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Necessity of contactless measuring small electron concentrations is actual, for example, in cosmic explorations, beam
physics, electronics, etc. We found experimentally that the RF resonator with special periodic slow wave structure can
measure n~10°-10° cm™®. The frequency of the resonator main mode is 628 MHz; Q=4500, phase velocity is
4.4-10° cm/sec. To determine the form-factor for this mode, an electron beam was passed through the resonator along its
axis in vacuum of order of 10° Torr. The beam parameters were as following: energy 100 eV, current 1-10 mA,
diameter 1 cm, that is corresponds to n~10"-10% cm™. Measurement accuracy was about of 10 %. After the calibration,
this resonator was used successfully for plasma density measurements that created by proton beam with energy 5 MeV

at ionization of gases at pressure of 10*-107 Torr.
PACS: 52.70.-m

The resonator (or cavity) method of plasma density
measurements is used widely for plasma diagnostics in
the range of n~10%-10"cm® (e.g., see [1,2]).
Unfortunately, the high frequency hollow cylindrical
cavities that used in this method as the electron
concentration n contactless pickup, do not allow to
measure n<<10®cm?>. However, necessity of contactless
measuring small electron concentrations is actual, for
example, in cosmic explorations, beam physics,
electronics, etc. The electron concentration in this case is
as following:
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The minimum electron concentration is as following:
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Here f is the resonance frequency, Af is the resonance
frequency shift, O is the resonance quality, F is the form-
factor, E is the high frequency electric field, V5 is the plasma
volume, and V% is the cavity (or resonator) volume. Usually
plasma is placed along the resonator axis, and the plasma
radius is sufficiently less than the resonator radius. For usual
parameters (=3 GHz, 0=3000, F=0.03, the resonator radius
R=10 cm) we have n=10® cm”. To decrease 7. it need to
increase the form-factor and decrease the resonator main
frequency without increasing its radius.

We found experimentally that the RF resonator with
special periodic slow wave structure (PS) can correspond to
these conditions. In this case the periodic slow wave structure
consists of ring RF electrodes fixed by interdigital suspenders,
see Figure. (At the KIPT similar structures were proposed and
used for ion linear accelerators [3,4]). Due to this geometry,
the resonator main frequency decreases sufficiently, and the
form-factor increases sufficiently as well, but the form-factor
could not be find analytically.
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To overcome this difficulty, we used the method of
calibration based on the fact that a slow electron beam (with
the velocity much less than the wave phase velocity) has the
same high frequency properties as plasma [5]. The calibration
by the electron beam was made for the different modes of the
RF resonator without the periodic slow wave structure, and for
the main mode of the RF resonator with the periodic slow
wave structure.

Sketch of the resonator: I-frame of the resonator, 2-
ring RF electrodes, 3-suspenders, 4-RF coupling loops,
S-plasma column or electron beam

The experimental parameters are as it follows: the resonator
length is 30 cm, its radius is 10 cm, the diameter and length of
the ring electrodes are 3 cm and 1.8 cm, the distance between
electrodes is 1.7 cm, the structure period is 7 cm. The
frequency of the RF resonator main mode is 628 MHz;
0=4500, its phase velocity is 4.4-10° cm/sec. To determine the
form-factor for this mode, an electron beam was passed
through the resonator along its axis in vacuum of order of 10
S Torr. The beam parameters were as following: energy
100 eV, current 1-10 mA, diameter 1 cm; that was
corresponds  to  the  electron  concentrations
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n~107-10°% cm™. It was investigated also the same resonator
but without the periodic structure. In that case the parameters
were as follows: energy 1-10 keV, current 0.1-1 A, diameter
1 cm, that was corresponds to n~10%-10° cm™, frequency
range 1700-3800 MHz. For different modes, it was measured
the resonator frequency shift versus electron beam current, and
from (1) the form-factor F* was determined. Measurement
accuracy was about of 10 %. The results of measuring are
presented in the Table.

Frequency, [Form-factor|Form-factor| Ranges of
Mode MHz (theory) [(experiment)| measure-
ments, cm”
Eo10, in cavity 2076 0.036 0.036 10%-10"
Eop, in cavity 2314 0.030 0.033 10%-10"
Eoi3, in cavity 2568 0.025 0.027 10%-10"
Eou, in cavity 2887 0.020 0.023 10%-10"
Eqis, in cavity 3253 0.015 0.017 10%-10"
Eoi, in cavity 3634 0.0090 | 0.0012 | 10%-10"
Hou, in cavity 3424 0.0011 | 0.0015 | 10°-10"
Hauy, in cavity 2863 No 0.0003 | 10°-10"
Hyy,incavity | 1750 No 0.03 10%-10"
Hi, in cavity 2195 No 0.035 10%-10"
His, in cavity 2898 No 0.025 10%-10"
Main, in reso-
nator with PS 628 No 0.15 10°%-10°

Conclusions from the measurements are as follows:
1)Experimental values of the form-factors coincide with
theoretical ones that proof validity of the calibration
procedure.
2)The frequency for the resonator with the periodic structure

3)The form-factor for the resonator with PS is over 3-4 times
grater than for that cavity.

4)The resonator with PS, used as the electron concentration n
contactless pickup, allow to measure #,,;;~10° cm?, and even
Mmin~10° cm™, in case of additional conditions, particularly,
using some methods of measuring small frequency shifts,
e.g., [6].

5)Accuracy of the electron concentration measurements is
about of 10 %.

After the calibration, this resonator was used successfully
for measurements of plasma density that was created by
proton beam with energy 5 MeV in case of ionization of
gases at pressure of 10°-107 Torr: in that case the plasma
density was varied in the range 10°-10° cm™.
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(PS) is over 3-4 times less than for the cavity with the same
dimensions.

