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the classical H-mode phenomenon >
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H-mode in TJ-lI
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conditions: (next talk)
-> Li coated wall
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{ -> configuration dependence

transition:
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Figure 9. Evolution of the density profile during L-H transition
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-> see following talk by T. Estrada



H-mode in Heliotron-J

He-J

transition in two phases:
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conditions:
-> config. dependence

1 -> min. power required

-> density threshold

1 transition:
1 -> two-step transition

-> profile data inside LCFS
expected, not yet CXRS

: -> probes indicate Er-shear

layer (at innermost position)

-> rotation direction of filaments
inverts at LH transition
-> talk Nishino_Tue

12/2612/25 12/2312/22 12/20 1219 _> biasing experiments at IOW

(a)/2n

densities successful

-> talk by T Mizzuuchi today



H-mode in CHS
CHS

Akiyama_2006_PPCF,

Okamura_2004 PPCF
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conditions:

-> inward shifted -> limiter edge

1.5 MW !

-> power threshold reduced if closer to
separatrix-config

-> low n =2 10" m3

1.2 MW/,

-> mainly effect on edge density

transition: 1MW . .
- 0.06 0065 007 D075 008 008 oo
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of Ha and n-fluct before fast transition starts i EXys
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H-mode-like transitions in LHD

.. observations complex, summary still difficult - at least for me ..,

conditions: Morita_2007_NF

-> transition with thick ergoidic layer in
which iota=1 is embedded
(R, outward shifted configuration)

-> power window, triggered by P reduction 2

Pabs > 1-2 times ITER H-mode threshold
-> density window 4-8 1019 m-3
-> narrow R, configuration window

-> 2nd type of window or transition in
low-beta, low-Bt plasmas

transition: Toi_2004_NF

-> reduction of mag. fluctuations
-> ELM-like bursts, even in low beta
plasmas without LH transition

(Watanabe poster We)

' ... related to P dependence of of plasma performance,
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profiles: edge pedestal develops in H-mode _
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ISt Fizgure 9. Evolution of the density profile during L-H transition h 7

He-J -> not yet known



dynamics: Edge Localized Modes w
ELMs are distinct transport events with duration of 200 us SRS

and show the basic features also observed in tokamaks
TJIl  -> ELMs under investigation

LHD -> ELMs phenomenology dependent on m/n=1/1 perturbation fields

ELMs occur in a wide configuration range by far H-alpha ( target) 15->20 MW
exceeding the narrow windows for H* which is ]glogz)onaakgH fluct.
> z

often reached through ELMy time intervalls. h
|

WWM n

The ELM phenomenology depends on the A H
i

magnetic configuration, the proximity to i

I

i\

i — ]

ﬁu ‘MMJ Mf‘n

conditions for a final transition to H* and on Vp. 340 . 350 - 360
time/ ms
W7-AS more :
0.5->1.0 MW
Quasi periodic ELMy H-modes occur close to
the conditions of a quiescent H-mode (?); they
can be maintained stationary by density M N ﬁ ﬁ‘ ﬂm M\“
feedback. |\ i
! A M
_ . hrIJ'\I,JI | J 'J . I-"M"’I “.'J. | I.hf.l”lll . b AL
Bunches of irregular ELM events interrupted 340 350 . 360
by short quiescent phases with turbulence time / ms

identical to H* are observed for large Vp.

He-J ->no ELMs, dithering phase CHS ->noELMs
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outline: characteristics of the H-mode in helical devices

the classical (quiescent and ELMy) H-mode is close the references from Tokamaks

pecularities in helical devices exist with respect to operational range:
-> configuration dependence

-> role of (neoclassical) equilibrium Er (ion-root) as a (possible) bias with impact on P-
threshold (?)

other ETB regimes, "H-modes" are possible, eg. relying on the mean shear flow

-> Similar effects of turbulent transport reduction (e.g. dominated by the mean shear flow
instead of dynamic sheared flows and thus but probably without fast bifurcation

working hypothesis:

Consider the classical H-mode in W7-AS as fast bifurcation of turbulence, flows and ExB
velocity on top of the equilibrium conditions of the stellarator edge (defined by Er and
momentum balance) which allow for confinement bifurcation.

... a "configuration biased" H-mode ?

ISHW Princeton, LH-transition experiments; M. Hirsch



1) the importance of configuration / edge topology W

1) low-shear: 2) classical large-shear Heliotrons
iota-dependence of H*: CHS: limiter H-mode only (Rax inward shiftd)
LHD: Rax-window (thick ergodic layer embracing iotaa=17?)

