FeHepauust MOLHbIX Y/IbTPAKOPOTKUX
3/1IEKTPOMArHUTHbIX UMINYJ/IbCOB Ha
OCHOBe 3(P(PeKTOB CBEepXU3sTy4eHuUs

H.C. I'mHn36ypr, N.B. 3o0roBa
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KorepeHTHOe u3nyuyeHme KOPOTKUX 3JIEKTPOHHbIX Cr'YCTKOB
(xorepeHTHOE CMOHTAaHHOE U3JlydeHue)

S.E.Korbly, A.S.Kesar, J.R.Sirigiri, and

N3nyueHne Cmuta-Tapcenna R.J.Temkin PRL 94, 054803 (2005)
Energy of electrons 15 MeV
Bunched e-beam Bunch duration 1 ps
Bunch charge 9 pC
N
s Operating frequency 0.25 THz
Grating

OHAYNSATOPHOE U3TyYEHME ENEA-Frascati FEL

Energy of electrons 2.5 MeV
I I I I Bunch duration 3-10 ps

Bunched
0 0 . ._> e-beam Operating frequency  0.07-0.7 THz

I I I I Radlation power 1.5 kW

OHAYNATOp




CBEPXU3J1IYHMEHME - korepeHTHOE U3siydyeHue 3J1IeKTPOHHbIX
CrYCTKOB NMpPOTS)XEHHbIX B Macwutabe AsINHbI BOJIHbI
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t(ns) <P>= 1326

SR = selfbunching + slippage



CBEPXM3J1TYYEHME - korepeHTHOE u3Jiy4yeHUue 3JIeKTPOHHbIX

CryCTKOB NpPOTAXXEHHbIX B MacwiTabe ANMHbI BOJIHbI

urio PAH: ‘Kenesrsakos B.B., Kodaposckwe B.B. 1 B/1.B.
LimknoTpoHHoe CU ImH36ypr H.C,, 3otoBa U.B.

A <<Llpynch< I—cooperative

CryCTOK BpaLLaIoLMXCS
31EKTPOHOB

KoonepaTuBHaa g/IMHA - /IMHa
NPOCKab3blBaHUSA U3/Ty4YeHNS OTHOCUTENIbHO
CryCTKa 3a BpeMS pa3BUTUS HEYCTONYMBOCTU

YepeHkoBckoe CU
rop1poBaHHbIA BOJTHOBOA

KorepeHTHOCTb U3JlyueHUs B OTCYTCTBUMU
pe3oHaTopa obecneumBaeTcs 3a cyer:

- Pa3BUTUS FPYMNMNMUPOBKY;

- MPOCKaSIb3blBaHNSI BOJSIHbI OTHOCUTENTBHO
CryCTKa BCNEACTBUE Pa3HOCTU rpyrnnoBoW
CKOPOCTW U3/TYYEHUSI U NOCTYNATENbHON
CKOPOCTW YacTuL,.

3NEKTPOHHBIA CryCTOK

BO/IHOBOZA c“
AM3NEKTPUYECKON BCTAaBKOA

e T



IKcnepumeHTasibHoe Habsirogerne s¢gpgpexros CH B MM gnana3oHe
(vekoputesib RADAN, 2@ YpO PAH — 200-300 k3B, 0.2-2 KA, 0.5-1 Hc)

Phys. Rev. Lett. 1996
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Generation of subnanosecond SR pulses with GW level of peak power

|
IEP RAS (Ekaterinburg), IHCI RAS (Tomsk), IAP RAS  IEP RAS (Ekaterinburg), IHCI RAS (Tomsk

|

-

Phys. Rev. E. 2006.

Ka- and X-band SR sources with high repetition rate
and high average power

THCE RAS, Tomsk
IEP RAS , Ekaterinburg

SR pulse duration - 0.3-3 ns

Peak power - 0.5-3 GW
Conversion coefficient - 0.5-0.7 =
Repetition frequency - 300-1000 Hz &
Average power - up to 3 kW




Compact short-pulse high-current drivers (accelerators)

[ Institute of Electrophysics (Ekaterinburg, Russia) }

Institute of High Current Electronics RAS (Tomsk, Russia)
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NMpoasmxeHune ncrouHmkos CA B
KOPOTKOBOJIHOBbIE AUANa30Hbl

1. ['eHepauus nmnynbcos  CU B  CBepXpa3MepHbIX
3aMeansalolWmnX cuctemMax C Bo3byXaeHNeM rnoBepPXHOCTHbIX
BONH.  KBa3uonTtuyeckasd  Teopusa U pe3ynbTaThl |

SKCMEepUMEHTOB. .

