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Abstract

Several explosives detecting technologies are now available or in development that could aid in the security
of systems. While these technologies show promise in some situations, their environmental limits must be
recognised, and their application adapted to individual systems. With several conventional explosive hazards,
proven technologies such as handheld, desktop, and kit based trace detection systems, x-ray imaging systems,
and canines have proved good detection capacity, and some are in use. While newer technologies like as explosive
trace portals, improved imaging technology, and standoff detection systems are available, they are still in the early
phases of development, and more operational experience would be required to evaluate how well they will function
if deployed. When implementing any of these technologies to secure, it's critical to consider both the underlying
technology' inherent limits as well as the security implications. Other factors to consider include throughput,
portability, and durability and station physical space constraints.

Keywords: Explosives, X ray detection; Computer tomography (CT); Compton dispersing; Electron turn

reverberation (ESR); NQR.

INTRODUCTION

Contingent upon tension and temperature,
strong and fluid materials produce fumes,
whose sum decides unpredictability of a substance.
Use of appropriate gas examining and examination
strategies nearby specific materials permits their
initial discovery at an agreeable fixation level.
The strategies for explosives recognition ought to
be harmless and in light of direct identification at
the source. The chance of recognition of specific
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fumes is straight forwardly subject to material's
unpredictability."* Examination of explosives
is right now centred fundamentally around the
advancement of methods for ID and limitation of
IEDs (Improvised Explosive Devices). Additionally,
natively constructed explosives (HME) represent a
genuine danger to interior security because of the
simplicity of their procurement and assembling.
There is the need to put resources into advancement
of gadgets for their initial location and ID of the
HME forerunners. Because of the one of a kind and
different sciences of HMEs, their fume marks can
be more convoluted than those of conventional
explosives. The examinations on HMEs fume
marks uncover that arrangement of fume goes
through unique changes with time and ecological
circumstances, this requires extra responsibility.>¢
General accentuation is placed on the discovery of
follow amounts of the explosives on surfaces (for
example hand gear) or in spaces intended to be sans
explosives (for example air terminals). Aside from
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customary distinguishing proof of the explosives
afterward, by means ofexamination of the blast site
to decide beginning of the hazardous materials,
there is pre-requisite of continuous recognition of
the explosives. Itislikewise important to distinguish
the IEDs hazard before explosion, this including
the exercises associated with assembling, shipment,
and so on It very well may be expressed that
recognizable proof of the explosives is the type of
identification of unstable natural mixtures (VOCs),
however it is combined with extra difficulties and
impediments. Public security, particularly in the
midst of high gamble of fear monger assault, has
become dire and basic issue in numerous nations
all over the planet’” Arrangements in this field
are basically centred around early recognition of
explosives as well as nerve specialists. Because of
the low fume strain of most famous explosives, for
example TNT, RDX, HMX (9 ppb, 4,9 ppt and 0,25
ppt, individually), their discovery requires activity
at very low focus levels. The fume strain of nerve
specialists is higher yet practically all examinations
depend on simulant gases, for example dimethyl
methyl-phosphonate (DMMP), tricresyl-phosphate
(TCP), methyl dichloro-phosphate (MDCP),
trimethyl phosphate (TMP), and so forth Dynamite
is quite possibly the most well known dangerous,
exposed to routine investigation. It has a place
with nitroaromatic substances, utilized in military
applications, poisonous to people and watery
environments. Consequently, there is an appeal
for successful disinfecting frameworks as well as
touchy and particular TNT sensors to be utilized
in the fields of flight well being, line control, food
handling and natural checking. Some of the time it
is important to expand awareness and accomplish
ppb/sub-ppb level or lower for viable applications
(for example the drinking water standard for a
lifetime openness to TNT managed by the United
States Environmental Protection Agency is 2 ppb).®