L | // He-J TJ-Il  ->see next talk by Estrada
?4 H|ssg5 B HISS95 (before) ECH+NBI
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n/m igllai.ﬂ? | Isj}15 I |3:1is
highly reproducible windows of the edge rotational transform. 12/26 12/25 12/23 12122 12/20 12/19
... within this sharply defined windows and density it is /2
practically unavoidable 1(3) T

H-factor large if iota is slightly less than the values of

the major natural resonances
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ELM phenomenology depends strictly on configuration
- also a link to current tokamak research

tuning iota across a H-mode window (during
150ms) modifies ELM-phenomenology !

W7-AS

iota_a=0.523

W7-AS, LHD, (TJ-1l ?)

100 " edge Temperature

20
a
—. B0
L7
F a0

20

1
=
0.52 0.525 0.53
ISHW Princeton, LH-transition experime edge rotational transform

iota_0=0.5097

-> a stellarator specific
knob for ELM mitgation

(common with current
tokamak research:
"ELM mitigation by 3D
magnetic perturbation")
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sensitivity to configuration: understanding ? - no, but hypotheses exist

1) the iota windows are characterized by :

minimum of poloidal viscosity right inside LCFS
(= minimum magnetic pumping)
WT7-AS: : but not all windows  Wagner_1994 PPC
He-J: yes Wobig_1997 EPS
Sano_2005_NF

2) the iota windows are characterized by :
a well defined grad(Er) already prior to LH

-> outside LCFS: small x-point target distance -> steep
decrease of connection length (positive Er!) inside LCFS: ion-
root (negative Er!) (but contradiction: 'He-J )

3) rationals may trigger (sheared) flows
Hidalgo 2000_PPCF, Ida_2002_PRL, Estrada_2009 PPCEF, talk Finken, We

LHD > m/n=1/1ialand at edge

TJ-Il > next talk
4) B, 4 Structure on flux surfaces (optimization) couples to flows

e.g. influence of geodesic curvature on zonal flows !

W7-AS, He-J, .. -> see e.g. talks by Helander, Sugama, Mo
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sensitivity to configuration: understanding ? - no, but hypotheses exist

W7-AS

1) the iota windows are characterized by :

minimum of poloidal viscosity right inside LCFS

neoclassical poloidal viscosity

(= minimum magnetic pumping) e

WT7-AS: : but not all windows  Wagner_1994 PPC " 5/11 4. 811 3

He-J: vyes Wobig_1997 EPS Ll 5/.“ 1 | g
Sano_2005_NF *® L] | || || i ]

: : : : © T YTy

2) the iota windows are characterized by : NN @) IO |
a well defined grad(Er) already prior to LH % YVELL I j/ - \/’

-> outside LCFS: small x-point tan _ ;s A==
decrease of connection length (pg study edge geometry + viscosity

root (negative Er 1) (but contradi and drive with improved equilibrium
codes (e.g. HINT2) including finite-
B and jgg effects

3) rationals may trigger (sheared) flows

Hidalgo 2000_PPCF, Ida_2002_PRL, Estrada_2009 PPCEF, talk Finken, We

LHD > m/n=1/1ialand at edge

TJ-Il > next talk
4) B, 4 Structure on flux surfaces (optimization) couples to flows

e.g. influence of geodesic curvature on zonal flows !

W7-AS, He-J, .. -> see e.g. talks by Helander, Sugama, Mo

edge determined by 5/9 islands
and smoothed by smaller ones
ISHW Princeton, LH-transition experiments; M. Hirsch
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2) ExB flow shear and turbulence

paradigm for the classical H-mode:

