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Confinement and Database  ITPA-IEA Joint experimental proposals for 2006

The following experiments are proposed:


CDB-2
Confinement scaling in ELMy H-modes: b degradation

CDB-4
Confinement scaling in ELMy H-modes: n* scans at fixed n/nG
CDB-6

Improving the condition of Global DBs: Low A
CDB-8
r* scaling along an ITER relevant path at both high and low b
CDB-9

Density profiles at low collisionality
CDB-2
Confinement scaling in ELMy H-modes: b degradation


Confinement Database & Modeling TG


Spokesperson: C.C. Petty
Background - Previous results

	’03: Joint experiments between JET and DIII-D found the beta scaling of energy confinement to be weak, possibly non-existent, regardless of the kind of ELMs (Type I or Type III). This result is in disagreement with the IPB98(y,2) scaling, but in agreement with electrostatic confinement scaling.

’04: Experiments on JT-60U in high beta-poloidal discharges measured a square-root beta degradation of energy confinement in H-mode plasmas. This result is intermediate between the JET/DIII-D result and the prediction of the IPB98(y,2) relation.
’05: Analysis of AUG data in the ITPA H-mode Confinement Database shows that the upper triangularity is possibly a key factor governing  degradation of confinement. Further experiments and analysis are needed to further validate and quantify this claim. Experiments in L-mode plasmas on Tore Supra found a weak dependence of the global confinement time at fixed (*, (* and q. The turbulence level measured with density reflectometer did not change outside of q=1 with increasing . [A. Sirinelli, EPS 2006]

'06: Dedicated H-mode experiments performed on AUG. Both global and local analyses yield a degradation of confinement which is almost linear in . In these experiments the upper triangularity was low (< 0.05) [L. Vermare, EPS 2006, TTF 2006] Journal papers published by JT-60U. [T. Takizuka, Plasma Phys. Control. Fusion 48, 799 (2006)] [H. Urano, Nucl. Fusion 46, 781 (2006)]. On NSTX, a very weak dependence of confinement on beta was measured. During the scan, B was kept fixed, (* and (* varied by only 20% while ( was scanned by factor of 2 to 2.5. The discharges were slightly lower single null with elongation of 2.1 and triangularity of 0.6.


Devices and Key Persons

	Device
	Period
	Local Key Person

	JET
	’03, ’06
	D.C. McDonald

	DIII-D
	’03
	C.C. Petty

	JT-60U
	’04
	T. Takizuka

	AUG
	’06
	F. Ryter

	MAST
	’06
	M. Valovic

	NSTX
	’06
	S. Kaye

	TS
	‘05
	F. Imbeaux/T. Hoang


Outline of Experiment

	JET: Experiments planned for a hybrid-like scenario in November 2006.
AUG: In 2007, experiments on this topic will be severely limited by the operational possibilities of the machine. However, studies relating  dependence, edge conditions and collisionality will be attempted.

MAST: Experiments planned for 2007, subject to NBI availability.
NSTX: Additional experiments in 2007 will examine effect of lower shaping (i.e., lower elongation, triangularity) on ( scaling.
TS: Experiments done in L-mode.
JET, JT-60U, AUG, DIII-D: Examine whether weaker upper triangularity in H-mode discharges is responsible for the beta dependence?


CDB-4 Confinement scaling in ELMy H-modes: n* scans at fixed n/nG

Confinement Database & Modeling TG


Spokesperson: J. Snipes
Background - Previous results

	’04: C. Petty published a comparison of data from DIII-D and JET which indicated that * governed transport rather than n/nG. Joint experiment between JET and C-Mod proposed.

’05: A JET scan of n/nG and * matched in other dimensionless parameters to a C-Mod case show that BE scales better with * than n/nG.

’06: Experiments on C-Mod to match JET and vary * were planned but unable to be performed due to the difficulty of meeting the required high ( conditions during the last run campaign.


Devices and Key Persons

	Device
	Period
	Local Key Person

	JET
	‘05
	H. Leggate

	DIII-D
	’06?
	C.C. Petty

	C-Mod
	’04, ‘06
	J. Snipes

	AUG
	’07?
	J. Stober


Outline of Experiment

	Experiments are planned on C-Mod to match JET parameters and scan collisionality to determine if * remains the best scaling parameter for transport across a range of collisionalities. C-Mod mini-proposal MP392 has been approved, and is awaiting proper machine conditions to perform the experiment. The AUG plan is to examine the results of PEP-7 (the pedestal identity experiment) to determine if identity of * versus identity of n/nG can be separated given the error-bars. If warranted, experiments may be performed in 2007.


CDB-6
Improving the condition of Global DBs: Low A


Confinement Database & Modeling TG


Spokesperson: S. Kaye

Background - Previous results

	NSTX and MAST data have been integrated with data at conventional aspect ratio in the ITPA H-mode database, and have been used to modify the H-mode scaling expressions. The new expressions have a stronger dependence on inverse aspect ratio than that in ITER98PB(y,2), along with slight changes to the Ip and BT coefficients. Recent experiments on NSTX that isolate the BT​ and Ip dependences have shown E~BT0.9 Ip0.4. NSTX scans have shown further that there is virtually no degradation of confinement with beta (for =2.1 and =0.6), but a strong increase in confinement with decreasing collisionality. MAST data scans in L-mode have shown an Ip​ dependence similar to that in the 97L scaling, while H-mode scans have shown colinearity between the plasma current and density, making it difficult to isolate the scalings.


Devices and Key Persons

	Device
	Period
	Local Key Person

	NSTX
	’07
	S. Kaye

	MAST
	’07
	R. Akers

	DIII-D
	’07
	C.C. Petty


Outline of Experiment

	Identity experiments will be continued between MAST and NSTX in order to confirm parametric confinement scalings at low aspect ratio and understand the scaling of confinement with aspect ratio by connecting to data from conventional and higher aspect ratio tokamaks. The experiments will be performed using both engineering and dimensionless variables. NSTX and MAST operate at comparable engineering parameters. It is expected that MAST will have beam powers comparable to those of NSTX during 2007. Furthermore, MAST will explore the effect of pellets on confinement, and NSTX will explore the beta scaling in less strongly shaped plasmas.

It is also proposed to perform a dimensionless parameter scaling experiment between DIII-D and NSTX, matching all dimensionless parameters except aspect ratio (match poloidal rather than toroidal dimensionless parameters such as beta). DIII-D will match an NSTX discharge already run in order to determine the aspect ratio scaling. Both devices will then individually perform a rho-star scan to determine scaling with toroidal rho-star. MAST and DIII-D performed a similar experiment in 2005.


CDB-8
r* scaling along an ITER relevant path at both high and low b

Confinement Database & Modeling TG


Spokesperson: D. McDonald

Background - Previous results

	’05: Both low and high  reference case conditions were identified. For the low  part, an ELMy H-mode near the ITER baseline scenario, the experimental design is now complete with a common shape and the target global plasma parameters chosen. Operation would be at n~1.6-1.8, with the limiting factor believed to be C-Mod access to high beta in the chosen regime. As JET and C-Mod lie at the extremes of *, it was decided to perform scans on these machines first and then move onto the AUG and DIII-D machines once the JET/C-Mod data was analysed. 

The high  experiment would be in a ‘hybrid’ scenario which, at present, seems only to be accessible on DIII-D, AUG and JET. JET is, at present, somewhat power limited for this experiment and so it would not be possible to run this part of the experiment until late 2006 or early 2007, when a power upgrade will be in place. It was also felt that the relative novelty of this scenario, compared to ELMy H-mode, meant that it was prudent to wait until this time for the ‘hybrid’ scenario to be more firmly established. The decision was thus taken to defer the high  part of the * scan experiments until then.

’06: C-Mod and JET performed test shots to see if the required parameter range for the low  scan could be achieved. The C-Mod shots found that the natural plasma density in the C-Mod scenario was too high to match the ITER *. JET performed test shots in Sep 2006 and was able to achieve the required parameter range at the plasma current tested, 2MA. The observed transitions between ELM free and type III ELMs is a concern, but should be resolvable. 


Devices and Key Persons

	Device
	Period
	Local Key Person

	JET
	’06-‘07
	D.C. McDonald

	DIII-D
	’07?
	C.C. Petty

	C-Mod
	’06-‘07
	M. Greenwald

	AUG
	’07?
	A. Staebler

	NSTX
	’07?
	S. Kaye


Outline of Experiment

	Further test shots will be performed on C-Mod in Winter 2006, following the installation of the divertor cryopump, when it is hoped the required density will be achieved. The JET part of the experiment is expected to be performed in Jan-Mar 2007.

The high  scan is still on hold until higher power operation on JET has been demonstrated. Although the heating systems have been upgraded, the lack of recent JET operation has meant that increased power has yet to be demonstrated.


CDB-9
Density profiles at low collisionality


Confinement Database & Modeling TG


Spokesperson: H. Weisen

Background - Previous results

	Density peaking in ITER is important because it enhances the fusion power at constant energy confinement, but may be offset by other issues such as impurity accumulation and low density in the SOL. Experimental results on JET and AUG indicate that collisionality is the most important scaling factor, and that peaking in ITER will be fairly strong. C-Mod results also confirm peaking at low collisionality in the absence of sources, and JT-60U data indicate even stronger peaking with EC heating.


Devices and Key Persons

	Device
	Period
	Local Key Person

	JET
	’06-‘07
	H. Weisen/M. Valovic

	DIII-D
	’07?
	T. Casper

	C-Mod
	’06-‘07
	D. Ernst/J. Snipes

	AUG
	’06-‘07
	C. Angioni

	JT-60U
	’06
	H. Takenaga

	TCV
	‘06
	H. Weisen/O. Sauter

	Tore Supra
	‘06
	T. Hoang

	MAST
	‘06
	M. Valovic


Outline of Experiment

	Future emphasis will be on: i) merging the JT-60U and C-Mod data with the JET and AUG data, ii) analysis in the lower * regime, iii) comparison with the collisionality dependence of theGLF23 model, and iv) analysis of impurity profiles. The merging of the JET and AUG data showed that i) is a non-trivial exercise, which requires collaboration to obtain a consistent interpretation of the data across machines. New experimental data is expected from JT-60U in late ’06, as well as from JET and AUG experiments in ‘07.


Transport Physics ITPA-IEA Joint experimental proposals for 2007

The following experiments are proposed:


TP-2/SSO-2
Hybrid regime development 

TP-3 
Determine transport dependence on Ti/Te ratio

TP-3.1 
Determine transport dependence on Ti/Te ratio in hybrid and steady-state scenario plasmas 

TP-3.2 
Determine transport dependence on Ti/Te ratio in L-mode plasmas 

TP-4 
Transport dependence of high performance operation on low external momentum input 
TP-4.2 
Low momentum input operation effects on ExB shear and reduced transport 

TP-5
QH/QDB plasma studies

TP-6 
Momentum transport/plasma rotation studies
TP-6.1
Scaling of spontaneous plasma rotation with no external momentum input
TP-6.2 
JT-60U/DIII-D Mach number scan similarity experiment
TP-6.3 
NBI-driven momentum transport study
TP-7
Measure ITG/TEM line splitting and compare to codes

TP-8 
ITB similarity experiments

TP-8.1
NSTX/MAST ITB similarity experiment
TP-8.2
Investigation of rational q effects on ITB formation and expansion

TP-8.3
JT-60U/JET ITB similarity experiment
TP-8.4 
T-10/TEXTOR/HL-2A ITB similarity experiments 

TP-9 
H-mode aspect ratio comparison

TP-1/SSO-1
Steady state plasma development 

This topic is closed.
TP-2/SSO-2
Hybrid regime development 

TP proposal in this area of (* dependence of transport have been integrated with the corresponding SSO proposals (for details see SSO-2.2 proposals). 

A primary TP concern in these experiments remains the collection of well characterized discharges for transport modelling.

.

TP-3 
Determine transport dependence on Ti/Te ratio

TP-3.1 
Determine transport dependence on Ti/Te ratio in hybrid and steady-state scenario plasmas 

Topic Group: 
Transport physics 

Status:
Continue existing collaboration (previous T-10/Textor component now split out as TP-3.2)

Background: 
There is both theoretical and experimental basis for a degradation of confinement with decreasing Ti/Te ratio.  This is a critical issue for projecting reactor performance, as most current advanced regimes operate in a hot-ion mode regime.  Hybrid and steady state discharges provide common high performance target plasmas in which to perform temperature ratio scans. 

Contact persons: 
G. Sips (AUG), C. Greenfield (DIII-D), C. Challis (JET), 
S. Ide (JT-60U)
Experiments: 
 AUG, DIII-D, JET, JT-60U 

Outline and aims:
Investigate uniformity of transport response to Ti/Te ratio variations in hybrid and steady-state target discharges on AUG, DIII-D, JET and JT-60U.  Scan Ti/Te ratio down to as close as unity or even below if possible in these targets by changing mix of electron and ion heating powers. Document confinement properties (H-factors, transport coefficients, scale lengths etc.) with respect to the change in Ti/Te. Scans at different density (collisionality) would also be required. Turbulence documentation (if possible) should be performed as part of all scans.

Proposed experiments:
AUG:  Vary Ti/Te ratio by changing mix of electron and ion heating powers with ECH, ICRF and NBI in hybrid target plasmas to evaluate change in  confinement properties. Scan Ti/Te at different density. 

DIII-D: Vary Ti/Te ratio by changing mix of electron and ion heating powers with ECH, FW and NBI in both hybrid and steady-state target plasmas plasmas to evaluate change in  confinement properties. Scan Ti/Te at different density 

JET: Vary Ti/Te ratio by changing mix of electron and ion heating powers with ICRF and NBI in hybrid and steady-state target plasmas to evaluate change in  confinement properties. Scan Ti/Te at different density. 

JT-60U: No experiment before November 2007. Analyze existing data on electron heating in hybrid target plasmas.

TP-3.2 
Determine transport dependence on Ti/Te ratio in 

L-mode plasmas 

Topic Group: 
Transport physics 

Status:
New collaboration (new as separate number, was previously included in TP-3)

Background: 
There is both theoretical and experimental basis for a degradation of confinement with decreasing Ti/Te ratio.  This is a critical issue for projecting reactor performance, as most current advanced regimes operate in a hot-ion mode regime. 

Contact persons:
V. Vershkov/N.Kirneva (T-10), A. Kraemer-Flecken, R.Jaspers (TEXTOR),  X. Duan (HL-2A)

Experiments:  
T-10, TEXTOR, HL-2A
Outline and aims:
Investigate uniformity of transport response to Te/Ti ratio variations in following cases: (a) Temperature scans should be performed at least two densities (collisionalities) in normal L-mode discharges. Cases with dominant electron heating are desired, and also with strongly coupled electrons and ions, (b) add ion heating to existing electron barrier in target plasmas with moderate reversed target q-profile, and H-mode in HL-2A (c) at high density. Turbulence documentation (if possible) should be performed as part of all scans.

Proposed experiments:
TEXTOR: Vary Ti/Te ratio with ECH, ICRF and NBI at two densities (collisionalities). Vary Ti/Te ratio with ion heating of electron barriers with moderately reversed q-profiles. In all cases document the turbulence characteristics with reflectometer data. Compare plasma rotation with turbulence rotation.

T-10: Coordinated investigation of turbulence and confinement variations as a function of Ti/Te ratio across a wide density range with comparison to similar plasmas/measurements on TEXTOR. Note that T-10 will be able to explore the range at high T​e/Ti (low Ti/Te ) ratio, and can lower this ratio only by increasing the density.  Similar experiments can be carried out at TEXTOR where in addition also ion heating can be applied allowing to reach higher T​​i/Te ratio’s.

HL-2A: Same plasma parameters as on TEXTOR and T-10 could be obtained in different confinement modes. Vary the T​i/Te ratio in both L as well as H-mode as advanced plasma regimes at low and high density and document the turbulence. 

The experiments on T-10, TEXTOR and HL-2A may be done as part of the similarity experiments (TP8.4) which are joint experiments in the sense that scientists from the different teams participate in the mutual experiments. Please note also that TEXTOR and T-10 possess a similar set of turbulence diagnostics, making the comparison easier.

