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NSTX EXPERIMENTAL PROPOSAL

TITLE: Onset and Small Isand Physics of the m/n=3/2NTM No. 834
AUTHORS. SP.Gerhardt, D. Gates DATE: May 22,2008

1. Overview of planned experiment

The pumpos of this experiment isto study the 3/2 neodassical tearing mode(NTM) in NSTX. While this
modeis quite common in H-modetokamaks at conventiond aspect ratio, it is notcommonly seenin
NSTX. Expeiments conduded during the present run have demondrated a scenario where thismodeis
reliably triggered; therecipe has two ingredients 1) 1 minute of D, glow is used, followed by 8 minutes of
He glow on a 15 minute shot cycle, and 2) a step in the beam power is used to trigge themode The
present experiment will use this recipeto study two aspects of theingability. First, an attempt will be
madeto sowly reduce theplasma /., causng themodeto shrink and ultimately disappear all together.
Theidand size where thisisand quickly disappearsis know as the margind island width (w,,,), andisa
critical parameter in undestanding the small-isand physcs of the NTM. This ramp-down will bedone at
three plasma currents (700kA, 900kA, and 1100kA). Inthe second step, themog successful |, level will
be used to study therestabilization as afundion of plasma rotation usng n=3 braking. Time permitting,
some aspects of the QecipeOwill then be studies to determine which e ements are mog important in
allowing access to themode

2. Theoretical/ empirical justification

Theneodassical tearing modeis likely to bea beta-limiting ingability in any H-modereactor
tokamak plasma. For ingance, the 3/2 NTM will result in a~20% confinement degradaionin ITER if
allowed to grow to a saturated size. A saturated 2/1 NTM will have even more dramatic consequences,
likely locking to thevessel and leading to severe confinement degradation and probable disruption. In
NSTX, them/n =2/1 NTM is commonly obsrved at theend of any high-performance discharge This
modehas been thefocused on, both in terms of devoted XPs, and from large-scale piggybak andysis.

The 3/2 mode however, istypically not

Data From R. Buttery, APS 2007 present in NSTX; the QliscoveryOof a
5 recipeto generate this modethis year
m/n=3/2 @ JT-s0U present an oppotunity to study the
4 A DD Search physcs of the3/2 NTM at low aspect
Winarg A DUFDBTSwept|  ratio, Oneparticular focusof the
from” 3 ¢ ASDEXHiq9s experiment will beto study themargind
experiment ASDEX isand width, i.e. thewidth of theisland
2 ' N = ITER just before it restabilizes as ! is reduced.
] ' / FIT, r2=D0.84, Many experiments at conventiond aspect
Wnarg =1.91¢2pg ratio have foundtha w,, ., ~ 2ep, .,
0¥ — where p,; istheion poloidd gyroradius

It is of great interest to confirm this
scaling at low aspect ratio, and thisisthe
main focusof the present experiment. An additional important step will study how plasmarotation
impacts the saturated idand width and small idand physcs. Thisis an important step, give tha the
momentum inputto areactor tokamak is likely to berelatively small compared to typical co-injected
tokamaks, fromwhich much (but nat all) of the present data is collected.

2c12 Poj(cm)
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3. Experimental run plan

Note: The scientific priority of these experimentsis asfollows:
1. Redabilization at three values of I, (21 shots)
2. Dependence of idandwidth andsmall iSand physics on rotation. (8 shots)
3. Further exploration of therecipefor striking the mode. (4 shots)

Conmpletion of step 1 only would hawe great scientific merit, andprovide a firm foundaton for additional
rotation studies next year. It provides thebasc level NTM physics needed to move forward in this
research area. It is allocated the majority of the shots.

However, if goodrestabilizationis achieved at a single value of I, andthe progpects do not lookgoodat
the other currents (dueto, for ingance, a late start to therun day), the option exists to cut short those
attempts and move to step 2.

Sep 3isofthelowest priority.

