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[ eHepaLunsa cBEPXMOLLHOIMO KOrepeHTHOro
MWUKPOBOMHOBOIO U3ny4vyeHmns Ha OCHOBE 3PP EKTOB
3axBaTa U CaMOCUHXPOHU3ALINN
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[eHepauua CBEPXMOLLHOINO WU3nyyeHUs HeunsberkHO Tpebyer
MCNO/Ib30BAaHMA  CBEPXPA3MEPHbIX  3NEKTPOANHAMUYECKMX
cuctem.  lloapeprKaHne KOrepeHTHOCTU U3NYYEHUA MOXKET
ObiTb AOCTUITHYTO Ha OCHOBe 3PpPEKTOB CAMOCUHXPOHMU3ALNM
nnn 3dpPeKToB 3axBaTta BHELIHUM CUTHAIOM.

[1haH

1. CMHXpPOHM3AUMUA 3a CYeT ecTecTBEeHHOU AUPPAKLUNOHHOM
PACXOAUMOCTU WU3NYYEHMA NPU YMEPEHHOM MapameTpe
dpeHens.

2. CWMHXpOHM3AUMA U3Y4YEHMA 3@ CcYeT oOopraHusauum
NBYMEPHOW pacnpeaeneHHom  obpaTHOM CBA3M NpwU
bonbwnx napameTtpax dpeHens.

3. 3axBaT BHEWHMM CcUrHanom ana  obecneyeHusn
OAHOMOAOBOW reHepaumm B TMPOTPOHAX Ha MNepBOU U
BTOPOWN LUWUKNOTPOHHbIX TFAPMOHUKAX U KOrepeHTHOro
CYMMMPOBAHUA U3NYYEHUA TMPOTPOHHbIX KOMMNIEKCOB



1. CUHXPOHM3aLUMS 3a CHET €CTECTBEHHOM
ONPpakLUMOHHON pacxoaAnMOCTUN NU3NyYeHnd
npu ymepeHHOM napametpe PpeHens
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[IpmnbrimxeHmne Masioro curHasna.
UHKDEMEHTBI 1 CTEPTOBBIE TOKW COOCTBEHHBIX MO/

3aBUCUMOCTb CTaPTOBbIX AJIMH A/ MO4
C PA3/INYHBIM YUCITOM [10MTEDEHBIX
BapmaLmm ot rnapamerpa OpeHesis




XapaKTepucTku CTaLMOHAPHOro PEXUMAE MEHEDALIMM

SBosIoLMS 10MIEPEYHOM CTPYKTYPbI
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[lepexos K XaOTMYECKOMY DEXUMY FeHePaLmm
[1pU YBESTUYEHUU LLUMPUHBI 3/7IEKTPOHHOIMO M10TOKa




Bo36yxxneHmne rnoBEPXHOCTHOM BOJIHBI PSMOSIMHENHBIM S/IEKTDOHHBLIM [1YYKOM
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TpéxmepHoe PIC moaeanpoBaHue HeAMHEUHON AMHaMHUKHu TIB 751 - Amana3oHa

JlucniepcuoHHas auarpamma
IIOBEPXHOCTHOU MO/JIbI
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Table 1. Basic parameters of planar SWO

Interaction space geometry

grating period 1.75 mm

amplitude of sinusoidal corrugation 0.28 mm

total length of the corrugation section 50 mm

SINUKI accelerator parameters

guiding magnetic field 3T

accelerating voltage 650 — 700 kV

operating electron current 1 kA

beam cross-section in the interaction space 0.3 x20 mm?