[ eHepauuns MYJIbTUMEraBaTTHbIX UMMYNbCOB Ty
amanasoHa Ha OcHoBe OHAYNATOpHOro CU 3neKTPOHHbIX
CryCTKOB, (DOpMUPYEMbIX (POTONHIKEKTOPOM.

3. UwuknotpoHHoe CU B pexxnme rpynnoBOro CUHXpOHU3Ma.




NMpoasmxeHune ncrouHmkos CA B
KOPOTKOBOJIHOBbIE ANANAa30HbI

1. [eHepauus nmnynscoe  CU B  CBepXpa3MepHbIX
3aMeIFIoLWKNX CMCTEMAX C BO3OYy>XAeHNEM NOBEPXHOCTHbIX
BosiH.  KBasuonTtuyeckad  Teopua U pe3y/bTaThl
S9KCMEePUMEHTOB.
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ADVANCEMENT OF SR SOURCES INTO SHORTWAVE RANGES

Corrugated waveguide GW level of peak power In X- 2 =
Vo - band and Ka-band 2

Less than 10 MW in W-band
and 5 MW in G-band !!

bunch \‘ M.Yalandin, et al, IEEE Trans. on Plasma Sci. 28, 1615
(2000)

Use of low-oversize SWSs restricts
- the further increase in peak power (due to limitation in the

current density);

- the advancement to shorter wavelength ranges (due to
problems with beam transportation and an increase in the
Ohmic losses)




Bo30yxaeHne NnoBepXHOCTHbIX BOSIH B CBepXpa3MepHbIX unu
OTKPbITbIX 3aMeANsALWMX cucTemax

Corrugated surface-wave Excitation of the |
—— structure
evanescent surface
wave in strongly
oversized periodical
structures

THz-band
L 1~ 7\.’Y / 27'C

y=(1—v2/c2T1/2_

One-dimensional
periodic structure

- scale of exponential decay \
. of the surface wave SRS

L)




ADVANCEMENT OF SR SOURCES INTO SHORTWAVE RANGES

GW level of peak power in X- E o)
band and Ka-band A

Corrugated waveguide

Less than 10 MW in W-band
A~ L and 5 MW in G-band !l
Electron . Oy

bunch m‘“‘\m. M.Yalandin, et al IEEE Trans. on Plasma Sci. 28, 1615

(2000)

Corrugated surface-wave Excitation of the
structure
| evanescent surface
wave in strongly
oversized periodical

structures
Large-diameter electron bunch

CW SWO (Surface-Wave Oscillators)

T




b(z)=by cos(hz), h=2m/d, bh <<1

y

’\/\/\/\/\/\/\/\/\/ 20y

Quasioptical model of wave propagation near a
shallow corrugated surface

L

d

Ginzburg N.S., Malkin A.M. et.al Appl.Phys.Lett. 2011

H, = ReI,AJr(Z’ y,t)ei(mot—koz)_F NG y’t)ei(mot+koz)]

Ey =—Re L[A{_ei(mot_koz) + A_ei((x)ot+k02)]
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Two counter-propagating
TM-polarized wave-beams .
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3D model of superradiance of electron bunch interacting with

surface wave Phys. Rev. Lett. 2013
27
oA, OA, .B°A, .0°A, . 2(Z —Bgt) 0 17 _io
= iaA_8(Y) - F(Y)= v
oz Vor T vz Ty ARl )T Ty (R )n(j)e ( &
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8Z ot py2 x>
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0Z ot oY

0.85 THz Electron " Corrugated surface
bunch

6|,_, =80 +rcosy, 8 e [0,27),
(a/az +a/at)ﬂ‘z=0 = A h Lem

Parameters of simulations
Electron energy 1.4 MeV
Charge of electron bunch 2 nC
Bunch duration 40 ps
Corrugation depth 20 mkm
Corrugation period 0.15 mm
Corrugation length 13¢cm

