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A miniature pinhole camera array for spatially and temporally resolved measurements of soft X-ray plasma
emission has been recently installed on the U-3M. The diagnostics has been tested in different types of the U-3M
discharge. In low density frame antenna discharges with so-called “H-like” transition a fast SXR emission profile
modification is observed. A phase shift of the SXR perturbation induced by the transition as well as different shapes
of the perturbation is observed in different channels. The transition can be associated with MHD instability.
Different shapes of the SXR emission profile has been observed in different discharge conditions. The SXR array is
en excelent tool for study different types of the MHD activity. Different types of the low frequency MHD activity
have been observed in the U-3M torsatron. The recently installed SXR diagnostics opens opportunity of detailed
studies of the MHD activity together with its driver — the plasma pressure gradient. In the paper we are presented

recent experimental results obtained with the use of SXP, without deep analysis these experiments.

PACS: 52.55.Hc; 52.70.La

INTRODUCTION

Soft X-ray (SXR) diagnostics is an important tool for
study of various phenomena in tokamaks, stellarators,
reverse field pinches, etc [1-3]. An advantage of the
SXR diagnostics is a possibility of the multichannel
plasma profile evolution measurements with excellent
temporal and spatial resolutions. The SXR diagnostics is
widely used as a perfect tool for the plasma fluctuation
studies. Nonetheless, the SXR signal dependence from
set of parameters as well as its integral character forms
difficulties in the SXR data interpretation. For a 2 um Al
foil filter, installed in the U-3M SXR diagnostics case,
the measured signal is proportional to the integral from

nEZZZTe if T.=0.25...1 keV in a case of bremsstrahlung

radiation only [4]. An amount of diagnostics installed
on the U-3M is limited. In such a situation a multiline
SXR diagnostics is one of few available for plasma
profile measurements diagnostics. It is a unique in
U-3M diagnostics, which allows studying main plasma
profile using single discharge data (also available H,
profile is not directly related to the plasma core). First
time since a long U-3M operation, the SXR diagnostics
provides plasma profile evolution data every plasma
pulse with sufficient temporal resolution. In the present
paper the SXR data are shown for different U-3M
experiments. Despite the fact, that for a complete
understanding of the described experiments a data from
all available diagnostics are required, the presented SXR
data provides substantial amount of new information.
The plasma profile behavior during so-called H-like
mode transition [5, 6] is one of the U-3M questions
without an answer up to now. Expected plasma
confinement improvement causes plasma temperature or
density rise (or both of them), that is always causing
substantial rise of the SXR emission. A transport barrier
can be localized by the SXR emission profile gradient
steepening. The SXR profile evolution during similar to
the H-like transitions is studied in the present work.
Another important problem, discussed since a beginning
of the Alfven heating studies in Kharkov is localization
of the resonances [7] and consequently the power

deposition localizations. Local features of SXR
emission profile can provide important information
about a complex nature of the Alfven wave power
deposition in U-3M. One more topic is low frequency
plasma fluctuations. The fluctuations were observed in
old U-3 experiments and were associated with high f
[8]. SXR fluctuations are studied in the present work.
These fluctuations are appearing in discharges with
rather low plasma.

1. SXR DIAGNOSTICS SETUP

The 2 um Al foil has been installed in the U-3M
SXR pinhole diagnostics [4] to cut-off low energy
radiation.
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Fig. 1. Lines of sight and viewing angles of the SXR
detector array across the U-3M cross section “A-A"

The SXR camera array consists of a 20 channel
photodiode linear array IRD AXUV-20EL. The camera
is viewing horizontally through a symmetric plasma
cross section “A—A”, as it is shown in Fig. 1. The SXR
photodiode photocurrent amplifiers gain is 2.5¢10” V/A.
The amplifiers bandwidth is 10 kHz. It allows to
suppress successfully high level RF noise and to register
SXR signals [4].
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2. SXR PROFILE BEHAVIOR DURING THE
TRANSITION

The transition is observed in the low density frame
antenna U-3M discharges [5, 6]. Fig. 2,a shows SXR
signals from channels with opposite impact parameters.
Fig. 2,b shows clear 20 kHz MHD activity, which is
always accompanied the transition [9].
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Fig. 2. Evolution of SXR signal in channels
with opposite impact parameters (a); magnetic
probe data (b)

As it is clear from the Fig. 2, the transition is related
to the complex U-3M plasma column perturbation
associated with MHD activity. The SXR profile shift
from channel Ne20 to channel Ne2 is observed at the
plasma periphery. Significant phase delay in the SXR
emission perturbation is observed in deeper channels
Ned and Nel8. This experimental effect can be explained
by a rotation of some plasma region.
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Fig. 3. SXR profile in a frame antenna discharge

Detailed SXR profile temporal behavior in a
discharge with the transition is shown in Figs. 3, and 4.
In addition to the complex plasma column movement, a
transient decrease of the SXR emission temporal decay
is also observed. Rather small SXR emission rise is not
clear enough for the SXR emission gradient steepening
localization. At present, it is impossible to separate the
MHD event and possible confinement improvement
influence on the SXR emission.