suppression of turbulence by (dynamic) sheared flows

Akiyama_2009_CWGM_Stuttgart Estrada_2009_PPCF

Doppler Reflectometry
CHS |1 —o— 70 ms C6+ pOIOidal rotation 0 AL L L LI L L B BB
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o O O | —e—1% msec/ —e - Negative Er develops ! ]
= — | L e i ' |:_E_| __
% P 4 - ‘é' o = {
e |5.[ AYH z [ : :
&) » m" : H
cs| 8- > .
gev¥ | bl 15 | M .
82 116 117 118 119 12 121 122 123 —e—L >
w o R(m) —+—H 3cm
Baldzuhn et al @ A N B R
_— ————— e -20
200 — W7-AS
L : CXRS (BIV and He) 1 LI I L L L L L B L
100 [ USRSt SR = S S a)=1 65 i}
[ Er i % i co + ctr NBI n-fluct
[ i s 08 -
0k S [
g ] e 2, o6 | ", .
3 -100 —.":3._“_ ‘:r N '__=ﬂ
L] ; ‘ K z, 04l .
-200 | , i =
------ gradpi)/{e*ni): L =
------ grad{pi)/{e*ni}: H é - L ]
-300 [ | —%— Er {passive: L} g ] 02 |
- | —a—Er l[pns_sive: H} i, Fk = 5.7 ¢ ¢ i
[ O  Er {active: H} ; L - = a-f Tm | | J
F ' Vo {:l (| (| 1 11 1 1 T N |
_4D0 . . ] . L ] . [ Loy
0 0.05 0.1 0.15 06 07 HD.E 09 1
reff / m

-> + biasing experiments (Tohoku, He-J, TJ-Il) confirm active impact by Er
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radial electric field Er and bifurcation character

-> spontaneous transition and back-transition

ISHW Princeton, LH-transition experiments; M. Hirsch

Badzuhn, Hirsch et al
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radial electric field Er and bifurcation character

-> spontaneous transition and back-transition

-> LH and HL occur at a certain value of grad(Er)=
typ. 50-100 V/cm indicating a threshold.

No hysteresis observed.

... the decisive local quantity ?

ISHW Princeton, LH-transition experiments; M. Hirsch

Badzuhn, Hirsch et al
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radial electric field Er and bifurcation character
Badzuhn, Hirsch et al
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(-> already moderate to large negative Er). standard
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radial electric field Er and bifurcation character

-> spontaneous transition and back-transition

-> LH and HL occur at a certain value of grad(Er)=
typ. 50-100 V/cm indicating a threshold.
No hysteresis observed.
.. the decisive local quantity ?
-> before H-mode:
Er is close to neoclassical ion-root predictions
(-> already moderate to large negative Er).

-> after the L—H transition:

The well in Er(r) existing already from the ion-
root conditions deepens at the same radii where
pressure gradients steepen but by a factor of up
to 2 more than expected from the increase
inVpi/(e - n) alone.

-> Thus in the radial force balance of the bulk ions,
Er=Vpi/fe-n)-B8-vp+Bp-v3

besides the diamagnetic term Er is balanced by a

strong contribution from poloidal vxB rotation of the

bulk ions.

(also found in TJ-lll) <->to Tokamaks ?
Estrada 2009 PPCF
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Badzuhn Hirsch et al
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bifurcation character: E, at the H-L back-transition

HL-back transition:

E, decreases by about 80 V/cm within < 2ms

the causality question:

-> the H-mode contribution to pol ExB
rotation ?

OR

-> sudden break of pol. rotation due to
increasing turbulence ?

-> classical H-mode contribution on top of

the equilibrium (neoclassical) E, ?

ISHW Princeton, LH-transition experiments; M. Hirsch
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turbulence rotates with ExB velocity during L- and H-mode

Doppler reflectometry:
backscattered intensity

-> turbulence amplitude
Doppler shift

-> turbulence propagaton

Vi, from Doppler
Reflectometry
and
Vg, g from impurity
spectroscopy

v f km/is

-15

at least on spectroscopy timescale (order 1 ms)

-> confirmed in (W7-AS, AUG, Tore Supra, TJ-II)
from comparing radial profiles of v, (Doppler Reflectometry)
with v, g profiles from spectroscopy or HIBP

ISHW Princeton, LH-transition experiments; M. Hirsch
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the classical H-mode: a bifurcation of turbulence and flows ? W

NBI off dwell time back-transition W7-AS
(0]
50 e — 3log scale!
ploidal propagation velocity of turbulence - nl q{w 9 1 o S— L 3
and the qualitative turbulence amplitude E o ELNE2 M‘ﬂ’;%h | : r-a=2cm
measured on a <10us timescale "§ - ;Dop;i::tie:?iftec__'_, | 1 a=14 cm
© . - 1
> 10 |- P
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0605 0615 0.62

thIB /s

TJ-Il related observations
see talk. T. Estrada today
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dynamics of turbulence and flows (zoom)

| back-transiti W7-AS
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-> turbulence amplitude and the poloidal
propagaTion velocity show correlated oscillations
-> zonal flows ?
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addressing causality: close-up to the H-L transition m

