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APPLICATION OF TERAHERTZ WAVES IN AVIATION SECURITY

Abstract. In recent years, the increasing threat of plastic explosives has posed
significant challenges to aviation security agencies, emphasizing the critical need
for their timely detection and neutralization. Simultaneously, interest in the terahertz
region of the electromagnetic spectrum has grown considerably. This study
investigates the potential of terahertz time-domain spectroscopy (THz-TDS) for
detecting the spectral signatures of concealed plastic explosives and their
compounds. Additionally, the article presents the conceptual design of a terahertz
spectrometer specifically developed for identifying concealed hazardous substances.
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Introduction. Terahertz radiation refers to electromagnetic waves within the
frequency range of 0.3-10 THz, or 0.3 x 10'2-10 x 10'2 Hz, corresponding to a
wavelength of approximately 1 mm. This range lies between the infrared (IR) and
microwave regions of the electromagnetic spectrum, often referred to as the far-IR
or submillimeter range. The terahertz range encompasses the radiation spectra of
various astronomical objects and complex organic molecules, including proteins,
DNA, certain explosives, and atmospheric pollutants (e.g., harmful substances).

Advancements in modern technologies have enabled the creation of quantum-
scale structures such as quantum dots and quantum wires, widely utilized in
nanotechnology. The excitation energy of quantum dots aligns with the photon
energy of terahertz radiation, allowing coherent control of these structures using
terahertz rays. Furthermore, the non-ionizing nature of terahertz radiation ensures its
safety for human use, facilitating its application in diverse fields such as medical
diagnostics, modern security systems, environmental monitoring, quality control of
pharmaceuticals and food products, and high-speed communication systems.

In recent years, the interest in terahertz technologies, imaging, and protection
systems has grown significantly, driven by three primary factors:

« Terahertz radiation can detect concealed non-metallic weapons, as material
like cardboard, clothing, and footwear are transparent to it.

« It enables the remote (standoff) detection and identification of explosives and
drugs due to their characteristic spectral lines in the terahertz region.
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« Terahertz radiation is safe for human exposure, making it suitable for practical
applications [1].

The main part. In recent years, plastic explosives, chemical bombs, and biological
weapons have increasingly become tools utilized by terrorists, while the expanding
illegal drug trade poses a growing global threat. Addressing these challenges requires
the development of effective methods for the rapid detection and neutralization of such
threats.

One promising approach is the use of terahertz electromagnetic waves, as the
materials of interest exhibit unique absorption and reflection characteristics within the
terahertz frequency range (0.5-10 THz). Explosives such as C-4, HMX, RDX, and
TNT, as well as various illicit drugs, possess distinct absorption and reflection spectra
that differentiate them from materials like clothing and human skin. Terahertz
radiation's ability to penetrate non-metallic substances enables the identification of
these hazardous materials, even when concealed, based on their terahertz spectral
signatures.

The influence of atmospheric conditions is a critical factor in distance
measurements involving terahertz radiation. Figure 1 presents the results of
experiments measuring atmospheric transmittance within the 300 GHz to 4 THz
frequency range.

As illustrated in Figure 1, numerous absorption lines are observed across the
terahertz spectrum, primarily attributed to water vapor in the atmosphere. Nevertheless,
under conditions of relatively short distances (50-100 meters) and moderate humidity
levels (<58%), which are adequate for standoff detection, the terahertz range remains
sufficiently transparent for the identification of concealed objects.

The study identifies at least five atmospheric transparency windows within the
1.4-4 THz frequency range, demonstrating the viability of this spectral region for
practical applications in standoff detection systems.
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Figure 1. The emissivity of the atmosphere within the frequency range of 0.3—4
THz varies depending on the relative humidity, ranging from 5% (upper curve) to
58% (lower curve), with emissivity at 0.3 THz normalized to unity [2].
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Figure 2 presents the absorption spectra of various plastic explosives and their
components, as determined through experimental measurements [3]. Each explosive
exhibit distinct spectral characteristics. For instance, RDX-based explosives display a
resonance peak in the 820 GHz region, allowing for their identification. However,
while the presence of a spectral feature is a critical indicator, it alone is insufficient for
the definitive identification of an unknown substance.