One of the vital difficulties in examination of the
explosives is execution of in field investigation in
view of direct recognizable proof of the mixtures
in the strong or fume states. The Holy Grail in
investigation of the inside security dangers is a
dependable recognition framework offering exact
ID of substance, natural as well as touchy perils and
working over a wide region. Current frameworks
for explosives investigation depend basically on
contactwith the material or withfumes overaspecific
surface and they don't give solid far-off examination.
Advancement and improvement likewise relate
to such issues as the speed of recognition, aspects
and mass of a gadget and recuperation time after
examination that is additionally connected with a
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long period of a gadget. In addition, it is critical to
have an instrument, which doesn't call for expert
preparation of the staff and which is easy to
understand. Because of quality of organic perils, the
frameworks for recognition of the explosives can be
joined with those for distinguishing proof of natural
dangers (for example infections). Recognizable
proof of follow measures of explosives and nerve
specialists utilizing fake olfaction is one of the
painless methodologies and depends on direct ID
of the fumes discharged from the touchy material.
Discovery capacity is straight forwardly reliant
upon unpredictability of the explosives. The
frameworks of explosives discovery should have
the option to distinguish a wide scope of mixtures
at wanted low focus level, like TNT and other less
well known ones, for example ammonium nitrate
(AN), which are used in IEDs.**# Extraordinary
examinations are pointed toward diminishing the
constraint of discovery of tactile procedures as
well as at advancement of location frameworks.
Additionally, there is a lot of interest in planning
new devices equipped for looking and observing
a smell source e.g., to follow synthetic compounds
radiated by drugs, explosives, substance breaks
and mines. In this paper, present day approaches
for explosives recognition have been thought
about. Arising fields and conceivable new bearings
of tactile procedures applications have been
introduced, showing the way to fruitful execution
through progress of convenience, selectivity,
awareness, and so on.?*?

DIFFERENT TECHNIQUES

X-Ray detection entering profundity of radiation is
high in many materials. This righteousness makes
it conceivable to explore the substance in holders,
parcels, and bags. For the discovery of explosives
X-beams are utilized with energy from 1,000 up
to huge number of electron volts (10-4 - 10-7 um).
In these strategies the light emission beams going
through a material is retained. The constriction
coefficient relies upon the energy of the X-beams
and the powerful nuclear number of the material.
The quantity of X-beam photons in the not entirely
settled by three impacts:

*  photoelectric assimilation
e  Compton dissipating
e positron and electron creation
There are two principles discovery procedures in

view of examinations of radiation going through
the researched material (sent radiation).”

Single energy X-beam frameworks worked at air
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terminals use electron energies of 120 keV. They give
great goal pictures to identify weapons with metal
components. On account of explosives set behind
or inside things portrayed by a higher nuclear
number, the method is wasteful. These gadgets
can't recognize a dainty sheet of a solid safeguard
and a thick chunk of a powerless safeguard. The
standard framework can't recognize the genuine
unstable material, yet permits to identify control
wires, batteries, detonators and different parts of a
bomb. Improve, the framework doesn't distinguish
explosives however just unstable gadgets.*

Double energy X-beam frameworks two unique
constriction not entirely settled. It is feasible to
recognize particles of higher and lower nuclear
number in the researched object, for instance thick
components (metals) and less thick ones (food,
garments, and so on) Be that as it may, the X-beam
forces for each article are connected not exclusively
to its material arrangement which mirrors the
natural property, yetin addition to a few extraneous
boundaries like position, direction and thickness.
To that end the basic double energy examination
is superior to single energy one, which can be
effortlessly befuddled without the information on
material thickness.*

Compton dispersing, the energy of a dissipated not
setinstoneby the frequency of the occurrence photon
and the dissipated point. This impact is utilized in
backscattered recognition frameworks. Contrasted
and transmission radiation, the distinction between
the acquired picture of natural and inorganic
materials is higher. For all intents and purposes,
the backscattering framework is typically more
successful for the location of materials with a low
nuclear number (for example explosives, opiates)
than the transmission framework which is helpful
for metal imaging. There are a few recognition
strategies in light of dispersing radiation. It has
been seen that at large angle, it is feasible to
gauge both dispersed and sent photons. The two
estimations demonstrate high thickness, low
nuclear number materials, the marks of explosives.
There are additionally frameworks in view of three
identifiers: two dispersing and one transmission
finder. The identifiers register both forward and
in reverse photons. Basing on the enrolled signals,
the profile of the explored object is gotten. For the
discovery of sheet explosives (in traveller baggage),
a low point dissipating strategy has additionally
been proposed. Changing the dispersing point, the
energy of the episode photons is adjusted by the
diffraction impacts. In this technique, the acquired
example of energy conveyance is exceptional and
characterizes the sub-atomic design of the material.
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Trial results have shown that the technique makes it
conceivable to recognize PE4 and Semtex (measure
of 250 g, state of sheet with 5 mm thickness and
area of 280 cm?2). For the recognition of explosives,
likewise the high energy X-beam imaging is applied.
This sort of framework is utilized to explore huge
articles (compartments). For the high energy,
for example 10MeV, expands the identification
with the profundity of infiltration. The enlisted
collaboration (forward Compton dispersing) is free
of nuclear number; to that end two unique energies
must be applied. In information investigations
from the X-beams frameworks, the mathematical
reproduction of a cross-segment picture is
required.?>%