Structure of
partial waves

P, z

SR pulse
~3.7 MW

100 ps
. A

A 0.9 THz
0
400 500 600 700 800 800 20 -10 0 10 20 -20 -10 O 10 20 -20 -10 O 10 20 0 1 01
t, ps X X X Y Y
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3D PIC simulations of THz superradiance (CST Studio Suite)

eu Phys. Rev. Lett. 2013
1736 Modukation of electrons energy

- 1.65e6
' 1.58e6
" 1.51e6
1.44e6
1.37e6
1.31e6
1.24e6
1.17e6
1.10e6

9.97e5

Electron bunch

Corrugated
surface y

: :"{E:::T::T g z 1011771 1 — 71 r Tpr T 7
E ; ~d MW | L |
~50ps |=
Parameters of electron bunch g 5 a 2 05F d
o w

Bunch length 3 mm J
Transverse size 0.3 mm e TEE W
Electron energy 1.4 MeV ' t (ns) ' f (GHz)

Total charge 2 nC

250

200
150
100

Parameters of corrugation

Corrugation length 15¢cm
Corrugation period 0.15 mm 700 150
Corrugation depth 50 mkm

Formation of wake-field



SUPERRADIANT EXCITAION OF SURFACE WAVE IN A
CYLINDRICAL WAVEGUIDE WITH 1D PERIODICAL CORRUGATION

‘ axial-symmetric model N.Ginzburg, et al, Phys. Rev. Lett. 2015
[

| electron bunch | 1 T .
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SUPERRADIANT EXCITAION OF SURFACE WAVE IN A
CYLINDRICAL WAVEGUIDE WITH 1D PERIODICAL CORRUGATION

OLerating frequency 140 GH SR pulse Dispersion diagram )
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RADAN accelerator, IEP RAS

7 (mm) Parameters of simulations
Acceleration voltage 300 kV
Electron current 2 kKA

Electron bunch duration 0.5 ns

~ Mean radius of SWS 3.75 mm
Spatial structures @, o Corrugation period 0.825 mm
of partial waves Corrugation depth 0.36 mm
Length of corrugations 25 mm



GENERATION OF G-BAND (140 GHz) 70 MW/0.2 ns SR PULSES IN
1D PERIODICAL SURFACE WAVE STRUCTURE

| Phys. Rev. Lett. 2013
cathode reflector ﬁ"' SWs  electrons’

/ / z / trajectories

D/A~3.5
|
SR PULSE |
140 GHz — fP;I
> 70 MW
"‘180 pS 0.4 ns

~5 MW in previous
experiments

1 2 |

The initial stage of the air
breakdown was observed after
350 KV —a ~| 22kA —=¥" 1ns [~ focusing in a gradually convergent
receiving horn




STABILITY OF DIRECTIONAL PATTERN

D/ ~35

Transverse structure of the |
radiation field corresponds to an
axially symmetric surface wave, |
which can be represented as a |

combination of several in-phased

TMO,n modes of a regular

% 02 04 06 08 1 waveguide
t (ns)

LOSS OF AZIMUTH SPATIAL COHERENCE D/?\, >335

Power (MW)

Depending on initial conditions, £ S
varying mixture of symmetric
and non-symmetric waveguide
modes arises in the directional
pattern of the output radiation.

e S S



Appl. Phys. Lett. 2012

= %[COS(M([)—HZ Z)+ cos(l\ﬁ(p+ﬁz z)]

2D corrugation is superposition of two helical
corrugations with opposite rotations.

M is the number of variations over the azimuth coordinate

H = Re[XO(C (x, y,zt)e +C (x, y,zt)e ) &y

+ZO(C (x,y,z, t)e +C (x,y,z, t)e ) I(Dt] \

(

Ka-band CW surface-wave oscillator based on 2D periodical corrugated structure
Ginzburg et al, Phys. Rev. Accel. Beams 2018 2-5093951


https://whova.com/portal/webapp/icima1_202108/Agenda/1865843
https://whova.com/portal/webapp/icima1_202108/Agenda/1865843
https://whova.com/portal/webapp/icima1_202108/Agenda/1865843

Tech. Phys. Lett. 2014
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Appl. Phys. Lett. 2020