We should note, that due to the SXR electronics
bandwidth limitation the 20 kHz mode is not observed
in the SXR diagnostics.
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Fig. 4. SXR profile normalized to data of channel M212

3. SXR PROFILES IN DIFFERENT U-3M
DISCHARGES

Substantial SXR emission rise after RF power
switching off is always observed in the low density
frame antenna discharges. An example of this increase
is shown in Fig.3 at 73...75ms. The SXR signal
increase is evidently associated with the density
increase, which is always observed at the end of this
type of the U-3M discharge [6]. An asymmetry of the
SXR emission profile is clearly shown in a normalized
SXR profile (see.Fig.4) at the breakdown/buildup
stage. This asymmetry can be associated with a transient
modification of the RF power deposition location in the
absence of equilibrium. A peaking of the normalized
SXR emission profile after RF power turning off
(73...75 ms) does evidently represent better plasma
confinement in a central region as well as some
influence of the edge RF power deposition. This
deposition disappears after the switching off. The SXR
emission from the periphery is dropping due to worst
confinement in this region.

Substantial amount of the SXR data in the three half
turn (THT) antenna discharges was also obtained
recently in U-3M. An example of the SXR profile
modification in the final degradation stage of the THT
antenna discharge is shown in Fig. 5. A clear peaking of
the SXR emission profile near the end of discharge
indicates, that plasma cooling at the periphery occurs.
Probably a degradation of the RF power absorption at
the periphery appears at the end of the THT antenna
discharge under consideration.

‘ ' ' Chn. #] (e " 43ms L6
— 10 ] -8 44‘3"15 2014-07-17
I — 161 e aTms My
V \\'\—’\ = | "' “
: — 20 S
r 1 § ou m
21} IS A
o 1 S \ .
e f 1 SR y
7 e E] ‘.‘;. ;r ‘._'-,
= ) 1™ ;!‘;{ ;\‘:
i ] 7
0F | 1 1 | [ 1 | 1 *j
42 4 46 48 50 32 0 5 10 15 20
tms Chn. #

Fig. 5. SXR time evolution (left) and SXR profile in the
end of a THT discharge (right)
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Fig. 6. SXR profile in a THT antenna discharge with
frame antenna plasma build-up

Another example of the THT antenna discharge is
shown in Fig.6. The first peak (at 12...16 ms)
corresponds to the low power frame antenna plasma
creation stage. A second stage represents medium power
THT antenna discharge.

4.1 kHz SXR EMISSION FLUCTUATIONS

Substantial SXR emission fluctuations in a frequency
about 1 kHz are observed in THT antenna medium
power discharges.
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Fig. 7. Evolution of SXR signals. THT discharge with
frame antenna plasma build-up

An opposite phase of the perturbation is observed in
SXR channels with opposite impact parameters, as it is
shown in Figs. 7, 8 shows only the fluctuating part of
SXR signals without its DC component.

#11T2014.07.00

—75x10‘—5x10‘—25x10‘ 0 25x10‘ 5x10°

tms
Fig. 8. Profile of the fluctuating part of the SXR data
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The SXR perturbation maximum and minimum are
simultaneously appear in the profile. Systematic radial
movement of the SXR perturbation can be explained by
a poloidal rotation of “hot” and “cold” plasma spots.
Rather similar amplitude of the perturbation in central
channel #11 and in other channels indicates that it is not
a plasma profile vertical shifts. (In case of the shifts the
perturbation amplitude in the central channel should be
substantially higher than the perturbation in the outer
channals). Similar SXR profile behavior can be caused
by magnetic islands rotation in tokamaks [1, 2]. The
fluctuations are localized between channels #6 and #15.
This area is located in a central plasma region (p<0.5),
deeper than the four islands chain [10]. An example of
simultaneous appearing two cold spots is shown in Fig. 9.
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Fig. 9. Profile of a fluctuating part of the SXR data

It look like two perturbations are simultaneously
rotating in approximately the same plasma region as in
the previous discharge. Due to influence of the complex
topology of the magnetic surfaces it can be a case of
two hot/cold plasma spots as well as a case of the four
rotating plasma spots [1, 2]. The fluctuations under
consideration appear in the THT antenna discharges
with low enough U-3M plasma heating power. In
discharges with higher RF heating power the SXR
fluctuations of different type are observed. The same
frequency range, but same phase of the SXR
perturbations in the whole SXR emission profile is
characterizing this type of the fluctuations. We should
note that in most of the U-3M THT antenna discharges
with high enough plasma temperature and medium for
U-3M plasma density (3...5)-10%cm® no SXR
fluctuations are observed.
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HEPBBIE PE3YJIbTATBI MHOI'OKAHAJIBHOI'O JETEKTOPA MSAI'KOI'O PEHTTEHA
HA TOPCATPOHE Y-3M