TP-4 
Transport dependence of high performance operation on low external momentum input 

TP-4.1 
Similarity experiments with off-axis ICRF-generated density peaking

Topic Group: 
Transport physics 

Status:
Closed

TP-4.2 
Low momentum input operation effects on ExB shear and reduced transport 

Topic Group: 
Transport physics 

Status:
Continuation of existing collaboration

Background: 
NBI driven sheared ExB flow is a major technique for obtaining reduced turbulent transport in many enhanced confinement regimes. However, NBI driven flows are anticipated to be substantially lower under reactor conditions, e.g. on ITER. Consequently understanding transport behavior and access to reduced transport regimes as a function of momentum input is a critical issue for ITER.

Contact persons: 
G. Sips/J. Stober (AUG), H. Takenaga (JT-60U), M. Wade (DIII-D), F. Crisanti (JET), O. Sauter (TCV)

Experiments: 
JT-60U, JET, DIII-D, AUG, TCV
Outline and aims:
Effects of momentum input on confinement/transport are investigated in hybrid target plasmas. Momentum input scans should be performed by using RF (ICRF, ECH, etc) and/or balanced-NB at least two different densities (collisionalities) and with turbulence documentation (where available). Ideal would be to obtain/maintain high confinement operation with zero net NBI momentum input. The variation of RF heating techniques between machines also provides an additional test of the commonality of the underlying transport physics.

Proposed experiments:
AUG:  Vary momentum input with ICRF in hybrid target plasmas at two densities (collisionalities) under full tungsten materials.

DIII-D: Vary momentum input with balanced-NBI in hybrid target plasmas at two densities (collisionalities).

JET: Vary momentum input with ICRF in hybrid target plasmas. 

JT-60U: No experiment until November 2007. Effect of momentum input on confinement will be analyzed in hybrid target plasmas with various NB combinations.

TCV: The new H-mode regime similar to hybrid target plasmas will be further investigated with high power ECH.

TP-5
QH/QDB plasma studies

Topic Group: 
Transport Physics

Status:
Continuation of existing collaboration

Background:  Determining the operational boundaries and physics of QH/QDB operation has been facilitated by coordinated experiments and personnel exchanges on the four major devices (AUG, DIII-D, JET, JT-60U), which has made efficient use of unique capabilities such as balanced-/co-/counter-NBI on JT-60U and detailed edge profile measurements on DIII-D.  

Contact persons: 
P. Gohil/L. Lao (DIII-D), N. Oyama/Y. Sakamoto (JT-60U), W. Suttrop (AUG/JET)

Experiments: 
DIII-D, JT-60U, JET, AUG
Outline and aims:
The goal of these experiments continues to be to expand the parameter space and improve understanding of transport effects in QH/QDB plasmas by multi-machine experiments and comparisons. Of particular interest to the TP group is the role played by plasma rotation in accessing and maintaining QH-mode operation.

Proposed experiments:

DIII-D: 
Experiments on DIII-D will stress the capability of simultaneous co- and counter-NBI to change the momentum input into QH-mode plasmas and determine the affect on the QH-mode plasma characteristics. These experiments will aim to obtain a better understanding of the differences between co- and counter-NBI for the formation requirements for QH-mode plasmas. These results will then be compared with results from JT-60U on their co- and counter-NBI experiments. The key aspects of these experiments for 2007 will include studies of: (a) the EHO with the outer gap; (b) the dependence of the edge density on the edge toroidal rotation; (c) extending the QH-mode operation with more co-NBI. It is expected that these experiments will be performed with participation from JT-60U scientists at DIII-D.

JT-60U: No new experiments are anticipated before November 2007. However, analysis of previous results will continue, and participation in DIII-D experiments by JT-60U scientists is anticipated. 

JET/AUG: Experiments on JET and ASDEX Upgrade are possible as experimental time becomes available. Such experiments will, in all likelihood, be performed after the experiments on DIII-D have been carried out and after analysis of the results from those experiments.

TP-6 

   Momentum transport/plasma rotation studies

TP-6.1
Scaling of spontaneous plasma rotation with no external momentum input
Topic Group: 
Transport Physics



Status:
Continuing collaboration
Background: Future reactors and ITER may operate with little or no momentum input. In such plasmas, beneficial spontaneous plasma rotation may still occur, as observed on current devices (CMOD, JET, DIII-D, TS, etc). It is critical to establish whether this spontaneous rotation will be at a sufficient level to affect RWM and NTM stabilization in ITER; e.g. toroidal rotation of order ~1% of the Alfvén velocity is sufficient to enhance RWM stability.
Contact persons: 
J. Rice (CMOD), J. deGrassie (DIII-D), F. Crisanti, L.G. Eriksson (JET), O. Sauter (TCV), Y. Koide (JT-60U), M. Peng (NSTX), R. Jaspers (Textor)

Experiments:  CMOD, DIII-D, JET, TCV, NSTX, MAST, TEXTOR, T-10
Outline and aims:
The purpose of these experiments is to document the intrinsic or spontaneous plasma rotation with no external NBI momentum input on a range of devices, so as to establish a scaling to ITER. Two complimentary approaches are being used: (1) Similarity experiments. A preliminary set of similarity experiments has been undertaken between C-Mod and DIII-D. Discharges with matched shape n, b and r, showed very similar Mach numbers between the two devices. This initial success will be expanded on with new CMOD data with improved diagnostic coverage of the rotation profile. (2) Empirical scaling studies, based on a database of rotation measurements from scans of engineering parameters. Substantial data for this approach has been obtained over the last two years, and additional new data is specifically sought from TCV, NSTX, MAST and AUG.

Proposed experiments:  The set of dimensionless parameters being sought in the similarity  experiments are for a steady-state ELMing H-mode of modest performance, bN  ~ 1, n* ~ 0.3, r* ~ .006, and q95 ~ 5.
CMOD: Run further similarity experiments to: (a) obtain rotation data with improved radial resolution in plasmas already matched with  DIII-D, and (b) expand on existing data set with different values of dimensionless parameters. 

DIII-D: Run further similarity experiments to match CMOD discharges with high intrinsic rotation. Heating by ECH and FW.

TCV: Similarity experiments with CMOD are planned – matching parameters are under investigation and will be defined.  More data points on intrinsic rotation rates at high beta are requested for the intrinisic rotation scaling database

JET: Similarity experiments with CMOD or DIII-D are possible and would be highly valuable.  Access to data on variation of rotation with stored energy and plasma current published in 1997 is requested as it will be very valuable in determining size scaling. 

AUG,NSTX,MAST,FTU,TEXTOR,T-10: New or existing data, as appropriate are requested for the intrinsic rotation data base study.

TP-6.2  JT-60U/DIII-D Mach number scan similarity experiment
Topic Group: 
Transport Physics

Status:
Continued proposal from 2006

Background:   Similarity experiments provide a powerful tool with which to investigate transport physics. Here, we propose to utilize this tool to investigate the effect of plasma rotation (Mach No.) on transport.
Contact persons: 
C. Petty, E. Doyle (DIII-D), Y. Koide, M. Yoshida (JT-60U)

Experiments: 
DIII-D, JT-60U
Outline and aims:



The goal of this joint experiment is to determine the effect of Mach number on H-mode transport over a large range of (* and a small range of aspect ratio. New machine capabilities allow us to perform a similarity experiment between JT-60U and DIII-D where the Mach No. (rotation) is varied from positive to negative values using co-/counter-/balanced-NBI There is significant overlap between the rotation experiments called for in TP-6.2 and PEP-18. One difference is that TP-6.2 explicitly calls for the different ( and (* values of JT-60U and DIII-D be taken into consideration in planning the experiment. We should consider whether these ITPA rotation proposals should be combined together. 

Proposed experiments:

DIII-D:  DIII-D: Propose to begin combined Mach number and (* scans in 2007. May adopt the momentum modulation technique developed on JT60U. Should scan the Mach number from positive to negative values using co-/counter-NBI at constant density, temperature, current, and magnetic field in H-mode plasmas. Keeping the plasma parameters fixed rather than the NBI power fixed will simplify the interpretation of the data because we will not have to worry about the effects of beta, collisionality, or relative gyroradius scaling on transport. To help project the effect of rotation scaling of transport to ITER, a second Mach number scan at a different (* value should also be performed. The plasma beta, collisionality, safety factor, and range of Mach numbers studied should be the same for the two different (* values. This will allow us to determine whether the effect of Mach number on transport becomes stronger or weaker for larger devices like ITER.

JT-60U: Propose to have M. Yoshida visit DIII-D in 2007 to participate in experiments, especially with regard to momentum confinement studies.

TP-6.3 
NBI-driven momentum transport study
Topic Group: 
Transport Physics

Status:
Continued proposal from 2006

Background: 
Understanding of momentum transport, which determines the toroidal plasma rotation under tangential NBI, will be required to predict and optimize toroidal plasma rotation in ITER.  Toroidal rotation of order of 1% of the Alfvén velocity, or >150 km/s, in ITER is anticipated to enhance rotational stabilization of RWM and contribute to the reduction of turbulent transport via ITB formation. 

Contact persons: 
G. Tardini (AUG), P. Gohil (DIII-D), P. De Vries (JET), Y. Sakamoto (JT-60U), A. Field (Mast), M. Peng (NSTX)

Experiments: 
AUG, DIII-D, JET, JT-60U, MAST, NSTX
Outline and aims:
This comparison experiment aims to obtain for the first time key common measurements to characterize how core toroidal rotation depends on macroscopic parameters, such as NBI power, NBI energy, plasma current, toroidal field, field error including ripple, Mach numbers, q, and aspect ratio, for long-pulse H-mode and Double-Barrier plasmas (edge and core transport barriers).  The data and empirical scaling expressions are needed to enable comparison with theoretical models so as to predict the toroidal rotation velocity profile in ITER, and how rotation affects ITER confinement and stability. A set of plasma conditions (Ip, Bt, density range, etc.) and NBI power densities and energies will be selected to produce long-pulse H-mode and/or DB plasmas for measurements to quantify the details of plasma momentum transport.  Large scale MHD activities should be avoided for these plasmas to allow the properties of turbulence driven momentum transport, and how it relates to the energy transport, to be documented. A joint experiment employing common and relatable target plasmas is clearly the optimal way to obtain the required data.

Proposed experiments:


1) Select from the following range the plasma operating conditions that produce relatively MHD-quiescent, nearly sustained H-mode or DB plasmas.

	
	Ip (MA)
	Bt (T) @ R0
	áneñ (1013 /cm3)
	PNB (MW)
	k/d (LSN)

	AUG
	0.4-1.2
	1.5 - 3.0
	4 - 12
	2.5–17.5
	1.6–1.8/0.15–0.45

	DIII-D
	0.75 – 1.35
	0.8 – 2.1
	2 – 7
	2 – 12.5
	1.8–2.1/0.4–0.9

	JET
	1.5 – 4.5
	1.5 – 4.0
	3 – 10
	5 – 25
	~1.7/0.2–0.45

	JT-60U
	1
	2.6 – 3.8
	1.5 – 2.5
	8 – 22
	~1.4/0.45–0.6

	MAST
	0.6 – 1.2
	0.35 – 0.63
	1.5 – 7
	1 – 4.5
	1.8–2.5/0.4–0.5

	NSTX
	0.7 – 1.0
	0.3 – 0.55
	2 – 7
	2 – 7.5
	2–2.5/0.4–0.8



2) Vary tangential PNB, Bt, and ne over available range for such plasmas to carry out detailed transport related measurements, particularly including time-resolved ion temperature, density, and rotation profiles to determine momentum transport and scaling with major plasma parameters.


3) Compare new data among devices to determine global scaling of tf and Vf to enable projections to ITER conditions.

TP-7
Measure ITG/TEM line splitting and compare to codes

Topic Group:
Transport Physics

Status: 
Continuing collaboration

Background: 
The current "standard" turbulent model for core transport relies on the existence of ITG/TEM and ETG microinstabilities. However, experimental evidence for these modes is limited. In this experiment, we propose to find discharges in which clear evidences of the existence of the ITG and the TEM modes  can be identified. This will be done by looking for  by changes in the transport properties and plasma fluctuations generated by a transition from one instability to the other, or by the determination of conditions in which ITG and TEMs are simultaneously unstable at the same core plasma radius. In the latter case, by measuring the exact frequency "line split" between the ITG and TEM modes (which will be independent of the Doppler rotation) and precisely comparing with code  predicted split frequencies, we will have direct evidence for these modes (or not).


Contact persons: 
C. Angioni, G. Conway, F. Ryter (AUG), J. DeBoo, E. Doyle, R. Waltz,  (DIII-D), V. Vershkov D. Shelukhin D., S. Soldatov (T-10), A. Kraemer-Flecken (Textor)
Experiments:       AUG, DIII-D, T-10, TEXTOR
Outline and aims:
Experiments have already been performed on AUG, with no sign of line-splitting, while experiments in T-10 and Textor have showed two maxima in the spectrum (see progress report). For 2007 we propose to continue investigation on AUG, and initiate similar experiments on DIII-D. A number of similarity experiments are proposed for TEXTOR and T-10 where both machines have similar correlation reflectometry diagnostics, but, fortunately, the antennas arrays are complimentary: T-10 has antennas at the top and at the HFS of plasma torus, while TEXTOR has antennas at the top and at the LFS. Thus there is a unique opportunity to reconstruct the full poloidal turbulence asymmetry arise by comparing T-10 and TEXTOR data.
Proposed experiments:

AUG: For 2007, a new series of experiments are scheduled,, focusing on a validation of the 

DIII-D: First experiments on DIII-D are anticipated for 2007, hopefully with AUG participation. Experimental options on DIII-D are for similar experiments to AUG, with modulated ECH to vary Te gradient, or for attempts at creating plasmas with Er~0 using the new DIII-D balanced NBI capability. 

TEXTOR: In OH and ECRH plasmas record the turbulence characteristics simultaneously with the top and LFS reflectometers. The discharge conditions should be chosen similar to T-10 with respect to q value and the reflection radius. It is desirable that the signals were reflected from half radii. Such turbulence characteristics as power spectra, poloidal wavelength and phase velocity should be measured by means of both antennas. 

T-10: Will do essentially the same kind of measurements as Textor, but using top and HFS reflectometer antennas. Measurements should be done in discharge with similar plasma conditions to Textor The final goal of the common T-10/Textor experiment is to obtain the whole poloidal asymmetry of the different turbulence types. The different poloidal asymmetry of the turbulence will provide an additional key to split ITG/TEM turbulence. 

TP-8 


ITB similarity experiments

TP-8.1
NSTX/MAST ITB similarity experiment
Status:
Continuation of existing collaboration

Contact persons: 
Martin Peng (NSTX), Anthony Field (MAST)

Experiments: 
MAST, NSTX
Outline and aims:
Investigate role of NBI-driven toroidal rotation, the associated E(B flow shear and the magnetic shear on ion ITB formation and evolution in sustained H-mode identity discharges on MAST and NSTX devices by scanning the applied NBI power and torque. 

Proposed experiments:

NSTX: Initial NSTX component of experiment is complete, but may need to iterate with MAST on matching discharges. 

MAST: Execute identity experiments at 0.3/0.45 T (2.5/3.6 MW, 50/70 keV). This experiment depends on commissioning of new NBI system, and is currently scheduled to occur before April 2007. 

TP-8.2
Investigation of rational-q effects on ITB formation and expansion

Contact persons: 
M. Austin  (DIII-D), E. Joffrin (JET), K. Rasumova (T-10), T. Donne (TEXTOR)

Experiments: 
JET, DIII-D, T-10, TEXTOR
Outline and aims:
The triggering of ITBs at rational-q values has been extensively observed, and is routine on JET and T-10. ITER may operate in a similar power limited regime to JET, so it is desired to assess the commonality of the physics of ITB triggering and expansion at rational-q values at moderate NBI input power. Over the last two years, iteration in experimental studies between JET and DIII-D has led to substantial progress in understanding the physics of this process in terms of sheared ExB flows associated with rational-q surfaces (see progress report). This productive collaboration should continue, with the aim of further testing and refining the picture of ITB triggering which is emerging

Proposed experiments:

JET:  The slower time evolution of q-profile on JET relative to DIII-D provides a superior capability to determine the exact q-value at which improved confinement occurs (before integer qmin is reached). Also, changes in poloidal flow at the ITB formation time should be further explored in JET, which has seen large excursions in poloidal velocity not observed on DIII-D.
DIII-D: Both further detailed tests of theory and expansion of the studied regime are possible. e.g. Need to more directly test theory of ExB shear flow associated with zonal flow structures  Studies to date have concentrated on discharges with weakly reversed shear. Physics of the ITB triggering mechanism needs to be investigated with both strongly reversed shear, and narrower regions of weak/zero shear. 