Parameters of electron bunch
Acceleration voltage 350 kV
Electron current 3.2 KA
Electron bunch duration 1ns

SR pulse and its expansion over azimuth modes
5

Parameters of corrugation
Mean diameter 18 mm
Corrugation periods 2.7 mm
Corrugation amplitude 1.1 mm

200 MW

600ps O 04 08 12

t, ns

Structure of generated surface wave

315 45

5
270 | R R M)
OGRS/ Azimuth wave fluxes synchronize
0 — I-....-"""'--__,_.j--"""f

"0 01 02 03 04 225 135 radiation from large-size electron
y, cm 180 bunch. This provides the output
amplitude and the phase
distributions close to an azimuthally
symmetric mode with m=0




Appl. Phys. Lett. 2020

1
0.8
0.6
0.4
0.2

Corrugation folds =18
S Number of periods =36

Periodical modulation of
the transverse bunch
profile after passing
through 2D SWS is related
to formation of a standing
wave by two counter-

The guided magnetic field is of 3T propagating azimuthal

energy fluxes




SPATIALLY COHERENT
SURFACE-WAVE STRUCTURE

Cathode SWS

Anode Collector Window
Reflector

SWS with 18 variations
over the azimuth
coordinate

SWS input SWS output

Beam reprints on polymeric films
installed at the SWS input and output




SPATIALLY COHERENT
SURFACE-WAVE STRUCTURE

RF breakdown of the vacuum window
without shielding :

Appl. Phys. Lett. 2020

without breakdown
(window shielding, SF6)

with breakdown

Glow of the gas-discharge matrix
panel located in the far-field zone

—
o

Radiation pattern
corresponds to excitation
of azimuthally symmetrical
surface wave

o O
o o

o
~

o
N

Power density (a.u.)

0 50
Radial distance (cm)



NMpoasmxeHune ncrouHmkos CA B
KOPOTKOBOJIHOBbIE ANANAa30HbI

2. [eHepauus MYJIbTUMEraBaTTHbIX MMMNYyNbCOB Ty
anana3oHa Ha ocHoBe oHAaynatopHoro CU 3neKTpOHHbIX
CryCTKoB, (DOpMUPYEMbIX (POTOMNHXKEKTOPOM.




Pulse repetition rate regime of FEL

undulator

Superrad/ance of extended electron bunch in undulator

single e.bunch Radiation of extended bunch in the absence of

I I I I external resonator
I I I I A << Lpunch < Leooperative

undulator SASE (random sequence of spikes)

Lhunch>> A Lbunch > Lcooperafl“vé—'""'"""




Pulse repetition rate regime

Beam energy. MeV 12
Maximum average electron current, mA 30

RF frequency, MHz 180.4
Bunch repetition rate, MHz 22.5
Bunch length, ps 100
Normalized emittance, mm-mrad 30
Charge per bunch, nC 1.5

RF cavities Q factor 4-10*

Superradiance of extended electron bunch in undulator
single e.bunch Radiation of extended bunch in the absence of

I I I I external resonator
I I I I A << Lpunch < Leooperative

undulator SASE (random sequence of spikes)

Lhunch>> A Lbunch > Lcoopera‘t’l'\?@‘—"'""



Averaged model based on the pondermotive force

| |
N.S.Ginzburg, A.S.Sergeev XXIT® 1991 Laboratory reference frame

Undulator field  H = o Re[H  exp(ih,z)ch(hy y)]
|

Comoving reference frame

Pump wave [ {

A,fM@'\" > At A= Re[ A¢ explioo't)eh(hy y)]
I S -TE, mode of planar waveguide I

A ()=t e Mo lrrti-wiz-rto)
< > > K" b h,mc?
b |
Flectron bunch is presented as a gas of Fpond
macroelectrons interacting via
pondermotive force /\ /\
VAR A

