40" EPS Conference on Plasma Physics P5.105

Investigations of the magnetic field dependence of blob velocity and &z
with Li-BES at ASDEX Upgrade

G. Birkenmeiet, T. KobayasH, F. M. Laggne?, M. Willensdorfe?, E. Wolfrumt,
D. Carralerd, P. ManZ, H. W. Miiller!, R. Fischet, U. StrotH, and the ASDEX Upgrade Team

1 Max Planck Institute for Plasma Physics, EURATOM AssamgtBoltzmannstr. 2, 85748
Garching, Germany
2 |ltoh Research Center for Plasma Turbulence, Kyushu UnityefSikkuoka 816-8580, Japan
3 Institute of Applied Physics, Vienna University of Tecbgy| Association EURATOM-OAW,
A-1040 Vienna, Austria

Introduction

At the edge of fusion plasmas, intermittently expelled dgrigaments, so called blobs [1, 2],
are propagating through the scrape-off layer (SOL), whigtenines perpendicular transport,
and can lead to a degradation of plasma facing components 8iis degradation is critical for
the first wall in future fusion devices, an understandinghef generation and the propagation
of blobs is needed.

In toroidal plasmas, blobs are thought to be solitary dgmqetturbations appearing together
with an electric dipole from poloidal charge separation assault of magnetic field inhomo-
geneities. Depending on the plasma regime, the dipole challaaccelerate the blob via the
E x B drift to a greater or lesser extent, and a relation betweesitte of a blota and its radial
velocity v, can be derived. A compact expression for a multi-regimeirsgathich takes into
account three different effects (sheath-dissipationitimeand divergence of ion polarization
current) was derived by Theilet al. [3]:
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Here,R is the major plasma radiuk, the parallel connection lengths = /Te/m; the sound
velocity, ps = vmTe/(eB) the drift scale with electron temperatufg magnetic field strength

(1)

Vi theo =

B and ion mass. % is the density fluctuation level.

In order to test thps dependence of EqQ. 1, dedicated discharges with differeghete fields
strengths fronB = 1.4 to 32 T have been performed at ASDEX Upgrade in order to get a large
variation invytheo The edge electron density was kept constamt at1.3- 10 m~2 in only
ohmically heated L-mode plasmas. The Lithium beam emissp@ctroscopy (Li-BES) system
at ASDEX Upgrade is able to directly measune/n, a andv; in the SOL. Therefore, it is an
ideal diagnostic for the evaluation of the blob velocitylsgaof Eq. 1 in a high temperature
fusion device.
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Sensitivity of the Li-BES system
The Li-BES system at ASDEX Upgrade measures the emissioredfify_»s optical tran-
sition, and is routinely used to determine electron denmitfiles in the edge plasma [4, 5]. A
recent upgrade of the system (new optical head, faster dgtasition system, new and more
lines of sight) allows for the determination of emissionfpes at 26 radially displaced channels
with a temporal resolution of is. Typically, the ten outermost channels cover the whole,SOL
and the arrangement of the observation volumes (radiahwidd mm, radial distance between
the volumes~ 6 mm) allows for the measurement of blob structures with @atagavelength
ke <125cm L.
A blob in the SOL is a localized plasma density
perturbation which excites the penetrating beam >
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neutrals (acceleration voltage 40 keV) into the = 0
Liop state by collisions. Due to a finite lifetime®
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-

of the Liy, state of about 27 ns, thiei;p_»s pho-
tons are not emitted immediately after the collisions "
but some time later while the fast neutrals have al- *®§ H4 6 8 10 12 12 16 1 250

— beam axis r [cm]

ready penetrated deeper into the plasma. Therefore, T

a "smearing" of the line emission takes place argj ,| P) r=4cm et
the radial width of the blob appears to be larger ié ” ) il
the emission profile than it actually is. § 1 ,.,:ﬁ"""w
: e
This effect can be numerically evaluated takZ m...:--'"“'w
ing into account the beam neutrals velocity, thé *F slope =07059
o 00 offset = - cm

background density profile of the plasma and thg "o o © 5 2 2
collisional-radiative model which is routinely usedm e

for the density profile evaluation [S]. As an exanfFigure 1:Effect of a density blob on the emis-
ple, Fig. 1a shows the effect of an artificial densigjon profile (a). Relation between blob width
blob in the SOL on the emission profile. Obviously and the corresponding response in the emis-
the blob’s emission response width defined as #ien profile (b).

