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DESTRUCTION OF MAGNETIC SURFACES IN LARGE ASPECT-RAT!0 TOKAMAKS

M.V.A.P. Heller, }.L. Caldas

Institute de Fisica, USP

C.P. 20.516, 01498 - S3o Paulo, SP , Brazi)
Abstract: Magnetic surface break-up in tokamaks
caused by overlapping of magnetic Islands, created

by helical windings and piasma oscillations,is evalu

ated Integrating numerically the differential equa -

tion for the magnetic field )ines.

The objective of this work is to investigate
the destruction of magnetic surfaces caused by the
superposition of different helica) resonances. To do
that the differential equation for the magnetic
field lines B x df=0 is numerically integrated. It
is considered a linear superposition of the equilib~
rium field with the resonant hellcal perturbations
created by helical windings and by plasma escilla =~
tions. Resonances due to the toroidal corrections
were also considered. Typical parameters of the bra-
zitian tokamak TBR~1 were used in the numerical ap -
plications.

A plasma confined in a large aspect-ratio toka-
mak is represented by a. periodical cylinder with
length 2nR and radius a. The MHD equilibrium Is de-
termined by the pololdal BOe and the toroidal By
magnetic field components, The umperturbed magnetic
surfaces are characterized by the safety Ffactor
q=(rBy,)/{RBy,) _ _ _

A helical resonance of the type f (r)cos(m8- nz/R)
creates m magnetic islands with width aaf?  around
the surface with q=m/n,

Magnetic oscillations observed in tokamaks are
related to helical current perturbations on the un-
perturbed rational surface with q=m/n(]). These cur~
rents are distributed paloldally and toroldally ac =~
cording to the relative phases of the detectedMir ~

nov oscillatfons. Thelr amplltudes depend on the

measured amplitude of the plasma oscillation 6Bem nt
*
. 12
In this case Aa(ﬁBem'n) /2
Electrical currents I flowing In m pairs of he
lical windings, wounded on a large aspect-ratio to-

kamak ]), are also considered.For currents flowing.

in opposite directions In adjacent windings Aa(I)I/2 ..
when a singte helfeal perturbation (m, n) Is

superimpesed upon an equilibrium with toroidal sym-
metry both symmetries are broken, and the magnetic

- faces associated to that area

surfaces may disappear. For a small helical ﬁerturbg
tion the major effect, on a large aspect-ratio toka-
mak,is the appearence of mti1 satellite istands (with
width 8af*®on the surfaces with q=(mtl)/n(2). These
Islands have been taken Into account by multiplying
the constant Buz_by the factor (t+r cos8)™t in  the
field line equation.

Magnetic surfaces break-up occurs due te the
destruction of the systenm symmetry; As. a symmetry

- breaking due to magnetic islands with different heli

clties grows, magnetic surfaces are destroyed. The
degree of chaotic distribution of the magnetic lines
outside the remaining magnetic surfaces depend upon
the amplitudes [ and éBe. This dependence can be in-
dicated by the stochasticity parameter S defined as

Am,n+ Am', n'

5= 2(r - r
m,n

- 7— 3 alry )= n/n

The differential equation for the magnetic field
}ines have been intégrated numerically for  various
perturbation strengths. Fig. 1 shows the intersec -
tlons of the magnetlc fleld line trajectories with a
poloidal plane z=0 for an equilibrium with qla) = 5
and q(0)=1 perturbed by a m=2/n=1 tearing mode with
SBBIBUBEU,SZand a 3/1 helical current of 100A{S=1.05)

“and  300A(5=1,34). For the same equilibrium, it has

also been considered the surfaces destruction due to
the superposition of the islands created by a 3/1
helical current with lts satelllte islands.

" The fractions a{$) of Intersections in the Pain
caré map outside an area delimited by two circles In
cluding the Intersectlons of the consldered ratlonal
surfaces, ware computed and Indicated in the Figs. 2
and 4 for the mentioned cases. The flux F(5) related
to a chactlc )ine going throu%h the cylindrical sur=

were also camputed
and indicated in the Figs. 3 and 5 for these cases.

" The level of the fluctuations g fn the computed

‘o and F values was evaluated by considering several

different starting points on the Poincaré map. As it

‘is shown in Fig., 6, o increases with § and saturates

for 521.1 . This might be considered as a realistic
criterium to characterize the predominance of a
chaotic zone betweeh the considered ratfonal  sur -
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MINOR DISRUPTIONS INVESTIGATION (N THE TBR-1 TOKAMAK

A. Vannuccl, I.L, Caldas, |.C, Nasclimento, M.V.A/P: Heller

Instituto de Fisica da Universidade de Sao Paulo
C.P, 20.516, 01498 - S3c Paulo, 5P, Brazli

Abstract: Minor disruptions events were experl -

‘mentally identified In the tokamak TBR-1discharges.