Fana)-moditbee-e |/ N\
fpond (X)=p4 cos(ui8) §>0 ) / \/ \

fpond (X)=p_cos(u_g), £<0
uy =(Nxk)k —— Profile of pondermotive force




Averaged model based on the pondermotive force

N.S.Ginzburg, A.S.Sergeev XIT® 1991

Basic equations

dz(Zp) _
dv

) s -l

p(Zo)

pn(r=0)=0
Zn(t=0)=Bn/N




PIC mopenuposaHue kopoTkoBosiHoBoro CU c nepexopoMm B |

[ conpoBoXxaarouyro CMcremMy oTcyeTa
H.M'mus36ypr, N.3oToBa, A.lfosioBaHOB
Parameters of electron bunch Mucbma B KT 2012 |
generating by photoinjector Y~ 10 M31®2014 |
Energy ~4-7 MeV A~ d/272 d=4cm |
Duration ~10 ps _ |
Charge ~1nC }"S =0.02cm
Laboratory reference frame Comoving reference frame |
< e > TE-polarized
pump wave
Undulator length im ! =vh Pump duration 300 ps (10 cm)
Undulator period 4cm ‘: U | Pump wavelength 4 mm
Electron bunch length 4 mm b'=1vDb Electron bunch length 4 cm
Radiation wavelength 0.2 mm Radiation wavelength 4 mm




PIC MmoagenumpoBaHue kopotkoBosiHoBoro CU c nepexonom B
CONpoBOXAAIOLLYI0 CUCTEMY OTCYETa

B 71a60paTopHo¥i cuctemMe oTcyeTa H.I'mH36ypr, N.3oT0Ba, A.lf'onosaHoB
s Mucbma B XXT® 2012
y e XITO® 2014
‘ & H,d 2y-1/2
= =(1-
; S o el

d - nepmnog oHAyaTopa

ABWKyLYNICS a5
3/1EKTPOHHBIN CryCTOK [Mone oHaynaTtopa B 1abopaTopHOW CUCTEME OTCYETa

i Ho-ch[hu[x—%ﬂ-sin(huz)f(z) B Ho-sh[hu(x—%ﬂ-cos(huz)f(z)

B COMpoBOXAAIOLLEN CUCTEME OTCYETA

rokosunica

/ Vi=0 o
K Il SJ/IEKTPOHHbBIN CryCTOK H;< ='YOHO -ch[hu(x—%ﬂ-sin(w’ut%h{lz’)- f(tr+zr/\/0)

{ﬁ# TE Bo/IHa Haka4yku
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PIC MmoagenumpoBaHue kopotkoBosiHoBoro CU c nepexonom B
CONpoBOXAAIOLLYI0 CUCTEMY OTCYETa

Koa KARAT H.MH36ypr, N.3oT0Ba, A.FfonoBaHOB
NMucbMa B XXKTO® 2012
XOTD 2014

MapaMeTpbl MOAENMPOBaHUS B nabopaTopHoi cucteme K

Mepwoa onaynsTopa 4 cM DHeprusa anekTpoHos 4.5 MaB
MartutHoe none 2.4 k3 3apsA CrycTka 1.2 HKn

MonepeyHbli1 pa3mep [nvTenbHOCTb

BOJIHOBOZAA 0.7 cm CrycTtka § 15 nc
[NonepeyHbint pasamep 0.2 cMm

Plasma SR-re
|

cucteme K’ BoJsIHa Hakauyku
HaberaeT Ha NMOKOALLMINCS
3NEKTPOHHBIN CryCTOK

H‘ | pump wave B conpoBoXaatoLen

|||| “electron bunch

|
5.0
z(cm) , By




PIC MmoagenumpoBaHue kopotkoBosiHoBoro CU c nepexonom B

COMNMpPOBOXXAAIOLLYIO CACTEMY OTCYETa
Koa KARAT

L0 arb.un. fd < f

3JIEKTPOHHBIV CrYCTOK

fi’=751Tu /

=" BO/IHa Haka4yku
75 [Ty
‘ | |
20 .0
/_J kkf’,ITu z (cm ) blue
0.0 T T T T RSl
0 50 100 150
(h, +RIE >>2n
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| 120 ne
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7 t' ne
-200 T T T T T T T T (V) 7 I
0.0 0.5 1.0 15 2.0 V|Ml'ly}'IbC, U3NY4YEHHbIN B +Z° 1 -
HanpaBneHun. B nabopatopHo/ -
VIMI'IyJ'IbC Ch nero CNEeKTp cucTeMe oTcyeTta cooteeTcTByeT HY °
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(hu_hs)le <<2m KOMMOHeHTe '~ _ .