back-transition

H-L

W7-AS
transition timescale : 35 mlaglnetlic elacti'vity} . . .
small sgale f> ZOQ kHz o 20 fs 200 kHz -
magnetic fluctuations T 25 | -
resond on <40 us timescale =20 | i
=
O 15 R -
o
10 ]
o e e ()
- _ 533;82_Tspﬁt_ﬁ 13614_f1P1
note: 90 D L= 3
the decisive local quantity is w 30 ‘ :
the shear of the turbulence E 05
. . 0
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e -20 %
NOT 8 .15
>
grad(Er) 10 : : . :
SR F —— 2ms  — : — "]5
o S P SRR, S Y o
0,614 0,6145 0,615 0,615 [s-0cm
-> related results from TJ-Il see next talk time /s .
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High- and Low-rotation branch of turbulence

30 L.| + L-mode |
< H-mode |

yellow: 0.6083- 0.6085 s
20 | Plue: 0.614-0.60142 s

returned power /dB

| 53662_fepfit_HLIL), HL(H)

ESEBE_H L_Pwi t

-50 -40 -30 -20
v_perp /km/s
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-10 0

W7-AS

There is no gap in v_perp betwen L
and H branch in contrast to the 80
V/cm jump in Er observed from
spectroscopy (but on a ms timescale
there !).

picture:
fluctuating / oscillating flow structures on top

of the developing mean shear flow as the
trigger for the transition between

the High-rotation- and the Low-rotation state
of the plasma edge
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the classical H-mode on a stellarator-edge background:
- can already neoclassical E, reduce turbulence ?

standard ion-root good confinement (OC-regime)

no abrupt transition, moderate turbulence

4 !
E~li (M Dy T
"“e|n D, T
I, ~I, r,,>I
exp neo exp neo
200 I I I .I I I I I:_ I
100 neoclassical 1.
0 |-
£ -100 - (
S e
S -200 -
ul -300 |- EWEE
400 | PEDITE VAN
i-CXS C” |
00 Ficxsctt —e- +é,
-600 | | | | | ] | |

0 2 4 6 8

10 12 14 16 18
r(cm)

EZ = E/™ +6

+200|

LH-transition
and back-transition

Er derived from

0
B
O
> -200t
L]

-400/}--

-600

: spectroscopy
/ ' | J.Baldzuhn
Vicm?

10 12
r_eff/ cm

16

-> already standard "good" confinement reaches shear flow values like those or even exceeding
those of the LH transition. No bifurcation is observed instead the turbulence amplitude reduces

moderately as the profiles

develop.

-> the classical H-mode is a bifurcation phenomenon on top of this mean shear flow conditions of
the plasma edge which in helical devices is determined by the standard ion-root conditions

ISHW Princeton, LH-transition experiments; M. Hirsch
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3) ETB operational space: thresholds in power and density (?) W

P (kW)  ya)2n=0.56 #15505-15538
#15456-15640

He-J -> min Power required, density threshold

) ) _ |PECH(.290kW):'.PNEI s(:AN| i '
(indep. on iota_a ? ) indep on power. 600 . He-J
TJ-II' -> high density - "at transition absorbed power is about that 400} ; T [Patowm
expected from tokamk threshold ..". - . 4‘4‘__ " l&Ir
200 |} 4", = i
ay I
W7-AS > high density, density threshold to H*-mode. N '
0 1 2 3
;eth“owm-s)
Pin 13 << Pt tok
Density threshold
CHS ->Similar dependences on ne & Bt - Pinns > Pin tok
like tokamak power scaling ' IZ CleareT8 o
Pthr > factor 2-3 higher than ITER H-mode threshold L NoETE . CHS
. .
LHD -> density window 4-8 10"® m-3 A

power window, triggered by P reduction
Pthr > 1-2 times ITER H-mode threshold

o9
0.4 ‘ .

-> Coordinated Working Group established, I e S

) 04 06 0.8 1 1.2
T Akijyama, T Estrada, 0.36 0.64
T Mizuuchi, M Hirsch 0.50"ne " Bax

o

(o]
T T
X
1

PLoss (MW)
o
(0]
D\‘&..

