MEASUREMENTS OF PLASMA DENSITY IN URAGAN-3M
TORSATRON USING DUAL-POLARIZATION INTERFEROMETRY
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The basic idea of this work is simultaneous using of O- and X-modes for determination in torsatron not only
average plasma density but density profile, too. The dual polarization interferometer was placed very close to E-E
minor cross-section of U-3M torsatron. First measurements of phase shifts were made. The interpretation of

obtained results is presented.
PACS: 52.70.-m

INTRODUCTION

Ordinary O-mode interferometry is well known and
common used plasma diagnostic for fusion devices and
plasma technology [1]. The O-mode wave number
depends only on plasma density in the case of
perpendicular to the confining magnetic field probing

k, =w,e5 /c,e5 :l—co; /®?* . So, O-mode phase shift
is proportional to average plasma density 7 along the

hord of probing for wave frequency @ greater then
plasma frequency @, For extraordinary X-mode

k, =(1)1/812 —8% /( slc),

g = 1—0)?7 /(@ —0)5),82 = 0)5)0)0 /(o —mf)co

perpendicular probing

, and X-mode phase shift depends on plasma density
and confining magnetic field distributions. As magnetic
field is known for torsatron-type devices, additional
information as to plasma density profile may be
inferked from the X-mode phase shift measurements.
For example, this may be plasma density profile

peakedness 71/n, , where n, is the plasma density in

the centre of minor cross-section.
1. FORMULATION OF THE PROBLEM

Our purpose is to determine plasma density profile
in U-3M via phase shifts of X-mode and O-mode
measured experimentally. Experimental datasets consist
of phase shifts values measured during the discharge.

To simulate propagation of X-mode and O-mode in
plasma and calculate phase shifts for this waves the
numerical code was developed. This code computes ray
trajectories of X-mode and O-mode in plasma volume
taking into account real geometry and magnetic field
distribution for U-3M (Fig. 1). Density profile can varies
from flat to sharp form. Finding density profile from phase
shifts is reduced to solving two functional equations

L
[koin( &) w)dl = o,
(1)

ket &)o)dl = ¢ |
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where ® is wave frequency, & - peak/flat parameter,

n, - central density and density 7(<) defines as
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where y is the label of magnetic surface (0<x<1).
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Fig. 1. Ray trajectories of X-wave (dash line) and
O-wave (solid line) in poloidal cross-section of U-3M
and density profile in 10" cm™

So, calculated phase shifts (Fig. 2) were matched with
experimental results (Fig.3) in order to determine
central density and peak/sharp parameter for U-3M

plasma.
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Fig .2. Calculated phases of X-wave(dash line) and O-
wave(solid line) depending on density profile; circle -
nozl-l()l2 cem™; square - no:2-1012 em’; triangle -
no:3~1012 em’: star - no:3.5-1012 em™: rhomb -
n0=4~]012 cm’
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Experimental Data from U-3M
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Fig. 3. Measured phase shifts for X-wave(dash line) and O-wave(solid line) depending on time of discharge in

U-3M and calculated density profiles corresponding to two time points; 1" -31.44 ms, & =-1, ny=3-1 0" em;
2 _35.06 ms, & =0, ny=3.5-10" cm™

2. EXPERIMENTAL ASPECTS

The horn antennas which were connected to the
oversized waveguides were used for probing plasma in
Uragan-3M. These waveguides allow propagation of E-
and H-polarizations modes without their interference.
For independent determination of the phase shifts of O-
and X-waves we have fabricated and tested an
orthomode transducer (OMT). OMT has one input for
oversized waveguide and two outputs which operate in
the single mode regime.

The classic homodyne interferometers which have
double balanced detection were connected to the output
waveguides of OMT. Measurement scheme is shown in
Fig. 4. The output signals of interferometer are:

S1(1) = Agds,,,(Jsin ., (1) 3)
52() = Agds,.,(tsin -, (1)
where: Ag is amplitude of the reference signal, A4s,

and As_, are amplitudes of signals passing through

the plasma.

Vacuum chamber

Double balanced mixer additionally contains signals
proportional to the sum of the amplitudes of the
reference signal and passing through the plasma signal.
But for the high quality determination of the phase
shifts the accurate calibration must be performed. It was
not made at this time.

During the determination of the value of phase shifts
we had some difficulties which were caused by fast
changes in the amplitude of signals passing through the
plasma during plasma discharge. Also, the small
differential sensitivity of sin (¢) when @ ~0.57tmu,
m=0,1... made difficult determination the dynamics of
change of the phase shift in these areas. In part the latter
problem was solved by not-in-phase signal of phase
shift for the ordinary and extraordinary waves.
Therefore, the exact values of the phase shifts
determined where its equal to mz, m=0,1...
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Fig. 4 Principal scheme of dual polarization interferometry at Uragan-3M torsatron
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DISCUSSION

Measurements of plasma density by dual-
polarization interferometry give us information not only
about average plasma density and about density profile
form too. Plasma density profiles were established for
two time periods of U-3M discharge. But, we need in
simultaneous (in the same time points) and more precise
data to make conclusion about plasma profile behavior
from the beginning to the end of U-3M discharge.