PIC MmoagenumpoBaHue kopotkoBosiHoBoro CU c nepexonom B

COMNMpPOBOXXAAIOLLYIO CACTEMY OTCYETa
XOTD 2014
Koa KARAT

NapameTpbl uMnynbca CU B
nabopaTopHOM CUCTEME OTCYETA

3JIEKTPOHHBIV CrYCTOK

g

N

MnoTHOCTb MowWHOCTM ~30 MBT/cM S ponma HaKaKm
NNnTenbHOCTb ~15 nc NGREE
YacTtoTa ~1Tly | 20 .0

z (cm ) blue

|P_, kBm/cm
0
50
-100 4 100 kBm /| cm ; - mmriysibc CU
|1 120 nce
-150 —
5 t' ne
-200 T T T T T T T T 9 7 ]
D0 055, RO NS e N A 51 NMnynbC, N3nyyYeHHbIn B +2Z° 1 -
HanpaBneHun. B nabopatopHo/ -
VIMI'IyJ'IbC Ch nero CNEeKTp cucTeMe oTcyeTta cooteeTcTByeT HY °

(4 (4 4 T T T T T T T T
(hu_hs)le <<2m KOMMOHeHTe '~ _ .




Possibility of generation of light pulses based of SR from
High-energy electron bunches

A. Pukhov and J. Meyer-ter-Vehn
Appl. Phys. B (2002)

2D PIC simulations of SR in co-
moving reference frame

Parameters in lab frame

Undulator length 2m
Undulator field 2.5 kG

Bunch
Bunch

Laser wake-field acceleration at PEARL facility

(Institute of Applied Physics RAS)
eU =100MeV y =200

Nucl. Instr. and Meth. A (2011)

103 MeV

Ne=4.9x1018 1/cm®

Radlation power, MW/cm

|
N
|

charge 1nC

duration 50 fs
Gap between plates 1 mm

Results in co-moving frame

™V

2 MW /cm

Results in lab frame

10 GW
(for tr. size 0.05 cm)

100 150 200 250 300 t’, pS
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3. UumknotpoHHoe CU B pexmme rpynnoBoro CUHXpOHU3Ma.
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LnroTporroe CH gBmxyLyerocst 3/71eKTPOHHOIo Crycrka B CBO604HOM rpoCTPaHCTBE
H.C. NmH36ypr, U.B. 3oroBa, A.C. Ceprees (1989)

HopmanbHbii sagpgpexr fonnepa

P~ _1+Vjp/c 42 ®—hVj|= oy
= ~ 0
P 1-Vp/o !
o 5 B 51abopatopHoy cucteme oTcyeTa
e i U3JTYHEHNE CIYCTKA Pa3HOYaCTOTHOE U,

B 06LeM C/Iy4aE, Pa3HOHANPABIEHHOE




LIMKNIOTPOHHOE CBEepXU3/lyyeHUe 3J/IeKTPOHHOIro Crycrka
B pe)XXMMe rpynnoBoro CUHXpoHu3Ma C BOJIHOBOAHO MOAOM

1

Vin ~V H.'mus6ypr, N.3oTtoBa, A.Ceprees
0= Yar MucbMa B XKIT® 1994

o
h=c10? - @2 B 71a60paTtopHoOV CUCTEME OTCYETA (PEXUM KACaHMS)
- — Y
1/2
[ _p2 a2
D = 'Y|2|0(°H Y—(l Bijo BJ_OT
W, == ( 2 1/ 2
_ _ _-g2)
®—hVp = (,V Oy oy =eHg/mey - mpovacrora Yo Bip
I B conpoBoxgarolyesi cucreme orcqera l
(U3/1yHEHNE HEMOABUIKHOIO /IEKTPOHHOIO CryCTKa Ha KBAa3NKPUTUYECKOMN YACTOTE)
, ~e
| o Oy = 0
lIpeumyuecrTBa pexmma rpynrnoBoro CUHXpPOHHU3IMa
> CHWKEHMNE YyBCTBUTE/IbHOCTY K IPOAO/IbHON ANHAMUKE 3/IEKTPOHHOIMO
e CryCTKa, BbI3BaAHHOW KY/IOHOBCKVM PACTA/IKUBAHNEM
o= o
” > YBE/IMYEHNE MHKDEMEHTA pazBuTusi CU HEYCTOMYUBOCTH BCIIEACTBUE
—