Calculated parameters

oscillation frequency 75 GHz, output power ~ 80 MW

ohmic losses <5 %

o 9B IIpocTpaHCTBEHHBIE
i pacupeneneHus
E_ KOMIIOHEHTBI 10JIA




[pocTpaHCcTBEHHAA CTPYKTypa KOMMOHEHTbI NoAd H, B cTalMOHapHOM
OAHOMOAOBOM pPeXUmMe reHepauuu B NAOCKOCTU (X, Z)

AMILTUTYIHOE pacIpeneIeHne XT da3oBoe pacmpeneacHme
E dB _%
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Cxema reHeparTopa noBepXHOCTHOM BOAHbI MhAaHapHOM
reoMeTp1u ¢ AMPpPaKLIMOHHON CEAeKLIHEU MOA
A.lManuuuH, KO.PoauH v ap.
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Bo3HWKHOBEHME MW'IbTMCTa6MJ'IbHOCTM pexnmos Nnpu yseinyeHunuu
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Bo3byxaeHne Mo ¢ pa3nnuyHbIM YACITOM BapuaLui Nons no koopauHaTte X



2. CUHXpPOHM3AUMA N31yHeHMA 33
CYEeT OpraHm3aumm AByMepPHOU
pacnpeneneHHon obpaTHOWM CBA3M
npuv 6oAbLWMX NapameTpax
PpeHend




1, ﬁelm ELMI
annnnnns PROJECT OF FULL-SCALE PLANAR FEM e
BASED ON THE U-2 ACCELERATOR

A.V. Arzhannikov, Budker Institute [f Nuclear [Jhysics, NCvIsibirsk
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Q,=0.4 MJ




Using planar and coaxial 2D Bragg structures for synchronization of
radiation of powerful sheet and hollow electron beam.

Concept of 2D distributed feedback.
Ginzburg N.S., Peskov N.Yu., Sergeev A.S. // Opt.Comm. /993. V.96. N4—6. P.254,

|| U. of Strathclyde, Glasgow ||
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Coupled wave model of planar 2D Bragg resonator

a=a, [cos(i?x — hz)+cos(h x + Zz)] — corrugation profile

a, — depth of corrugation
Cavity field: E = Re[Ep(y) (A+e—ihz + A el i B+e—ihz +B e ) eiwt:|

A (x,z) .
- — slow functions : : :
{Bi(x,z) Diagram illustrating

the scattering of the =
d

— 2 . :

h, = 7 — projections of translational pa rtial waves on the * ;‘:":{ ’:
grating vectors , h = f_ti / \/5, 2D Bragg grating : _h ”‘% (A )
d — corrugation period , _ :!2:2‘3’ +

—

h —wave vectors of partial waves

Bragg resonance condition: /2 =/




The clupled-wave equatiCns
(gelmetrical-[ptical appri Ximati[n):

0A 0A_

> = +i0A, +ia (B, +B )=0 a——i&A_ —ior (B,+B.)=0 Fresnel parameter :
z Z
l 2
B B x
L t+i0B, +io (A, +4)=0 a—‘—i&B_—iat (4, +4)=0 1 I
ox ox ,
_ +i5z _ +i5z ]2
Ai—_Aie ,B, =B.e z s> 1
0 =h —h— frequency mismatch from the Bragg resonance [,
@==h c— Bragg frequency Diffracti n is
neglected

o — coupling coefficient :
a=ah / 8a, — for scattering TEM <> TEM waves of planar waveguide

Boundary conditions

(A (x,—-1./2)=0 A4 (x,1./2)=0
e.m.energy fluxes from outside} X1 /2) _(x,1,/2)
=

and edge reflections are absent

B,(~1./2,2)=0 B (1./2,2)=0

.



Frequencies and Q-factlrs [f 2D Bragg resCnat(r m_des

The analytical solution in the case: oL, , >>1
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Demonstration of high selectivity 2D Bragg resonator in
3D simulations (excitation of resonator by short microwave pulse)

3D code “CST Microwave Studio”

Short incident microwave
pulse

At = 0.1ns

Il

Incident pulse spectrum

» Symmetrical transverse distribution
of the incident wave beam

65 75 85

» Asymmetrical transverse distribution
of the incident wave beam



3D simulation of fundamental mode excitation

Symmetrical incident wave beam Asymmetrical incident wave beam

time (ns) time (ns)