The primary challenge in explosive detection lies in differentiating the spectra of
non-hazardous materials with similar properties from those of explosives. As
demonstrated in Figure 3, the terahertz range effectively satisfies these conditions,
enabling accurate distinction and identification.
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Figure 2. Absorption spectra of plastic explosives and their components
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Figure 3. Absorption Spectra of Materials: (a) Materials commonly used in
packaging and clothing (1 — cotton; 2 — silk; 3 —wool; 4 — leather; 5 — nylon; 6 —
polyester; 7 — polyester/cotton), (b) Materials that may interfere with the
identification of explosives (1 — milk chocolate; 2 — vitamins; 3 — granulated sugar; 4
— powdered sugar)

The frequency range from 6 THz to 10 THz exhibits numerous spectral features
for explosives; however, moist air is not transparent to radiation in the 2—-3 THz range.
Therefore, for standoff detection applications, only a relatively narrow portion of the
terahertz spectrum, specifically 0.3-3 THz, is suitable.

Terahertz generation method relies on the generation and detection of coherent
terahertz pulses using femtosecond laser pulses (10-100 fs). In this setup, the laser
beam is split into two components: one generates an ultrashort terahertz pulse using a
photoconductive antenna, while the other records the time delay with a photodetector.
The photoconductive antenna consists of a semiconductor plate with two parallel metal
electrodes spaced 50-200 um apart. When a constant voltage is applied between the
electrodes, the antenna acts as a terahertz pulse generator. Upon exposure to
femtosecond laser pulses, charge carriers are generated in the semiconductor,
producing a surface current.

In the absence of an applied voltage, the antenna functions as a terahertz radiation
detector. In this configuration, the charges generated in the semiconductor by the
incident laser pulse are displaced by the terahertz pulse, which arrives with a delay
relative to the laser pulse. The resulting current between the electrodes is proportional
to the electric field strength of the terahertz pulse. This process is referred to as
terahertz spectroscopy. Additionally, this detector can measure not only the amplitude
of the radiation passing through and reflected from the sample but also its phase.
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In the experiments conducted for the generation and detection of terahertz
radiation, a Ti. sapphire femtosecond laser from Toptica, model FFPRONIR
(FemtoFiberproNIR), was used, operating at wavelengths of 1560 nm and 780 nm. The
laser had an average power of 360 mW, a spectral width of 108 nm, and a pulse duration
of 10 fs. Terahertz radiation was generated and detected using GaSe crystals with
thicknesses of 45 um and 35 um, respectively. For InSe crystals, the corresponding
thicknesses were 40 um and 32 um. The results of the experiments confirmed that both
GaSe and InSe crystals are suitable as generators and detectors in the 0.1-6 THz
frequency range [5].

The remote sensing system using terahertz (THz) beams is illustrated in Figure 4.
The Ti: sapphire femtosecond laser beam is split into two components by a beam
splitter: one acts as the absorption beam (20%) directed at the photoconductive
antenna, while the other serves as the sample beam (80%) for detecting the THz beam
reflected from the target object.

In the sample beam channel, fixed delay lines of 1000 mm and a frequency-
varying delay of 15 THz are incorporated, forming a time-strobe mechanism
(comprising mirror-angle reflectors in the assembly). To enhance the collection
efficiency of THz radiation, hyperhemispherical lenses made of high-resistance silicon
are placed on the surface of the photoconductive elements. For collimation and
focusing of THz beams, two parabolic lenses with an aperture ratio of f/1 are employed
within the measurement setup.

"~ Pulsed l_lghl-sph‘llmg plate
femtosecond > - >
laser

Long-delay stage | qup

Delay scanning -
Y SCTIE | e
element (15 Hz) <
Y Y
Parabolic mirror | ; ‘1—47/ PC
soselrecteccce
| arget Detector ; Signulf
CHHXP OHHBI}**+** -
VOIS I
THz-radiation i Reference signal

(renerator

Parabolic mirror k ﬂ -

Figure 4. THs system for remote detection of explosives [6]
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The measurement results for two different explosive samples are presented in
Figure 6. As shown in the figure, there is good agreement with the calculated results.
In both cases, characteristic features were observed at frequencies of 0.8, 1.05, and 1.4
THz. Since RDX was the primary component in both samples, these frequencies are
consistent [6].
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Figure 5. Reflectance spectra of Semtex-H (1) and SX2 (2)
measured from a distance of 1m (solid curve);calculated (dashed curve) [6]

Conclusion. Based on the studies conducted, it can be concluded that, under the
given conditions, terahertz (THz) radiation presents a promising approach for the
detection of concealed explosives.