Masionf CKi OpOCTU BbIHOCG SHEPIrnn U3 3/1IEKTPOHHOIO CTYCTKa

40



JKCnepuMeHTaJibHoe HabnopaeHue uuknoTpoHHoro CU B MM guana3oHe
Phys.Rev.Lett. 1997

MMMynbCbl HANPSHKEHUS U TOKA

CUNIbHOTOYHBIN YCKOPUTESb
PAZJAH (M2® YpO PAH)

\ \ \ KHKEp \ 3JIEKTPOHHKIH
KaTtoJ COJICHON[ CT'YCTOK
[lapameTpbl IKCEPUMEHTE
Hanps)XeHHOCTb BeayLlero TOK ny4yka 250 A
MarHMTHOIro nons 11-16 kK3 DHeprus 351eKTPoHOB 200 k3B
Pabouas mMoaa TE,; (TEp;) [AnuTenbHoCTb
Paanyc BonHOBOAA 0.5cm 3NeKTpoHHoro nMmnynoca 400 nc
MnTy-hakTop ~]




dKCnepuMeHTasibHoe HabnrogeHue umkioTpoHHoro CU B MM AnanasoHe

Phys.Rev.Lett. 1997
AncnepcuoHHas AMarpaMMma |

Mmnynbcbl CU B651M3K pexkuMa KacaHus
|
f
11.9 K3 |
1 HC
\ L1 400 kBt
O, 400 nc
| T T T T T T ]
10 5 0 5 10
11.95 k3
1.0 — o e
| \
| | \
12 k2 | PR
\ \ 0.5 — | \
o, > o, R PE)Kb\M KacaHusA
| . \
MapeHe NMKOBON MOLHOCTU _ o
nmnynbcoB CU npu otcTtponke ot ©-0 L e L S
pe)KMMa KaCaHu4d 10.0 11.0 12.0 13.0 14.0




PIC moaenupoBaHue uuknotpoHHoro CU B TI'y anana3oHe

[lMcnepcuoHHbIE XapakTepUCTUKM paboyen
moabl TE13 (nyHkTMp), HM3WInX TE moA |

(cnsioWwHble NIMHUK) U Ny4dKa (KpacHas NNMHUSA)
ITapameTpsl MOA€AUPOBaHUA

. : DHeprus 5AEKTPOHOB 2 MsB
Tox 200 A
3
0
AAUTEABHOCTD 10+30+
10 ps
B
[Tura-daxrop 0.15
5o Pa3zopoc o monepedrsM 15%
) CKOPOCTAM
o Paanyc BoAHOBOAZ 1.4 mm
= AAMHA TPOCTPaHCTBA 34 cm
0 -
B3AIMOAEH CTBUS
, , Pabouas moaa TE,
0 10 0
MaruuTHOE ITOAE 10.7°T

h, 1iem




PIC moaenupoBaHue uuknotpoHHoro CU B TI'y anana3oHe

FCOMCTPI/IH IIPpOCTPpaHCTBA BSaHMOACfICTBHH 1 MI'HOBCHHOC ITOAOXKEHMC MAKPOYIaCTHIL

time= 1.12ns time= 1.12ns

Mmnyasc CH 1 ero criekrp
t=1.4-1.42 ns
50 T T T T T

40

30

P, MW

Sf, a.u.

20

10

T
r———

B NSO I ’\—\/l\/\/v

13 1.35 1.4 1.45 0 0.5 1 15 2

_.-.r"'\"ﬁill h""""‘--&e—}#h-:&-v"“" ==

t,ns f, THz



PIC moaenupoBaHue uuknotpoHHoro CU B TI'y anana3oHe

[Torrepeunas CTPyKTypa H3AYIECHHSA, COOTBETCTBYIOINAA CEACKTUBHOMY
BO3OYKACHUIO PaOOYEN MOABI

50

40
= 30
=
a 20

Pe>xuM kacaHus
10 3aBHUCHUMOCTH TUKOBOM
. morrHocta uMayAbca CI ot
9.8 10 10.2 10.4 106 108 11 11.2 MarddTHOI'O IIOA
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