M.b. /lpesans

MUHHMATIOpHBIN JaT4MK Ui M3MEPEHHMS BPEMEHHOI'O IIOBEJICHHS M MNPOCTPAHCTBEHHOTO paclpelelieHus
W3IIyYeHHs] MATKOTO PEHTreHa ObUl HeJaBHO YCTaHOBIICH Ha TopcaTpoHe ¥Y-3M. JlnarHocruka NpoTecTHpOBaHa B
Pa3IMyHbBIX BUJax paspsaa Y-3M. B HU3KOIUIOTHBIX pa3psiiaX paMOYHON aHTEHHBI C TaK Ha3bIBAEGMBIM IIEPEX0/IOM B
H-nomobuyro Moy oOHapyxeHa ObicTpas MoaudUKaus MpoduiIst H3ITydeHUs MATKOTO peHTreHa. CraBmkka (hasbl
BO3MYILCHUS M3JIyYCHUS MSTKOTO PEHTICHA, BBI3BAHHAS IEPEXOJOM, a TaKXKe PasiIH4yHbIe (HOpMBI BOSMYIICHUS
HaOMIOZaNMCh Ha pa3IMYHBIX KaHamax. llepexox MoskeT ObITh accommupoBaH ¢  MI'J[-HeycTOHUMBOCTEIO.
Paznnunble ¢opmbl TpodMIs W3ITyYCHHS MATKOTO PEHTreHa HAaONIOAANNCh B PA3IMYHBIX YCIOBHUSX paspsna.
MHOroKaHaJIbHbIH JaTYUK MATKOTO PEHTreHa — 3TO MPEBOCXOJHBIM MHCTPYMEHT Ul M3YUEHHS Pa3IMYHbIX THUIIOB
MI'I-axktuBHOCTH. Pasmmunble THIB HHU3KO9acToTHOW MIJ[-akTHBHOCTH HaOIIFOamnch Ha TopcaTpoHe Y-3M.
HenaBHO ycTaHOBJIEHHAsh PEHTICHOBCKAs AMArHOCTHKA OTKPHIBACT BO3MOXHOCThH JeTaidbHOTO M3ydeHus MIJI-
aKTHMBHOCTH BMECTE C BbI3bIBaloLlel €€ MPUYMHON — I'paJMeHTOM JaBiieHus Iuia3Mmbl. [lpencTaBieHbl mocieaHue
9KCIIEPUMEHTAIIbHBIC PE3yIbTAThI, OJIYUYEHHBIE C UCIIOJIL30BAHUEM AMATHOCTHKU MITKOT'O PEeHTreHa, 0e3 riry0oKoro
aHaJIN3a 3TUX IKCTIEPUMEHTOB.

HEPIII PE3YJBTATU BATATOKAHAJIBHOT'O JETEKTOPA M'SIKOI'O PEHTTEHY
HA TOPCATPOHI Y-3M

M.b. /lpesans

MiniaTiopHuii  JaT4WK U1 BHUMIPIOBaHHA THMYAacoBOTO TOBO/DKEHHS I IIPOCTOPOBOTO  PO3MOILUTY
BUIIPOMIHIOBAHHS M'SIKOTO PEHTTeHY OyB HeJlaBHO BCTAHOBJICHHH Ha TopcaTpoHi Y-3M. JliarHOCTHKA MPOTECTOBaHA
B PI3HUX BHIAx po3pany Y-3M. VYV HHM3BKOIIUIBHHX PO3psiax paMKOBOI aHTEHM 3 TakK 3BaHHM IepexonoM y H-
MoiOHy MOAY BUSIBIICHA IIBUAKA MOAUQIKAIis MPOQilto BUIPOMIHIOBAHHS M'SKOTO PEHTTEHY. 3pYIICHHS (a3u
30ypeHHs BHIIPOMIHIOBAHHS M'SIKOTO PEHTICHY, IO BUKIMKAHA IMEPEXOJO0M, a TaKOX pi3HI (Gopmu 30ypeHHS
crocTepiragncs Ha pisHHX KaHanmax. Ilepexim moxe Oyt aconiiioBanuit 3 MI'J[-HecrilikicTio. Pizui dopmu
npodiIr0 BUIPOMIHIOBaHHS M'SKOTO PEHTIeHY CIIOCTEpiraiucs B pi3HUX yMOBax pospsny. baratokanambHui
JATYUK M'SKOTO PEHTTeHY — II¢ YyJOBHH IHCTPYMEHT JUId BUBYEHHS pisHHX TumniB MIJl-aktuBHOCTI. Pi3HI TN
Hu3bKovyacToTHOI MI'/l-akTHBHOCTI criocTepiranucs Ha TopcartpoHi Y-3M. HenaBHO BcTaHOBJIEHAa PEHTICHIBCbKA
JIiarHOCTHKA BiJIKPUBAE MOXKIIMBICTh J€TAILHOTO BUBYeHHS MI'/I-aKTHBHOCTI pa3oM 3 IPHUYMHOIO, sIKa 11 BUKIINKAE —
TpajllieHTOM THCKy IuTa3Mu. [lpencTaBieHi OCTaHHI €KCIIepUMEHTaJbHI pe3yibTaTH, OTPUMaHi 3 BUKOPHCTAHHAM
JIIarHOCTUKH M'SIKOTO PEHTreHy, 0e3 rIMO0KOro aHalli3y X eKCIePHUMEHTIB.
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