T-10/TEXTOR: Look for consistency with JET/DIII-D results using fluctuation and ECE diagnostics.

TP-8.3            JT-60U/JET ITB similarity experiment
Topic Group: 
Transport physics 

Status:
Continuation of existing collaboration

Contact persons: Y Sakamoto (JT-60U), P de Vries/X. Litaudon (JET)
Experiments: 
JET, JT-60U

Background and aims:

Given the very similar size of JET and JT-60U, dimensionless identity between the two devices results in plasmas of almost the same size, plasma current and field. In addition, it is well known that JT-60U has a larger toroidal field ripple than JET and ripple effects should also be taken into account when matching the standard dimensionless parameters (n*, r*, b and q). The flexibility of the JET toroidal field system allows matching the ripple amplitude of both JT-60U and ITER. Indeed, the TF ripple of ITER will differ from JET and JET-60U, and in order to extrapolate advanced tokamak scenarios that are designed on these two devices towards ITER it is important to understand how the TF ripple affects these scenarios. In particular, it is foreseen that a larger TF ripple could cause an enhanced friction on the toroidal flow that will affect the ExB shearing, i.e. a leading candidate for ITB formation and sustainment. In addition, it is thought that the TF ripple plays a role in the pedestal and ELMs physics as observed in the standard ELMy H mode regime (G. Saibene and co-workers). The difference in ELM behavior could explain the difference in the formation and sustainment conditions of very wide ITB in JET and JT-60U: wide ITB on JET are usually eroded by ELMs, while it has been shown that they can coexist on JT-60U. Finally, it should be pointed out that this proposal will naturally extend to Advanced regimes the identity/similarity experiments between the two devices that have been carried out in the standard ELMy regime. Therefore, this proposal should take advantage of the development already done in the standard ELMy H-mode regime in order to optimize the development and experimental time.

Proposed experiments:

JET: Vary the TF field ripple to match JT-60U by increasing the standard TF ripple (0.1% at the separatrix, outer mid-plane) up to typically 1.2%. In these magnetic configurations, execute identity experiment in the so-called Optimised Shear regime (monotonic q-profile that is close to the one measured in the high betap regime of JT-60U) and the reversed shear q-profile. If these experiments are successful, the JET TF ripple could be changed to reach the predicted ITER one (0.6% with the ferrite inserts) to observe how the ITB performance will be affected. 

JT-60U: Since JT-60U operation will not restart until Nov. 2007, the existing database will be analyzed in 2007. After the restart of JT-60U experiments, JT-60U will execute ITB identity experiments with similar heating profiles, shape and dimensionless parameters as in JET both for the high beta_p (monotonic q-profile) and reversed shear q-profile in order to reveal the difference/similarity in the ITB formation and sustainment between the two devices.

DIII-D: Explore option of similarity experiment with JET in ITB regime.

TP-8.4 
T-10/TEXTOR/HL-2A ITB similarity experiments 

Topic Group: 
Transport physics 

Status:
Continuation of existing collaboration, with inclusion of HL-2A 

Background: 
Similarity experiments between T-10 and TEXTOR have been published in journal articles. One of the interesting observations is that after switching off off-axis ECRH (with deposition radius rdep just outside q=1) the central temperature Te(0) stays constant for a certain time (typically 20 ms in T-10 to 50 ms in TEXTOR), whereas Te outside rdep is decaying immediately. The explanation for this effect is that there must be a transient internal transport barrier (ITB) that causes the improved confinement of the central plasma. This ITB is thought to be caused by a local reduction of magnetic shear. HL-2A could add to these studies and bring in new elements because of the availability of multiple ECRH launchers that can be directed to different plasma locations. This activity will draw HL-2A into the ITPA/IEA Joint experiments and at the same time, will make it possible to draw better conclusions than is possible with only the experiments from TEXTOR and T-10.

Contact persons: 
R. Jaspers (TEXTOR), K. Razumova (T-10), X. Duan (HL-2A)

Experiments: T-10, TEXTOR, HL-2A. Contributions from TCV, FTU welcome

Outline and aims:
Work continues on the T-10/TEXTOR similarity experiment on the electron ITB observed in the ECH switch-off regime. Both machines have extensive fluctuation diagnostic sets for detailed physics studies. However, the goals of this work are being expanded to include other issues such as: (1) Relationship of electron and ion ITB’s with varying ion/electron heating, (2) Examination of the role of rational q surfaces on the ITB’s (3) Role of magnetic shear inside qmin position, and (4) Tests of profile  consistency.  HL-2A will contribute to this and add the extra feature of multiple ECRH launchers, making it possible to to ECRH and ECCD simultaneously and independently or use ECRH in combination with heat pulse propagation studies, with the goal study effect of modified q profile on transport properties after switch-off. The joint nature of these experiments is, apart from similar plasma parameters, given by the participation of scientists of the different teams in each other experiments. 

Proposed experiments:

TEXTOR/T-10: for numbered aims above:  (1) Vary electron and ion heating using ECH and NBI. (2) Continuing ITB experiments during ECH switch-off regime, (3) Vary shear inside qmin using non-inductive CD to change magnetic shear from strongly reversed to weak. Investigation should be done at different rational values of qmin, e.g. 1, 3/2, 2, etc. Document profile dependence on Ti/Te, plasmas shape and density, current, heating power, etc.

HL-2A:  repeat the experiments done at TEXTOR/T10 and under these conditions: a) probe the transport by ECRH heat pulse propagation and b) under the conditions for ITB formation, change with a second gyrotron the magetic shear using ECCD, going form full counter- to full co-current drive. 
TP-9 


H-mode aspect ratio comparison
Topic Group: 
Transport Physics

Status:
Continuing collaboration

Background: 
Obtaining the aspect ratio scaling of confinement from regression analysis of multi-machine databases has proven difficult. A dedicated experiment is needed to measure the change in core transport properties between plasmas of different aspect ratio while keeping the other key physics parameters constant. NSTX, MAST and DIII-D are well suited to an aspect ratio comparison experiment since they have nearly the same poloidal cross-section but different major radii. Substantial progress in 2005, see separate progress report.

Contact persons: 
 B. LeBlanc (NSTX), C. Petty (DIII-D), M. Valovic/A. Field (MAST) 
Experiments: 
NSTX, MAST, and DIII-D
Outline and aims:
The focus is on matching poloidal quantities (e.g. poloidal beta, poloidal ion gyroradius), plasma cross-section, cylindrical safety factor, collisionality, and other dimensionless parameters. The low and high aspect-ratio  plasmas will have different toroidal ion gyroradii, however. As part of the similarity study, the strategy includes bridging this gap by performing a gyroradius scan on each device and assessing if the observed transport changes point to a continuous set of trends between the two machines.  Experiments were performed on all three devices  from 2005-6, and iterative continuation of these is proposed for 2007 so as to improve the match for the target plasmas across devices.
Proposed experiments:

NSTX: Future experiments will focus on ensuring a similar fast ion fraction in the comparison discharges with DIII-D. Continuation of the (*, (, and (* confinement scaling experiments is beneficial to unambiguously determining the ( scaling.

MAST: MAST should run dedicated discharges to better match the DIII-D comparison plasma. Experiments are planned for 2007, subject to NBI availability.
DIII-D: No plans for future experiments until better matches are made on NSTX and MAST.   

In all three devices, analysis in 2007 will emphasize local transport properties.
Pedestal and Edge Physics ITPA-IEA Joint experimental proposals for 2007
The following experiments are proposed:


PEP-1 + PEP-3 
Dimensionless identity experiments in JET and JT-60U: studies of ripple effects and rotation 

PEP-2
Pedestal gradients in dimensionally similar discharges and their dimensionless scaling 

PEP-6
Pedestal structure and ELM stability in DN 

PEP-7    
Pedestal width analysis by dimensionless edge identity experiments on JET, ASDEX Upgrade, Alcator C-Mod and DIII-D

                             
PEP-9 
NSTX/MAST/DIII-D Pedestal Similarity

PEP-10  
The radial efflux at the mid-plane and the structure of ELMs

PEP-13 
Comparison of small ELM regimes in JT-60U and AUG and JET

PEP-14  (TP-5)   QH/QDB Comparison in JT-60U and DIII-D

PEP-16 
C-MOD/ MAST/ NSTX small ELM regime comparison
PEP- 17
Small ELM regimes at low pedestal collisionality

PEP-18 
Comparison of Rotation Effects on Type I ELMing

             
 H-mode in JT-60U and DIII-D
PEP-19  
Edge transport under the influence of resonant magnetic perturbations in DIII-D and TEXTOR

PEP-20 (SSO-4)
Documentation of the edge pedestal in advanced  scenarios

PEP-1 + PEP-3
 Dimensionless identity experiments in JET and

JT-60U: studies of ripple effects and rotation 

Topic Group: Edge and Pedestal Physics Topical Group
Contact persons: G Saibene, V Parail, J Lonnroth and A Loarte (EFDA JET); 

                             N Oyama, H Urano,  K Kamiya, K Shinohara (JAEA JT-60U)

Tokamaks: JET & JT-60U. Experiments planned for 2007 in JET and possibly JT-60U.
Background and Previous Results:  this proposal is the continuation of the work carried out in PEP 1/3 since 2003. Dimensionless identity experiments in ELMy H-mode in JET and JT-60U indicated that differences in pedestal pressure (and pressure profiles) as well as power and particle losses during and between ELMs may be due to toroidal field ripple effects, either related to the induced counter-rotation or to direct effect of ripple on thermal transport. The role of fast ion losses and toroidal rotation in setting pedestal pressure and ELM characteristics has been investigated in JT-60U in the JET similarity configuration in experiments carried out in June 2006, with the participation of Dr Parail from JET.  These experiments benefited from the reduced ripple due to the installation of ferritic tiles in JT-60U. The reduction in the edge toroidal filed ripple affects ELM losses (both absolute and relative to Psep), while no improvement on pedestal pressure was observed. 

Preparation for JET ripple experiments is near completion, and has benefited from a very close collaboration between EU and Japan scientists, that have provided essential support for predictive fast ion losses calculations required for the preparation. 

Simultaneously, extensive simulation studies of thermal ion ripple losses in JET and JT-60U magnetic configurations are underway using Monte Carlo code ASCOT from TEKES. JT-60U similarity experiments with variable ripple were planned for JET in 2006, but did not take place due to technical problems with JET systems. The experiments are now planned for early 2007
Outline of Proposed Experiments, Purpose and Goals: The continuation of this work includes joint experiments both in JET and, possibly, JT-60U. In JET, JT-60U identity plasmas (both low and high BT) will be run with variable TF ripple strength, including a match of the JT-60U ripple amplitude at the separatrix position at the LCFS. These experiments will take advantage of the possibility in JET to change the toroidal field ripple in a controlled way and allow to further study the physics mechanisms potentially affecting the pedestal pressure and ELM size/frequency, as well as providing more insight for possible effects of ripple on ITER H-modes and the possibility to use ripple for ELM mitigation. Specifically, we will measure the effects of BT ripple on ELMs size, frequency, as well as on inter-ELM transport and pedestal characteristics, by varying ripple strength as well as fast ion losses.  Tentatively, a proposal to run similarity discharges in JT-60U at low field (~1.5T) is being considered. At this field, the FSTs create an over-compensation of ripple, similar to that expected in ITER at half-field. These experiments should allow the experimental assessment of the effect of “inverse” ripple on the plasma pedestal and H-mode properties in general.

Both experiments will involve exchange of personnel both ways. 
PEP-2
Pedestal gradients in dimensionally similar 

                 
discharges and their dimensionless scaling

Topical Group : Edge and Pedestal Physics 

Tokamaks: JET, DIII-D and ASDEX-Upgrade 

Contact Persons : A. Loarte, M. Kempenaars, G. Saibene, M. Beurskens, (JET) 

                                T. Osborne, A.Leonard, M. Fenstermacher (DIII-D) 

                                L. Horton T. Eich, W. Suttrop, (ASDEX-Upgrade)
Description of the Experiment’s Purpose and Goals : 

      The purpose of the experiment is to extend the range of the studies to investigate the physics mechanisms that determine edge pedestal gradients by comparing discharges with similar pedestal plasmas in dimensionless parameters in devices of various sizes. The experiments in 2007 will investigate the effect of plasma triangularity on pedestal gradients and the scaling of the pedestal gradients with *. The new diagnostic and devices capabilities installed in the 2004-2005 shutdowns in the contributing devices will be essential to this purpose. This proposal is directly linked to DSOL-1 in which the aim is to investigate the scaling of ELM energy losses in dimensionless similar discharges and their dependence on  and *.

Status : 

      Results for the comparison of discharges at  ~0.27 in JET and DIII-D have been presented at the IAEA 2004 Conference in a joint JET-DIII-D paper by M. Fenstermacher and published in Nuclear Fusion in 2005. These results show that the pedestal temperature gradients scale with machine size, as expected from plasma transport being dominant for this, while pedestal density gradients do not scale this way and are more consistent with being determined by neutral ionisation, for discharges with similar pedestal in dimensionless parameters. An attempt to compare JET and DIII-D at high triangularity was done but was only partly successful due to diagnostic problems during the JET experiments. At present, the influence of  on pedestal gradients in discharges with similar pedestal parameters and the scaling of pedestal gradients with * remains unclear, as results of pedestal gradients from low * experiments at JET are beyond the previously available diagnostic resolution.

Description of Proposed Experiments : 

      The experiments proposed aim at the study of triangularity influence on pedestal gradients for discharges with similar pedestal parameters. This will be done for  ~ 0.25 and ~ 0.5, q95 ~3, which corresponds to Ip ~1 MA and BT ~ 2 T in ASDEX-U and DIII-D and ~ 1T in JET. For such configurations the scaling with * will be assessed by discharges at ~ 0.5 MA/1T in DIII-D and ASDEX and by discharges at ~ 2MA/2T and ~ 3MA/3T at JET. Pedestal parameters will be measured by ECE, Thomson scattering, Edge Lidar diagnostic, Lithium beam, reflectometer/interferometer and edge charge-exchange measurements.

PEP-6
 Pedestal structure and ELM stability in DN 

            

(MAST, AUG  and NSTX)
Topical Group: Pedestal and Edge Physics

Tokamaks: AUG, MAST, NSTX, (JET analysis of existing data)

Contacts: L. Horton, H Meyer R. Maingi (I. Nunes for JET data)

Background and Previous Results:

    In AUG, MAST, and NSTX a reduction of the L/H threshold in DN is observed. The change about 50% for the spherical tokamaks (MAST, NSTX), and 20% for the conventional tokamak (AUG) was found (PEP-6) [1]. In L-mode apart from the radial electric field edge profiles remained unchanged by the configuration change in AUG and MAST. The change of the L-mode Er by –1 kV/m between SN and DN was of similar magnitude in both devices. In the previous experiment the emphasis was on the L/H threshold and the proof of principle of a threshold reduction in DN. The continued experiment intends to study the profile differences in H-mode between SN and DN. On both devices a change in ELM characteristics and pedestal stability is observed. Initial results from 2005 (PEP-6/2005) show a 30% increase in confinement in DN compared to SN at constant heating power accompanied by a lower ELM frequency in DN. Studies of the effect of the magnetic configuration on peeling-ballooning stability on MAST suggest that the profile changes in H-mode between SN and DN rather than the vicinity of the 2nd X-point cause the difference in edge stability. Therefore, a comparison between SN and DN in stable conditions on both devices is needed.

                   [1] H Meyer et.al. Nucl. Fusion 46 (2006) 64-72  

Outline of proposed experiments and goals:
    Compare the pedestal structure between MAST, AUG, and NSTX in similar shaped exactly balanced DN and SN with similar global parameters at different input powers and similar ELM frequency. Determine the ELM stability and confinement in both configurations. Compare with existing data from JET QDN to DN scan. This proposal is an extension of PEP-6 which was more focussed on the L/H threshold.  

PEP-7    
Pedestal width analysis by dimensionless edge identity experiments on JET, ASDEX Upgrade, Alcator C-Mod and DIII-D

Topical Group: Pedestal and Edge Physics
Tokamaks: JET, Alcator C-Mod, ASDEX Upgrade, DIII-D

Contacts: G P Maddison(, I Nunes† ( JET ((Euratom/UKAEA Fusion Association, †CFN/IST Lisbon), A Hubbard, J Hughes ( C-Mod, L Horton, W Suttrop – ASDEX Upgrade, A Leonard, T Osborne, R Groebner – DIII-D

Participating devices and timing: Reference plasmas successfully obtained on C-Mod, counterparts next to be executed in current campaigns on JET.