Step 0: Establish the reference shot with 3/2 mode. (2-5 shots)

3.0.0: If active lithium evaporation was used on the previousday, doa 10 minute D, glow, followed by 30
minutes of He glow. This should assist in passivating any lithium and reestablishing conditionsthat
existed during the pre-lithium shots where the 3/2 modewas observed

3.0.1 Reference Shot 128825 (2 shots)
Thisisastandad fiduda shotfrom the standpont of the plasma shgpe and fuding.

Use 1 minute D, glow, followed by 8 minutes He glow, and a 15 minute shot cycle.

Use thefollowing timing for the three beam sources:

Source A: On at 40

Source B: On at 80msec, off at 390,0n at 400

Source C: On at 400, off at 410

The H-modetrangtion should beddayed untl theend of thel, ramp. The 3/2 modeshould strike at ~400
msec and run outuntil thelate 2/1 modepicks up.

3.0.2 Stepstotakein case themodeis not present (3 shots)

If H-modeis notddayed to the end of the current ramp and the modedoes not strike, keep the D, glow
while doing thefollowing on sequentia shots:

* Increase theD, glow from 1 minute to 2 minutes.
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*  While keeping the D, glow the same, add currentsin the RWM coils fromt=0.0 to t=0.222, with
thefollowing magnitudes: [ SPA1,SPA2,SPA3]=[20002000;2000 A."

If theH-modeis ddayed but the 3/2 modedoes NOT strike, try thefollowing stepson sequential shats.
e Swap thetimeswhen C and B fire.

* Increase the 10 msec time windows in the beam waveform to 20 msec (i.e. B off at 380on at 400,
Conat 400 off at 420)

* Leave source C onfor theentire shotat 400 msec.
* Reduekto20
* Reduektol8
Step 1: Restabilization of the 3/2 NTM at three different levels of 1, (21 shots)

It isassumed here tha Step 0 was successful in generating the modeat a known time during each
dischage

Thegod of thissectionisto reduce 3, by ramping down the NBI power, ultimately leading the
restabilization of themode Therestabilization will need to occur during the ~200-300 msec between the

striking of the modeand the start of thetypical late 2/1 NTM, which is extremely detrimental to plasma
performance.

Using the GtandadOn=3 correction ([SPA1,SPA2,SPA3]=[+300+300;300) and n=1 feedback
parameters (B, Gain=1, tg,=2msec, B, phase =270, usng combined B, uppe and lower sensors) should
assist in maintaining goodplasma performance throughthe NBI step-downs

Whileit is somewha difficult to prescribein advance the exact NBI timing, it is anticipaed tha the NBI
waveforms will follow thefollowing sequence until therestabilization occurs. The modulation should
start approximately 30 msec after the modestrikes.

If there are 2 sources (A andB) on after thetriggeing beammodulation, do thefollowing on successive
shots until themodeis either stabilized, or the restabilization is determined to notbe possible.

* Leave A on,replace the2MW source B with a 1MW source C (source C power adjuged through
thebeam voltage).

* Leave A on,replace the2MW source B with a 0.6 MW source C (source C power adjused
throughthe beam voltage).

* Leave A on,turn B off, turn C onat 1MW for a~20 msec period to smooth thetrangtionto asigle
source.

e Turmn B off and modulate A 20 or/20 off. Thistime can bereduced to 10/10if the MSE is able to
get useful daa with shorter on-times.

If there are 3 sources (A, B, andC) on after thetriggering beam modulation, dothefollowing on
successive shots until the modeis either stabilized, or therestabilization is determined to not be possible.

! Note: Datafrom X P 818 showed the delay of the H-mode transition through the application of large error fields during the I, ramp.
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* Turnoff C, Leave A and B on.

* Turn off C, Leave A onand modulate B 10 msec on/10 msec off
* Turn off C, Leave A onand modulate B 10 msec on/20 msec off
* Turn off C, Leave A onandturn B off

e  Tum off C, Turn B off and modulate A 20 or/20 off. This time can bereduced to 10/10if the
MSE is able to get useful daawith shorter on-times.