BUMIP JIYKE MAJIMX KOHIIEHTPALIM ILTA3MM BY PE3OHATOPOM 3 INEPIOJUYHOIO
YIOBUIBHIOYOIO CTPYKTYPOIO

b.1. Isanoe, B.11. Ilpuwienos

HeoOxinHicTh 0E3KOHTAKTHMX BHUMIPIOBaHb MaMX EJIEKTPOHHMX KOHIIGHTpAliil aKTyalbHO, HANPHKIIA, JUII KOCMIYHUX
JIOCITI/KEHb, (DI3UKH ITyYKiB, €IEKTPOHIKH 1 T.1. [II1 BUMIPIOBAaHHS MAJIMX E€IEKTPOHHHX KOHIIGHTpPAIii HAMH 3aIipOIIOHOBAHUH
BY pe3oHaTop 3 YIOBUIBHIOIOUOK CTPYKTYPORO, IO CKIANAETHCS 3 KitblleBUX BY enekTposiB, 3aKpIlUICHUX HA 3YCTPIYHHX
TiBickax. 3aB/IsKY Takiii reoMeTpii iCTOTHO 30UIBIIYEThCST (POpM-(hakTop pe3oHaTopa, TOOTO KoedillieHT MPOMOPIIHHOCTI MiX
KOHIIEHTpAII€I0 1 3CyBOM BiacHOi yacTotu. [Ipote, y manoMy Bumanky ¢hopm-¢hakrop He Moxe OyTH 3HAWACHNI TEOPETHIHO.
1106 mepedopoTH 10 TPYAHICTH MU 3aCTOCYBAIA METOJ KaTiOpyBaHHs, 3aCHOBAHHI HAa TOMY, IO TTOBUIBHUI CJICKTPOHHHI
IMy90K Mae Taki ) BY BmactuBocCTi, sK i 1omazmMa. KamiOpyBaHHS 10 €1eKTpOHHOMY Iy4Ky OyJia IpoBeieHa [T JEKITBKOX MO
TIOJIOTO PE30HATOpA 1 ISl OCHOBHOI MOIM PE30HATOPA 3 MEPIOAUIHOI0 CTPYKTYporo. IIpn 1IbOMy BHMIpIOBAaBCS 3CYB 4aCTOTH
pe3oHaTopa B 3aJIeXKHOCTI BiJI CTPyMY ITydKa, BiIKiI BU3HaUamcs Gopm-daxropu. TouyHicTs BUMiptoBaHb Oyita opsiaky 10%.
[Ticnst Takoro kamiOpyBaHHS Iieil pe3oHaTOp OYB 3 YCIIXOM 3aCTOCOBAHHH Il BUMIPIOBAHHS TYCTHHH IUIa3MH, YTBOPIOBAHOT
TIPOTOHHMM ITy4KOM 3 eHepricto 5 MeB npu ioHizantii rasis npu tucky 10 — 107 Topp.

U3MEPEHUE OYEHb MAJIbIX KOHIEHTPAILIMM IJIA3MbI BY PE3OHATOPOM C
NEPAUOJAYECKOMN 3AMEJJISIIOIIENA CTPYKTYPOI

b.U. Heanoes, B.11. IIpuwienos

HeoOxomumocTh OeCKOHTAKTHBIX M3MEPEHHI MaJlbIX AJIEKTPOHHBIX KOHIEHTPALM aKTyajbHO, HAIpUMeEp, JUIS KOCMHYECKHX
HCCIICIOBAHMH, (PU3MKH ITy9KOB, JIEKTPOHUKHU | T.J. J{Jisl U3MEepeHus: MaITbIX AICKTPOHHBIX KOHIICHTPAIIM HaMH TipeyioxkeH BU
PE30HATOp € 3aMENIIOILEN CTPYKTYPOM, COCTOSIIMIA U3 KOMbLEBBIX BY 31eKTpOIOB, 3aKpeIICHHbIX Ha BCTPEYHBIX MOJBECKAX.
Brnaronapst Takoii reoMeTpuH CyIIeCTBEHHO yBennurBaeTcsi (popM-(hakTop pe3oHaropa, T.e. KO3QGHUIMEHT MPONOPLIHOHATEHOCTA
MEXy KOHIICHTpAIMCH M CABHIOM COOCTBEHHOH YacToThl. OmHAKO, B JaHHOM ciydae (opM-(pakTop HE MOXKET OBITH HaWICH
TeopeTidecki. UToOBI TPEOI0IeTh 3Ty TPYAHOCTh MBI IIPUMEHIDIA METOJT KAIOPOBKH, OCHOBAHHBIN HAa TOM, YTO MEIICHHBII
9JIEKTPOHHBIN My4oK UMeeT Takue ske BU cBolicTBa, kak n masma. KaniOpoBka 1o 31eKTpOHHOMY IydKy ObliTa POBEACHA IS
HECKOMBKHX MOJI TIOJIOT0 PE30HATOPa U Iyl OCHOBHOM MOJIBI PE30HATOPA € MEPUOIMUECKOM CTPYKTypoi. IIpu sToM m3mepsincs
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CIIBUT YaCTOTHI PE30HATOPA B 3aBHCHMOCTH OT TOKa ITydKa, OTKYZIa OIpenersmch GpopM-(akTopsl. TOUHOCTs M3MepeHHii Oblia
niopsika 10%. Tlocne Takoif KaMMOpOBKM 3TOT Pe30HATOp OBUT YCIIEIIHO NPHMEHEH ISl M3MEpPEHHs IUIOTHOCTH IUIa3MBbl,
CO3/IaBAEMOM TIPOTOHHBIM TTY4KOM ¢ SHeprueii 5 MaB nipu normsaimu razos npu gasierun 10 — 107 Topp.
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