Computer tomography (CT) is one of the two
of information examinations in view of data
from X-beam projections at a few points around
an explored object. The CT picture is acquired
utilizing both retention and dispersing weakening
properties of every volume component. In the
discovery system, the sent radiation is estimated.
The indicator doesn't give the picture yet cumulates
how much photons. The gathered beamsarehandled
to get a genuine picture. The productivity of such
a still up in the air by the quantity of projections
used to shape the CT examine picture. The CT
not set in stone by the spatial and differentiation
boundaries. The X-beam strategies are as yet
evolved. There are a ton of new logical thoughts of
acquiring a low quick alert rate and a decent goal
of imaging, for instance rakishdispersive X-beam
diffraction (ADXRD), multi energy X-beam figured
tomography, coded opening imaging utilizing back
scattered X-beam radiation.®%”

Neutron discovery strategy, rather than photons,
neutrons are utilized. This procedure gives better
outcomes, yet at a greater expense and more slow
speed. Inside the casing of this strategy, Thermal
Neutron Activation (TNA), Fast Neutron Analysis
(FNA), Pulsed Fast Neutron Analysis (PFNA),
Pulsed Fast Thermal Neutron Analysis (PFTNA)
and Nuclear Resonance Ingestion (NRA) have been
characterized.®

TNA strategy bases on the ID of nitrogen in
explosives. During the ingestion of a neutron by a
core, the discharge of gamma radiation is noticed.
The radiation energy is normal for the core. The
examination of gamma beams force transmitted
by a tried item after its neutron openness makes it
conceivable to recognize a few touchy materials.
The TNA technique is additionally applied to
create a spatial circulation of nitrogen. It tends
to be utilized to identify nitrogen yet not oxygen



28

or carbon. For that reason, the strategy doesn't
recognize nitrogen oxides in explosives and in the
climate. This restriction prompts a high misleading
problem rate. Moreover, the responsiveness of the
TNA identification framework is restricted andits
cost is extremely high. It is applied for the discovery
of medications and explosives in baggage and little
bundles, fluid touchy in jugs and sacks, covered
landmines and unexploded arms. Immediately, the
TNA technique can portray High Explosives (HE)
by their nitrogen and hydrogen signature, however
with limited awareness.*#!

ENA strategy is the subsequent stage of TNA
improvement. Utilizing high energy neutrons, the
gamma radiation at various energies is identified
and recognized. For instance, normal explosives are
described by the particular thickness proportion
of nitrogen and oxygen. Besides, the location of
carbon and hydrogen is likewise conceivable. That
makes this procedure more delicate and misleading
problem safe. In rundown, FNA is delicate to
virtually all componentsin explosives and licenses
to distinguish the examined substance however for
the most part it is undeniably more perplexing and
costly .24

PENA strategy utilizing a beat light emission. In
any case, the energy of infiltrating neutrons is lower
than FNA. In this method, it is conceivable to get 3D
position data, applying shaft profile development
and unique planning and picture reproduction.
The fundamental benefit of PFNA isn't just the
assurance of the piece of explosives yet in addition
their spatial area and focus. The fundamental
issue of the procedure is to build a particular beat
lively neutron source. The upsides of PENA are: an
exceptionally instructive, dependable and low level
of the gamma-foundation, since gamma-beams are
estimated distinctly between the neutron beats.
Notwithstanding, in request to have nanosecond
neutron radiates, a PFNA gadget should utilize
gas pedals of enormous particles, which are
cumbersome and costly.*4

Contrasted with this procedure, PFTNA applies
neutron pillar beats with higher span time (10
microseconds). These days, the PFTNA discovery
frameworks are compact. The principal benefits
of PFTNA are: high dependability, versatile
development, activity with one side admittance to
the article.””