0 10 18 0 10 18

n= T~ 0 = 2a n=0 \ n = *1
m=0 m=1 /m _ g
Entire signal /

spectrum

70 74 78 70 74 78
Final spectrum corresponds to

excitation of fundamental mode
at Bragg frequency 73.8 GHz
2

Fresnel parameter : lx//u ~ 30

Z

70 74 78 70 74 78
frequency (GLz) frequency (Gz)



Tartial waves structure [ f fundamental mide in ge[‘metrical-ptical

appriximatilLn and 3D simulatilns




Planar 2D Bragg structure with 2D sin corrugation -
- photonic crystals??

planar resonator (FZK)

||=

2D sin corrugation
depth 0.06 cm

period d,=d,=0.5cm (f~60GHz)




normal incidence




Results of “cold” measurements

inclined incidence of wave-beam




Time—domain model of planar FEM with 2D disutributed feedback

I

Amplification section z

electron beart

Diagram illustrating coupling of partial waves in 2D and 1D Bragg structures :

A, (z,x,t) ,B . (Z,x,t) — the partial waves amplitudes

2D Bragg reflector E=E Re{ [A+e‘””+A_e"”Z+B+e"'hZ+B_eihZ]-e@f }

(9 .0 ) ,

By - A, o, (BB )=J -

\aZ & 81) 2D Boundary conditions for 2D Bragg structure
(0,10 ) , . PN A+‘Z:0:Oa

P . — |'A T b, +b =0

\aZ pgr aT) N 2D( T _) Bi‘Xzo,Lx:O




Simulation of nonlinear dynamics of planar FEM with hybrid Bragg resonator

Spatial profile of partial waves in
Setting on steady- steady-state generation regime

state generation
regime

10

Time (ns)
0 40 80 120 160 200
Scaling:

~2

o, ,L_ = const

Parameters of BINP FEM:

L,,=18cm, L,=32cm, L,,=18cm, L,=10cm, o,,= a,;, =0.07cm™, C=0.006




High power planar 75GHz FEM with 2D distributed feedback BINP
(INOVOSIDITSE) Phys. Rev. Lett, 2017

«ELMI» acceleraror

beam energy 0.8 - 0.9 MeV
Bragg reflectors pulse duration ~ 5 us

solenoid (total current ~ 1 - 1.5 kA)

transverse size 0.4 cm x 7 cm

beam current ~ 150 - 200 A/cm ]

wiggler

in each channel

X

y (T\.E collector

Two parallel oscillation channel driven by two parallel sheet beams

wiggler period 4 cm
wiggler field ~0.1 T
guide field ~1.2T (~ 1.7 H,()

———————— F
X £ et beams
2 chan nel 2D Bragg reflector ;’ 1D Bragg reflector h
L. : wave fluxes
T AU
atata Nty o UL
l— Oy

e
scatters for transverse wave fluxes

graphite collector

‘ <
N
9.5 Mm

20 cm 32 cm 20 cm teflon window



High power planar 75GHz FEM with 2D distributed feedback

single-mode oscillation regime

Spectrogram Seleckion Freq. 1, GHz 0

() Mixer_1
Cursors: | = P
il Cursor 0 1,30154E-6 A MBS 2

U,..., = 0.9 MeV

Il Cursor 1 1,07535E-6
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[ eHepaTopbl NOBEPXHOCTHOW BOSHbLI LUNMNHAOPUYECKOW
reoMeTpum ¢ OBYMEPHO-NepuognyecKkumMm CTpyKkTypamu

ABYyMepHaAa nepmnognyeckan
3amMeandarwan CTpyktypa a — - — —
PYKTYP a =%[cos(M(0—h z)+cos(Mp+h Zz)]

X, (CZ+ (x,z,y,t)e " + C. (X,Z,yaf)eilz ) T

H =Re _ _
+2Z, (Cx+ (x,z,y,0)e"" +C_(x,z,y,t)e™" )

