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In the concept of plasma-dielectric wakefield accelerator plasma presence in the transit channel of the dielectric
structure plays at significant role in increasing the accelerating field and providing bunches focusing. The results of
the study of plasma production directly by exciting relativistic electron bunches in the channel, filled with an inert
gas of different pressure. Measured temporal evolution of the density of the produced plasma, that is in a good
agreement with estimates of ionization due to binary collisions of bunch electrons with neutrals or to beam-plasma

discharge in the corresponding ranges of the gas pressure.

PACS: 41.75.Lx; 52.40.Mj

INTRODUCTION

Investigations of wakefield excitation by a relativ-
istic electron bunch or a sequence of them in dielectric
structures showed the perspective of this method for
obtaining high-gradient accelerating fields [1 - 4].

Plasma filling the transit channel of the dielectric
structure allows to change the topography of the excited
wakefield so that the amplitude of its longitudinal com-
ponent is increased simultaneously with providing ac-
celerated bunches focusing [5, 6].

We study one of the possible ways to produce plas-
ma in the channel of the dielectric structure, which con-
sists in ionizing neutral gas of appropriate pressure in
the channel directly by the sequence of electron bunches
exciting wakefield. Earlier, we used such a method of
plasma production at the study of plasma wakefield ex-
citation [7]. The density of plasma produced in time
during all bunches passing through the channel was
measured for various pressures of neutral gas by HF-
probe [8] or by an open barrel-shaped resonator (OBR)
[9].

1. EXPERIMENT
1.1. EXPERIMENTAL SETUP

The scheme of the Installation is shown in Fig. 1.
The sequence of relativistic electron bunches was pro-
duced by a linac "Almaz-2M" (1). Accelerated electron
beam had the following parameters: energy 4.5 MeV,
pulsed current 0.8 A, pulse duration 2 ps. Beam diame-
ter at the accelerator exit was 1.0 cm. The beam consist-
ed of a sequence of 6-10° electron bunches, each of du-
ration 60 ps and charge 0.26 nC. Period of bunch repeti-
tion was 360 ps. Electron bunches were injected from
the accelerator into the dielectric structure through a
titanium foil (2) with a thickness of 30 p, destined for
separating the vacuum region of the accelerator from the
region with the neutral gas. The sequence of bunches
passed through the transit channel of diameter 2.1 cm in
a cylindrical Teflon insert (4) (e=2.1, tgd=1.5-10"
placed into a copper pipe of internal diameter 8.5 cm.

To provide the waveguide regime of wakefield exci-
tation the reflections of wakefield excited in the dielec-
tric structure were reduced by placing a matching cone
(5) at the end of the Teflon insert and a ferrite absorber
(7) at the structure exit.
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The length of the insert was chosen to be equal to
the wavelength of the excited dielectric wakefield
A=10.6 cm, that allows at the existing group velocity
Vg=Vo/2 (Vo is bunch velocity) to provide a single-bunch
regime of the excitation [10], in which the removal of
the wakefield of each bunch from the structure does not
lead to overlap it with the wakefield of subsequent
bunch. This will enable comparison of future experi-
ments on the wakefield excitation in the plasma-
dielectric structure with the existing theory of a single-
bunch regime of the excitation.
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Fig. 1. Experimental setup: 1 — accelerator "Almaz-2M";
2 — separating titanium foil; 3 — leak valve; 4 — dielec-
tric structure; 5 — matching cone; 6 — open barrel reso-
nator (OBR); 7 — ferrite microwave absorber; 8 — oscil-
loscope; 9 — HF-probe for plasma density measuring;
10 - forvacuum pump

Neutral gas pressure in the range of 10°...760 Torr
was regulated by gas filling through the leak valve (3),
followed by pumping with the forvacuum pump (10).
The density of the produced plasma was measured by
two methods.

In the first one, the HF probe (9) was placed at the
end of the matching cone in the axial region. It deter-
mined plasma density by means of measuring the cur-
rent between two plates, to which a given AC voltage
was applied.

In the second one the resonator OBR (6), determin-
ing plasma density by means of measuring the shift of
the OBR resonance frequency at plasma presence, was
located outside of the dielectric structure in the empty
part of the copper pipe so that the beam and the plasma
formed around it being occurred in OBR was not in con-
tact with OBR walls. Waveguides powering OBR were
perpendicular to the axis and vacuum sealed with the
waveguide chamber.
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To monitor the influence of the plasma filling on the
excitation efficiency the microwave probe was placed at
the end of the chamber to register of the excited wake-
field on an oscilloscope (8).