Nuclear Magnetic Resonance (NMR) spectroscopy
distinguishes the nuclear design of particles.
During the location method, a trademark ingestion
of energy by certain turning cores in a solid
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attractive field is noticed. In the event that the core
is put in an attractive field, connection between
attractive second and the attractive field is noticed.
The energy of the core changes with discrete
qualities. Utilizing an outside electromagnetic
field with a matched recurrence, the photons are
retained. The recurrence of assimilated photons
is called reverberation recurrence. By checking
the recurrence of the sent RF field (opposite to
the attractive field), an assimilation signal is
recognized. The resounding atomic attractive
minutes demonstrate a perceptible RF voltage
signal. A range of sign amplitudes of variouscores
can be acquired utilizing two different ways:

* The attractive field over the area is changed
directly round the reverberation esteem.

* Applying a consistent attractive field and
shifting the recurrence of the swaying field.

In the NMR, the determinants of the substances
are: level of relaxations, turn grid unwinding
time, turn unwinding time and coupling steady.
This method might be utilized for the location of
explosives covered in bundles, letters, and aircraft
things. The standard of NMR generally includes
two consecutive advances: first, the arrangement of
the attractive atomic twists in consistent attractive
field, and afterward the bother of this arrangement
by radio recurrence beat. The bothering recurrence
is subject to the static attractive field and the
cores of perception. The twist turn unwinding
time is normal for the sub-atomic designalso the
condition of the example material. For all intents
and purposes, in the identification of explosives,
various communicated beats with explicit energy
and reiteration rate are utilized. The beats give a
potential open door to acquire great selectivity
of two unwinding times and the 1H-14N cross-
coupling. The outcomes showed that for the
deliberate recurrence of 3 MHz the upsides of
unwinding times are extremely trademark for
explosives. The awareness of the strategy is
impacted by the thickness of the objective cores
in the material and by sensor boundaries. NMR
spectroscopy was utilized in recognition of PETN,
1-Nitratoethyl-5-nitriminotetrazole subsidiaries.***

Electron turn reverberation (ESR) or Electron
paramagnetic reverberation (EPR) spectroscopy is
a method for concentrating on compound species
that have at least one unpaired electron. The
fundamental actual ideas of ESR are comparable
to those of atomic attractive reverberation (NMR),
yet these are electron turns that are invigorated
rather than twists of nuclear cores. The attractive
field divides the twists into two gatherings
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(adjusted and inverse with the attractive field).
Every direction is related with an alternate energy.
Occurrence microwave radiation might initiate
changes between the two conditions of the unpaired
electron. On account of the particular quanta energy
reverberation ingestion is noticed. Gigantic mass
distinction among cores and electrons makes that
for ESR the lower attractive fields and a lot bigger
microwave frequencies are applied than for NMR.
The responsiveness of the strategy relies upon the
populace proportion of the dissected states. For that
reason, the awareness of the technique is improved
by utilizing of a low temperature. Consequently,
an ESR range is acquired by recording how much
microwave energy consumed by the example as
an element of the attractive field. On account of
the location of explosives, the ESR spectroscopy is
restricted to certain materials having free twists.
In examination with NMR, the ESR has a higher
innate awareness (around 15000 times). The ESR
instrument grants to identify dark powder with an
amount of 18 mg >