CamocornacoBaHHasi cucTteMa ypaBHeHUN reHepaTopa NOBEePXHOCTHOW BOJIHbI:
Ll,VIKJ'IVI‘-IeCKI/Ie rPaHnN4HbIE

oC: oC! 9°C: .. .. -
L —ti—t=ia,,(C; +C;)§(y)_ii(JF(y)) ycnosus no
0oZ Ot oY B, oY a3aMMyTanbHOVA
3C- 9C- 32C- A - R KoopaunHate X
—— e+ —+i—L=ia,,(C;+C_)5(Y)

oZ dr  9Y’ C: (x+1,2,y,0)=C: (x,2,),1)

aéi aéi 826i ~ ~ + _ + m 2rimx/1,
i o + ~ +i = = i& C+ + C_ 5 Y Cz,x (X’Z’ y’t) - Z Cz,x (Z’yﬁt)e
X 9Jr oY’ (€ +C)5(Y)

m=—oo

=0

Z=L
z

=0,C

7=0 z

YpaBHEHUS! ABUXEHWS o
9NEeKTPOHOB:

9 519 oorel oo |y [
(a_z+ﬁ° gj H—Re{ e },J_l/zzie de,.




MoaenmpoBaHue LMINHAPUYECKOro reHepaTopa
MOBEPXHOCTHOWM BOJIHbI C ABYMEPHO-NEPUOANYECKUMU
CTPYKTYPaMM B paMKax KBa3nOMNTUYECKON TEOPUM
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75GHz cylindrical surface wave oscillator with 2D slow-wave structure

Py =

(=3
wn

2. il
- 1)
Gl o St il

Q

N hiam lrnnpo £ mmmomismmumbon EAMA . \T = i,R ] AF o~
L e ¢ NifiiiC-.rh)y ACCLOIGFraTNY =il av / = K /7 75 nRe

H.Ileckos, Ba. 3acaaBckuid, J. AOyoakupos. M. IIpossBun

diameter @ = 41.8 mm Bragg-type cathod
. 2D slow-wave structure
reflector

corrugation period 3.6 mm corrugation period 1.75 mm
corrugation depth 1.1 mm corrugation depth 1 mm
number of azimuthal turns 32

3D simulations (code CST)

1.0 |

|
P..~ 0.3 GW

14

Oversize factor OQ/i ~ 1(
perimeter ~ 32\
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Establishment of narrow-band oscillation with azimuthally-symmetrical output
structure
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transverse RF-field structure in the stationary generation regime
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Results of proof-of-principal experiments at W-band
based on «Sunus-6» (IAP RAS) 0.5 MeV / 5 kA / 25 ns

guide field ~1.4 T = 2 : — 1.0
: RF-pulse 5
0 ~40 mm £ o N
beam 8 beam current =
: 1 2
QE-? g 0.5
P, ~02GW ~ 0 8
- o
e N
:)3 accelerating voltage o 0.0 _’_,J L
0 10 20 30 40 50 73.0 735 740 745
time (ns) frequency (GHz)

Excitation of designed symmetric m=0
[ ode

distance to output window ~ 1.5 m

combination of symmetrical TMo,n - modes Azimuthal modulation in the beam
in the process of wave/e-beam interaction
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Maxwell —Bloch equations

Balance approximation I, <1,
(_ 04, 04, . . . .
+ > 2‘ + 8;_ +ioa(A,+A_)=]. Initial and boundary conditions
# e e (4, +4.)=0 Al g =0 Phm0 Pailg =0
BX af 4 ~0 p22|t:0 =0 pz+x|t:0 =0
jz+ = IB]; (2AZ+IOO + AZ—IO2Z) Tk pZ—x|t:O =0
. n % 1212 | =q ip(x,2)
-]Z—:ﬂ];(ZAZ—pO+AZ+p22 ) o e
ap, N ( Py — 1) _ ( Az+jz+* N Az_jz_*) ¢(X,Z) -random function
ot T,

d AL

1, - relaxation constants



Eigenmodes of 2D Bragg
resonator |Qu
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Threshold conditions
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Decrement of
eigenmodes
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Radiation synchronization and
establishment steady-state regime:
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CeterCstructure with inclrplrated 2D Bragg|nstitute rf Applied [hysics RAS