Background and previous results: New experiments on Alcator C-Mod have extended earlier results at 5.2 T to 7.9 T (A Hubbard), considerably facilitating dimensionless identity matches on JET. Comparison of the two fields on C-Mod shows pedestal profiles scale primarily with current, while their widths tend to be almost constant. Good correspondence in terms of ((ped, (ped, q95 has been achieved, while Teped is higher, hence (( eped lower, at 7.9 T. These data reveal no sensitivity of pedestal widths to collisionality. Density pedestal width increases only at lower current / density, when relative penetration of neutral particles is greater. This is in contrast to observations on DIII-D and MAST which tend generally to be dominated by edge sources.

It remains vital for standard inductive operation on ITER to determine how pedestal properties scale to its conditions and where boundaries between different regimes might lie. Comparison of non-dimensionally consistent pedestal data from different tokamaks spanning a factor > 4 in size should offer both insight into the leading effects plus a stringent test of models. Various technical delays impeded progress in 2006 but experiments are now scheduled for present JET campaigns. Advantage is specifically to be taken of its improved edge diagnostic capabilities via a new high-resolution Thomson scattering system. 

Outline & goals of proposed experiments: (i) Use common single-null equilibrium developed for each device, with strong shaping to promote smaller ELMs. (ii) First address JET conditions (1.4 T, 0.90 MA) for edge identity with 7.9 T, 1.3 MA on C-Mod. Increment gas puffing and ICRF heating to derive requisite heights neped, Teped for identical pedestal dimensionless variables. (iii) Compare normalized pedestal widths and gradients between machines, applying models of neutral-particle source distributions. Simultaneously examine criteria for moderated ELMs in each device. (iv) Produce counterparts instead using NBI heating to test susceptibility to power deposition profile / electron-ion ratio. In particular, examine variability of core properties for given pedestal values. (v) If possible, repeat for second JET condition (0.88 T, 0.63 MA) matching original 5.2 T, 0.90 MA on C-Mod, to check for comparable change between ELM-free and EDA H-mode character. (vi) Alternatively, check effects of reducing edge current density / magnetic shear by scanning q95  –  increase Ip , then adjust heating and fuelling to recover previous ((ped, (( eped, (ped. (vii) Influence of lower (* eped at constant (ped, (ped, q95 should also be revealed between two field values, as on C-Mod, or could be explicitly derived with higher heating, then adjusting Bt , Ip in proportion to square root of edge temperatures, plus fuelling to maintain constant neped.

PEP-9

NSTX/MAST/DIII-D Pedestal Similarity
Topical group: pedestal and edge physics topical group

Contacts: R. Maingi (NSTX), T. Osborne (DIII-D), A. Kirk (MAST), 
Devices: DIII-D, MAST, NSTX

Time periods: New data requested from all three machines in 2007 to finish experiment
Experiment Purpose:

Determine if the pedestal height, width and gradients depend on aspect ratio

Background and Previous Results: 

A good double-null shape match was obtained in all three machines, along with a heating power and density scan to obtain a range of electron collisionality e* and normalized ion gyroradius *. Specifically we obtained ELMy H-mode in all three machines with a e* ~ 1 and * ~ 0.015 matched at the outer midplane. To accomplish this, DIII-D was run at toroidal field on axis Bt0 = 0.52 T. In DIII-D, the pedestal widths correspond to 6-8% of N, which was ~ 50-100% larger than typical pedestal widths at the nominal Bt0 = 2.1 T. The edge stability analysis indicates the plasma in DIII-D was at the peeling/ballooning boundary just before a Type I ELM. In MAST, the pedestal widths measured on the inboard side correspond to 3-4% of N, which is typical of other experiments in MAST. The peak electron pressure gradients were comparable between DIII-D and MAST. The stability analysis in MAST indicates proximity to the ballooning boundary. Finally in NSTX, analysis of the preliminary edge Thomson data indicates smaller widths and larger gradients than in DIII-D and MAST. 

Outline & goals of proposed experiments:

Pending the final calibration of the edge Thomson channels in NSTX, the kinetic EFITs and subsequent stability analysis will be finished to verify the preliminary findings. An important component of this is synchronization with the ELM cycle in NSTX, i.e. selecting only the Thomson profiles in the last 20% of the ELM cycle as used in DIII-D. In addition, analysis of existing NSTX discharges with lower pedestal e* will be completed. It is expected that these lower e* discharges will show substantially increased edge gradients as predicted by ELITE calculations, and similar experiments are desired in MAST in FY 2007 once more NBI power becomes available. Additional data at lower pedestal e* are also requested from DIII-D for a more precise comparison with the ELITE calculations, i.e. when the edge bootstrap current approaches neoclassical value unhindered by collisional effects.

PEP-10   
The radial efflux at the mid-plane and the structure of ELMs (AUG & MAST)
Topical Group: ITPA Pedestal TG

Contact Person:  Andrew Kirk (MAST), Albrecht Herrmann (ASDEX-Upgrade)

Devices: ASDEX Upgrade, MAST

Background and Previous Results:

The extension of ELMs into the SOL and its parameter dependence has to be extrapolated to ITER conditions. Discharges have been performed on AUG and MAST at different IP, BT, ne and PNBI and the radial efflux due to ELMs measured Preliminary results on the effect of these parameters on the radial fall off length of the efflux and radial velocity of the filaments have been obtained.  Although the e-folding length is larger on MAST (~ 5cm) than on AUG (~2.5 cm), for a given machine the e-folding length is similar at the ELM and inter-ELM and independent of magnetic field or the parameters that we have adjusted to date. Similarly although the radial velocity is twice as large on MAST than on AUG, to date, no parameter has been found that can effect Vr.

Outline & goals of proposed experiments:

Measure the poloidal and radial motion of the filaments and relate to ELM size. Measure the ELM decay in the SOL for different magnetic fields, densities, and ELM energy loss.

PEP-13 
Comparison of small ELM regimes in JT-60U and AUG and JET
Topical Group: ITPA Pedestal TG

Contact Persons:  N. Oyama, H. Urano (JT-60U), L.D. Horton, W. Suttrop (AUG),
G. Saibene, A. Loarte (EFDA-JET)
Devices: ASDEX Upgrade, JT-60U, JET

Background:
The previous inter-machine experiments have shown that is possible to obtain the JT-60U grassy ELM regime on AUG and JET and that identical type II ELM regime can be obtain in AUG and JET. So far, type II ELM and grassy ELM regimes have some similarities and differences. At AUG, grassy ELMs have been observed at βp ~ 2, δ ~ 0.4 and q95 ~ 6 but only in quasi-double null configuration, a condition usually associated with type II ELMs. In fact, the operating scenario for the AUG grassy ELM experiments is very similar to that of high density improved H-modes with type II ELMs, albeit at somewhat higher safety factor. On the other hand, MHD analysis suggests that the grassy regime is different from the conventional Type II ELM regime. Therefore, physical mechanisms of grassy ELM and type II ELM regimes as well as the extension of the operational regime in these small ELMs are still required to investigate.

Outline of proposed experiments and goals:

Final goals of this inter-machine experiment are to understand the physical mechanisms of type I ELM suppression in grassy ELM and type II ELM regimes and extension of operational regimes of these small ELM regimes to ITER relevant plasmas. To achieve them, following experiments will be proposed in AUG when high heating power is available. Span the gap between conventional type II ELMs and grassy ELMs to determine if there is a continuous transition from one to the other: (1) at moderate safety factor (q95 ~ 4) and δ ~ 0.4 and near double-null, study the power dependence of the necessary density (and collisionality) for entering the small ELM regime; (2) at high power, increase the edge safety factor in two steps (4->5->6) so as to bridge the gap between Type II ELMs in improved H-modes and grassy ELMs. In all cases, gather the necessary fast magnetic measurements necessary to compared the edge MHD between discharges and obtain the necessary edge profile information so as to study the ideal MHD stability of the discharges. In JT-60U, e* scan (toward higher than 1) in grassy ELM regime at high safety factor (q95 > 6) and δ >0.5 with no toroidal rotation will be proposed in 2007-2008 campaign to understand the importance of e* and to investigate the accessibility to type II ELMs. In JET, an exploration of access space towards lower e* and q95 for grassy ELMs is planned, which can contribute to the comparative studies of required condition of quasi-double null configuration between JET and AUG. Also in JET, type II similarity studies will continue in 2007, with the main aim of extending the range of plasma current where Type II ELMs are achieved. Collisionality dependence as well as the role of proximity to double null will be investigated with high priority.  
PEP-14  (TP-5)
 QH/QDB comparison in JT-60U and DIII-D
Topic Group: Edge and Pedestal Physics Topical Group (w/ Transport Physics Group)

Contact persons: P. Gohil, L. Lao (DIII-D) and N. Oyama, Y. Sakamoto (JT-60U)

Background and Previous Results:  A continuation of PEP-14 (and TP-5) from 2006. 

Tokamaks: DIII-D and JT-60U 

Outline of Proposed Experiments, Purpose and Goals: To improve the understanding and to expand the parameter space of QH/QDB plasmas by multi-machine experiments and comparisons. 

Experiments on DIII-D will stress the capability of simultaneous co- and counter-NBI at DIII-D to change the momentum input into QH-mode plasmas and determine the affect on the QH-mode plasma characteristics. These experiments will aim to obtain a better understanding of the differences between co- and counter-NBI for the formation requirements for QH-mode plasmas. These results will then be compared with results from JT-60U on their co- and counter-NBI experiments. The key aspects of these experiments for 2007 will include studies of: (a) the EHO with the outer gap; (b) the dependence of the edge density on the edge toroidal rotation; (c) extending the QH-mode operation with more co-NBI. It is expected that these experiments will be performed with participation from JT-60U scientists at DIII-D.

Experiments on JT-60U will stress the investigation of QH-mode plasmas with different beam mixes now with the new ferritic inserts that have been installed to reduce the ripple loss. These studies will include comparisons to old JT-60U QH-mode results without the ferritic inserts as well with DIII-D QH-mode results with different mixes of co- and counter-NBI obtained in 2007. Particular emphasis will be on QH-mode accessibility and its dependence on the edge toroidal rotation. These experiments will be performed after JT-60U recommences operations, which is expected in Nov 2007. These experiments will be carried out with participation from DIII-D scientists (P. Gohil and L. Lao)

PEP-16
 C-MOD/ MAST/ NSTX Small ELM Regime Comparison
Topical Group: ITPA Pedestal TG

Contact Persons:  A. Hubbard, H. Meyer, R. Maingi

Devices: C-MOD, MAST, and NSTX

Background:
A variety of small ELM regimes on various devices have been reported such as grassy ELMs (JT-60U, JET), type-II ELMs (JET, AUG, DIII-D), HRS-mode (JFT-2M, C-MOD), EDA (C-MOD), and type-V ELMs (NSTX) mostly at high collisionality e,ped* > 0.5. The physics leading to these different regimes and, hence, the scalability towards ITER is not fully understood. A recent ITPA-sponsored dimensionless comparison between C-MOD and JFT-2M (PEP-12) showed much commonality between EDA- and the HRS-mode, despite different aspect ratios. The recently announced type-V ELM regime observed in NSTX may well be another incarnation of HRS, EDA or type-II, although the details seem to be different. A similar comparison between C-MOD, NSTX and MAST would help to understand the differences and commonalities of these regimes, improving the reliability of extrapolations to ITER and, reducing the zoology of ELM regimes. The difference in field line pitch between small and large aspect ratio would highlight the role of q95 for the instabilities. Discharges with similar shape have been developed on all three devices during the previous campaigns. In these discharges short periods of small ELMs have been observed on MAST and C-MOD.
Outline of proposed experiments and goals:

Perform a comparison of ELM characteristics and pedestal structures in small ELM regimes in C-MOD, MAST and NSTX. The experiment would match plasma shapes (targets ~1.75, low~ 0.45, (up(0.35, single null), apart from aspect ratio, and include limited scans of power and density to vary pedestal parameters. The scans would be based on discharges with identical (*ped(0.5-3 and q95(5-6 with a wider scan in ped( 0.3% - 0.65% and (*ped(0.004-0.007 according to the machine capabilities. Note, that ( and (* are not constant on the flux surface and the low-field side values can’t be matched between C-MOD, and MAST and NSTX.  Points of comparison would be the operational spaces of ELM and fluctuation regimes, and the ELM and fluctuation characteristics. NSTX is capable of 2 heating schemas (neutral beam injection and RF) allowing for the assessment of the influence of plasma rotation on these regimes. The difference between MAST and NSTX is the absence of a close fitting wall showing the influence of first wall recycling. About one to two run days would be devoted on each device.  All three devices have extensive diagnostics of edge profiles and fluctuations which should make this comparison fruitful. This is the continuation of 2006 experiments under PEP-16, for which time was devoted to this experiment on all three devices.
PEP-17
Small ELM regimes at low pedestal collisionality
Topical Group: ITPA Pedestal TG

Contact Persons:  N. Oyama, Y. Kamada, H. Urano, K. Kamiya (JT-60U), 

                               A. Leonard, T. Osborne (DIII-D)

Devices: JT-60U and DIII-D 
Background:
Small ELM regimes have been intensely studied in several devices. The grassy ELM regime discovered by JT-60U was the first regime to combine tolerable ELM energy losses (from the point of view of divertor heat loads in ITER) at low pedestal collisionality, and no degradation of pedestal pressure (unlike other small ELM regimes). Several important parameters to enter the grassy ELM regime have been found in JT-60U such as triangularity (), q95, poloidal beta (p) and toroidal plasma rotation (VT). Since toroidal plasma rotation frequency in ITER is estimated as ~0.26 kHz by ASTRA simulation, accessibility to grassy ELM regime with respect to the toroidal rotation and its effect on other important parameters should be understood. From the view point of the controllability of toroidal plasma rotation, DIII-D and JT-60U have good capability using the combination of co- and counter-NBIs. Therefore, an inter-machine experiment between DIII-D and JT-60U can contribute to understanding the required condition of toroidal plasma rotation to obtain grassy ELMs.

Outline of proposed experiments and goals:

Final goals of this inter-machine experiment are to establish H-mode plasma operation with small ELMs and extension of operational regimes for these small ELM regimes to ITER relevant plasmas. A search through the extensive DIII-D database of high p discharges did not reveal grassy ELM regime so far. In JT-60U, on the other hand, grassy ELMs with ELM frequency of ~400 Hz was obtained with zero plasma rotation in high q (q95>6) and high  (>0.5) plasmas. Therefore, following experiments will be proposed in DIII-D. The first attempt will be to reproduce small ELMs in DIII-D following the grassy ELM recipe with balanced NB injection (zero toroidal plasma rotation at the pedestal). Once we obtain small ELM similar to grassy ELM in DIII-D, parametric dependence of important parameters (, q95, p and VT) to enter the grassy ELM regime will be compared between DIII-D and JT-60U. In JT-60U, new experiments to obtain grassy ELMs at low q95 (q95<4) and small toroidal rotation will be proposed in 2007-2008 experimental campaign. To understand the physical mechanism for the suppression of type I ELMs in small ELM regimes, main loss channel and characteristics of edge fluctuations will also be compared.

PEP-18
 Comparison of Rotation Effects on Type I ELMing 

               
 H-mode in JT-60U and DIII-D
Topic Group: 

     Edge and Pedestal Physics Topical Group, and Transport Physics Topical Group

Devices: JT-60U and DIII-D 
Contact persons: Y. Kamada (JT-60U), A. Leonard (DIII-D)

Background and Previous Results: 

      Recent tokamak experiments have revealed that the pedestal and core transport of the H-mode plasmas are determined under the linkage among pressure, current and rotation profiles. The goal of this research is to understand this complex system in order to improve predictive capability for ITER, and to develop control schemes for the pedestal parameters and ELMs and core transport. Concerning the parameter linkage, plasma rotation and its radial profile seem to play critical rolas.Recent JT-60U experiment has demonstrated a shift of toroidal plasma rotation VT into co-direction reduces the inter-ELM transport loss and increase the pedestal height and width. In addition, type I ELM energy loss normalized to the pedestal stored energy (DWELM/Wped) increases with increasing co-directed rotation. As for the core confinement of H-mode plasmas, both JT-60U and DIII-D have shown improved performance with co-directed rotation compared with counter rotation. The purpose of this study is to clarify the roles of plasma rotation systematically by utilizing the unique capability of rotation control with co- and counter- NBs in JT-60U and DIII-D. 