-> see poster Akiyama et al. Tue afternoon

ISHW Princeton, LH-transition experiments; M. Hirsch 26



operational space: comparison with Tokamak power threshold

W7-AS
operational space and ELM activity for
configuration 5/9 island divertor configuration

existence diagram

3
O HDH >
o ELMy H-mode a.
25 | W quiescent (H™) | 00 S B e
|| - density limit o £
5 E density limit scaling
2 O HDH crt B - P
: = J‘
e ’
g p
= 1|5 e A
— O o QD - 0g
@ -
i) s
[ o -
o 1 IS¢ N—
o obo
L0 O @ OoNEp Y
0 5 — r— Ol DO Wi O I ... _
’ ;o @ mn quiescent H-mode >10ms already with reduced power and H-
7 mode signatures (ELMs, short H* phases) early in discharge
0 i i |
0 1 2 3 4

<n>/1020 m3

ISHW Princeton, LH-transition experiments; M. Hirsch 27



operational space: comparison with Tokamak power threshold m

W7-AS
operational space and ELM activity for
configuration 5/9 island divertor configuration

existence diagram

3
O HDH 2
o ELMy H-mode a.
_ _ 25 | W quiescent (H™) | 00 S B ]
ITER physics basis 2007: i [ I density limit o £
P —=0.042-n%"?.g%"*.g0% o . E , density limit scaling
2 (b((\ _____________________________ E “_
;O <0o% .’
S 15 L | de\(\ _________________ 2 S —
— oY . o - O ;
w /((\ -
8 L
L 1 b o N o N o)
o Qbio
L0 Q@ OoNEP .
0 5 .- Ol DO Wi O I ... _
’ 0 B quiescent H-mode >10ms already with reduced power and H-
7 mode signatures (ELMs, short H* phases) early in discharge
o) i i |
0 1 2 3 4

<n>/1020 m3

(-> threshold behaviour inverse to

tokamaks ?? "power must be lower than
certain threshold ?7?")

-> H* obtained with power significantly below tokamak
H-mode threshold ("configuration biased H-mode")
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more H-mode / ETB regimes:
e.g. | W7-AS |: Optimum Confinement and High Density H-mode

OC-reg ime low needge (low recycling)
(various configs.) = maximum grad(n)inside LCFS

+ good ion heating -> high grad (Ti) at edge

strong negativeg 3 H

widely explained" 0 HDH =
by robust ion-root conditions at edge ¢ ELMy H-mode e
25 1 W quiescent(H)] SE0E . 5.
low nee | —r . = S
e : E
2 e ——— e E ..... 2
y
=> maxT, maxzy maxn-z-Tir Pt
S 15| (e
— 2

HE
®)
@)

Ny

bs

-> ELM-like events but nog_mi 1 L
bifurcation, no fast transition,
no back transition

0,5

0
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more H-mode / ETB regimes:
e.g. | W7-AS |: Optimum Confinement and High Density H-mode

OC-regime low needge (low recycling) HDH-regime less sensitive on configuration than H-mode

(various configs.) = maximum grad(n)inside LCFS (various configs.) max grad(ne) at or even outside LCFS
+ good ion heating -> high grad (Ti) at edge -> poor impurity confinement

i d = maXx maxn
strong negativeg 3 - hlgh ns - ~ p E
widely explained" 0 HDH 5 =
by robust ion-root conditions at edge ©  ELMy H-mode e
25 || W quiescent (H*) | :  §0 0 SR 5.
ige |- density limit : E
low n, = E
-
2 I ............ g ment § E“i
=> maxT, maxz, maxn-z.-Tr ' P
S15 % ________________________________________________________
~ .
g | oc
-> ELM-like events but noy "~ 1 b ”’ff/// transitions possible:
bifurcation, no fast transition, // H*—>I—II[I)H P Die:
no back transition /
H*->0C
05 Lo /o (OC > ELMy > H¥)
1 o - -
0 i i
0 1 2 3 4
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more H-mode / ETB regimes:
e.g. | W7-AS |: Optimum Confinement and High Density H-mode

OC-regime low needge (low recycling) HDH-regime
(various configs.) = maximum grad(n)inside LCFS
+ good ion heating -> high grad (Ti) at edge

less sensitive on configuration than H-mode
(various configs.) max grad(ne) at or even outside LCFS
-> poor impurity confinement

2 edge => MmaX maxn
strong negativeg 3 H hlghne p ¢
widely explained" 0 HDH E =
by robust ion-root conditions at edge ©  ELMy H-mode e