Development of a quantum well laser with 2D

distributed feedback

n' —Gads substrate

resCnatlr. Institute f[r [lhysics [ f [Jicr[structures RAS
Institute fCr Chysics and TechnCIgy (N.
NCvglrid)
Wavelenght 1 Mm
100—300 um :

Length and width [f the 5 0.5
metal clrrugatedarea (L, nL,) mm, ©.omm
+_ 0.25 Refractin indices (GaAs,

p’ ~Gads A o Ga ( 3.24, 3.51
p"—In, Ga,s, 0.6 um 0.49 0.51 )
L L L] CrrrugatiCn depth 35 nm
GaAs 0.35um
-InGaAs quantum well Linear gain 15 cm-’
GaAs 0.1um
-InGaAs quantum well i i *4 011 2
o 035 m Carrier density 3*10" cm
. Carrier lifetime with["ut radiati™n 3*10-10s
n' —1Iny,Gay; P V.0H4M
Output pLwer 1Bt

V.Ya Aleshkin, B-IN.Zvinkrvet at.
Leaky-wave semiconductor laser with
improved energetic characteristics and
supernarrow dirrectional pattern
Quantum Electrin. 2010 40 (10), 855857.




3. 3axBaT BHELIHWUM CUrHaNoOM A8 obecneyeHMs oAHOMOLOBOWM
reHepaumm B MOLLHbIX TMPOTPOHAX U KOrePEeHTHOTO
CYMMMPOBAHUA NU3NYYEHUA TMPOTPOHHbIX KOMMNNEKCOB

O)H z(DC

=

3 4

1. LIw sensitivity ti'1vellcity spread
2. ligh mide selecti(n in I[ngitudinal and transverse indices
3. [ligh efficiency



ArneKTpoHHas cenekuus no nonepevyHoMy MHAEKCy 3a
cuyeT BbIOOpa pagauyca MHXeKLUN 3NIeKTPOHHOro ny4ka u
PacCTPOMKU LIUKNOTPOHHOIO pe3oHaHca

TE25.10
TE31.17

Cavity wall

Jz%a—l (anRb /R)

Electron beam

Gmn — > ) T N2
(an - )J m (Vinn ) B
Ry, - pagnyc nHxekumu L
(eT'y
Ovperating |
mode
I | R
GFy | |
I |
Parasitic | |
mode
I I [ I F I I I I I
I I 80 60 -40 20 0 20 40 60 80
-




MMpPOTPOHLI AN HarpeBa Nna3mMmbl B YCTAaHOBKaXxX

ynpaBnsieMoro TepmMosiiepHoOro cuHTe3a:
1 MW, CW, 170 GHz
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Plasma heating, ITER
Gyrotrons: 1 MW, CW (110-170 GHz), mode TE31,8

CoBpeMeHHble TeHAEHLUUMN:
CylWecTBeHHOe MNOBbilWeHue
MOLLHOCTMU n 4YacToTbl
rMMpPOTPOHOB

Plasma experiment Buming phnnt

3axBaT KonebaHun MOLHbIX TMPOTPOHOB BHELUHUM CUTrHAriomMm

[MpoTpoH 1 o Y

Lenu:

1. NoBbiweHne mowHocTn U KIO, a Takxe
JEslSieEielsl  cTaOMNBbHOCTY YacTOThI reHepauuu.

[MPOTPOH 2

(rmpoTpoH)

2. Co3paHue cucTem KOrepeHTHbIX
MeraBaTTHbIX TMPOTPOHOB.

3. CenektnuBHoe BO30OyXAeHMe BbICOKMX MOA,
[MpotpoH N N Ha BTOPOW LUKITOTPOHHOMN rapMOHMUKe.



./ \\
f c GYCOM Perspective gyrotron with mode converter
for co-and counter-rotation operating modes

AV Chirkov, GG Denisov, AN Kuftin
BBoa curHana B pe3oHaTop rMpOTPOHA  2015/6/29 Applied Physics Letters