Outline of Proposed Experiments, Purpose and Goals: 

      As the first step of the study, we propose the study on effects of rotation on Type I ELM, pedestal transport and core transport at different plasma shape. In JT-60U, effects of the toroidal rotation have been clarified at medium triangularity d~0.3. Based on the ITPA pedestal database, the pedestal structure in JT-60U and DIII-D are quite different: DIII-D has large pressure gradient and narrow pedestal width compared with JT-60U. This difference seems to be due to the plasma shape. In order to clarify the effects of rotation at different pedestal situation, we propose rotation scan experiments at higher triangularity in DIII-D and take the following data:

1) Frequency and energy loss (incl. ELM affected area) of type I ELMs, and Pedestal width and inter-ELM transport at the same bp-ped and q95 with JT-60U,

2) Frequency and energy loss of type I ELMs, and Pedestal width and inter-ELM transport at the same pedestal collisionality and q95 with JT-60U, and 

3) Core thermal confinement of the plasmas in 1) and 2).

By comparing the data in DIII-D and JT-60U, we can clarify whether the rotation effects are universal, and the dependence of these effects on plasma shape. 

PEP-19 
Edge transport under the influence of resonant magnetic perturbations in DIII-D and TEXTOR
Topical Group:
Pedestal and Edge Physics

Tokamaks:

DIII-D and TEXTOR with DED

Contacs:
T. Evans, M. Fenstermacher, R. Moyer, I. Joseph (DIII-D)


B. Unterberg, H. Frerichs, D. Harting, M.W. Jakubowski, M. Lehnen, D. Reiter, O. Schmitz, D. Schega (TEXTOR)

Devices involved and timing: Experiments will be done on both DIII-D and TEXTOR starting in 2007. The plan is to sequence the experiments such that TEXTOR would produce the first results and DIII-D would follow using the TEXTOR shape and plasma parameters. Since DIII-D has very good shaping and operational flexibility, DIII-D will match the TEXTOR shape and operating conditions once good results have been obtained in TEXTOR for a range of mode spectra (12/4, 6/2 and 3/1 base mode configurations) and toroidal rotation. With knowledge of the TEXTOR results, DIII-D will then tailor experiments to maximize the benefit of a joint comparison (shape matching, variation of mode spectrum, range of toroidal rotation matching etc.) using the n=3 DIII-D I-coil as the RMP source.  It should also be noted that the EMC3 – Eirene code package is presently being adapted to model DIII-D plasmas with resonant magnetic perturbation and will be used in parallel with the experiments in DIII-D and TEXTOR to model and interpret these comparison studies.

Experiment’s purpose and goals: It was demonstrated at DIII-D that a reliable suppression of Edge Localized Modes (ELMs) can be accomplished applying RMPs with mode numbers m/n = 9/3 through 14/3. During ELM suppression the edge pedestal is maintained and an ELM free H-mode was developed at ITER relevant collisionalities and shapes. However, the underlying basic transport processes in stochastic plasmas are up to now an open question. Tackling these challenges needs flexible tools in experiment and modelling and clustering of expertise.

   At TEXTOR the Dynamic Ergodic Divertor (DED) is available as a reliable and flexible facility to study the impact of magnetic perturbation fields with different base mode configurations (12/4, 6/2 and 3/1) on the plasma edge. Thus, the topology and parameters of the stochastic edge layer can be varied in a wide range including plasma scenarios with an edge pedestal (limiter H-mode). Sophisticated edge diagnostics are available to investigate physical mechanisms in stochastic plasmas in great detail.

   To model plasmas with a stochastic boundary in both TEXTOR and DIII-D, the fully 3D fluid code EMC3/EIRENE is available. This transport code solves the Braginskii fluid equations including energy and particle sources and sinks at the wall elements. Detailed comparisons of the experimental results were performed at TEXTOR in order to benchmark this code. The experiments to be performed on both machines will benefit from the effort which has been initiated to adapt EMC3/EIRENE to the DIII-D geometry (grid generation and development of post- processing tools).

   The main question to be addressed in these comparison experiments is how different base modes affect the feasibility of ELM suppression by RMPs in ITER. Moreover, we want to study the impact of RMP on plasma rotation and the effects of plasma rotation on the penetration of the RMP.

   The experiments proposed shall start with circular limiter plasmas limited on the inner wall (including H-mode plasmas) at comparable collisionalities to study the impact of the mode spectrum on plasma edge transport (and stability). 

   At first we will operate in TEXTOR at ne*~1 which will allow an overlap to high collisionality experiments at DIII-D. Under those conditions we will document plasma edge profiles including poloidal and toroidal rotation. The experiments will be first conducted in the 3/1 and 6/2 base mode configuration. Experiments in the 12/ 4 base mode configuration will follow at last, possibly in 2008.

   To characterize the impact of the resonant magnetic perturbations introduced by the Dynamic Ergodic Divertor on plasma edge transport and limits of the operational domain, we will scan the distance between perturbation coils and resonant magnetic surfaces by shifting the plasma horizontally and the toroidal plasma rotation by varying the torque input from co- and counter neutral beam heating. A scan of the input power will be performed to investigate the impact of the resonant magnetic perturbations onto the power threshold to obtain the limiter H-mode. The sensitivity of the edge safety factor on the effects resulting from the resonant magnetic perturbations shall be investigated.

   In a second step and after completing the experiments at TEXTOR in 3/1 and 6/2  base mode configuration as described before, we will match the plasma conditions realized in TEXTOR, in particular the shape and collisionality, for selected discharges as well as possible at DIII-D and investigate the impact of the perturbation coils onto the plasma edge characteristics with the base mode configurations available in DIII-D (I- and C- coils configured for n=1 and n=3 perturbations).

    The plasma edge profiles obtained in these experiments on both experiments will be compared and used to benchmark the EMC3 – Eirene code with the ultimate goal to assess the impact of the mode spectrum on a stochastic plasma boundary in ITER.

 PEP-20 (SSO-4)
Documentation of the edge pedestal in advanced scenarios

Topic Group: 
Steady State Operation & Pedestal Edge Profiles

Spokes person:
C. Maggi (AUG)

Key persons: 


Pedestal TG: C. Maggi (AUG), R. Sartori (JET), R. Groebner (DIII-D), 

                      Y. Kamada     (JT-60U), N. Oyama(JT-60U)

SSO TG: G. Sips (AUG), R. Sartori (JET), T. Luce (DIII-D), 

                S. Ide /T. Suzuki (JT-60U)

Devices:  

JET, AUG, DIII-D, JT-60U
Background: 
During the past year, common data submission and analysis methods for pedestal data from AUG, DIII-D, JET, and JT-60U were established. Initial results from the analysis, applied to improved confinement regimes and to conventional H-modes, were reported by Maggi, et al. at the 2006 IAEA FEC. One of the more interesting results is that the there appears to be a roughly linear relationship between the total beta-poloidal of the plasma and the beta-poloidal of the pedestal.  Moreover, the four machines show quantitatively similar relationships for these parameters for much of the data presented.  However, these studies have some limitations due to the fact that they used data from existing scans and because the range of parameters covered was limited in some cases.  Both the PEP and SSO groups have interest in improving and extending these data sets and have agreed:

 (1) That the joint analysis should continue in 2007 by submission of more data (density, shaping, ITB discharges), with the discharges jointly selected by the SSO TG (types of discharges) and the Pedestal TG (with detailed pedestal measurements). 

(2) To give high priority to establishing new experimental scans to cover parameters thought to be important for advanced scenario physics and for pedestal physics. In addition, the groups wish to obtain new data, in order to reduce the effects of systematic uncertainty in diagnostics from year to year, a weak point in some of the data used so far.

Outline and aims: 
The new dedicated experiments (item (2) above) should be power scans at fixed q95 (matched in all four tokamaks), fixed plasma shape and fixed (pedestal) density. In addition, DIII-D could span the plasma shapes of AUG, JET and JT-60U to differentiate between power and shape dependencies of the pedestal pressure. One of the main physics goals of these scans will be to determine if the pedestal beta reaches a limit as the power is increased or if the beta continues to increase with power and total plasma beta.  The specific details of these scans will be defined jointly by the SSO TG (types of discharges) and PEP TG (detailed pedestal measurements). The discharges are requested to be stationary (>0.5 R) spanning a range in poloidal beta from the maximum  achievable to the minimum consistent with the scenario. The near-term aim is to focus on hybrid candidate discharges, but similar data from conventional H-mode and steady-state candidate discharges is also highly desirable. 

The measurements of interest include the density and temperature pedestal heights and, where possible, widths analyzed by the agreed methods.  If available, detailed boundary and divertor measurements, required for 2D edge analysis, should be obtained.  The detailed measurements of the (edge) kinetic profiles obtained in these discharges can be used to benchmark scenario simulation codes and will be submitted to the profile data base and the edge pedestal profile and divertor database. The SSO TG can use these discharges to verify (edge) bootstrap models and to characterise ELM activity at q95≥3.5. The PEP TG can use these discharges to study how the MHD stability of the pedestal varies as the plasma beta is increased.  In addition, the pedestal and divertor data obtained from these scans will allow comparisons among machines with edge modelling codes (such as SOLPS and similar codes). 

Scrape-off Layer and Divertor Physics ITPA-IEA Joint experimental proposals for 2007

The following experiments are proposed:


DSOL-1 
Scaling of Type I ELM energy loss

DSOL-2 
Injection to quantify chemical erosion 
DSOL-3
Scaling of radial transport 

DSOL-4 
Comparison of disruption energy balance in similar discharges and disruption heat flux profile characterisation 

DSOL-8 
ICRF Conditioning
DSOL-9  
13C injection experiments to understand C migration

DSOL-11 
Disruption mitigation experiments

DSOL-12
Oxygen Wall Cleaning

DSOL-13  
Deuterium codeposition with carbon in gaps of plasma facing components

DSOL-14 
Multi-code, multi-machine edge modelling and code benchmarking

DSOL-15 
Inter-machine comparison of blob characteristics

DSOL-16 
Determination of the poloidal fueling profile
DSOL-17 
Cross-machine comparisons of pulse-by-pulse deposition

DSOL-19
Impurity generation mechanism & transport during ELMs for comparable ELMs across devices
DSOL-1 
 Scaling of Type I ELM energy loss

Topical Group : Divertor and SOL physics 

Description of the Experiment’s Purpose and Goals : The purpose of the experiment is to extend the range on the study ELM losses and ELM affected area in discharges with similar pedestal plasmas in dimensionless parameters including the effect of plasma triangularity and their scaling with *, for devices of various sizes. The new diagnostic and devices capabilities in the contributing devices will be essential to this purpose. This proposal is directly linked to PEP-2 in which the aim is to investigate the physics processes that determine the pedestal edge gradients in these discharges.

Status : Results for the comparison of discharges at  ~0.27 in JET and DIII-D were presented at the IAEA 2004 Conference in a joint JET-DIII-D paper by M. Fenstermacher and published in Nuclear Fusion in 2005. These results show that ELM energy loads are similar for similar pedestal collisionalities but scale with * differently between JET and DIII-D. An attempt to compare JET and DIII-D at high triangularity was done but was only partly successful due to diagnostic problems during the JET experiments. At present, the influence of  on ELM losses in discharges with similar pedestal parameters and the multi-machine scaling of ELM losses with * remains unclear as results from the various devices seem in contradiction.

Contact Persons : A. Loarte, M. Kempenaars, G. Saibene, M. Beurskens, A.Leonard, T. Osborne, M. Fenstermacher, T. Eich, W. Suttrop, L. Horton

Devices involved in the experiment and time period : JET, DIII-D, ASDEX-Upgrade in 2007.

Description of Proposed Experiments : The experiments proposed aim at the study of triangularity influence on ELM losses for discharges with similar pedestal parameters. This will be done for  ~ 0.25 and ~ 0.5, q95 ~3, which corresponds to Ip ~1 MA and BT ~ 2 T in ASDEX-U and DIII-D and ~ 1T in JET. For such configurations the scaling with * will be assessed by discharges at ~ 0.5 MA/1T in DIII-D and ASDEX and by discharges at ~ 2MA/2T and ~ 3MA/3T at JET. ELM energy losses will be mainly determined by diamagnetic measurements, measurements of electron and ion temperature and density before and after the ELM and by IR measurements of power deposition on plasma facing components.

DSOL-2 

Injection to quantify chemical erosion 

Divertor & SOL Topic Group
Contact Person: V. Philipps, FZJ

Devices involved and time period: TEXTOR (S.Brezinsek), ASDEX-U ( R.Pugno, S.Brezinsek, A.Kallenbach), DIII-D (M. Fenstermacher, D.Whyte, A.McLean), JT-60 U (T. Nakano), JET (M.F. Stamp, S.Brezinsek,)

Plans 2007:
TEXTOR:

Further ”footprint analysis” of different injected hydrocarbons. The influence of secondary sources originating form local recycling (local deposits) on the bare D/XB  values (including ERO modelling) will be investigated. A 13CH4 and 13C2H4 comparison experiment is planned. The CH4 catabolism will be followed up as function of gas temperature (~400K-1000K) 

AUG

ERO modelling of hydrocarbon injection experiments in detached plasmas will be done (outer divertor).  The influence of secondary sources (local deposit on W) on D/XB values and erosion yields will be investigated.

JET: 

Comparison of local injection using a new valve and circumferential injection in JET will be done (no bypass, no leaking in the case of local injection). Photon efficiencies and erosion yields in detached plasmas in inner and outer divertor in L-mode plasmas will be done.
JT-60U: In 2007, the data in detached condition will be produced for the same
hydrocarbons

DSOL-3
Scaling of radial transport
Divertor & SOL Topic Group
Experiment’s purpose and Goals: The purpose of this collaboration is better prediction of how radial transport in the SOL scales. We aim to apply the same radial transport analysis to SOL data from a number of experiments for a range of plasmas (some dimensionlessly similar and some not) to try and identify the important scaling parameters. 

Status: A paper on analysis of DIII-D H-mode data was presented at the 17th Plasma Surface Interactions Conference in Hefei, May 2006, to appear in the J. Nuclear Materials. A more complete range of operational space data was taken at C-Mod (but not completed). A MAST magnetic equilibrium was developed for window-frame method analysis using dedicated shots. 2 runs were unsuccessful in producing the needed quality of data. Experimental time was not yet found on ASDEX-Upgrade.
Contact Persons: Bruce Lipschultz, Tony Leonard, S. Lisgo, A. Kallenbach
Devices involved and time period: MAST experiments (Spring 2007), C-Mod experiments (Spring-summer 2007), ASDEX-Upgrade (sometime in 2007?)

Proposed experiments: On MAST we will continue to use an equilibrium developed for DN plasmas and 2 toroidal limiters in the SOL ~ 6cm from separatrix (referenced to the midplane) to make radial flux measurements for a range in densities. On C-Mod the plans are to continue to complete a set of discharges over a range in operational space (ne, Ip, Bt) to overlap other tokamaks. Discussing what can be done on ASDEX-Upgrade. Analysis of data from DIII-D and C-Mod will continue to be pursued. 
DSOL-4 
Comparison of disruption energy balance in similar discharges and disruption heat flux profile characterisation

Topical Group : Divertor and SOL physics 

Description of the Experiment’s Purpose and Goals : The purpose of these experiments is to characterise the energy balance and energy fluxes to plasma facing components during the thermal quench of plasma disruptions for disruption types as close as possible to those expected in ITER reference scenarios.

Status : Analysis of existing data in various tokamaks (JET, ASDEX Upgrade, MAST, DIII-D, FTU and TEXTOR) presented at the IAEA 2004 and 2006 Conferences in a joint paper by A. Loarte has shown that the energy of the plasma at the disruption thermal quench is usually much smaller than that of the full performing plasma (with the exception of high b ITB collapses), the power footprint at the divertor is very broad, typically 5-10 times larger than the steady-state power flux and the timescale for energy flux to the divertor scales with machine size but shows a large variability. This affects the expected energy fluxes expected in disruptions in ITER and, in consequence, their lifetime under disruptions.