The main dlagnostics used were a soft x-ray detec -
tion system and a set of 20 Mirnov colls, For weli=
~formed confinements and the plasma column [n the
center of the vessel, these dlsruptions were associ
ated to the destruction of the magnetic surfaces
caused by the a/n=2/1 and 3/1 magnetic islands,

The inveétigation of disruptive phenomena Is
usually done through the detection and analysis of
perturbations in the macroscaplc parameters of the
plasma. Among them, the most relevants are the po-
loidal magnetic field oscillations and plasma tem -
perature yariations. Examining the behaviour of
these fluctuations right before the Instant at which
the disruption begins one can experimentally evalu-
ate the real processes that lead to a disruptive
condition,

In the TBR-1 device (Ru-ﬁ.Jﬂm, a=0.08m,3¢s&hT
and 6.Uslp512kA) the soft x-ray em|ssion from the
plasma was detected by six surfaceparrier detoctors,
cach one viewlng a chord of the plasig column sectfan
through a polypropllene coyered s]a;‘l v The poloj -
dal magnetlc fleld osclllgt[ana wara measured by &
set of twenty Mirnov calls, slixtesn wqually wpaced
in the poloidal direction and four In the toreidal
direction(z). )

in the TBR-1 dischargasdlsruptlive events char
acterized by a ﬁegative splke In the loop voltage ,
without the total loss of the conflpament {so they
could indeed be classifiad as minor disruptions)
were observed in three different situations:|)whan~
ever the adjustments of the equilibrium fields were

not properly done,resulting In sgvaral minor dis =
ruptions all alang the discharges; 11) when the mag

netic islands start to grow and, dué to plasma po=-
sition displacements(due.to the lack of a feedback
controlling system for the plasma position),it hits
the bimiter and 111} wheh no one of these two cases
happens and minor disruptions are stlll verifled 1.

In this paﬁer we shall discuss only thils last

-~

situation, for which a typical discharge with q{a)=t0 -

Is presented In Flg., 1.The slignal output from the
soft x-ray, the loop voltage and the pick-upcoll sys
tems (Figs.l-c, 1-¢é and i-d} show the exact instant
at which the disruptions took place.Restricting our-
selves to the last one of these disruptions, indl -
cated In the figure by an arrow, the corresponding
mhd activity was estimated to have a growth rate
v56.6 x 107%™, Fourler analysing the Mirnov colls

signals, it was also observed the m=3 to be the domi -
fant mode prior to thls particular instability. The’

retative amplitude of the perturbed poloidal mag =
netic fleld was calculated, just before the appear =
ence of the negative spike In the loop voltage, to
be By/B,%1.2%.

Taking the experimental perturbation amplitudes,
corresponding te the m=2 and m=3 modes, the Poincaré
maps for the fleld distributlon were obtained by in-

tegrating the magnetic field line equations,deter -~

mined In ref. 3. The results obtained are shown in

Flgs. 2-a and 2-b for twe dlfferent times: 50us be -
fare and In the inatant of the negative splke appear
ence in the loop voltage, respectively,

Koar the wagnatle axle | wharg the fleld  §ineg
Intersect a polaldyl plang, a clrela=]lka closad
ling is formed. Dutwards, nsar the magnatle l¢lands,
fha intersscting polpts do not doserlbe a ciosed jina
anymore.They are displaced almost randomly and this ef-
fect |s stronger for higher amplitude perturbations.

Comparling the plctures in Flgs, 2-a and 2-b it
ts verlfled that the Istands shrink and the chaotic
reglon Increases as the perturbation ampiitude grows
This behavipur Is con?;§tent‘withthe theory proposed

by Finn ) and others'”’, They associate the minor
disruption with an Interaction between magnetic is-
lands due to the increase of the chaStic region
around them. In the TBR-1 dlscharges the g=2 and q=3

maghetic islands would, therefore, interact in this

- way for a minor disruption occurence,
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MICROWAVE INTERFEROMETRY IN THE TBR-1 TOKAMAK

R.P. da Silva and J.C. Nascimento

Instituto de Fisica, Universidade de S3ao Paulo
C.P. 20,516, 01498 - S3o Paulo - SP, Brazi)

Introduction :

in this work we describe the microwave inter -
Ferometfy system, built for the TBR-1 TokamakE1],and
show results of electron density measurements in the
central part of the plasma column.TBR-t is a  small
tokamak designed at the Physics Institute of Sao Pau
lo University.lts main parameters are:R(major radiug
=30cm, a {minor radius)=8cm, B¢{toroidal field)=5kG,
| _(Plasma Current)=6 - 12kA, ne(electron density) =
7 % 1012¢n73 (centre), Te(electron temperature) =
200eV(centre}.