[eHucos I'.I.
ng:ﬁ'#)r Input Output
TE+imn Beam Beam

[1Ba pexxuma paboThl
HOBOIO

KBa3anonTU4YeCKoro
npeoodbpasoBarens:

a) [NlpeobpasoBaHne moa
obounx BpalleHUn B
napakcunanbHbIe Ny4YKn

b) BBog curHana B
pe3oHaTop MMpPOTPOHa
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HecTtaumoHapHas camocornacoBaHHasa moaenb FMPOTPOHA C 3aXBaToOM
oe npuonunxeHue
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Pe3ynbratbl MmogenupoBanua ana 170 NMu/1 MBT rupoTpoHa

4 . )
Pexxum cBob60gHOM reHepauum
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- PacwwupeHune obnactu reHepauyum




3aBUCUMOCTb PeXnnmMa reHepaumum ot CueHapusAa BKITHOYEeHUA rmpoTpoHa

4 ) 4 N\
Pexum 3axBaTta (onepexarouias PereHepaTtusHoe ycunexne
nogaya BHELHero curHana) (3ana3abiBaloWUN BHELLHUIA cUrHan)
xt. signal 1.0 — )
1.0 — ext. SIgna ] ext. signal
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KoHKypeHUMa «Mop wenyyLwen» ranepen ¢ 3KkBUANCTAaHTHbLIM CMEeKTPOM.

TE m >>n

m,n
E = RelA(z,0,0)E | ()e!@1=m09)]

My - a3nMyTanbHbIN MHAOEKC paboyen
Moabl

&= (1310 / SBﬁo )’”o(P
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KoHKypeHUMa «Mop wenyyLwen» ranepen ¢ 3KkBUANCTAaHTHbLIM CMEeKTPOM.

9%a da
q q
azz +1 Sqaq +¥+18(

I

fp [ e oy
0 0

2
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MoanduumpoBaHHOE rPaHUYHOE YCA0BME C BHELLHUM CUTHANOM Ana paboyen
MoAbl

1 dag (L,7) Jt = 2F(’C)ei§h q=0 (m=my)

1
e e

CtaHpapTHoe (M3n1yyaTenbHoe) rpaHMYHOE YCA0BUE ANA KOHKYPUPYIOLLMX MOZ,




Pe3ynkraTthbl MOgenmMpoBaHus Lq) =10
A = 0.5 -ontumanbHaa no KM/ pacctponKka ansa paboyen mogbl
Pexxum cBobogHOM reHepaumum Pexxum 3axsarta

(BHEeWHuM curHana 5% no mowHocTH)
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B KOHKypeHuun nobexgaet napasutHasa moaa. B KOHKypeHUuuu nobexxaaer paboyas moaa.

"eHepauus ¢ H13kmum Krg. feHepauma ¢ Bbicokum KNA,.



HecTaunoHapHble ypaBHEHUS TMPOTPOHA C KOHKYpPeHUuen
He3KBUANCTAHTHbIX Mo

7 22T
iaaZ“z . a;;+(ien(z)+mn(m)+

n (M =51)® 4. 4,

A, (’C) = 86”23,% (Sn(oH (’C) — (T)Z) (_onBi - PaccTpoiika LMKMOTPOHHOTO pesoHaHca,
ONVCbIBAIOLLAS CLEHapWI BKIMIOYEHUS

rMPOTPOHA NPU N3MEHEHUN YCKOPSIIOLLIETO
HanpsKeHus

e,(Z)= 8B||Ls,j (_Z — ), (Z))/E)ZBT_ - NpochUnb pe3oHaTopa

Institute of Applied Physics

of the Russian Academy of Sciences



Peaynbratbl MogenupoBaHusa anga 230N u/1 MBT rupotpona (DEO).
Pabouvas moga TE33,13 (nepBasi UMKIOTPOHHAA rapMOHUKa)

