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XapakrepucTuku TIW nsny4vyeHus

Frequency: v = 1 THz = 1000 GIz
Angular frequency: w = 27 = 6.28 THz
Period: 7 =1/v =1ps

Wavelength: A =¢/r = (0.3 mm = 300 pm
Wavenumber: k = k/27 = 1/\ = 33.3 cm™!
Photon energy: hy = hw = 4.14 meV
Temperature: T = hv/kp = 48 K
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Table 1. THz Detection Methods, Advantages and Applications

CancerType  Method
In vivo THz imagin;

Skin 5B
Ex vivo THz imaging

Onal Terahertz imaging (issue freezing)
Terahertz imaging (brain tumor
modelling)

Brain
In vivo THz Imaging
Terahertz spectroscopy

Lungs and Terahertz Spectroscopy Imaging

Small Intestine ~ (reflective)

Terahertz time-dependent spectroscopy,

Prostate imaging techniques, computer
classification

Colon Terahertz imaging (by an endoscopic)

Cervieal Terahertz single measurement

Gastrointestinal Terahertz time-domain speciroscopy

Advantage
Clear distribution

THz absorption effect is eliminated by
freezing

Accurate determination of tumor margin
Clear determination of tumor area
without the need for wet fluorescence
High contrast image:

Definite tumor border detection
Accurate diagnostic

Clear difference in morphology, density,
electrical properties

Recognizable morphological details
Agreement with histopathological results
In situ detection

“The prominent color of the tumor makes
it distinguishable with a prediiction
accuracy of 92.22%.

Convenient endoscopic system
Computerized endoscopic system

Does not require different operators
Preparations can be done by an inexpert
person

More economical

Absorption is proportional to density

Tissue detection by absorption rate
Refractive index and dielectric
permittivity can help in diagnosis

Application

Cancer detection within organs
Malignant tissue removal

Distinguishing malignant and healthy
cellular structures

Glioma tumor detection

Diagnosis of brain fat deficiency

Diseased tissue detection (in situ or after

removal)

Classify and diagnose cancer specimens
in paraffin

Imaging live cancer cells

Identifying live cervical cancer cells

Malignant tumor detection

1J.Son et al., J. Appl. Phys. 125, 190901 (2019)
21 Amini et al., J Lasers Med Sci 12:02 (2021)

KypaTtos A.C., B

HToB A.B., Kosanes B.® .JlazepHbiii UCTONHUK CBEPXMOLLHOIO Fif

2023

3/17



1,2

[Mpumenenne TTu n3nyderus B cuctemax besonacHoCcTn < u

KOMMYHWKaLUNn VI3

AADH

MC-enabled THzCom

eption Coallicint Valuesi-1]

o
Azurin

1R.()rlando et al., J Inf. Milli. Tera. Waves 30, 1308-1318 (2009)

https://terasense.com
arXiv:2207.11021 (2022)

KypaTtoe A.C., BpanTtoe A.B., Koeanee B.®P JlasepHbiii NCTOYHUK CBEPXMOLLHOIO NEPEXOAHO! 2023 4/17



NcTounnkn Mowroro TTy nsnyyenus
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NcTounnkn Mowroro TTy nsnyyenus
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CpaBHeHMe NCTOYHIKOB

TABLE I. Comparison with state-of-the-art high-power THz sources, including a THz free-electron laser (FEL), TR in a linear
accelerator (LINAC), optical rectification (OR) in organic crystals and lithium niobate (LiNbO3), and laser-induced plasmas in air,
liquids, and solids. All sources are broadband except the FEL. The data for existing sources are referenced from the previously reported

experimental records.