half width of the half maximum (HWHM) in the

emission profile appears much wider than the actual sigg\WWHM of the density perturba-
tion). In a systematic study, the relation between the @onsesponse width and the actual
density blob sizea was determined numerically in order to allow for a transkatbf the mea-
sured emission response width into the parameter of iritar@sg. 1b). This relation depends
on the radial position of the blob and was therefore evatuéder = 4 cm corresponding to

Ppol = 1.044 in the considered experiments.
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Size and Velocity Scaling of Blobs
In order to evaluate the sizeand the velocity; of the blobs, a conditional averaging pro-
cedure [6] (threshold:.8 standard deviations) has been applied to 400 ms of mearaficte
low-pass filtered { < 20 kHz) Li-BES raw data of 10 different discharges.
A reference channel corresponding to a

I(r,At) Blob at different At i it ~ id-
10 [T 020 - radial position of ppo ~ 1.044 (mid-SOL)
R z’—se—pgra—tﬁxfr—w'———i—f—’ ool in normalized poloidal flux coordinates was
E E il 2 oost
2 4 >t B R chosen.
5 [#29302 ! ! e ] E . .
lidsaas 1 i) 008 The result is an averaged spatio-temporal
-100 -50 0 50 100 . . .
At (us) r (cm) data set of th&iop_»s emission (r, At) shown
1o, Position of Blob Velocity of Blob in Fig. 2a. Evaluating the center-of-mass ve-
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Figure 2:(a) Spatio-temporal picture(t, A.t) of ay- Q - /I (r. A)dr 3)
eraged blob. (b) (r,At) at three selected time points.
Center-of-mass coordinate:Xc) and velocity ¥ (d) during the evolution of the blob (Fig. 2b), it is
of blob. possible to determine the blob trajectory (Fig.
2c¢) and radial velocity (Fig. 2d) for the aver-
aged time window.

While the emission response width is determined as the HWHM tiee measured blob in-
tensityl (r,At) and translated into blob sizeby means of Fig. 1, the fluctuation amplitudie/n
is determined directly from the autocorrelation functidritee raw signabbl /1 as described in
Ref. [7]. The error bars (@) for all quantities are from statistical deviations of di#nt sub-
series within the same discharge.

As shown in Fig. 3 (left), the
Blob size, p,= 1044 Lifeime, po=1084 blob sizea scales slightly posi-
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tively with B. A blobs size scaling
a~ pa/® ~ 1/B%5 [2] (solid line

in Fig. 3, left), which is often used
for normalization is rather incom-

patible with our data.

The lifetime 10 Of the blobs
Figure 3:Measured blob size a (left) and lifetimegqp, (right) (Fig. 3, right), defined as the
depending on magnetic field B. FWHM of | (r, At) at the reference
channel aroundt = 0 more than
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doubles with increasing magnetic field which is almost belytre error bars. This could be
an effect of decreased perpendicular drifts at high magnetic fields which are in general
v, ~1/B, and lead to an increased detection time in front of our cab[ij.

In Fig. 4, the maximum blob velocity; max IS plotted against the blob size(squares) de-
termined at the time point of achieving the maximum velocitiie measured velocities are
betweenv; max= 0.3 and 075 km/s and tend to smaller values for larger blob s&es

As a first approximation which will be re-

vised in future investigations, we assume a Blob scaling, pyy = 1.044

connection length of. = 15 m and an elec- e L L

T B | iBES meas.
tron temperature ofe = 20 eV for the calcu- 1.0 ® Theiler formula
lation of a theoretical velocity; e, accord- 0.8

ing to Eq. 1 (Fig. 4, circles). The quantitias
B, R=2.155 m anddn/n ~ dl /I were taken
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from the experiment. The theoretical veloc-
02e
ities underestimate the measurements. How- o o
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ever, the order of magnitude is the same as 1 14 16 18 2.0 2

a (cm)
for the measurements, and the trend of de-
creasing velocities with increasing blob size.

Figure 4: Measured maximum blob velocity de-

can be seen in both data sets.
pending on the blob size (squares). The calculated

While the multi-regime formula Eq. 1 glVeS\/elocities acc. to Eg. 1 show the same trend (circles).

comparable values to the measurement, a
scaling for the inertial regime proposed by Garetaal. [8] overestimates the measured ve-
locities by a factor of 10. Thus, the measured blob velasitiehe considered density range are
rather dominated by sheath-dissipation than by inertfakés.
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