Contact Persons : A. Loarte, G. Pautasso, P. Andrew, V. Riccardo, J. Paley, D. Whyte, R. Granetz, D. Humphreys, A. Kellman, and G. Counsell.

Devices involved in the experiment and time period : JET, DIII-D, ASDEX-Upgrade, MAST and Alcator C-mod in 2007.

Description of Proposed Experiments : The planned experiments address the issues related to the disruption energy balance and energy fluxes during the thermal quench for a series of conditions typical of the ITER QDT = 10 regime, namely density limit disruptions, radiative collapse disruptions and NTM-triggered disruptions, and for a series of conditions typical of the ITER QDT = 5 regime, namely b-limits.

DSOL-8 

ICRF Conditioning
Topical Group : Divertor and SOL physics 

Experiment’s purpose and Goals: The purpose of this collaboration is a development of ICRF wall conditioning method as one of wall conditioning with strong magnetic field in devices with super conducting coil system. We aim to estimate the removal rate of tritium from the wall, determination of effective removal area and establish the operation scenario in ITER.
Status: As previous experiment, ICRF conditioning was operated in Tore Supra, TEXTOR HT-7, W7-AS, JET and LHD. But, from the problem of damage for ICRF antennas, only in HT-7, LHD, TEXTOR, ASDEX can operate with new device in EAST. 

Contact Persons: Naoko Ashikawa (LHD), Jiansheng Hu (HT-7 and EAST), Volker Philipps (TEXTOR), Volker Rohde (ASDEX-Upgrade)

Devices involved and time period:　LHD, HT-7, EAST, TEXTOR, ASDEX

Proposed experiments: 

LHD:  we have a plan of ICC experiment and aim to expand an operation area and to fix an operation scenario by pluse mode. In last experimental data, a vacumm pumping phase (= RF power off) was not sufficient and an intensity of hydrogen partial puressure is not clear. Therefore in this campaign, we will try to change a operation phase and RF power density. To separate an effect of acceralated high energy particles from ICRF system, frequency mode is changeed and it is observed a tail distribution by fast neutral analyzer(FNA).

HT-7: main aim for ICRF wall conditioning in HT-7 would be for comparison with the ICRF oxidation experiment with the same parameters. In the last experiment, we have done a few ICRF wall conditions on HT-7 with the same parameters as that during ICRF oxidation (wall temperature~410-470K, pulse duration 1s on/0.3s off, pressure<0.1Pa and power<40kW). In the coming campaign, we plan to try high pressure (~0.5Pa) and high power (~50kW) ICRF wall conditioning in a long time (He-ICRF and O-ICRF, about 20mins).
To observe an effective removal area for tile gaps, material probes is installed during ICC operation in LHD and HT-7 (or EAST). Surface morphology is also observed using same material samples.
DSOL-9  

13C injection experiments to understand C migration

Topical Group : Divertor and SOL physics 

Experiment’s purpose and Goals: 13C-tracer experiments involve injection of 13CH4 from various locations in a tokamak at the end of an experimental campaign prior to an in-vessel intervention. Tiles are then removed for surface analysis. This is a very useful tool for studying carbon co-deposition which is primarily motivated by the tritium retention issue. Comparison experiments among different tokamaks are needed to advance analysis methods and to identify common patterns of co-deposition.
Status: The four tokamaks have made in 2006 new  13C puffing experiments from different locations and/or different plasma types and analyzed previous data more by dedicated modeling. The erosion/migration behaviour of the outer divertor has turned into the focus of research which seems to be in erosion or deposition regime, sensitively depending on plasma parameters. While the dataset has significantly improved and similarities between different tokamaks has found, further puffing experiments are planned for specific combinations of location, plasma and surface conditions.

Contact Persons: Paul Coad, Peter Stangeby, Volker Philipps, Volker Rohde

Devices involved and time period: JET, DIII-D, TEXTOR, ASDEX-Upgrade 

ASDEX Upgrade: 13C puffing at the end of the experimental campaign is planned to investigate the carbon migration in full tungsten device.

DIII-D: It is planned to combine thermal oxidation and 13C migration studies  in 2007. The objective would be to demonstrate the effectiveness of  O-baking for an all-carbon PFC divertor tokamak, in detached-divertor  H-mode conditions, as called for in the ITER plan, and using bake  temperatures achievable in ITER, up to ~350C in the divertor after the water cooling is taken out. In order to assess the  effectiveness of O-baking, 13C-tracer methods will be used to create  known, measured co-deposits at different locations, including tile faces and gaps.

JET: A 13C injection experiment is foreseen at the end of the present experimental campaign, which will be end of April 2007. A type I Elmy H mode plasma is foreseen and injection will be done probably at the outer midplane. Modeling is planned to model the 13C deposition on shadowed parts of tile 7 after the 2004 13C outer divertor injection experiment, which was recently detected. Analysis is underway to quantify these deposits are being quantified, and will be modelled by ERO.
TEXTOR: The surface roughness of graphite is a possible explanation of the strong difference of the local 13C deposition efficiency on a graphite substrate in a spherical (shallow angle of incidence of the magnetic field) and a roof-like (steeper angle of incidence) geometries. It is planned to study the surface roughness effect in a dedicated 13C injection experiment with a polished graphite spherical limiter.
DSOL-11 

Disruption mitigation experiments
Topical Group : Divertor and SOL physics 

Contact Persons: D. Whyte (MIT), T. Jernigan (ORNL), E. Hollmann (UCSD), M. Bakhtiari (JT60-U), G. Martin (Tore Supra), V. Riccardo (JET), P. Andrew (JET), R. Granetz (MIT), K. Erents (JET), G. Matthews (JET), K.H. Finken (Juelich)

Devices involved and time period: JET, C-Mod, DIII-D, Tore supra, TEXTOR, ASDEX-Upgrade, for year to Oct 2006

Experiment’s purpose and Goals: Determine the optimal disruption mitigation schemes for ITER and other burning plasma devices.
Proposal

The new massive gas injection has largely been installed and commissioned on JET, with experiments expected soon; experiments that will contribute importantly to the understanding of size-scaling with gas mitigation. A larger gas injection is being installed on AUG, and will be tested with the full-W wall phase to compare to results on the Mo-wall C-Mod. DIII-D has preliminary results using a “jumbo” gas injector, although issues arose with respect to delayed valve opening. Additional diagnosis of the gas interaction with the edge plasma (e.g. TEXTOR, DIII-D) with fast cameras would be helpful .Similar or coordinated analysis and modeling should be brought to bear on the new experiments in order to better extrapolate the required gas injection parameters for ITER.

AUG reports transient neon retention in the walls after gas mitigation affecting plasma operations. Further comparisons are needed with other devices (DIII-D, C-Mod) that previously reported minimal operation effects.

Gas mixtures appear promising to maximize disruption mitigation efficiency, and further work is proposed on several facilities on this topic.

DSOL-12

 Oxygen Wall Cleaning

Topical Group : Divertor and SOL physics 

Experiment’s purpose and goals: T-retention by co-deposition with C is problematic for ITER. Oxygen cleaning is a potential solution. Development of the method requires cross-device experimental comparisons in present tokamaks. It is necessary to establish, for a given ‘severity’ of exposure (pressure, bake temperature, duration), and for each type of oxygen cleaning (thermal O2, ozone, plasma-activated O): (a) How much of each type of co-deposit is removed? (b) How much and what type of wall re-conditioning is required to recover tokamak performance? (c) If there is long-term damage done to non-carbon materials and components in the tokamak, and if there is damage – how much? (d) The removal efficiency of oxygen cleaning is a strong function of temperature, and vessel temperature is restricted in ITER. Is there a window of applicability?

Status: At Juelich, the effectiveness of ozone has been investigated in ex situ experiments, with plasma-activated (He/O-GDC and He/O-ICRH) studies being carried out in situ, in TEXTOR. HT-7 has compared O2-baking, O-ICR, 4:1 He/O-ICR and O-GDC all at ~450K, i.e. substantially cooler than used in TEXTOR. In DIII-D 13CH4 was puffed into repeat H-mode shots, creating isotope-marked co-deposits with tiles removed and analyzed at Sandia and Wisconsin. Testing of the tiles with thermal-oxygen has started in Toronto. Ex situ measurements in Garching and Toronto show that impurities such as B in the co-deposits can greatly reduce removal rates.

Contact Persons: P. Stangeby, V. Phillips, J. Hu, J.Roth.

Devices involved and time period: TEXTOR, HT-7, EAST, DIII-D. 2007.

Proposed experiments: 

HT-7, EAST: will investigate the effect of different oxidation techniques on HT-7 with regard to removing deposits from different locations: plasma-facing, plasma-shadowed, remote. Will investigate in HT-7 the effect of oxidation on different deposit types: dust, flakes, hard/soft films; this will include insertion of special samples into HT-7. Will investigate the influence of magnetic field on O-ICR cleaning for limiter and divertor tokamaks (HT-7 and EAST); insertion of special samples into EAST divertor.
DIII-D, JET: 13C-tracer experiments carried out in DIII-D and JET, followed by tile removal and analysis of 13C content at the University of Wisconsin-Madison, Sandia National Laboratories, and Tekes (Helsinki) (also for T content at Karlsruhe). The tiles are being evaluated in Toronto with regard to the ability of different severities of oxidation exposure to remove the different types and locations of 13C co-deposit - the amounts of which will be known. Interpretive plasma edge and impurity transport computer code analysis is being applied to the measured 13C deposition patterns in order to generate the understanding needed to apply findings to ITER. Pending results, in situ oxygen wall cleaning experiments will be carried out in DIII-D.
TEXTOR: Experiments will continue to evaluate the various types of oxygen wall cleaning, including thermal oxygen, ozone and plasma-activated oxygen. 

DSOL-13  
Deuterium codeposition with carbon in gaps of plasma facing components

Topical Group : Divertor and SOL physics 

Experiment’s purpose and Goals: In ITER, codeposition of tritium with carbon, which is envisaged as armour for divertor target plates, will lead to continuous growth of tritium inventories. If the safety limit for the vessel T-inventory  is exceeded, the co deposited layers have to be removed. Co deposited hydrogen inventories are therefore particularly of concern in gaps of W castellated surfaces or macro brush components and C or Be tile-gaps which are not well accessible by most potential cleanup methods. The goal of this experiment is the quantification of the total amount and spatial distribution of hydrocarbon layers in gaps of plasma facing surfaces and the investigation of the dependency of deposition rates on gap geometry, local plasma parameters, carbon concentration and surface temperature. 

Status: A review of results on experiments with exposure of gap probes in TEXTOR, DIII-D and ASDEX Upgrade was presented at PSI 2006, Hefei (K. Krieger et al). New results from experiments at TEXTOR comparing samples with different geometry of the plasma facing surface were presented at PFMC 2006, Greifswald (A. Litnovsky et al).

Contact Persons: Coordinator: K. Krieger, TEXTOR: A. Litnovsky, ASDEX Upgrade: K. Krieger, DIII-D: C. Wong, ToreSupra: Ch. Brousset, C‑MOD: B. Lipschultz, MAST: G. Counsell

Devices involved and time period: Contributing devices: TEXTOR, ASDEX Upgrade, DIII-D, ToreSupra, C-MOD, MAST
Proposed experiments in 2007:

ASDEX Upgrade: Exposure at the outer divertor strike point to compare deposition in divertor configuration with carbon target plates to that in full tungsten machine.

DIII-D: No experiments planned yet.

TEXTOR: Analysis of transport processes in gaps using the ERO code. No specific experiment planned yet.

MAST: Exposure of newly developed macrobrush sample using manipulator system for SOL plasma.

DSOL-14 
Multi-code, multi-machine edge modelling and code benchmarking

Topical Group: Divertor and Edge

Experiment’s purpose and Goals: Edge simulation codes are being used as a bridge between current experimental results and predictions for the ITER divertor.  Several edge simulation codes (SOLPS a.k.a. B2-Eirene, EDGE2D-NIMBUS, UEDGE, …) are in widespread use but have not been extensively benchmarked against each other for realistic cases, although some basic numerical benchmark tests exist.  The intention is to continue this work, extending the already completed SOLPS/EDGE2D-NIMBUS stage I (D, no drifts) to stage II (D, drifts) and III (D+C, no drifts) of SOLPS/EDGE2D-NIMBUS/EDGE2D-EIRENE. The SOLPS/UEDGE stage I should be completed and stages II and III started.  If possible stage IV (D+C, drifts) will also be done with all the codes.  An interesting new possibility is to perform a SOLDOR/SOLPS comparison, or perhaps to include SOLDOR in the full code-code comparison. 

  Beside code-code validation, a closest possible reproduction of experimental data is essential to make reliable predictions for ITER. To better facilitate those comparisons, a standard interface for experimental data has been defined in collaboration with the ITPA Topical groups for pedestal and divertor and SOL physics and the EU Task Forces for Integrated Modelling and PWI. The interface is based on MDSplus and an identical tree structure is used for edge simulation codes and experimental data.


Contact Persons: David Coster, Arne Kallenbach, Xavier Bonnin, Akiyoshi Hatayama, Hisato Kawashima, Tom Rognlien, Jim Strachan, Mathias Groth, Marco Wischmeier  

Status:  No experimental time is requested at this stage.  Phase I is intended to concentrate on basic comparisons of the codes, with four stages of increasing physics complexity.  Phase II, which should overlap the later stages of phase one, will extend the code-code comparisons to code-code-experiment comparisons.  In this phase, well diagnosed shots from a number of  machines and a number of experimental conditions will be required.  In phase III, issues related to the specific ITER divertor conditions will be tested. Phase I will require no experimental data.  Phase II will probably not require additional experimental discharges, though “repeats” with better diagnostics might be desirable.  Phase III might produce specific experimental proposals to test the physics basis underlying the code predictions for ITER (e.g. semi-detached divertor conditions, opacity effects, mixed materials, He pumping).
Proposed experiments: No new experiments are called for at this stage, but rather the preparation of the MDSPlus in the ITPA format of existing data.  In particular, the D3D SAPP plasmas would be of interest, as well as the AUG/D3D Ohmic comparison shots.
DSOL-15 
Inter-machine comparison of blob characteristics

Topical group: 
Divertor and SOL

Background  - Intermittent turbulent transport seen on most tokamaks, commonly called blobs, has been shown to have a primary effect on perpendicular ion transport in the SOL. This has significant implications for main-chamber recycling, impurity sources and divertor design.


The intermittent “blobby” transport is also present on linear devices (e.g. PISCES at UCSD, LAPD at UCLA, VINETA at IPP Griefswald) and simple toroidal configurations (e.g. VTF at MIT). It is desirable to gather and collate what is known experimentally about blobs as they occur on various devices. This would provide a “database” on blob characteristics, for example, their spatial size, radial velocity, and the approximate fraction of radial particle flux removed by the blob transport. 

Contact persons  J. Terry (C-Mod), G. Antar (PISCES), N. Asakura (JT-60U), J. Boedo/D. Rudakov (DIII-D), J. Egedal (VTF), W. Fundamenski (JET), O. Grulke (IPP-Griefswald), Albrecht Herrmann (AUG), C. Hidalgo (JET and TJ-II), R. Maqueda/S. Zweben (NSTX), ? (TEXTOR) 
Devices: all devices that have measurements of blob parameters

Proposed experiments:

Using measurements that have already been made, bring together the various measurements for study of dimensional and dimensionless variations across the contributing machines. This “gathering of data” would take the form of soliciting from as many machines as possible the values of a small set of blob related parameters, e.g. size, velocity, etc. We will attempt to coordinate the analyses of these data both before and after compilation.
DSOL-16 

Determination of the poloidal fueling profile
Topical Group: Divertor and SOL

Experiment’s purpose and Goals: In the absence of direct measurements of the poloidal fueling profile, boundary plasma simulations validated against experimental data are being used as a tool to compute the hydrogen flux across the separatrix. Such simulations heavily rely on measurements of the recycling flux along the divertor and main chamber walls, SOL and pedestal plasma parameters, such as density and temperature, and the surface temperature of the plasma-facing components. The scope of this work includes quiescent, low confinement mode (L-mode) plasmas – circumventing the effect of edge localized modes (ELMs) in both experiment and modeling – and type-I ELMy high confinement mode (H-mode). Analyses of existing data have shown that the inner divertor plasma, commonly at higher density and lower temperature than the outer plasma, plays an important role in fueling the core plasma from the high-field region just above the divertor X-point. Precise measurements of the plasma density and temperature in the inner divertor plasma, using spectroscopy, are therefore instrumental in determining the fueling efficiency from this SOL region.