Peak 20-dB Brightness Laser-THz conversion
power (GW) bandwidth (THz)  temperature (10" K) efficiency
FEL [15] 0.001 0.007 1
LINAC (TR) [16] 24 3-10 1-6 .
Organic crystal (OR) [18,19] 4 3 10 3%
LiNbO; (OR) [20] 0.2 0.4 2 0.77% (3.8%[21])
Air plasma [25.26] 0.1 10 0.02 0.01% (0.1% [27])
Liquid plasma [28] 0.04 15 0.005 0.1%
Solid plasma JETI [33] 1 1.5 0.4 0.08%
This work ~ (0.08-1.2) x 10° (0.5-5) (0.9-1.9) x 100 (0.16-0.29)%

CpaBHeHue NcTo4Hnkos mowHoro TTy nsnydenus. Jlazepbl Ha cBOBOAHBIX 31EKTPOHAX,
JluHeiirbie yckoputenu, OnTrndeckoe BbinpsimieHne (OpraHMYeckne KpUCTanbl,
HaKOHHbIV BOMIHOBOW ¢ppoHT, "rasosas "xugkoctHas"n "TeepgoTtensHas"nnasma.
Tabnuua B3sTa U3 pabotsl’)

]'G.Liao et al,, PRX. 10, 031062 (2020)
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[locTaHOBKa 3KCnepuMeHTa

© Jlazep 25 dc., 10-15 MNBT., pasmep obnactu
50-100 MKM., HOpManbHOe nafeHune

© Metannunueckas dosbra ~ 1€2 MKM.
© BbicokosHepreTnyHble 3N1eKTPOHbI
Q TIly unsnyyenne

@ HuskonnotHas MmuweHb

(=] =l QA
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I£||OI'IOJ'IHVITe)'I bHbl€ YCNOBUA

Tyronnagkasi, XopoLUO NPOBOASLLAs MULLEHb

OcHoBHOE M3NyYeHne nog HanpasieHnsm
61M3KUMU K HOpMaK

Cbop 1 chokycrpoBKa U3ny4eHus

N3mepeHune Ha 3HAYUTENbHBIX PAaCCTOSHUAX.
N3mepsiembiii cnektp 0.5-2 Tly,

MeToa npobHbIX YacTul, AJst USMepeHus
nonei

=] F = = DA
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AHanntudeckunii pacyet

DNIEKTPOMArHUTHbIE NONS: Tok ropsiinx 3n1eKTPOHOB:

E=(E,0,E,)
H = (0, Hy,0)

VpaBHeHune /151 BEKTOPHOIO NOTEHLMana:
OuA, = CCAA, + 4rc),
DNeKTpMYECKMe N MarHUTHbIE NOJIs:
E; = —(1/c) 0:(A7 + A7) — (c/v)0:(A — A;)
E, = —(c/V)0,(A7 — A7), Hp = —0,(A; + A7)

Pewenue:
Qv /°° Sy N(p, p'0(Vc*t? — 22 — p'))
0

A =
o VR(EF 2R+
2 2plp p12+p2
N(p,p") = S hb(=5-) exp(———5—)
o o o
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PesynbTaT BblYUCAEHW

(a) Her/Q

PaCnpe,ﬂ,eﬂeHVle MArHNTHOro nNoJsiaA npun
BbIJIETE 13 NAEANLHOTO NPOBOAHMKA
My4Ka 3J1IEKTPOHOB O ckopocTbto 0.5¢
(a, 8) n 0.99¢ (6, r) B MOMEHT BpemeHH
t=2.4r/c (a, 6) n t =10ry/c (B, r).
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PesynbTaT BblYMCEHNT

NIMnynbc MarHMTHOro nons nsay4eHus
Ha paccTosHun r = 103ry npw BbineTe 13
NAeaNbHOrO MPOBOAHNKA MYy4Ka
3N1eKTPOHOB co ckopocThto 0.95¢ ans
Tpex yrnoB HabstogeHUs, oTBeYatoLWmnx
HanpasieHno BAosb Muwenn (90°),
HanpasfneHnto HanbonbLueld sHeprum
n3nyyennsi ~ -y (18°) u Hanpaenenuto
98 999 1000 1001 1002 B6AM3M NPsSIMOIA BblETa SNEKTPOHOB
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D deKTUBHOCTL reHepaLmm

MoTeHymansHbil bapbep:
edy, = —2Th In[ro/(ApeV2)]
«VYberarowme» 31eKTPOHbI:
ne =~ npexp (ePm/Th)
Q= enfctoﬂ'rg = Thcto/(2e)
TemnepaTypa ropsiumx 31€KTPOHOB

Th~ mc?(y/1+ a3/2— 1)~ 0.7 x mc2ag

20 = 0.85/1[1018W/cm?]/A[um]

