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Motivation THz generation
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(g)

-60
N ' -0
—60 0

o =135
»

(3) E-field (e) and far-field (g) of TMy;, mode
from the DLW with angle cut at the end

(d) (h)

THz-driven electron gun

6 120°

(4) E-field (g) and far-field (h) of TM, mode
from the DLW with angle cut at the end

S.N. Galyamin ef al.,Opt. Express,
22(8)8902 (2014).

[V
7%,

electron beam %

‘ TH
L0 1 [ pr——a——
T “ ey |
photocathode chicane o p "

lic mirror
S-band RF-Gun '& S

THz detector usplitter

—

S—

i

accelerating cavity

mirror

e
movable mirror

interferometer



( M Otivati on ) THz-driven linear electron accelerator
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Rigorous approach

PANHOTEXHHNKA B 3JIEKTPOHHKA

1976 Ne 12

RKPATKHFE COOBITEHHAA

YIHK 621.372.81.09

H3JIYYEHHUE B3 OTKPBITOI'O KOHIIA IIJIOCKOTO BOJITHOBOJA
C NTUB3JIEKTPAYECKAM 3ATIOJTHEHNEM

I'. B. Bocxpecencruti, C. M. :Kypas

XoTa BOJHOBOJHBIC W3IyJalomue CHCTEMEI, 3ANOJHEHHBIE MABIEKTPUKOM, WCIONb3Y-
I0TCA Ha MPAKTAKE, TeOPeTHIeCK:H OHM HMCCIeJOBaHBl HeAocTaTOYHO. OCHOBHOU WHTEpec
OpefcTaBifdeT BhIACHeHHE BIUAHHA AUIICKTPHUICCKOTO 3ANOJHEHHA HA JYACTOTHBIE 3aBUCH-
MocTH Koa(UImenTa OTPAsKEHWsT OCHOBHOW BOJHBI M Ha JMArPAMMY U3JIydeHHA. B Ha-
croAmeit padoTe paceMaTpuBaeTcA 3ajava 00 HMBJIY9eHAU M3 OTKPBITOI0 KOHIA [IIOCKOrO
BOJIHOBOJA W II-IOCKOTO BOJHROBONA ¢ (hIaHIeM, 3amOJHCHHBIX OTHOPOMHBIM AUTeKTPAKOM.
Cnocof pemrenms, OCHOBAWHEIL HA CITHBAHEM LOJEH B IVIOCKOCTH DACKPHIBA BOJHOBOMA W
cBefleEMH (PYHKIMOHATBHBIX ypaBmenimii tuma Burepa — Xompa K cucreMe JAHEHHBIX
YPaBHEHMUIl, aHAJOTITIeH 1Ccmonb3osanuoMy B[1] npu paccMoTpeniu 3ajgadu 00 W3dydeHHH
M3 IyCTOro BOJIHOBOAA ¢ (lIammeM.

Yea

Puc. 1

Planar waveguide

PATUHOTEXHHUKA HOJEKTPOHHKA

1978

N 4

YR 621.372.826:621.315.61

N3JIYYEHNE U3 OTKPBITOI'O KOHIIA IIJIOCKOT'O BOJIHOBOJIA,
YACTHYHO 3ANOJHEHHOI'O JHJEKTPHKOM

I'. B. Bockpecencruii, C. M. iRypas

PaccmaTpuBaeTcs 3afiaya o0 H3AydYeHWH SIEKTPHYECKHX BOJNH H3 IOAY-
6GECKOHETHOTO IJIOCKOTO BOJHOBOJA ¢ MCYe3alolle TOHKHMH CTEHKAaMH, HArpy-
JKOHHOr0 MMONYOGeCKOHeYHOH [AMANEKTPHYECKOH INACTEHON, BHICOTA KOTOPOIf
MEHBITe BEICOTH BOJHOBOZA. PemeEme OCHOBAHO Ha Meroxe Bmmepa — Xon-

¢ha. IlpuBefieHsl peayabTATH BEIYHCACHHIE,

Jlaa uaMeHEeHHsI XapaKTepUCTUK M3IY9IeHAA H OTPAKAKIIEX CBOMCTB OTK-
PHITOrO KOHUA BOJHOBOAA [1] MOMKHO HArpy;kaTh BOJHOBOX JIHBIEKTPHKOM.
B paGote [2] momyueno pemenue 3afaqm 0 n0XyGECKOHETHOM BOJHOBOJIE, IO -
HOCTBI0 3aMOJHEHHOM AuaiekTpukoM. Ilpm aToM mokaszamo, 4To B3amoiHEHHE
AMAICKTPHKOM He BJIHsAET HA XaPAKTEPHCTHKHE H3IYyYeHNd, a N3MEHAeT JIUIIb
Koo puumenTsr Bo30ysKAeHus cobcTBeHHBIX BOMH. Hmke Gymer pacemorpen

cIydaif, KOrfia BHICOTA HArpy;Rammei [a-
9JIEKTPHUECKOIl INTACTHHE! MEHbIIE HoImepev-
HOTO pasdmepa BOJHOBOJA.