The experimental data obtained on AUG, DIII-D, and possibly JET, MAST, and Alcator C-mod will be submitted to a common ITPA SOL database, as done in similar fashion for the pedestal database, permitting cross-comparison of data from the various fusion devices, and experiment-code validation (see DSOL-14).

Plasma simulations using both interpretative (OEDGE) and predictive codes (SOLPS, UEDGE) are proposed. Modeling of a low density L-mode case in AUG and DIII-D are under way. An interface based on MDSplus has been created that writes the modeling results to a database that permits comparison of the experimental data with data created by synthetic diagnostics from the simulations (see DSOL-14).


Contact Persons: Mathias Groth, Gary Porter, Anthony Leonard, Arne Kallenbach, David Coster, Marco Wischmeier, Steve Lisgo, David Elder

Status:  Experimental data in AUG and DIII-D were obtained in L-mode and H-mode regimes in 2004 through 2006. Submission of the AUG L-mode data to MDSplus was completed, and is under way for the DIII-D L-mode data. Modeling of a low-density L-mode case in AUG (SOLPS, UEDGE) and DIII-D (UEDGE) is currently carried out, but no systematic cross-machine comparison has yet been carried out.
Proposed experiments: Experiments targeting precise measurements of the inner divertor density and temperature in L-mode and H-mode plasmas are called for. Such experiments include spectroscopic measurements of the high-n Balmer or Paschen lines. 

Analyses and modeling of existing data from AUG, DIII-D, and other devices are to be continued. Additional OEDGE analysis of the L-mode plasmas is proposed to provide input of the radial transport coefficients to the predictive codes.

DSOL-17 

Cross-machine comparisons of pulse-by-pulse deposition

ITPA Divertor & SOL Topic Group
Experiment’s purpose and Goals: Aim of experiment is to compare time resolved deposition measurements between different machines to uncover underlying physics and to improve predictive capability for tritium retention and first mirror coating in ITER. The data will be compared to modeling using ERO and BBQ.
Status: AUG, JET, TEXTOR and NSTX all have a quartz microbalances (QMBs). However, on a individual machine the spatial coverage is relatively sparse. The different machines provide contrasting geometry and divertor conditions. In 2005 three quartz microbalances yielded rich information on deposition on the NSTX wall and this data is presently being analysed. In AUG the sub divertor QMBs works routinely.

Contact Persons: C. Skinner (NSTX), V. Rohde (AUG).
Devices involved and time period: Initially NSTX and AUG. Additional comparisons with JET, TEXTOR will be established following approval. Data is being recorded continuously. Time period is 2006.  

Proposed experiments: In 2006 we will continue to record deposition on the NSTX vessel wall during plasma operations and during boronization, lithiumization wall conditioning and the results will be interpreted using the BBQ code (J. Hogan, ORNL). Dedicated experiments to check specific hypotheses on the  key factors in deposition will be proposed to be carried out on NSTX in 2006. A standard set of relevant deposition conditions will be defined (L-mode, H-mode, different divertor radiation levels, different impurity concentrations,..).  Data from AUG, JET, Textor and NSTX for this set will be compared. 

Data from typical AUG discharges (L-mode, H-mode, different divertor radiation levels)  will be compared to these results. 

DSOL-19
Impurity generation mechanism & transport during ELMs for comparable ELMs across devices
Topical Group : Divertor and SOL physics 

Description of the Experiment’s Purpose and Goals : The purpose of the experiment is to determine which process are dominant in the generation of impurity influxes from the divertor and into the main plasma following ELMs by comparing results from various divertor tokamaks in conditions of similar divertor energy fluxes, impact energies and with C and high Z divertor targets and to determine their influence on the overall erosion/deposition balance in H-mode discharges. The goal is to determine which will be the influxes generated following ELMs in ITER and what is the expected C deposition and main plasma contamination. This is important because either of the two phenomena (or both) can determine a lower acceptable level for the divertor ELM energy load in ITER.

Status : All devices observe transient radiation spikes and edge plasma contamination during ELMs. Particularly JET observes a large increase of the emitted radiation when ELM energy losses from the main plasma exceed ~ 0.7 MJ. At present there is no systematic study the magnitude and mechanisms behind these impurity influxes nor of the contamination and enhanced redeposition that may be associated with them. Codeposition of T with material eroded during ELMs and plasma contamination could determine a lower limit for the allowed ELM size in ITER that the divertor lifetime as assumed until now. The amount of C eroded per discharge for ELMs in ITER which are acceptable with the divertor lifetime is ~150 g. This is comparable or larger than the net erosion caused by chemical erosion of the target between ELMs and can lead to a significant plasma contamination. At present our knowledge of the physics processes involved in phenomena is very poor and, thus, any extrapolation to ITER very unreliable.

Contact Persons : A. Loarte, W. Fundamenski, R. Pitts, M. Fenstermacher, M. Groth, A. Herrmann, V. Rohde, D. Whyte, T. Nakano and G. Counsell.

Devices involved in the experiment and time period : JET, DIII-D, ASDEX-Upgrade, Alcator C-mod, JT-60U, MAST  in 2007.

Description of Proposed Experiments : The experiments proposed aim at the study of ELM energy loads at the divertor on the generation of impurities in low and high Z devices for comparable ELM conditions. Such conditions can be achieved by running discharges with similar pedestal plasma parameters, which corresponds to Ip ~1 MA and BT ~ 2 T in ASDEX-U and DIII-D (MAST and C-mod parameters?) and ~ 1T in JET and JT-60U. For these experiments a medium  configuration (0.2-0.3) with q95 = 3 can be chosen. To investigate the role of ELM energy size and/or electron impact energy on promoting desorption of deposited layers (on C and high Z divertors), erosion of the target substrate and enhancing impurity influxes, experiments will be carried out at a higher (up to 3 MA JET and JT-60U) and lower currents (DIII-D and ASDEX-Upgrade, MAST, C-mod) maintaining plasma shape and q95. Pedestal parameters will be measured by ECE, Thomson scattering, Edge Lidar diagnostic, Lithium beam, reflectometer/interferometer and edge charge-exchange measurements. ELM energy losses will be mainly determined by diamagnetic measurements, measurements of electron and ion temperature and density before and after the ELM and by IR and soft-X ray measurements of power/electron deposition at the divertor targets. Impurity influxes will be determined by visible spectroscopy, plasma contamination by charge-exchanged and transient radiation by ELMs by bolometry.

MHD, Disruptions, and Magnetic Control ITPA-IEA Joint experimental proposals for 2007

The following experiments are proposed:


MDC-1 
Disruption mitigation by massive gas jets

MDC-2  
Joint experiments on resistive wall mode physics

MDC-3 
Joint experiments on neoclassical tearing modes (including error field effects)

MDC-4  
Neoclassical tearing mode physics - aspect ratio comparison

MDC-5 
Comparison of sawtooth control methods for neoclassical tearing mode suppression
MDC-8  
Current drive prevention/stabilisation of NTMs

MDC-10 
Measurement of damping rate of intermediate toroidal mode number Alfvén Eigenmodes 

MDC-11
Fast Ion Losses and Redistribution from Localised AEs
MDC-12
Non-resonant magnetic braking

MDC-1 Disruption mitigation by massive gas jets

See DSOL-11 proposal.

MDC-2  Joint experiments on resistive wall mode physics

	Topical Group:
	MHD

	Status:
	On-going collaboration

	Background:
	This is a continuation of MDC2 which started in 2004.  Previous work has included detailed comparisons of resonant field amplification and comparison of the critical velocity for RWM instability between DIII-D, JET and NSTX.  Recent data from DIII-D and JT-60U on momentum braking from balanced (or near-balanced) NBI, shows a low critical velocity for RWM stabilisation of 0.3% of the Alfvén velocity at q=2.  

	Contact persons:
	H Reimerdes, A Garofalo (DIII-D), , S D Pinches (JET), R Koslowski (TEXTOR), M Takechi (JT-60U), S Sabbagh (NSTX), H Zohm (AUG), M Gryaznevich (MAST),Y Liu (MARS-F code)

	Experiments:
	DIII-D, JET (experiments scheduled Dec 06), NSTX, JT-60U, MAST, AUG and TEXTOR

	Outline and Aims:
	The JET sessions will concentrate on the resonant field amplification from travelling waves for direct comparison with existing data from DIII-D, on demonstrating rotation damping to allow a close approach to the ideal wall limit in an ITER AT like scenario, and possibly on use of n=2 magnetic braking to determine the critical velocity.  DIII-D will continue to conduct experiments using near balanced NBI.  JT-60U will conduct RWM braking experiments using near balanced NBI.  MAST will look at resonant field amplification.  A major output from all these experiments is further data to benchmark models of RWM damping, allowing refined predictions for ITER (e.g. using the MARS-F code).  Further the models need to be validated against a range of rotation profiles to allow a full understanding of the role of the near edge velocity profile.  



MDC-3 Joint experiments on neoclassical tearing modes (including error field effects)
	Topical Group:
	MHD

	Status:
	On-going collaboration

	Background:
	This is a continuation MDC-3 from 2006 (and before), with the aim of determining the *, * scaling for the  NTM critical- from cross machine experiments.  Also this experiment aims to examine the effects of error fields on triggering 2/1 NTMs.  Experiments on 3/2 NTMs are complete but those on 2/1 NTMs remain to be completed.

	Contact persons:
	R Granetz (C-Mod), R Buttery, M Maraschek (JET), M Maraschek (AUG), R La Haye (DIII-D)

	Experiments:
	C-Mod, JET, AUG, DIII-D 

	Outline and Aims:
	2/1 NTMs

· Further studies of 2/1 NTM ramp-downs are a priority for DIII-D and JET over the next year - these will be executed at raised q95 to avoid disruptions and maintain H mode. Key issues are checking basic physics and looking at threshold behaviour in ITER relevant regimes (eg low rotation).  Examine error field role at various N values with balanced beams –this is on list of possible DIII-D experiments and is a key issue to check for ITER.




MDC-4  Neoclassical tearing mode physics - aspect ratio comparison
	Topical Group:
	MHD

	Status:
	On-going collaboration

	Background:
	This is a continuation MDC4 from 2005/6 where a start was made on the AUG/MAST comparison.  The aim is to determine the aspect ratio dependence of NTM stability, based on comparisons between MAST, NSTX and AUG, DIII-D.

	Contact persons:
	M Maraschek (AUG), D Howell (MAST), E. Fredrickson (NSTX), R. LaHaye (DIII-D)

	Experiments:
	AUG, MAST, NSTX and DIII-D

	Outline and Aims:
	Complete MAST(AUG NTM comparison experiments – this will probably be a comparison of the onset and critical- for 2/1 NTMs. In the case of MAST sequencing of waveform from the 2 beams and possibly power modulation of the NBI PINI should allow a controlled rampdown of the power in 2007.  Complete the NSTX(DIII-D experiment, which should allow the influence of the curvature terms to be assessed (availability of experiment time on NSTX and DIII-D, tbd).


MDC-5 Comparison of sawtooth control methods for neoclassical tearing mode suppression

	Topical Group:
	MHD

	Status:
	On-going collaboration

	Background:
	This is a continuation MDC5 from previous years.  The aim is to improve NTM -limits by controlling the sawtooth seed instability.  This may be an important technique for ITER where -stabilised sawteeth are likely to induce NTMs when they crash.  ECCD sawtooth control looks promising in L-mode (AUG, DIII-D) but needs to be extended to the H-mode.  ICRF control can be explored on JET and C-Mod.

	Contact persons:
	O Sauter, R Pinsker, R La Haye (DIII-D), A Mueck, H. Zohm (AUG), S. Coda (JET), J Menard (NSTX), T Goodman (TCV), Yi Liu (HL2A), S Wukitch (C-mod), F Gandini (FTU)

	Experiments:
	AUG , DIII-D, JET(early 2007), NSTX, TCV, C-Mod, FTU and HL2A

	Outline and Aims:
	JET experiments on the control of large fast particle induced sawteeth, via ICCD near q=1, are planned for early 2007. 

C-Mod plans to look at sawtooth control with ICRF in the presence fast ion stabilisation.  

AUG, DIII-D to demonstrate value of ECCD sawtooth control on NTM -limits (i.e. sawtooth control in H-mode at high ).

FTU sawtooth control with ECRH, ECCD and LHCD.



MDC-8  Current drive prevention/stabilisation of NTMs
	Topical Group:
	MHD

	Status:
	On-going collaboration

	Background:
	This is a continuation of MDC-8 from last year.  The experiment concerns studies of pre-emptive application of current drive (ECCD, LHCD) for NTM avoidance, and ECCD control of pre-existing NTMs.  Overall the aim is to provide a range of data to benchmark the Rutherford equation for NTM evolution, allowing predictions for ITER ECCD requirements to be further validated.

	Contact persons:
	R Buttery (JET), A Isayama (JT-60U), M Maraschek, H Zohm (AUG), R La Haye (DIII-D), S. Cirant (FTU)



	Experiments:
	JET , AUG, DIII-D, FTU and JT-60U

	Outline and Aims:
	AUG and DIII-D Investigate modulated ECCD stabilization of 3/2 NTMs (a key ingredient to benchmarking the modified Rutherford equation) 

FTU tearing mode control by ECRH/CD with experiments mainly aimed at the development of real time control strategies aimed at synchronous TM-ECH modulation.
JT-60U continue ECCD studies on NTM stabilisation




MDC-10 Measurement of damping rate of intermediate toroidal mode number Alfvén Eigenmodes 

	Topical Group:
	MHD

	Status:
	On-going collaboration

	Background:
	This is a continuation of MDC-10 from 2005 and 6. Results so far on intermediate-n TAE damping have been from C-Mod, where shape scans and an initial comparison with theory calculations has been completed.  One of two antenna for driving and detecting AEs in the toroidal mode number range (n<~15) has been commissioned on JET, and experiments will occur soon.  A TAE antenna system, initially with 3 coils, has been installed on MAST and experiments should start in 2007.  So in the next year substantial studies on intermediate-n TAEs (the most important for ITER) should occur on several tokamaks.

	Contact persons:
	A.Fasoli, A Klien, D.Testa (JET), J.Snipes (C-Mod), M.Gryaznevich (MAST)

	Experiments:
	JET, C-Mod, and MAST

	Outline and Aims:
	In order to predict unambiguously which damping mechanism will be relevant for intermediate-n AEs in ITER, the parametric dependency of the AE damping and growth rate needs to be experimentally assessed.  Specific goals are measurement of damping, using the TAE antenna, as a function of:-

· plasma shape (test damping models based on edge mode conversion)

· plasma beta and bulk ion temperature (test ion Landau damping and core mode conversion regimes)

· normalized ion Larmor radius (test predicted scaling of most unstable n’s as function of (i( and radiative damping model)

· rotation shear and q-profile

· antenna-plasma distance

· aspect ratio

· Systematic comparison with theory

C-Mod experiments on TAE damping are expected to continue in 2007.  First results from the new JET and MAST TAE antennas are expected in the next year.



MDC-11  Fast Ion Losses and Redistribution from Localised AEs 

	Topical Group:
	MHD

	Status:
	New Proposal

	Background:
	The super-Alfvénic NNBI in ITER will be a drive for AEs, which may in turn affect the beam deposition and current drive.  Localised AEs (e.g. tornado modes within q=1 and Alfvén Cascades (RSAEs) localised near qmin) are known from existing experiments on DIII-D, JET and JT-60U to have the potential for causing fast ion redistribution and/or losses.



	Contact persons:
	D Borba (JET), M.Gryaznevich (MAST), R Nazikan, B Heidbrink (DIII-D), A Isayama (JT-60U), E Fredrickson (NSTX)

	Experiments:
	JET, DIII-D, JT-60U, NSTX and MAST

	Outline and Aims:
	The aim is to systematically compare the redistribution and losses from localised AEs.  

· For RSAEs JT-60U has reported fast ion redistribution [1], whereas fast ion redistribution is not evident on JET.  A systematic comparison between JET, JT-60U and DIII-D (and possibly MAST) is needed to clarify the potential for fast ion confinement degradation from RSAEs.

· All machines that see tornado modes observe fast ion losses – these now need to be quantified and compared on a common basis with modelling (JET, JT-60U).

· The conditions for causing ALEs on JT-60U should be reproduced and studied in other devices.