3apsif, 2N1eKTPOHOB:
Q = 0.35 X eagpcty/re
JHeprust TIy n3nyyeHns n sHeprusi n1a3’epHOro MMMysbca:

Ep ~ Qz/cto ~0.1x mczagcto/re

&L = mc2agctoR3m /(202 re)
JdbbekTnBHOCTL Nasepa:
n=Er/EL ~ 0.08\2/RZ ~ 1.5%

KypaTtoe A.C., BpanTtoe A.B., Koeanee B.®P .JlasepHsbiii NCTOYHUK CBEPXMOLLHOIO NEPEXOAHO! 2023 13 /17



[NapameTtpbl TTy nmnynsca

JlazepHblii umnynsc: lopsiune anekTpoHbI: Tly vmnynec:
o 1—-5/x
@ 300 Ox o 1.5%
e 100 mkm e 0.1 mKn e 10 — 50 TBT
o ~ 10¥B1/cm? o Ery, ~ TB/m npn
|~ 10 cm

KypaTtoe A.C., BpanTtoe A.B., Koeanee B.®P JlasepHsbiii NCTOYHUK CBEPXMOLLHOIO NEPEXOAHO! 2023 14 /17



YucneHHoe MofennpoBaHne COOTBETCTBYHOLLEE
SKCMNEPUMEHTY

* FDTD, mogens Opyae

* 600 x 600 x 300 mkm3

* At =1 e, Ar =1 Mkm

* 0o =108 c71, v =103 ¢!

<] * D, = cty = 8 mkm, D, = 215 = 200 mkm
S v =0.5¢, 0.99¢
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Pe3yn bTaTbl HNCAEHHOTO MOAENNPOBAHNA

(@ HW:;Q ©) Hyr5/Q

1 N3 YNCNEHHOTO MOAENNPOBAHNS
\ npw BbINETE U3 METaNNA Ny4Ka

3\ 5/1eKTPOHOB co ckopocTsimu 0.5¢

\ (a) n 0.99¢ (6) B MOMEHT BpemeHn
i 800 dbc ( 2.4r0/c)

I3 Pacnpep,eneva MArHUTHOro nons

Mpodnab uMnynbca 31eKTprUHeECKoro

nonst (a) N COOTBETCTBYIOWMNIA CNEKTP
S &1 W3nydenns (6), renepupyembie npu
BblJleTE N3 MULLIEHN MyYKa 3J1EKTPOHOB
co ckopocTbto 0.99¢, nocTpoeHHble Ans
Tpex yrios Habntogexus: 10°
(kpacHbiii), 50° (3eneHsbiit) n 80°

(cuHnii) B MomeHT Bpemern 800 dbc.

Eu] Beim
o5 BEEYY

100
r MKM
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Bbisog,

(] npOAEMOHCTpVIpoBaHa BO3MO>XXHOCTb NCMNOJIb30BAaHNA KOPOTKNX MOLUHbIX
N1a3epHbIX UMMY/IbCOB, BO3AENCTBYIOWMUX HA METANINYECKUE MULLEHU, AJis
reHepauumn HM3ko4acToTHbIX T nuMnynscos

o I'Ipe,qCTaBneHo TOYHOE aHA/NNTUYHECKOE peLlleHne 3a4a41 ans ypaBHeHI/II7I
Makceenna onuceiBaer BO3HMKaOWMe npn MrHOBEHHOM BbINIETE N3
naoeanbHOro NPOBOAHUKA rayCCoBa NMy4YKa PENATUBUCTCKUX SNIEKTPOHOB

o [lpuBeaeHbl OLEHKN, KOTOPbIE MO3BOASIOT MPEACKa3aTh BbICOKNI
KO3(pPULNEHT KOHBEPCUN SHEPTUUN N1A3EPHOrO U3NydeHns B Hepruto 1Ty
UMMYSIbCA, UMEIOLLIErO PEKOPAHbIE BEIMYNHbBI SIEKTPUYECKOTO N MAarHUTHOrO
nosemn

o [NpennoxkeH 3KCNEPUMEHT /151 MOLLHON YCTAHOBKM, OLIEHEHbI MAapaMeTpbl
pesynsTupytowmx Ty umnynscos
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