1.2. MEASUREMENT OF PLASMA DENSITY
BY HF-PROBE

Experimentally, the density of plasma, produced by
the electron bunches at different pressures of the neutral
gas was measured using an HF-probe [8]. At high pres-
sures, the conductivity of the produced plasma is given
by the expression:

O = e(neple*NeplatN.pL), @
where x,, w1 and p. respectively, the mobility of elec-
trons, positive and negative ions, and e is the electron
charge; n. is density of electrons. In our case, the con-
ductivity is determined mainly by the electron mobility.
Knowing the mobility of electrons g and measuring the
plasma conductivity o by the HF-probe, one can deter-
mine the density of plasma electrons ne.

We used HF-probe of plane shape with the distance
between the plates of sizes S=1x1 cm? was equal to
d=1 cm. AC voltage of amplitude V=0.5 V was applied
to the plates from HF-generator at a frequency of
250 kHz. The mobility of electrons in the plasma for
parameters of the experiment was estimated z,=vqE by
using drift wvelocity vy presented in [11]. So at
P=100 Torr electron mobility was estimated as
1,=10* cm*V's. By probe measurements of current |
between the plates of HF-probe and calculating field
value in the gap E=V/d one can determine the plasma
conductivity o=j/E=1-d/V-$=7.1810° Qt.cm™. Then
from (1) we found the plasma density n;=1.2-10" ecm™.

1.3. MEASUREMENT OF PLASMA DENSITY
BY RESONATOR OBR

For plasma density measuring we also used an open
symmetrical barrel cavity (OBR) [9] operating in the
8 mm wavelength range, which was a nondestructive
diagnostics, unlike HF-probe measurements. Measure-
ments of plasma density were performed by using the
modified method [12], developed for the case of a small
shift in the resonance frequency of the OBR, at the eig-
en frequency of the resonator f = 37245 MHz, at which
mode TMgs; Was excited. The quality factor of the res-
onator at this mode was Q=2-10".

Fig. 2 shows the dependence of the density of plas-
ma, formed by the electron bunches, upon gas pressure
in the transit channel of the dielectric structure.
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Fig. 2. Dependence of plasma density, produced by
electron bunches, on gas pressure in the transit channel

It can be seen that the produced plasma reaches the
resonance density n,=9-10'° cm™, for which the plasma
frequency is compared with the bunch repetition fre-
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qUENCY m,=we,=2-10". This leads to an intensification
of the wakefield excitation at resonant plasma density.

Fig. 3 shows the behavior of the plasma density dur-
ing the pulse of passing bunches at gas pressure in the
transit channel in dielectric structure 0.5 Torr (Fig. 3,a)
and 10 Torr (Fig. 3,b).
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Fig. 3. Behavior of the plasma density during the pulse
of passing bunches at gas pressure in the transit chan-
nel: 0.5 Torr (a) and 10 Torr (b)

Production of higher plasma density at the smaller
gas pressure in the transit channel is caused by the fact
that in this case to the collisional ionization of neutral
gas by beam electros the ionization by plasma electrons
gained energy from excited wakefield, which exceeded
energy of ionization, is added (so-called beam-plasma
discharge). This is confirmed by the increase of the am-
plitude of the wakefield excited at this gas pressure in
the transit channel (Fig. 4).
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Fig. 4. Dependence of the excited wakefield amplitude
on the gas pressure in the transit channel

Fig. 4 shows that the amplitude of the excited wake-
field grows for the gas pressure in the range of
P=0.2...1 Torr, where density of produced plasma is
close to the resonance one (see Fig. 2) that leads to the
resonant excitation of wakefield and the development of
beam-plasma discharge.

At a gas pressure of more than 10 Torr in the plas-
ma-dielectric structure the amplitude of the excited
wakefield decreases, although the density of the pro-
duced plasma is resonant one. In this case, the decrease
in the amplitude of the wakefield is explained by that
the collision frequency of electrons and neutral particles
accedes the plasma frequency v,, > w,.