[1]  M. Ishikawa, et al, Nucl. Fusion 46 No 10 (October 2006) S898-S903




MDC-12  Non-resonant Magnetic Braking

	Topical Group:
	MHD

	Status:
	New Proposal

	Background:
	Most tokamaks with external error field coils have observed non-resonant magnetic braking e.g. on DIII-D [1], and this effect is now starting to be theoretically understood [2].  It is evident that the braking effect can be quite significant and in view of the effect of plasma rotation on RWMs, NTMs and locked modes it is important to quantify this effect.

[1] La Haye R.J. et al 2002 Phys. Plasmas 9 2051

[2] Shaing K.C. 2003 Phys. Plasmas 10 1443and UW-CPTC report Cole A.J. et al, ‘Effect of neoclassical toroidal viscosity on error-field penetration thresholds in tokamak plasmas’



	Contact persons:
	S Wolfe (C-Mod), T Hender (JET), D Howell, M Gryaznevich (MAST), R La Haye (DIII-D), R Koslowski (Textor), J Menard (NSTX)

	Experiments:
	JET, DIII-D, C-Mod, NSTX, Textor and MAST

	Outline and Aims:
	The aim is to compare the magnetic braking from externally applied dominantly n=2 or 3 error fields and examine the effects of non-resonant n=1 fields..  

All the tokamaks listed above can apply dominantly n=2 or n=3 fields and a significant element of the braking will be from non-resonant harmonics.  

In DIII-D some new data may become available from n=3 braking in RWM experiments and there is existing data [1] on n=3 braking; otherwise no dedicated experiments are anticipated on DIII-D.  Likewise on JET data on n=2 braking in RWM experiments is expected and it may be possible to get some parasitic data in the tails of pulses. The MAST EFCCs can be connected to apply n=2 and data already exists from NSTX on n=3  and non-resonant n=1 braking.  On TEXTOR new data with non-resonant n=1 and n=2 helicities can be obtained.  On C-Mod the flexibility of the A-coil system should allow a reasonably close match to the n=2 non-resonant error field spectra of some of the other machines, also a non-resonant n=1 helicity could be explored.

Overall it should be possible to find several cross machine comparisons with reasonably matched non-resonant field spectra.  This will allow a detailed comparison with theory [2], including how the non-resonant torque scales with machine size.




Steady State Operation ITPA-IEA Joint experimental

Proposals for 2007

The following experiments are proposed for 2007:


SSO-1
Document performance boundaries for steady state target q-profile
SSO-2.1
Qualifying hybrid scenario at ITER-relevant parameters

(Joint with other TP proposals)


SSO-2.2
MHD effects on q-profile for hybrid scenarios

(Joint MHD)

SSO-2.3
r* dependence on transport and stability in hybrid scenarios

(Joint TP)
SSO-3 
Qualify real-time profile control methods for hybrid and steady state scenarios 
SSO-4/PEP-20 
Documentation of the edge pedestal in advanced scenarios

(Joint Pedestal - formerly SSO-4)

SSO-5 
Simulation and validation of ITER startup to achieve advanced scenarios 

SSO-6 
Ability to obtain and predict off-axis NBCD 

SSO-1.1

Document performance boundaries for steady state
target q-profile
Topic Group: 
Steady State Operation

Spokes person:
T. Luce (DIII-D)
Key persons: 
X. Litaudon (JET), G. Sips (AUG), T. Luce (DIII-D), Y. Sakamoto (JT-60U)
Devices: 
JET, AUG, DIII-D, JT-60U, C-Mod (?)

Status:
Continuation of previous collaboration experiments.

Comment:

High priority subject

Background: 
The target q-profile for non-inductive operation in ITER at Q=5 is proposed to have qmin in the range 1.5-2.5, with weak shear q0-qmin=0.5 and q95 near 5. This scenario aims at obtaining > 50% bootstrap current fraction.

Outline and aims:
Joint experiments are proposed to define a common scenario with the specified q-profile to allow assessment for ITER. The divertor machines should document the beta limit of this steady state scenario aiming at sustained performance with 100% non-inductive current drive and bN near 3. Comparison among machines involves the requirements for obtaining stationary q-profiles, the influence of Ti/Te or momentum input, and the study of wall stabilisation and rotation.


SSO-2.1
Qualifying hybrid scenario at ITER-relevant parameters


Topic Group: 
Steady State Operation  

Spokes person:
G. Sips (AUG)
Key persons: 
E. Joffrin (JET), S. Ide (JT-60U), T. Luce (DIII-D), G. Sips (AUG)

Devices: 
JET, AUG, DIII-D, JT-60U, NSTX, C-Mod
Status:

New area, extended from completed SSO-2.1 in 2006
Comment:

High priority subject
Background: 
In 2005-2006, both DIII-D and AUG have completed the mapping with q95, and plasma density, while JET and JT-60U have incorporated these scans in their 2006 experiments.

Outline and aims:
The focus of joint experiments now shifts to qualifying the Hybrid discharges at ITER relevant parameters in a coordinated set of experiments. To document at a specified value for q95~4-4.5 operation at high beta and high confinement at Ti/Te~ 1, and/or at low rotation, and/or at low collisionality, and some discharge aimed at operation close to the density limit. A comparison with standard H-mode discharges (confinement, beta limit and MHD behaviour) should be made in each device. Verification at various experiments of successful ELM mitigation and capability to operate with a radiative mantle in Hybrid scenarios would be desirable although not the specific aim of these joint experiments.

SSO-2.2
MHD in hybrid scenarios and effects on q-profile

Topic Group: 
Steady State Operation & MHD Physics
Spokes person:
Isayama (JT-60U) (May need new person)
Key persons: 
S. Günter (AUG), S. Pinches (JET), P. Politzer (DIII-D), Isayama (JT-60U), C. Kessel (NSTX)
Devices: 

JET, AUG, DIII-D, JT-60U, NSTX, C-Mod
Status:

Carried over from 2006
Comment:

High priority subject

Background: 
Hybrid scenarios in various experiments have small NTMs. The role of these NTMs in sustaining the current density profile needs to be documented to extrapolate the results to ITER. 

Outline and aims:
Variation in the heating and current drive in the early phase of Hybrid scenario discharges can be used to create different MHD behavior (3/2 NTMs, 4/3 NTMs, 1/1 fishbones). The aims of these joint experiments are (1) to establish the access conditions for obtaining these different types of MHD behavior in similar type of hybrid discharges in the various experiments. (2) Documentation at various different machines on the role of the MHD on the current profile evolution and energy confinement, allowing a test of some of the physics models on the role of the MHD on the total current distribution. Here AUG, DIII-D and JT-60U could have specific experiments on MHD (NTM) control using ECCD.

SSO-2.3
r* dependence on transport and stability in hybrid scenarios
Topic Group: 
Steady State Operation  & Transport Physics & CDM
Spokes person:
D. McDonald (JET)
Key persons: 
C. Petty (DIII-D), D. McDonald (JET), J. Stober (AUG), S. Ide (JT-60U)
Devices: 

JET, AUG, DIII-D, JT-60U, NSTX, C-mod
Status:

Carried over from 2006

Comment:

Plans in place for experiments in 2007 in JET, DIII-D, and AUG.
Background: 
Hybrid discharges in different experiments allow coordinated studies on to the effect of r* on confinement and stability of this regime

Outline and aims:
The aim of these experiments is:

(i) To make identity experiments at the same r* for detailed transport studies (with common and improved diagnostics) for the Hybrid scenario at q95=4. 

(ii) (ii) To get the largest possible variation in r* for confinement scaling and stability boundary scaling studies. 

Data from these experiments should be included in the global confinement database, to take advantage of the operational capabilities of this regime (high beta). 

SSO-3 
Modulation of actuators to qualify real-time profile control methods for hybrid and steady state scenarios
Topic Group: 
Steady State Operation 

Spokes person:
D. Moreau (JET)

Key persons: 
D. Moreau (JET), E. Joffrin (JET), D. Mazon (Tore Supra), G. Sips (AUG), J. Ferron (DIII-D), T. Suzuki (JT-60U), Zhang (HT-7), P. Bonoli (C-Mod)

Devices: 
JET, Tore Supra, AUG, DIII-D, JT-60U, HT-7, C-Mod 
Status:

New
Comment:

New Proposal specifies one particular set of experiments
Background: 
A technique for the experimental identification of a dynamic plasma model has been developed, taking into account the physical structure and couplings of the transport equations, but making no quantitative assumptions on the transport coefficients or on their dependences. A series of interactive routines have been developed to numerically identify the various elements of the reduced order state-space plasma models using experimental data obtained by modulating the various actuators around a reference state. This technique generates a slow and a fast model of reduced orders which are shown to describe the system satisfactorily. A two-time scale controller can be designed based on such models. 
Outline and aims: Since the proposed control scheme is quite generic it can be applied to any device with a capability of using different H&CD systems (possibly including the PF system) in real-time to control some set of magnetic and kinetic plasma parameter profiles. It is proposed to test the relevance of the method in a variety of situations, i.e. in different tokamaks where real-time measurements of the plasma profiles to be controlled are available (q-profile, temperature, pressure, rotation, etc ..). 

The experiments will consist in selecting for each device a particular plasma scenario and a reference pulse from which the performance is prone to be improved through real-time control. Then a set of modulation experiments will be performed around the reference plasma state (see [1]) and models will be identified and compared. Based on the obtained models the various elements of the controller will be numerically computed so that a controller can be designed and implemented in the respective tokamaks.

In a second step, closed-loop experiments will assess whether the response models are accurate enough for the radial profiles of the chosen parameters to be simultaneously and adequately controlled in real-time.

[1] D. Moreau, et al., "New Dynamic-Model Approach for Simultaneous Control of Distributed Magnetic and Kinetic Parameters in the ITER-like JET Plasmas", Fusion Energy 2006 (Proc. 21st Int. Conf. Chengdu, 2006), Paper EX/P1-2.

Examples of the modulation experiments performed on JET.
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SSO-4/PEP-20
Documentation of the edge pedestal in advanced scenarios

Topic Group: 
Steady State Operation & Pedestal Edge Profiles
Spokes person: C. Maggi (AUG)
Key persons: 

Pedestal TG: C. Maggi (AUG), R. Sartori (JET), R. Groebner (DIII-D), Y. Kamada (JT-60U), N. Oyama (JT-60U)

SSO TG: G. Sips (AUG), R. Sartori (JET), T. Luce (DIII-D), S. Ide/T. Suzuki (JT-60U)

Devices: 

JET, AUG, DIII-D, JT-60U
Status:

More focussed joint experiments compared to 2006.
Comment:

High priority subject

Background: 
During the past year, common data submission and analysis methods for pedestal data from AUG, DIII-D, JET, and JT-60U were established. Initial results from the analysis, applied to improved confinement regimes and to conventional H-modes, were reported by Maggi, et al. at the 2006 IAEA FEC. One of the more interesting results is that the there appears to be a roughly linear relationship between the total beta-poloidal of the plasma and the beta-poloidal of the pedestal.  Moreover, the four machines show quantitatively similar relationships for these parameters for much of the data presented.  However, these studies have some limitations due to the fact that they used data from existing scans and because the range of parameters covered was limited in some cases.  Both the PEP and SSO groups have interest in improving and extending these data sets and have agreed:

 (1) That the joint analysis should continue in 2007 by submission of more data (density, shaping, ITB discharges), with the discharges jointly selected by the SSO TG (types of discharges) and the Pedestal TG (with detailed pedestal measurements). 

(2) To give high priority to establishing new experimental scans to cover parameters thought to be important for advanced scenario physics and for pedestal physics. In addition, the groups wish to obtain new data, in order to reduce the effects of systematic uncertainty in diagnostics from year to year, a weak point in some of the data used so far.

Outline and aims: 
The new dedicated experiments (item (2) above) should be power scans at fixed q95 (matched in all four tokamaks), fixed plasma shape and fixed (pedestal) density. In addition, DIII-D could span the plasma shapes of AUG, JET and JT-60U to differentiate between power and shape dependencies of the pedestal pressure. One of the main physics goals of these scans will be to determine if the pedestal beta reaches a limit as the power is increased or if the beta continues to increase with power and total plasma beta.  The specific details of these scans will be defined jointly by the SSO TG (types of discharges) and PEP TG (detailed pedestal measurements). The discharges are requested to be stationary (>0.5 tR) spanning a range in poloidal beta from the maximum b achievable to the minimum consistent with the scenario. The near-term aim is to focus on hybrid candidate discharges, but similar data from conventional H-mode and steady-state candidate discharges is also highly desirable. 

The measurements of interest include the density and temperature pedestal heights and, where possible, widths analyzed by the agreed methods.  If available, detailed boundary and divertor measurements, required for 2D edge analysis, should be obtained.  The detailed measurements of the (edge) kinetic profiles obtained in these discharges can be used to benchmark scenario simulation codes and will be submitted to the profile data base and the edge pedestal profile and divertor database. The SSO TG can use these discharges to verify (edge) bootstrap models and to characterise ELM activity at q95≥3.5. The PEP TG can use these discharges to study how the MHD stability of the pedestal varies as the plasma beta is increased.  In addition, the pedestal and divertor data obtained from these scans will allow comparisons among machines with edge modelling codes (such as SOLPS and similar codes). 

SSO-5 

Simulation and validation of ITER startup to achieve advanced scenarios 
Topic Group: 
Steady State Operation

Spokes person:
T. Luce (DIII-D)

Key persons: 
E. Joffrin (JET), G. Sips (AUG), T. Luce (DIII-D), S. Ide (JT-60U), B. Lipschultz (C-Mod), X. Gong (EAST), G. Giruzzi (Tore Supra)
Devices: 

JET, AUG, DIII-D, JT-60U, C-Mod, EAST, Tore Supra
Status:

New. 

Comment:

New high priority subject

Background: 
Modeling of the ITER reference start-up scenario indicates that it is optimized for rapid penetration of the current.  This contrasts with the requirements for elevated qmin to access advanced scenarios (hybrid, steady state) at start of burn, based on present experimental data.  In addition, calculations of the heat load to the outer limiter indicate that little engineering margin to melting exists even with Ohmic heating alone.  The proposed experiments here are designed to use present-day experiments to complement on-going modeling by the ITER team and the ITPA parties. Information gained in this exercise will also be relevant to KSTAR, which is planning a start-up scenario similar to the ITER reference scenario.

Outline and aims: 
There are two principal near-term aims. The first is to investigate the impact of the reference start-up scenario on the current penetration and the accessibility to advanced scenarios.  The second is to quantify the heat load to and the impurity influx from the outer limiter during the reference start-up scenario.  It is important to compare the results in these two areas to the typical advanced scenario start-up in each device.  Specifically, each machine should quantify the auxiliary heating or current drive in the current ramp-up phase of both start-up scenarios required to access advanced scenarios. If possible, these studies should begin to investigate the impact of limitations due to superconducting coils.  Finally, any change in the ITER start-up scenario may require different breakdown conditions, including the use of EC breakdown assist.  An investigation of the  effects on the EC power requirements of the null quality and the relative location of resonance and null are needed in that case. 

SSO-6 

Ability to obtain and predict off-axis NBCD
Topic Group: 
Steady State Operation

Spokes person:
T. Suzuki (JT-60U)

Key persons: 
C. Challis (JET) (?), S. Günter (AUG) (?), T. Luce (DIII-D) (?), T. Suzuki (JT-60U), R. Akers (MAST) (?)
Devices: 

JET, AUG, DIII-D, JT-60U, MAST
Status:

New

Comment:

New high priority subject

Background: 
Off-axis current drive by neutral beams is an important part of the ITER heating and current drive tools. However, mixed reports on the ability to drive the current off-axis from existing experiments need to be clarified to have confidence in the predictions for ITER. There is a clear need to obtain the results under similar experimental conditions to allow the best comparison of the different devices.

Outline and aims: 
The aim of these joint experiments is establish a good target discharge with no observable MHD activity (H-mode at relatively high q95). Having achieved this, the neutral beam current drive should be matched to the ITER case where a vertical shift is used to achieve off-axis current drive. For this geometry the data from the various machines should be compared and the interpretation of the results should be coordinated using similar analysis tools. The results from the vertical axis shift experiments should be compared to methods using an outboard neutral beam deposition (like ASDEX Upgrade). In addition the dependence of the driven current on beam energy and plasma cross section should be documented.