ITycTe B mosmyGecKOHEEIHEIN MIOCKHER BOJI-
HOBOJ C HJEaJbHO NPOBOMAIIMME TOHKHEMI
creakamu (z==%b, 2<0) cmMMeTpHYHO OT-
HOCUTENbHO Cpemmedt minockoctu z=0 BcTas-
neHa momyheckoHeuHas maacteHa (|z|<a,
2<<(0) ®3 AHBIEKTPHKA C IPOHUIAEMOCTLI0 &
(puc. 1). Crpykrypa BoaGysxmaercs coGer-
BEHHOM 3jIeKTpuYecKpdl BoxHoi E,, mabera-
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Purpose: generalization for cylindrical waveguides



Cylindrical waveguide with uniform filling
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Cylindrical waveguide with uniform filling
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Integral

representation

for Ez:

Cylindrical waveguide with uniform filling
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Cylindrical waveguide with uniform filling

Continuity at p=a,z>0: H E
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Cylindrical waveguide with uniform filling

( Wiener-Hopf equation )
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Cylindrical waveguide with uniform filling

( Meixner edge condition ) (|a| =, Ima|<d)
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Cylindrical waveguide with uniform filling

( Infinite linear system for coefficients of reflected modes )
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Cylindrical waveguide with uniform filling
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Fig. 3. Comparison between S-parameters (in dB) obtained via the presented analytical approach and via COMSOL simulations: §,; corresponds to
frequency )‘}CR (54) and incident mode with number /. We have seven propagating modes for [ =5 ( f5CR =300 GHz), 14 for [ =10 ( f,%R = 615 GHz). and
28 for | = 20 (fi} = 1.247 THz). Other parameters: @ = 0.24 cm and & = 2.
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Fig. 4. Far-field distribution of the absolute value of H,f,%,,) in the region “2”
calculated via (38) and (51). Observation distance R = 500/ko. frequency,
and other parameters correspond to those in Fig. 3, and a number indicated
near each curve means the number of the exciting CR mode. M is chosen so
that = =1 for each case. The curve / = 20 is multiplied by the factor 1/2.




Cylindrical waveguide with uniform filling
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Fig. 6. Near-field distribution of the absolute value of Hf.,i,) in the regions outside the waveguide (these regions are shown at the first column) calculated via
(46), (48). (49), (47), and (50). Calculation parameters correspond to the left and middle plots of Fig. 3. M") is chosen so that ) = 1 for each case.
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Cylindrical waveguide with layered filling

https://arxiv.org/abs/2104.12375
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Figure 2. Comparison between S-parameters (in dB) obtained via the presented analytical approach and via COMSOL
simulations: Sy corresponds to the Cherenkov frequency f;CR and incident mode with number [. We have 8 propagating
modes for [ = 5 (fS = 397 GHz), 17 for [ = 10 (fig" = 864 GHz) and 37 for [ = 20 ( S = 1.81 THz). Other parameters:
a=024cm, b=a/3, =2
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Cylindrical waveguide with shallow corrugated wall

& https://arxiv.org/abs/2005.05020
0 i 1 | S g ( S-parameters )
TMo, “ , =
N s I s N s O F

d<a,ds <a, d< )\ dy <A\,

Figure 3. S-parameters (top row) and far-field patterns (bottom row) for the case of excitation by the first mode (this is only
slow mode in this case) of the corrugated vacuum vaveguide. In all cases a = 0.24cm, other parameters: dy = 0.005cm, d2 =
dz = 0.0lem, w = 27 - 200GHz, waveguide supports 3 propagating modes, 5 = ko/k-1 = 0.9996 (left); di = da = dz = 0.005¢cm,
w = 27 - 615GHz, waveguide supports 10 propagating modes, 3 = ko /k.1 = 0.9982 (right). Far-field paterns are normalized by
the first lobe, @ is counted from positive z direction, ko2 = 1000.
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Thank you for your attention!
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