If themodeis successfully restabilized, repeat theshot for the sake of improved statistics. Based onthe
aboveprescription, it is anticipaed tha upto 6 good shots will berequired in order to restabilize the
mode (or deerminethat restabilizationis unlikely to occur).

Additiondly, it will berequired to take at least 1 reference case with no NBI step-downsfor each of the
two additiond |, levels (700kA and 1100kA). If the modedoesn®strike at either 700 0r 1100kA usng
the same prescription as for 900KA, revisit the stepsin 3.0.3

Thetoroidd field, plasma current, and source B voltages are to be selected as in thefollowing table. The
source B voltageis adjuged in order to keep condant plasma pressure during the (presumed) changein
confinement with inareasing I, and B;.

B, I VoltageonB
35 700 90
45 900 80
55 1100 70
3.1.1: NBI step-down to restabilize the3/2 NTM at 900KkA: 5 shots
3.1.2: Developthe 3/2 modetarget at 1100KA: 3 shots
3.1.3: NBI step-down to restabilize the3/2 NTM at 1100KA: 5 shots
3.1.4: Develop the 3/2 modetarget at 700KkA: 3 shots
3.1.5: NBI step-down to restabilize the3/2 NTM at 700 kA: 5 shots

Step 2: Dependence of Saturated Island Width and Small Island Physcics on Plasma
Rotation (8 shots)

The purpos of this section of the experiment is to study how the plasma rotation, or rotation shear,
impacts thesmall idand physcs and saturated idland width. Repeat the mog successful case from 3.1.1,
3.1.3, and 3.1.5, with spacurrents of 500and 1000Ampsin the anti-correction phase. SPA currents
ramping onfromt=0.34to t=0.37
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3.2.1: NBI step-down to restabilize the 3/2 NTM with 400 A anti-correcting n=3 field: 4 shots
RWM coil currentsas[SPA1, SPA2, SPA3]=[-400-400;+400]

3.2.2: NBI step-down to restabilize the3/2 NTM with 1000A anti-correcting n=3 field: 4 shots
RWM coil currentsas[SPA1, SPA2, SPA3]=[-800-800;+800]

Step 3: Analysis of the “recipe” (4-5 shots)

The purpos of this step is to deerminewha the critical elements are for triggeing the modewith the
NBI modulationtrigge. Thestepsare designed to determine theimportance of thelate H-mode compared
to therapid NBI steps

3.3.1: Attempt to strike the modewithoutearly H-mode

* RemoveNBI step-downsthat were used to restabilize the mode

* Leavethebeam modulationsat t~400for modetriggeing.

+ Adda®lipOof theunused source from 80-120msec.

* Removetheearly D, glow, so goto afull 9 minutes of He.
Thisrecipe should produee the standad early H-mode with atrangtion at aboutt=115msec.
If nomodethen goto 3.3.2.

3.3.2: Samerecipeas 3.3.1, but with triggeing modulation moved to 500 msec. This should allow theq
profile to evolve longe before thetrigge.

If nomodethen goto 3.3.3.

3.3.3: Same prescription for the shot as 3.3.3, but with thefollowing SPA currentsfromt=0 through
t=0.22: [SPA1,SPA2, SPA3]=[ 2000200Q-2004d A.

3.3.4: Using the standad recipefor ddaying the H-mode modify thebeam trigger on subsequent shots so
tha they:

* Haveonly astep up anddown of C, with A and B condant.
* Havethestep down and up of B, butno step-upin C.

4. Required machine, NBI, RF, CHI and diagnogtic capabilities
RWM/EFC coilsin the oddparity configuration

Ability to doboth He and D, glows.

Source Voltages[A,B,C]=[90,8090] kV to start with.

Permissonto runtheTF at 0.55 Teda

OP-XP-834 6/9



This experiment CANNOT produdively runwithout ALL of thefollowing diagnodics:

High-n and Poloidd array Mirnov Sensors. Modeldentification & Amplitude

USXR arrays, startingwith 10um and 100um filters and then adjusted based on emission
characteristics of the plasmas that day: ISandWidth andLocation

CHERS: lon temperature magnitudeandgradient at q=3/2, critical for determining py;

MPTS (single laser acceptable, but 2 preferred): isotherm condraint in equilibriumcode electron
pressure gradient at therational surface astheneodassical drive.