The wdrking principle for interferometry is the
following:an electromagnetic wave is divided in two
parts: one is used as reference and the other tra -
verses the plasma. The two waves are mixed and the

resufting signal analysed for phase shift.

Theoretical Model

The theoretical model used in the data interpre
tatlon follows the theory of wave propagation in a
cold p]asma[Z].The wave Is injected perpendicularly
to the torcidal magnetic field (B¢), with the wave
electric field parallel to B¢ .in this case the dis-
persion reiation is

1/2

K =2 -5 {1
P c n.

where Kp is the wave number in the plasma,(uth%umve
frequency, n_ the electron densityand n€=(80mew Y/e?
the cut-off density. The effect of the collision was
disregarded since w>>y, the collision frequency (for
TBR-1, w=h x 101157

(1) shows that wave propagation properties depend

and v v 8 x 10”5-1). Relation

only on electron density. If KD = %- is the wave num
ber in the vacuum, thsn the  phase shift due to

the plasma is giveE by:
A = | (K - K ) dx 2}
._%_L(ﬂ ; (

where ‘the Integration Is performed along the tength
L in the plasma. If ng<<n, {2) can be written In

the form: (3)
~ L 3
A¢p—

>
31 a3t
ﬂimE

&5

where ﬁ;- is the average electron density in _ the
plasma path, This expression shows that n, can be de
termined if the phase_A¢p is measured.

In our work a parabolic density profile was as-
sumed, ne(r)zn0 {1 - (5)2], where n, is the center
density and a the plasma radius. With this profile
=3 ng/2. Using TBR-1 parameters follows the rela -
tion:

nglen™) = 7,2 x 10" a4 (ra) (4)

The TBR-1 Interferometer [3]

Fig. 1 shows a block diagram of the TBR-1 micro
wave interferometry system. The wave generator is a
Klystron reflex (Variam VRE2101A18, f=65GHz,A=46mm
and Pmax=1 watt), that is coupled to an isolator.The
wave is then divided in two parts by a 10 db direc -
tional coupler. One of them goes to the plasma and
the other {the reference wave) pass through a vari -
able attenuator {0-25db) and a variable phase shifter
(Gu]Bﬂo);Thep]asma and reference signal aremixed in a
hybrid ring and applied te a square lawdetector, The in
jectiﬁnandreception of the wave is made with two horn
type antennas {gain=25dbi), located inthe - exterior
part of thevessel.The wave passes through two gquatrz
windows and amovable mechanical frame with 6 ¢cm excur -
sion allows measurements in different chords through
the plasma.

An electronic system associated with the inter-
ferometer has been developed (Fig. 2},The system has
three power supplles: for the resonator (200-3500V ,
100mA); the reflector (8-1KV) and the heater(6,3xhA).
The modulator has three different waveforms:sawtootH
(0.1 to 100 kHz}, square (0.1 to 100kHz) and sinusoi
dal (60 Hz), that can be used to modulate the Klys -
tron frequency, The resonator power supply has adjus-
table overvoltage and over-current protection. The
Klystron temperature is monitored and the power
supply |s switched off for temperatures higher than
90%, An amplifler with jow-pass fllters and adjus -
table galn, used for the detector signal, also has

‘been buttt.




iResu1t5[3]
The signal from the detector has the form:

Vg = Vg + Vp cos(A¢p) {5)

)
Where Vg and Vp are constants. 5o, with the change
of the density, there are oscillations in the detec
tor output signal. in Fig. 3 the temporal profiles
of the detector output signal and plasma current are
shown.The plasma current has a maximum value 9kAand
duration of 7ms. In this discharge-hydrogenhas been
used with a £illing pressure of 1.3 x 10 ‘mbar. Be -
tween A and 8, in Fig. 3, the pre-ionization of the
plasma occurs, and between B and C the main plasma
pulse. With the diode signal and the use of (5) and
(4) relations the electron density tIme profile can
be obtained. In Fig. 4 we see that, during the pre-

. 2 -
ionization phase, the density reaches 2,4 x 10 cm3

and then changes rapidly to 7 x 1012cm3, at the
begining of the main plasma pulse. From this polnt
on the plasma current. We. have seen that the maxi -
mum-dens ity changes with the filling pressure, and
that the pre-ionization etectron density has strong
dependence on the toroidal field. Density and‘tempg
rature measurements have also been made in the edge
of plasma with electrostatic probes[ql.
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