CONCLUSIONS

Plasma production is experimentally realized in the
transit channel of the dielectric structure directly by
relativistic electron bunches destined for wakefield exci-
tation in the plasma-dielectric structure. For this the
transit channel was filled with neutral gas (air) to a pres-
sure in the range of 10°...760 Torr. lonization of the
gas is due to binary collisions of bunch electrons with
neutrals at the high pressure and due to the development
of beam-plasma discharge at the pressure of about
1 Torr.
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CO3JAHME IIVIA3MBI IOCJEJOBATEJBHOCTBIO PEJATUBUCTCKHUX 3JIEKTPOHHBIX
CI'YCTKOB B IPOJIETHOM KAHAJIE JUSJEKTPUYECKOM CTPYKTYPbI

A.®. Jlunnux, U.H. Onuwenxo, B.H. Ilpucmyna, I'.Il. bepezuna, O.J1. Omenaenxo, B.C. Yc

B KoHIeNIuu mIa3sMeHHO-IUAICKTPUIECKOTO KIJIBBATEPHOTO YCKOPUTENS CYIIECTBEHHYIO POJIb B YBEIUYCHUU
YCKOPSIIOILET0 MoJIsl ¥ o0ecneueHnd (POKYCUPOBKH CTYCTKOB UTPaeT HAIMYHUE IUIa3MBbl B IIPOJIETHOM KaHaJle JHAJIeK-
TpUYeCKOl CTPYKTYpbl. [IpencraBiieHbl pe3yibTaThl MCCIIECAOBAHUS IPOLECCOB 0Opa3oBaHUS IUIa3Mbl HENOCpPEa-
CTBEHHO BO30Y)KHAIOIINMH PEIATUBUCTCKUMH JJIEKTPOHHBIMH CTYCTKaM{ B KaHajle, 3all0OJJHEHHOM HEHTpaibHBIM
ra3oM pa3lIM4YHOro AaBieHMs. V3MepeHa BpeMeHHasl 3BOMIONNS INIOTHOCTH BO3HUKAIOIIEH MIa3Mbl, HAXOSIIENCS B
YIOBJIETBOPUTEIBHOM COIJIACUH C OLIEHKAMHU MOHU3ALUU 33 CUET COYIapeHUll AJIEKTPOHOB CTyCTKOB ¢ HEHTpanaMu
WY Pa3BUTHS ITyYKOBO-TUIa3MEHHOTO pa3psijia B COOTBETCTBYIONIMX 00IACTAX JaBJeHNUs rasa.

CTBOPEHHS IVIASMHU NTOCJTAJOBHICTIO PEJIATUBICTCBKUX EJIEKTPOHHUX 3I'YCTKIB
Y IPOJIBOTHOMY KAHAJI JIEJEKTPUYHOI CTPYKTYPH

A.D. Jlinnux, I. M. Oniwenxo, B.1. Ilpucmyna, I'.Il. Bepezina, O.J1. Omenacnxo, B.C. Yc

VY koHUenuii ma3mMoBo-/ieNeKTPUYHOTO KiIbBATEPHOT'0 NMPUCKOPIOBaya iCTOTHY POk y 301IbLIEHH] IPHCKOPIO-
1040T0 M0JIs Ta 3a0e31nedeHHi (poKycyBaHHS 3TYCTKIB BiJirpa€ HasBHICTb IJIa3MHU B IIPOJILOTHOMY KaHaJi JieJIeKTpH-
YHOI cTpyKTypH. IIpeacTaBieHo pe3ynbTaTH JOCIIIKEHHS MPOIECiB YTBOPEHHS IUIa3MHU 0e3MmocepeHbo 30y IKyIo-
YUMH PEIATHBICTCHKHMH €JIEKTPOHHUMHM 3TYCTKaMH B KaHaJi, 3aIIOBHCHOMY HEWTpaJbHUM I'a30M Pi3HOTO THCKY.
BumipsiHa yacoBa €BOINIONIS IIUTBHOCTI CTBOPIOBAHOI IIA3MHU, III0 3HAXOAUTHCS B 33IOBUTFHOMY Y3TOUKEHHI 3 OIli-
HKaMH iOHi3almii 3a paxyHOK HapHUX 3iTKHEHb ENEKTPOHIB 3TyCTKIB 3 HEWTpadamMu abo PO3BUTKY IYIKOBO-
IDIa3MOBOTO PO3PSAY Y BIAMIOBIIHUX 00IACTSAX THCKY Tazy.
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