength, we expect minimal fluorescence interference from the
dyes and the Raman scattering to be 16× stronger than observed at 532 nm. Before mea-
suring the dyed fibers, we first characterized the background spectra from the system
(shown in Figure 7) using the MIRA and OPO. From Figure 7, we find strong Raman peaks
from the fused silica optics (between 400 cm−1 and 1000 cm−1) in addition to peaks from
atmospheric oxygen (1555 cm−1) and nitrogen (2350 cm−1). Note that the atmospheric
peaks are not observed for 532 nm excitation as 266 nm is resonant with O2 and N2, whereas
532 nm is not.
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Figure 7. Comparison of background spectra measured using different lasers.

Having measured the DUV background spectra, we next measured the Raman spectra
of the fabrics using OPO excitation, with Figure 8 showing the background and baseline
subtracted spectra. From Figure 8, we find that the Raman spectra of all three nylons are
essentially identical, with the peak positions found not to correspond to the expected dye’s
Raman peaks. This observation, along with the OPO’s high intensity, suggests that the dyes
and fabric undergo photodegradation when exposed to the high-intensity DUV excitation,
with the resulting decay products of each material having similar Raman spectra.

Figure 8. DUV Raman spectra of dyed nylons using OPO excitation.

Since the OPO was found to significantly degrade the sample, we next turned to the
MIRA laser as it has a peak power of 0.526 kW and an average power of 5 mW, whereas
the OPO had a peak power of 1000 kW and an average power of 100 mW. Despite the
reduction in power, we once again found that the 266 nm excitation results in significant
photodegradation over the timescale of the measurement, with the resulting decay products
having similar Raman spectra (see Figure 9a). Note that we additionally performed tests
where we further reduced the beam power using a waveplate–polarizer pair, but we were
still unable to interrogate the sample without damage. It appears that the combination of
the energetic DUV photons and strong absorbance of the samples make DUVRS infeasible
for these materials.
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(a) (b)
Figure 9. Comparison of baseline subtracted DUV Raman spectra for fibers (a) and dye powder (b).

An Aside on Photodegradation

While the main goal of this paper is to evaluate novel Raman techniques for use
in dyed-fabric forensics, it is worthwhile spending some time discussing the observed
DUV photodegradation in further detail. Based on the similarity of the decayed nylons’
Raman peaks, we first hypothesized that the spectra primarily arose from decay of the
nylon (with the dye signature being too weak relative to the more plentiful host). However,
when we tested this hypothesis by performing DUV Raman measurements on the dye
powder, we found the surprising result that the dye powder displayed essentially the
same Raman spectra (albeit missing nylon’s peak at 2900 cm−1), as shown in Figure 9b.
This observation suggests that both dyes and the nylon undergo photodegradation into
decay products that have similar Raman spectra. Note, however, that this similarity may
only be a function of the deep-UV measurements using a broad radiation source and
limited spectrometer resolution, such that unique peak structures are lost due to spectral
broadening. In an effort to improve specificity, we also attempted Raman spectroscopy
on the degraded materials using both 355 nm and 532 nm excitation. However, neither
wavelength produced significant Raman scattering, which suggests that the degradation
products are resonant at 266 nm but not at either 355 nm or 532 nm.

Despite our measurements’ inability to provide better specificity, we can still make
some initial chemical observations. Namely, based on the strong peak at ∼1670 cm−1, we
are most likely observing photobleaching via photooxidation as this peak is most likely
due to the formation of C=O bonds [38,39].

4. Conclusions

We have tested three novel Raman techniques for dyed-fiber Raman
spectroscopy—THz Raman spectroscopy (TRS), integrating-cavity-enhanced Raman spec-
troscopy (ICERS), and deep-UV Raman spectroscopy (DUVRS)—using a variety of dye-
doped fabric samples, with particular focus on Acid Red 337 and Acid Yellow 49 dyed-nylon
fibers. From our measurements, we find that the dyes do not display any significant peaks
in the THz Raman region and, therefore, the technique is not overly useful for dyed-fabric
identification. However, we do observe that the addition of the acid dyes to nylon can
affect the peak position of the nylon’s C-C torsion peak at 141 cm−1.

For ICERS, we find that, while the technique can produce enhanced emission sig-
nals for low-absorbing media [23], the introduction of strong absorption breaks the tech-
nique as the scattered light in the cavity is quickly absorbed by the sample. Therefore,
the usefulness of the cavity technique is limited to samples that do not absorb well at
the excitation wavelength. As most dyes and fibers have absorbances in the UV and
VIS, the natural solution would be to move towards NIR excitation. However, the cav-
ity material’s reflectivity is significantly lower in NIR and Raman scattering strength is
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weaker at longer wavelengths, so the feasibility of NIR measurements—with this cavity
material—is doubtful.

Finally, we tested DUVRS, which has the benefit of significantly stronger Raman
scattering and Raman peaks that avoid the dyed fiber’s fluorescence. While we did observe
both benefits, we found that the Raman peaks we measured did not correspond to the
dyed fiber’s Raman peaks and instead are most likely due to photodegradation products
of the dyed fiber. Regardless of how small of an intensity we interrogated the material
with, we found that the dyed fibers would be significantly damaged by the DUV excitation
during the measurement duration. The observation of rapid photodegradation of these
materials using DUV excitation means that DUVRS is not a feasible technique for iden-
tifying most dyed fibers. However, there may be some dye–fiber combinations that are
resistant to photodegradation in the DUV, but these will be a small subset of all the possible
dye–fiber combinations.

Despite our initial goal of using novel Raman techniques to provide better tools for
dyed-fiber forensic analysis, we find that all three techniques tested are actually worse
than the current method of traditional Raman spectroscopy. Table 2 provides a comparison
of these techniques, their theoretical promise, and the challenges identified in this study.
These challenges are a function of the dye’s lack of significant THz peaks, strong absorbance
at the excitation wavelengths, and poor photodamage resistance in the DUV. While these
techniques have proven inappropriate for dyed-fiber forensics, there are other novel Raman
techniques that may prove useful in the field, including coherent anti-Stokes Raman
spectroscopy (CARS) [40,41], stimulated Raman spectroscopy (SRS) [42], and surface-
enhanced [43] or tip-enhanced [44] Raman spectroscopy (SERS or TERS). Additionally,
assuming a suitable cavity material can be found with high reflectivity in the NIR, it may
be possible to still use the ICERS technique with NIR excitation.

Table 2. Comparison of tested Raman techniques for application to dyed-fiber forensics.

TRS ICERS DUVRS

Theoretical Promise

- Probing phonon modes for
additional information to
supplement traditional
Raman measurements.

- Cavity enhancement of
Raman intensity due to
multiple scattering inside
of the cavity.

- Increased intensity due to
Raman scattering scaling
as λ−4.

- Resonance enhancement
due to UV absorption.

Challenges Identified
- Dyes tested in this study

are found to have no THz
peaks of their own.

- Dye absorbance at pump
wavelength significantly
reduces cavity
enhancement.

- For AY049, fluorescence
was enhanced using
532 nm excitation,
overwhelming any
Raman signal.

- All samples tested
displayed immediate
photodegradation under
exposure to DUV
excitation, which destroyed
the samples.

Future Outlook

- Identify any dyes that may
have usable THz peaks.

- Further investigation on
the effects of dyes on the
THz peaks of the
host fabric.

- Cavity enhancement is
possible for NIR excitation
(e.g., 785 nm). However, a
different cavity material is
needed as the reflectivity of
Aerosil falls off above
630 nm.

- This approach is unlikely to
work as most organic
dyes/fibers undergo
photodegradation when
exposed to DUV light.
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