X.N.A6aynnaes, T.H.Bazupona

ABUAIUAJIBIK KAVYIIICI3AIKTE TEPAXEPI] TOJKbIHBIHBIH
KOJIIAHBLJIYbI

Anoamna. CoHebl  J#CHLIOAPBI  NIACMUKANLIK — HCAPBLIZbIUWL  3aMMAapoaH
MYbLIHOAUMbBIH  Kayin-Kamep Aasuayusivlk Kayincizoik opeanHoapvl yulin eneyii
KUBIHOLIKMAP MYyOblpbin, 0J1apobl O0ep Ke3iHOe AHbIKMAY HCIHe 3aNdlCbl30AHObIPY
Kascemminiein auxvinoan omolp. CoHblMeH Kamap, 31eKmpoMAcHUMMIK CHeKMpOiH
mepazepy aumMdazblHa O0e2eH Kbl3bl2YWbLIbIK aumapiavikmai apmmsl. byn zepmmey
HCACLIPLIH NAACMUKATLIK JHCAPLIIZbIUL 3ammap MeH O0aapObly KOCLIbICMADbIHbIH
CNeKmpiiK epeKulenikmepit aHbIKmay Yutin mepazepy VaKblmmblK
cnekmpockonusicelh  (THz-TDS) Kondanyovly MyMKIiHOIKmMepiH Kapacmulpaobl.
Convimen Oipee, mMaxkanaoa HcacvlpblH Kayinmi 3ammapobl AHbIKMAYed apHAIEaAH
apHativl a3ipieHeen mepazepy CHeKMpPOMEMPIHiY MYHCHIPLIMOAMANbIK  HCOOACHL
YCBIHBLIRAH.

44



A3aMaTTBIK aBUAIUS aKaIEMUSCHIHBIH XKaPIIBIChI Ne4(35)2024

Tyiin  co30ep:  asuayusnvlk  Kayincizoik, mepazepy  CHeKmpomempi,
Gpemmocexkynomuix aazep, GaSe, InSe kpucmandapvl, NiIACMUKATBIK HCAPHIIELIUL
3ammap, OKMo2eH, 2eKCO2eH, MpPOmuL.

X.N.Abnynnaes, T.H.Bazuposa

INPUMEHEHUE TEPATEPIIEBBIX BOJIH B ABUAIITMOHHOM
BE3OITACHOCTHA

AHHOmauua. 6 nociedHue 200bl pacmywas yeposa, Ucxooawas —om
NIACMUKOBOU 83PbIBUAMKU, CO30A/lA CEPbe3Hble NPod.IeMbl OISl OP2AH08 ABUAYUOHHOU
bezonachocmu, NOOYEPKHY8  OCMPYIO  HE0OX0OUMOCMb  UX — CBOEBPEMEHHO20
obnapyxcenus u nHetumpanuzayuy. OOHOBPEMEHHO 3HAYUMENbHO 803POC UHMEpPeC K
mepazepyosoll 001acmu NeKMPOMACHUMHO20 cnekmpd. B oannom uccredosanuu
PAccmMampusaemcst 603MOACHOCHb UCHONb308AHUSL MePa2epyo8oll CNeKmMpOCKONUU 80
spemennol ooaracmu (THz-TDS) ons obnapysicenuss cnekmpaibHulX XapaKkmepucmux
CKPBIMBIX NIACMUKOBBIX 83PbIBUAMbBIX euecms U ux coedunenutl. Takoce 6 cmamve
npeocmasieH KOHYenmyaibHblll NPOeKm mepazepyosozo CheKmpomempd, CneyudibHoO
paspabomanno2o 011 8bIAGNIEeHUsL CKPbIMbIX ONACHBIX 8EUieCTNS.

Knroueswie cnosa: asuayuonnas 6e3onacHocmos, mepazepyosulii CHeKmpomemp,
Gemmocexynonsiii nasep, xpucmainet GaSe, InSe, mracmuxosas e3pvisuamxa,
OKMO2EH, 2eKCO2eH, MPOMIUL.
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