1
—

CBoGoaHas KOHKYPEHLUs Mo Pexum 3axsaTta (nonoca 30 MI'u)
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3axBaT rMpoTpoOHa Ha 2/ LUKITOTPOHHON rapMOHUKe

eHepauma Ha 21 UMKNTOTPOHHON rapMOHUKe

-

I'Iponopu,MOHaanoe CHMXXEHME MarHUTHOro nosid Ha 3agaHHoOWN
yacToTe, MO0 NOBbILLEHME YaCTOThI npun 3agaHHOM MarHMTHOM riorsie

A 4

OcHoBHasi npobriema AOCTUXEHNSI BbICOKOW MOLLIHOCTU — CUNbHAas KOHKYPEHLUSA C
Mo4aMuM Ha OCHOBHOM LMKITIOTPOHHOM pe30HaHce nMpu yBENNYEeHUN ToKa ny4dka um
Homepa pabouen moabl

T. Sait[], et al, [hys. [lasmas 19, 063106 (2012) 83 kW at 389 Gz, TE17,2

et

Bo3moxHoe pelueHne: 3axBaT BHELLHUM CUIHarom Ha pabo4vyen moae, KOTopbIn
nogaBnsieT napasnTHble MOdbl HA PPOHTE BKITHOYEHMSL.




re3ynbraTtbl pacyeToB And NIBT rTMPOTPOHa € YacToToMm 250 | ry Ha BTOpou

LUKITOTPOHHOW rapMOHUKe
30HbI reHepaumn
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Pexxum cBOOOAHOM reHepauun: Bo30yXXaeHue napasmtHOU
MOAbl HA OCHOBHOM LMKITOTPOHHOM pe30HaHce

. Setting-on the steady-state regime
Start-up scenario i -

voltage variation 75-100 kV;
magnetic field of 4.76 T;
operating current 50 A

) | ) | )
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) A I(U) t, ns
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Output power 1.1 MW

’T]ﬂ Institute of Applied Physics

PAH of the Russian Academy of Sciences




Pexum 3axBaTta: reHepauus Ha BTOPOU LUKITOTPOHHOMN rapMOHMUKe.

Setting-on the steady-state regime

External signal power is of 50

600

600
Ohmic loads Elon’t Total efficiency ~20%
exceed Output power ~1 MW
2.5 kW/cm

R Institute of Applied Physics
LTy N L :

PAH  of the Russian Academy of Sciences
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3axBaT rMMpoTpoHa Ha OCHOBHOM LUUKITOTPOHHOM pe30OHaHCe

[MpoTpoH 345 T u;:
crnesa — 6e3 BHELWHEro curHana, crnpasa — 27 KBT BHeLLHMX curHan obecneymBaeT
paboTy rmpoTpoHa ¢ mogon TES6.24 n mowHocTblo 1.27 MBT.
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Coaxial FEM with hybrid resonator consisting of upstream
2D Bragg and downstream 1D Bragg mirrors

2D Bragg mirrCr DB .
Lr
\.-\ l ragg mirr

36 38
frequency (GLz)

40

Azimuthal m[de selecti[ n can be
explained by the fact that
“verlapping Lf reflectiCn z[nhe
takes place [nly fCr fundamental
symmetric mde: m=0



NCnlinear mdeling [f mCde selectiCn in
37 Gz FELJ with hybrid Bragg res( hatLr
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Zones of stationary generation regimes corresponding to
excitation of modes with different number of azimuthal variation m

Steady state generatil n with
excitatiCn nCnsymmetrical mde
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Experimental studies of co-axial 37 GHz FEM with 2D

distributed feedback
Department of Physics, University of Strathclyde

Co-axial 2D Bragg structure

- - O o

Resonator perimeter [ =251 beam enargy’ 0'5IMaV

beam current 0.5 -1 kA
pulse duration 250 ns
beam diameter 7 cm




37 GHz FEM Experiments with Hybrid Bragg Resonator

2D Bragg 1D Bra Radiation power 60 MW,
reflectlr 99

Spectrum measurements
by cut-off filters demonstrate
azimuthal mode selection

3 1P (a.u.)

Heterodyne diagnostic of radiation spectrum
demonstrates azimuthal and longitudinal
ngde selection

36.5 GHz cut-off filter
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