Atomic fourfold reverberation (NQR) spectroscopy
depends on explicit characters of the material cores.
The critical properties of the cores are attractive
minutes and electric quadrupole minutes. A core
might have a characteristic atomic twist filling in
as a little magnet with attractive force. In certain
cores, for example, 14N, 170, 35Cl, 37Cl huge
quadrupolar collaborations (turn relaxations)
might be noticed. The relaxations are described
by the huge line widths. Quadrupole parting can
be noticed straight forwardly utilizing the NQR
procedure. In the NMR strategy the parting is
initiated by a huge outer attractive field. Hence
gas, fluid or strong, can be investigated by NMR
spectroscopy. On account of the NQR strategy,
the estimations are taken without outer irritation.
Accordingly, NQR examinations ought to be acted
in the strong stage at low temperatures. NQR can
be utilized for an exceptionally exact assurance of
the nearby appropriation of the electron thickness
in atoms, giving more precise outcomes than NMR.
Unfortunately, NQR signals are likewise innately
powerless and defenceless both to the warm
clamour of the curl and any outer radio recurrence
obstruction (RFI). In numerous NQR applications,
RF impedance (RFI) can be a main pressing
issue. There are additionally a few strategies to
build the sign to commotion proportion. NOR is
exceptionally agree able to hazardous investigation
as these substances, like TNT, RDX,HMTD and so
on, are commonly wealthy in 14N (nitrogen) cores
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with a twist quantum number of 1, having electric
quadrupole minutes. The enrolled spectra are
one of a kind for guaranteed touchy material and
are not powerless to the obstruction of different
materials containing nitrogen during the NQR
estimation. The primary benefit of 14N-NQR
reverberation spectroscopy in the recognition of
explosives results from the high substance and
crystallographic particularity of NQR spectra.
The spectra rely emphatically upon changes in
electronic charge dissemination over the entire
atom. Then again, NQR location is described by
moderately low responsiveness brought about
by low reverberation frequencies (0.5-6 MHz).
The outcomes showed that the NQR strategy can
be utilized in the identification of explosives in
baggage. Involving explicit progress frequencies
of 3.4 MHz for RDX and 0.89 MHz for PETN, the
unwinding times are 11 Ms/0.9 Ms and 32s/0.9 Ms,
separately.>*%

y—Ray location, radiation discharged by iotas
from the energized cores is taken advantage of.
Energized cores emanate the y—photon with
distinct energy because of progress to a lower
state. The radiation from such source goes through
the researched object and is constricted by three
cycles: photoelectric impact, Compton impact and
pair creation. The primary impact is most huge
on account of weighty retaining components and
for low photon energies. The Compton impact is
significant on account of light components and
photon energies beneath the worth of 3 MeV.
Positrons and electrons are delivered by weighty
components and high energy of y—photons. On
account of the y—Ray framework in view of pair
development, the y—photons communicate with
the explosives actuating the nitrogen. During the
positron outflow two incidental photons with
energy of 511 keV are made. The photons are
identified by a normscintillaator. The high energy
photons enter effectively most materials and allow
to assess enormous articles (baggage, freight). The
subsequent strategy utilizing y—Rays is named
y—Ray atomic reverberation ingestion (NRA). By
filtering with high energy y—Rays and by estimating
the transmission profile of the photons, the districts
described by high nitrogen focus are imaged. The
huge ingestion cross segment makes the strategy
touchy to modest quantities of nitrogen. In any
case, the entire recognition strategy is muddled as a
result of basic necessities concerning extraordinary
objective material and shape, as well as y—Ray
source power and soundness.”*
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ELECTRONIC NOSES

The motivation with the mammalian
feeling of smell brought about a plan of
counterfeit gadgets, joining compound
(bio) sensor cluster with an appropriate
example acknowledgment framework.
Starting around 1982 electronic nose (EN)
instruments, on account of Dodd and
Persaud, have been methodically created
for quite a long time. Most ENs utilize
sensor clusters that explicitly respond with
reasonable analytes. Coming about signals
are recorded what's more handled to give a
scent finger impression. With advancement
and wide execution of IoTs, the parts of
sensor exhibits are profoundly requested as
the gadgets for subjective and quantitative
investigation of unpredictable mixtures.®

Fundamental benefits of ENs are high
consistency and reproducibility of the
detectingresults, brieftimeframeforacquiring
results, high through put of examinations,
extremely  durable  accessibility —and
dependability, non-destructive investigation,
results associated with human insight due to
multivariate information treatment. Those
highlights not just guarantee functional
utilization of ENs, yet all at once shed the
light on the advancement of EN innovation
later on, including recognition of explosives
and unsafe mixtures. ENs are additionally
frequently utilized in a round about way
to distinguishing proof of bundles with
touchy materials, particularly for observing
of capacity period and debasement of the
explosives on schedule.”!

The well known semiconductor varieties of
gas sensors touchy to explosives are described
by low creation cost, short reaction time,
aversion to a widerange of analytes, generally
high  selectivity and multicomponent
examination. In any case, utilization of
the regular ENs with semiconductor
exhibits has a few inconveniences, like a
low responsiveness, changes in the pattern
because of temperature, dampness and
variances of natural circumstances. An
original way to deal with this issue including
a differential EN made out of two chemo-
sensor exhibits working in equal was
proposed by Brudzewski et al. One of these
structures a 'estimation cluster' and the other
a 'reference exhibit'. Differential sign obtained
from two clusters diminished the in impact

of obstructions and turned out to be steadier
and more impervious to natural changes.
Additionally, minimal expense metal oxide-
based EN was proposed by Ratchapakorn et
al. with capacity to distinguish the dangerous
materials.®?