25 || W quiescent (H*) | :  §0 0 SR 5.
| ige - density limit E
ow n, 7 : E
o E
2 _/ S AMHDH I ment B E ..... 2
’
=> maxT, maxz, maxn-z-T;r / .
S 15 % ///é@ _________________________________________________________
! oc

-> ELM-like events but non 4

transitions possible:

T
bifurcation, no fast transition, /// H*->HDH
no back transition / H*->0C
0 5 I /@ (OC > ELM *
: - y -> H?*)
0 | |
0 1 2 3 4
<n> /1 020 -3
TJ-Il -> establishment of ion-root conditions n m :
(negative Er) already early in the discharge -> other ETB states exist on top of
already at lower ne ? -> Pedrosa talk this morning robust ion-root conditions at edge

CHS ? ->two step transition
ISHW Princeton, LH-transition experiments; M. Hirsch

31



summay: characteristics of the H-mode in helical devices W

The classical (quiescent and ELMy) H-mode is close the references from Tokamaks

In helical devices pecularities exist with respect to operational range:
-> configuration (iota)-dependence, influence of rationals and ergodization
-> role of (neoclassical) equilibrium E, (ion-root) as a bias with impact on P-threshold (?)

other ETB regimes, "H-modes" are possible:

W7-AS -> low ne_edge, achieved by low recycling, deep fuelling, large fraction with high T,
described by neoclassics: Optimized Confinement
-> high ne_edge, achieved by strong external gas feed, reduced impurity confinement:
High-Density-H-mode (HDH)

TJ-II -> low density transition to sheared flow
CHS -> limiter H-mode, two-step transition

Working Hypothesis:

Consider the classical H-mode as fast bifurcation of turbulence, and dynamic sheared flows on
top of and possibly biased by the equilibrium conditions of the stellarator edge.

... a"configuration biased" H-mode ?

The stellarator edge may transit to other improved confinement states on a transport timescale, e.g.
dominated by the mean shear flow and thus without fast bifurcation.
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principle of Doppler reflectometry W

35 R N e
plasma as F At=4us |  fsp_examples, 4mys
reflection grid srobing 30 | . ________ ®  L-mode -

. ! ! ! ® H-mode
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Gaussian fit |]
----- noise level
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‘ Oilt m -
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—
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0t order, .

e.g. by SSB-detection [T€C Shift / MHz
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operatioal space: a density threshold ?

10 KI[
e e

Wdia/fjﬂf/ﬁ
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= #55950

(4]

S

o

>

c)
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W7-AS

-> with increasing power the final transition to a stable H*

is interrupted by bunches of ELMs = not really a "threshold density
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1

-> On a confinement timescale the gradients grad(Er), grad(n) and
grad(Ti) steepen in parallel with the disappearance of ELMs bunches.

-> The energy confinement time exceeds the values from the ISS
already during the phase preceeding the quiescent H-mode.
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transformation from H* -> Optimum Confinement (maximum Ti)

... by reduced gas flux (no gas puff)

ISHV

e ‘trans “:Jpﬁn’ B ‘
e ELMy:,_J_:l_ |.;...|.:,..| OC i
1 Waia (kJ) ol =S ey
2 e Ve
é AT
|V
1 P (MW) gas puff | |
13 M R | |
f,_—FECRH R ui Bal o
6:.._n(_j,ln“0 _2;; _ I . 1
| ) Vi 1
:/_’—’_’_/:f;' ! : \:
OF——7———— 'E' E' i' | .
0 Ll A I PN L1 Ll
0.1 0.2 0.3 0.4 0.5
time /s

| v

#43643: H*to OC: Kick et al EPS
Pabs=0.7MW (2NBI), iotaa=0.525,
n(->H*)=4.2 1019 m-3

n(-> OC)=9.6 1019 m-3

narrowing of n-profile becomes possible as
external gas puff has been stopped

gas feed by NBI only

H-mode analogon with neoclassical Er ?
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classical H-mode reached by density ramp

... Is terminated by radiation

<n>=1.6 1020 m-3

ISHW Princeton, LH-transition experiments; M. H
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transformation from H -> stationary High Density H-mode m
... by strong gas puff

= 456155 WW el

o ﬁ" PNBI=1.5 MW H\ |

with Er / shear flow = y |
decorrelation ? 1 — S ' I
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= i o (HCN) -
<n>=1.6 1020 m-3 '

reflectomgfryl-
ww ’

H-alpha -

T T T T T T I
200 4040 B0 200
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