We have to start the work at modification of the

modification will solves the problem with the change of
the signal amplitude and the exact definition of the
dynamics of the phase shift during plasma discharge.
Supposed accuracy of the phase shift will be about 2
degrees.
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interferometer in order to obtain signals proportional to
cos(p) and sin(p) for each polarization. This

W3MEPEHHUE IVIOTHOCTH IITIA3MbI B TOPCATPOHE Y-3M C UCITIOJIb30OBAHUEM
ABYHOIAPU3AIUNOHHOU UHTEP®EPOMETPUN

JIL I'pekos, K.K. Tpemwsk, B.JI. bepescnutii, B.B. @ununos

WurepdepomeTpusi ¢ UCMONB30BaHHEM OOBIKHOBEHHOW BOJHBI XOPOILIO W3BECTHA M YacTO IPHUMEHSETCS B
IUArHOCTHKE IUIa3Mbl. B ciydae NepHeHIUKYISPHOTO pPACHPOCTPAHEHUS OTHOCHTENBHO YIIEPKHBAIOIIETO

MAarHUTHOIO IIOJISI BOJIHOBOE YHCJIO OOBIKHOBEHHOU BOJIHBI 3aBUCUT TOJIBKO OT IUIOTHOCTH ILIA3MBbI ko = w\/g /c R
2 2 . .
€, = 1-w » /W . Jnst  OOBIKHOBEHHOW BOJHBI Haber ¢a3bl MPOMOPIHMOHANICH CpeIHeH IUIOTHOCTH BAOJIb

30HIIMPYIOIIErO Jyda /IS 9acTOT (0 GOTBIINX, 4eM Ia3MeHHas qactota W, . Jlist HeoGBIKHOBEHHOI BOTHEI MpH
TepIEeHMKYIIAPHOM 30HAMPOBaHUK HaGer (asbl 3aBHCUT OT IUIOTHOCTH IUIa3MbI M PACIIPEEIEHHS Y/IEPKUBAIOLLETO
- 2 _ o2 _ 2 22 . > 0
varnutHOro TONA K, = WWE] —€; /4[€ ¢, € =1-w, /(W -w;, & =W w, /(W —w;)w. Tpu
M3BECTHOM MAarHMTHOM II0JI€ IS YCTAHOBOK THIIA TOPCATPOH, M3MepeHHe Habera (yasbl HEOOBIKHOBEHHOI BOJHBI
JIa€T JOTOHATENBHYI0 HHPOPMALHIO O IPOQHUIE UIOTHOCTH IUIa3MBL. Bemuduna 7 / 1, MOKET XapaKTepu3oBaTh

INHKMPOBAHHOCTE MNPOQHIA, TA€ 7, — UEHTpajbHas IUIOTHOCTh IUIA3MBI B MAajlOM CEYEHHH IOHypa. Mel

npearoaraeM, 4ro MpoQuib IUIa3Mbl MOHOTOHHBIN. JIBYNOJIIpU3AllMOHHBIA HMHTEp(EpOMeTp ObLT YCTaHOBJIEH
oueHb ONMM3KO K MajoMmy ceueHnto E-E-topcarpona Y-3M. [IpencraBieHsl mepBhle pe3yNbTaThl U3MEPEHUS U UX
MHTEPIIPETALHs.

BUMIPIOBAHHS 'YCTUHU ILIA3ZMU B TOPCATPOHI Y-3M 3 BUKOPUCTAHHSIM
JABOHOJIAPUBALIIMHOI IHTEP®EPOMETPII

I I'pexos, K.K. Tpemsxk, B.JI. bepescnuit, B.B. @ininos
IarepdepomeTpist 3 BUKOPHCTaHHSIM 3BUYAHOT XBHJII 0OpE BiJjOMa 1 4aCTO BUKOPHCTOBY€ETHCS ISl IIarHOCTUKH
wia3mu. J1s BUMAKy MeprieHIUKyIIIPHOTO NOMINPEHHS BITHOCHO YTPUMYIOUOTO MAarHiTHOTO IOJIsl XBHJIbOBE YHCIIO

N . . . _ _ 2 2 . . .
3BUYAHOI XBWII 3aJIEKUTH TIIBKU Bl I'YCTHH IIIa3MU k 0 ()J\/g /c , € 3= 1- wp Jw . st 3BuvaiiHol xBH1

JUISL 9acTOT (U , IO 3HAYHO OUIBIII 32 IUIa3MOBY YacTOTy (0 b HaOir ¢a3u € mponopuiiHUM 10 cepelHbOl I'yCTHHU

TUIa3MH B3JIOBXK MPOMEHS, 10 30Haye. [ He3BMYaliHOT XBWIII TIPU MEPHEHIUKYJIIPHOMY MOUIMPEHH] Halir dasu

. . . . W [.2 2
3aIeKUTb BiJl TyCTHHM IUIa3MM | PO3NOJLTY MAarHiTHOTO IO, IO yTpUMYeE Iuiasmy, k = € —€5/4/€C,
_ 2 2 2 2 2 2 . .
g =l-w /(W -w,, € =W,W, /(W —W, )w. Jins ycTaHOBOK THIly TOPCATPOH POMOJIT MarHiTHOro
noJis € BimoMum. Tomy BuMiproBaHHs HaOIry (a3u He3BUYANHHOT XBUIII Ia€ JIOAATKOBY 1H(MOPMAILIIO 10 10 podito
ryCTHHM IUla3MH. Benumuumna 77/7, Moe Xapakrepu3yBaTW MikupoBaicts npodimo. TyT H, — neHTpanbHa

T'YCTHHA IUIa3MH B MaJIOMy repepisi. Mu npuiyckaemo, o npogijap mia3Mi € MOHOTOHHUM. JIBymospu3aidHuii
inTepdepomMerp OyJI0 BCTAHOBICHO AyXke ONM3bKO 10 Mayoro mepepidy E-E-topcarpony Y-3M. Haeeneno mepiini
pe3yJIbTaTH BUMIPIOBaHb Ta iX IHTEpIIpETAaLilo.
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