Horsfall et al. utilized WO3 and CTO
heterojunction semiconducting metal oxide
gas sensors as an instrument for discovery
of explosives. The recently referenced
methodology planned by Kwon et al.
promising system to plan and acknowledge
exceptionally particular ENs by using an
assortment of mixes of metal-oxide hetero
p-n intersections as the structure blocks. As
of late, Giordano et al. proposed a special
way to deal with tune capable substrates
to preconcentrate and somewhat separate
follow explosives in a mind boggling
climate. It gives a bound together example
preconcentration and division module that
can bejoined to an assortment of multichannel
substance location gadgets.®®

In this methodology, analyte
preconcentration and halfway detachment
were joined into a solitary stage by utilizing
a Joule-warmed silicon nanowire exhibit. In
spite of the fact that MOS-based sensors have
gained a critical headway for a couple last
many years, their selectivity actually stays
unacceptable. Further advancement is vital
during functionalization utilizing various
materials and blend with 2D materials.
Patil et al. show that the polymer nano-
composite microcantilever is appropriate
for ENs applications and can prompt the
improvement of a rough versatile, handheld
gadget for quick and touchy discovery of
dangerous fumes. The ultrahigh delicate
piezoresistive polymer nano composite
microcantilever gives touchy location (ppt
level) under encompassing circumstances.®

Discovery of explosives, including nitro-and
peroxide-subsidiaries, on a nanotechnology-
enlivened single electronic cluster was shown
by Lichtenstein et al. NW-FETs empower the
location, fingerprinting of various hazardous
particles down to ppq level. Recognition
of the multicomponent gas combinations
requires the multi-sensor units, whose
exhibits and suitable information handling
frameworks ought to give dependable and
quick data about the presence of specific
explosives. Also, an increment in protection
from ecological changes is fundamental for
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productive execution of the gadgets in view
of sensor clusters. Nano materials based
sensors show a high potential for common
sense application and they can establish
another age of supersensitive, quick and
continuous logical stages for ultra follow
recognition and distinguishing proof of a
wide scope of dangerous species.®

A unique accentuation should be additionally
placed on translation of a sign from sensor
exhibit, where exact insightful information
is required. Characterization strategies
can be separated into directed and solo
ones. To accurately decipher a sign from
multisensory table, the solo techniques work
on the information, which were not stamped
and are focused on recognizable proof of
similitudes. A typical procedure utilized in
solo techniques is head part examination
(PCA). The techniques used in ENs likewise
incorporate help vector machines (SVM),
various sorts of neural organizations as well
as different strategies in view of choice trees.
By and large, SVMs strategies generally
perform well when helped with the order of
sensor inputs.®

Some other calculation related undertakings
with ENs incorporate the remuneration of
sensor float, a characteristic element of the
sensor that shows up with time, creating
ways to deal with gradually add classes
to the model without retraining it for each
new class and the information on move
between comparable sensors. Calculation
based recalibration methods can altogether
increment long haul execution and
instrument-attainability appraisals, as well as
approval process and the instrument plan.*”

As an option in contrast to recalibration
of the sensor frameworks utilizing a full
arrangement of alignment tests, adjustment
update and float revision for ENs have
been proposed. For instance, Gradi‘sek et
al. investigate the utilization of the Random
Forest Al calculation to recognize the exhibit
reactions to various explosives focuses (TNT,
DNT and RDX). Progress and advancement
in calculation level for ENs with conversation
of element extraction calculations, signal de-
noising calculations, design acknowledgment
calculations, unsettling influence end,
discreteness rectification and float pay
calculations have been as of late completely
examined.*
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CONCLUSION

With increasing terrorist threats of different types,
explosives detection for various types and forms
of explosives is of growing interest. This paper
reviews the broad array of possible methods of
explosives detection, using both nuclear and non-
nuclear based instruments, with their advantages
and disadvantages for different scenarios. An
explanation of the fundamental physics for each
approachisaccompanied by its general applicability
and citations to the relevant scientific literature.
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