Equilibrium Magnetics: Equilibrium Congraints
MSE: g-profile

5. Planned analysis

EFIT 01 and 02 between shots, and MSE condrained equilibriawith either LRDFIT or EFIT computed
after the day. If theexperiment is completed successfully, it is anticipated that some calculation of AQ
likely with the PEST-I11 code will beneeded. Thiswill likely require TRANSP runsfor selected shots.

6. Planned publication of results

If successful, theresults will be presented at thetypical meetings(APS, ITPA,E ). Theresultsfroma
successful XP would also besuitable for publication in ajoumd such as Nudear Fuson. Additiondly, the
margind idand widthswould be added to the database of results from conventiond aspect ratio devices.
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PHY SICS OPERATI ONS REQUEST

TITLE: Onset and Small Isand Physics of the m/n=3/2NTM No. 834
AUTHORS. SP.Gerhardt, D. Gates DATE: May 22,2008

Machine conditions(specify ranges as appropriate)

It (KA): 3.5t0 5.5 KA Flattop start/stop (s): standad
I,(MA):0.7t0 1.1 Flattop start/stop (s): Longest possible
Configuration: Standard slightly biased down fiducial shape

Outer ggp (m): 10cm Inng ggp (M): 6.cm

Elongdionk: 2.3 Uppe/lower triangularity §: 0.4/0.75

Z postion (m):

Gas Species. D, Injector(s): Standad HFS + LFS

NBI Species. D Sources. [A,B,C] Voltage (kV): [90,80,90] Duration (s): Variable
| CRF Power (MW): 0 Phasing: Duration (s):

CHI: Off Bank capacitance (mF):

LITER: Off

Either: List previousshot nunbers for setup: 128825

Or: Sketch the desired time profiles, induding inna and outer ggps «, 0, heating,
fudling, etc. as appropriate. Accurately labd the sketch with times and values.
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TITLE: Onset and Small Isand Physics of the m/n=3/2NTM

DIAGNOSTIC CHECKLIST

AUTHORS:. SP.Gerhardt, D. Gates

No. 834

DATE: May 22,2008

Diagnogic

Need

Want

Diagnogic

Need

Want

Bolometer btargertial array

Mirnov cailsbhigh f.

Bolometer Bdivertor

Mirnov cails bpoloidal array

CHERS btoroidal

Mirnov cails Btoroidal array

CHERSbBpoloidal

MSE

X[ XX

Divertor fas camera

NPA D ExB scaming

Dust detector

NPA DPsolid state

EBW radometers

Neuron meagsiremerts

Edge deposition monitors

PlaanaTV

Edge neural dersity diag

Recprocating probe

Edge pressure gauges

Reflectometer B65GHz

Edge rotation diagnostic

Reflectometer B correlation

Fadion D_alpha- FIDA

Reflectometer DFM/CW

Fag lost ion probes- IFLIP

Reflectometer bfixedf

Fadg lost ion probes- SFLIP

Reflectometer B SOL

Filterccopes

RF edge probes

FIReTIP

Spectomeer DSPRED

Gaspuff imagng

SpectomeerbVIPS

Ho camera- 1D

SWIFT B2D flow

High-k scatering

Thomson scatering

Infrared cameras

Ultraoft X-ray arrays

Interferameter - 1 mm

Ultrasoft X-raysBhicolor

Langmuir probes- divertor

Ultrasoft X-raysB TG spectr.

Langmuir probesbRF art.

Visible bremsstraHung det.

Magnetics b Diamagnetism

X-ray crystal specromOr H

Magnetics - Flux loops

X-ray crystal spectomOr V

Magnetics - Locked modes

X-rayfag pinhole camera

Magnetics- Pickup cails

X-ray spectrometer - XEUS

Magnetics - Rogowski coails

Magnetics- RWM sersors

X[ XXX XX
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