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Dynamic of density profilesin JET during slow L-H transition
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I ntroduction

In tokamaks, the H-mode is characterized by dermity temperature pedestals that build
up at the L-H transition. During JET 2012 campaidischarges were carried out with a
smooth increase of heating power to compare the ttaHsition threshold in JET-C and
JET-ILW [1]. In these discharges, plasma passealitiir intermediate regimes between the
L-mode and the H-mode: divertor oscillation [2] aemode [3]. The divertor oscillation
(DO) is characterized by a periodic (typ. 10 msjiltation of plasma radiation with an
opposition of phase between the inner and outerBicsignal. Although reminiscent of the
dithering L-H transitions [4], several featurestutiguish the divertor oscillations. The DO
is an oscillation between two different plasma edatfirstly the edge plasma density
increases with low divertor radiation, secondlyldals a sudden decrease of the plasma
density with increased divertor radiation [2]. Dwithe high plasma density phase, the
plasma stored energy increases slightly wheredseritig cycles are periodic L-H-L
transitions at frequency an order of magnitude éig4].

Improvement of reflectometry [5] data processingeduce noise and radial jitter allows to
follow the dynamic of the density profile duringetO. This study is preliminary; a very
limited number of shots were processed. The obsensmlead us to propose a simple
model to explain the periodic density oscillations.

Oscillations of density profilesduring the DO

In the discharge 83160 shown in this paper, thebB@ns with an overshoot of the density
profiles followed by periodic oscillations at ~1Hz during 400 ms (fig 1a). Compared to
the average DO profile, the L-mode profile, inske3.76m, is lower (i <n>po <0, blue
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on fig 1b). The H-mode (after 54.8s) pedestal peaB much steeper: the density inside
R=3.76m is higher (red and yellow) while the densiitside R~3.76 is lower (blue).
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Figure 1a: evolution of density profiles measurgadflectometry every 15 us (shot 83160).

1b: Density variatiom, — (n,(54.3 < t < 54.7)) after subtracting the average density during the
DO period. The H mode transition occurs around #5&l Inner Ris also shown (black line).

The density oscillates in phase with the inner doreD, signal but in opposition with outer
divertor Dy (fig. 2a) The oscillations peak inside the pedestachingdn~3.13% m™ at
R=3.75 m iedn/n > 10 % (fig. 2b). They are rapidly damped fertlinside decreasing
below 3% odn~1.13° m* at R=3.65m and becoming difficult to detect in toee Pn<0.5
10'® m®). This figure shows also that the average refleetoy and High Resolution
Thomson Scattering [6] density profiles are in g@gileement. The ~2cm radial shift is
within the expected global uncertainty on reflecttry position due to uncertainty on
magnetic field value B.
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Figure 2 a): Density profile at different radii Wwitnner and outer side,3ignal. 2b): The average
oscillation amplitude profile (blue, right axis)ales near the pedestal top. The density reflectgmetr
(red, left axis) and HRTS (diamonds) profiles ageover the DO period are also shown.

1. Dynamic of density profilesduring the DO phase

The correlation time between the density at difiemadius and the density at R=3.75cm
the position of the oscillation maximum shows that:
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The inner divertor @ signal is also delayed by Figure 3: profile of the density oscillation

2.5 ms with respect to the density oscillations  correlation time over the DO period, the
R=2.75 m. reference is at R=3.75m

IV. Deayed plasma fuelling: a model for divertor oscillation?

Observation of this delay between edge and pedéstality leads us to propose a simple
model to explain density oscillations. Let us cdesithe edge (pedestal) plasma particle
content V. A single reservoir is introduced assuming tha tore particle evolves on
slower time. The particle balance for this resari®igoverned by fuelling by ionisation of
incoming neutrals and transport losses either éodbre plasma or to the SOL and the
divertor. Letg;,; be the incoming neutral flux with characteristeocity vy and letz;, be

the particle confinement time in the edge plasnie particle balance then takes the form:

d N inj N
— N = —+N¢m} (ov); = —
dr [~ Uy 173

wheret stands for the timggv); is the ionisation rate and is the effective edge plasma

characteristic timey = 7, . It IS positive during density ramp-up.

1
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In this equation, all the wall out flux as well & gas injection reach the edge plasma and
contribute to the incoming neutral flu;,; as typically in the high temperature divertor

regime, the so-called sheath-limited regime. Ifextion of the incoming neutral fluxy, is

ionised in the SOL and does not reach the edgenplathe balance equation becomes:
d

N s
d_Z'N = Tf— NTLN<O'U>i

Assuming that the divertor screening of the incaymeutrals is typically exponential one
then obtains after linearization:
¢inj ndivAdiv

N
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Un nAi



40" EPS Conference on Plasma Physics P4.136

A4iy is the characteristic length of the line of flighibng which neutrals can be ionised
prior to reaching the edge plasma voluthel; is the neutral ionisation mean free path at
the reference plasma density and, most important for the present moadgj, is the
characteristic density in the divertor volume. Frim previous observations, we suppose
that the SOL hence the divertor density is propasl with a delay, (typ. 2.5 ms) to the

edge particle content;;,(7) = aV'(t — 74). The evolution equation is then:

d N ini{ov);
—N __QMN(t)N(t_Td)
dt T Uy

Introducing the time normalisatian = t,/7, T* = 74/ 7 and the normalized densily*

this system is recast in a generic delayed equatitina single parameter:

d

EN* =N*@t)(1=N*(t"=T")

This equation is a typical equation for populatipf). For 0 <T* <Z, it has stable
solutions. Above the threshold>Z oscillatory solutions are obtained, the periodnbei
approximately 4 times the delay. The delay of 2.8 tms between the edge and the SOL
density deduced from the edge density profile dynamould reproduce the 10 ms
oscillation period of the pedestal density. Existenf a threshold might also explain the
transition from stable (L-mode) to oscillatory dities.

V. Conclusion
Pedestal density profiles steepen and flatten geadly during DO preceding the SOL and
Da oscillations by few milliseconds. A model basedluis delay is proposed to explain the
oscillations. Although this model gives the riglainge for the oscillation period, more
elements (Zonal Flows, turbulence) are probablyuireq to explain other DO
characteristics like the light confinement increabe phase opposition between inner and
outer divertor D signal.
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