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TIG, University of California, Los Angeles — Spontaneous increases in
core electron and ion temperature and ion rotation velocity have been
observed in DIII-D L-mode discharges with low density and early neu-
tral beam injection. A reduction in turbulent fluctuation level is usually
seen coincident with the changes. Many times these improvements in
core confinement correlate with a low order rational ¢ value coming into
the plasma, but at other times they do not. We explore the possibility
of a threshold for this transition by comparing integer ¢ and non-integer
q cases. We also investigate in this class of discharges the case with guin
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that lacks a well-defined layer of reduced thermal diffusivity as seen in
higher g transitions but instead exhibits a broad overall improvement in
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Abstract

Discharges with spontaneous increases in core electron and ion
temperature and i1on rotation velocity have been observed in DIII-D
L-mode discharges with low density and early neutral beam injection.
A reduction in turbulent fluctuation level is usually seen coincident
with the changes. Many times these Improvements in core
confinement correlate with a low order rational g value coming into
the plasma, but at other times they do not. We explore the possibility
of a threshold for this transition by comparing integer g and non-
Integer g cases. We also investigate in this class of discharges the
case with g, near 1, just before the onset of sawteeth, a state that
lacks a well defined layer of reduced thermal diffusivity as seen in
higher g transitions but instead exhibits a broad overall improvement
In confinement.
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Motivation

In low density L-mode negative

central shear discharges (NCYS),

changes in transport are observed

that correlate with the emergence Plot of low-order rational g=m/n

of low-order rational q surfaces with n < 9.

in the plasma. JE

These obsarvations evoke the
following questions:

A O
T T 1

1/m

Are the transport changes related

to the “good” surfaces near low- 01 3
order rational q surfaces— or, °r JI”[ m ]
are the changes instead related to - A
some sort of convective Lo s 2y s 80

phenomenon associated with
rational g values?
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g-related changes seen in T, a constant heating power

shot 94100
EI ectron 4; Ie(;e_j]_76 I I I I E
temperature data - ece 184 UminT1-3
; - ece
from atypical L- C ece 192 G k2
[ ece_196
mode NCS 3t ece~200 N
I I - ece - =
discharge with - eco 208 |dminT3 :
transient transport S peee2lz | ]
L UminT .
changes. < oL i
A ]
- ,,«\‘ -
- l:/V ‘ .
N A :
(0] . N P I SN SR R TS ST S i SR
0 500 1000 1500 2000

time (ms)

7\

DII-D FUS( N

NATIONAL FUSION FACILITY RESEARC H\'E"‘{” ER
SSSSSSSS o



g-related changes

adsoseeninT, v, °
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* Dipsin central ion S
temperature and 3
toroidal rotation are 2
seen just before jumps .
e Similar dips do not 0
occur in central 250
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Other indicators of
Improved transport

» Besides the jumpsin
temperature, improved
confinement is indicated inthe
changes in neutron rate and
plasma (3.

A drop in edge heat/particle
flux (D,) Is aso acommon
feature of the transient jumps.
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» Transient reductionsin
turbulent fluctuations are
seen coincident with
temperature jumps
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shot 98509
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shot 98509
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shot 98509
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lon losses may be due to
high frequency modes 1000
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ECE radiometer dat hot 94100
A close look at radiometer data sho
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Change in T, near
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Change in T, near
qmin::2

* In later stage, AT,
profile shows only
Increase at inner
radii with dips near
pqmi n pOSSI ble
reconnection?
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shot 99142
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Ternperature StepS ece 175 ece' 196
seen at non-integer 5 oo %5? ece 203
eg ece 185 ece 208

B ece 212

CImin 4 ece_217

e Temperature jJumps are
sometimes observed in
discharges at values of
0., that are not integer
or half-integer

T, behavior is similar
to integer q,;, case

—decrease at outer radii, 5 I
increase near core 8300
!
@ I
& 2.50

H
o
T T I

1.5:1 PR SR W IS TR TR TR [T TR TR TN [T T TR TR N SR SR T N S SR T N T S l:
. 0 200 400 600 800 1000 1200 1400
DIII_D HESEARCH(C } tlme (ms)

NATIONAL FUSION FACILITY N
SSSSSSSS



shot 96722
141111

T; steps seen at non- 125 cer iR =177 cm ;
Integer qmin F cer ti R =190 cm :
10F cer tiR =193 cm
- r cer_tiR =196 cm
_ _ S 3 cer_tiR =199 cm
e IncreaseinT,, v, is = °F
due to formation of = 6L
Internal transport barrer Al
« Again, similar o F
behavior as integer 4., :
case-dipsin T, and v,, e
Just before J umps cer rotR=177cm
A400 cer rotR =190 cm
u cer_rot R =193 cm
= cer_rot R =196 cm
X~ 300 cer_rot R =199 cm
S
. 200
e
100
o O PR S [ S ST TR AN T T ST N S SR SR SN S T S R T T ]
7N 0 200 400 600 800 1000 1200 1400
DIII-D rFUsiCN time (ms)

SSSSSSSS



NCS discharge without
temperature jJumps

 An L-mode, low
density, negative central
shear discharge with
ECH & beam blips

* NO temperature jumps
observed as q,,,,, passes
through integer values

 May implicate fast ions
playing arolein
transient transport
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Summary

e Jumpsin temperature that occur near low-order rational g, in DIII-D
NCS discharges are transient changes to a state of improved
confinement.

o Some aspects of the transitions or steps show that the transport changes
are not entirely diffusive—reconnection-like events are seen.

* Observation of the phenomenon only in NBI discharges may indicate
that fast ions play arole.

 No consistent MHD mode has been observed with the transitions but
very high frequency coherent modes (Alfvenic modes?) seem to be
linked to them.

« The transient changes that occur for q,;, values = 2 are similar to the
more robust changes at q.;,~1.3 => same mechanism.

» Cases of temperature jumps seen without integer or half-integer q.,,
values present may imply a mechanism that does not require proximity
to low-order rational g but ssmply occurs more readily there.
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