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1.	Overview:  
[bookmark: OLE_LINK109][bookmark: OLE_LINK110][bookmark: OLE_LINK111]Particle transport in STs is not well understood, and its understanding is important for predicting density profile for future devices. Perturbative particle transport measurement has been established in conventional tokamaks: density perturbation resulting from repetitive gas puff is measured by reflectometry, and particle diffusivity and pinch are inferred from the amplitude and phase of the induced density perturbations. NSTX-U has a fast gas puff system (SGI) and with appropriate modulation cycle, NSTX-U’s multi-point Thomson scattering system can be used to measure density perturbations.
2.	Justification:
         An XMP is needed to establish optimal SGI parameters (perturbation period, duty cycle and gas puff amount) for perturbative particle transport experiment using NSTX-U MPTS diagnostic. The MPTS time resolution of 16 ms requires that the gas puff cycle has to be much larger than 16 ms. In order to obtain good phase and amplitude resolution for the fundamental Fourier component of the density perturbation, we would like to obtain at least 10 measurement points within a perturbation cycle and have at least 4 cycles for Fourier analysis. This requires that the perturbation period to be >160 ms and quasi-steady period of the shot to be > 640 ms.
3.	Plan:
         The optimal timing for this XMP is to follow Deyong Liu’s XMP where a MHD-quiescent L-mode scenario will be established and after long shot capability is obtained. The long shot capability can significantly reduce the number of shot needed for this XMP [to optimize the utilization of shots, a minimum flattop length of 1.62 s is needed (see below)].
[bookmark: OLE_LINK22][bookmark: OLE_LINK23]         The SGI system can be used as a regular gas injector with normal plenum pressure (2500 Torr) or with higher gas pressure to provide supersonic gas flow. This XMP will explore which configuration is optimal for density perturbation purpose. One very useful feature of the SGI system is that it can provide almost arbitrary gas injection waveform. In this XMP, we will exploit this feature. 
[bookmark: OLE_LINK12][bookmark: OLE_LINK13][bookmark: OLE_LINK24][bookmark: OLE_LINK25]MAST has already explored their optimal parameters for perturbative gas puff: 20 ms/40 ms duty cycle (60 ms cycle period). We would like to start with longer cycle period (180 ms) with similar duty cycle ratio (60 ms/120 ms). The criterion of optimal density modulation is that it should allow us to achieve nearly sinusoidal density perturbation without density accumulation. Depending on the result, we will increase/decrease the SGI puff time by 20 ms increment to assess density modulation. Here we can utilize the arbitrary gas injection waveform capability of the SGI coupled with long shot capability of NSTX-U. We are planning to have 3 cycles with 40/140 ms duty cycle, another 3 cycles with 60/120 ms duty cycle and another 3 cycles with 80/100 ms duty cycle (see Fig. 1). This requires that the current flattop is at least1.62 s long. Also note that if the SGI nozzle is open for the full 60 ms, the supersonic feature cannot be used since too much gas would be injected. Thus, we will first try to use the SGI as a regular gas injection system with lower plenum pressure. We also would like to test the supersonic feature of the SGI and, to do this, we will need to avoid opening the valve for the whole 40/60/80 ms duration and we are planning to use a cluster of short pulses (5 ms puff time) to [image: C:\Users\yren\Documents\MATLAB\work_nstx\figure_save\SGIXMP_squarewave.png]inject gas. The number of short pulses can be determined by matching the amount of gas puffed in with the regular gas injection configuration. The regular gas puff rate is about 100 Torr∙L/s which leads to a gas puff amount of 4/6/8 Torr∙L for 40/60/80 ms, respectively. The SGI puff rate is higher, ~200 Torr∙L/s (from a SGI calibration conducted in 2008), which leads to a gas puff amount of 1 Torr∙L for one 5 ms short pulse. Thus, in [image: C:\Users\yren\Documents\MATLAB\work_nstx\figure_save\SGIXMP_squarewave_SGI.png]order to match 4/6/8 Torr∙L total gas puff amount as for the previous configuration, 4/6/8 5-ms SCI short pulses in the 40/60/80 ms duration are needed, respectively (see Fig. 2). Of course, the number of short pulses will be adjusted after newest SGI calibration is performed in the near future. Figure 1 Proposed SGI puff waveform with SGI used as a regular gas injection system.

Figure 2 Proposed SGI puff waveform with supersonic injection.

         Here is the shot plan:
1. Shot 1: use SGI configuration as shown in Fig. 1 and the SGI is configured as a regular gas injection system. 
2. [bookmark: OLE_LINK81][bookmark: OLE_LINK82]Shot 2: adjust SGI cycle time and duty cycle according to experimental results from shot 1:
(1) [bookmark: OLE_LINK84]If density perturbation drops too fast than the intended cycle time of 180 ms, increase gas puff time to 90/100/110 ms. If density perturbation is already strong and increasing gas puff time is not a choice, reduce perturbation cycle time to observed density perturbation cycle time. However, the cycle time should not drop below 128 ms. If this is the case, reduce SGI plenum pressure and increase puff time to 90/100/110 ms (plenum pressure reduced with the amount gas puffed kept constant). 
(2) If density accumulation occurs, increase cycle time to 220 ms with the same gas puff time
3. Shot 3: use SGI configuration as shown in Fig. 2 with supersonic gas injection.
4. Shot 4: adjust SGI cycle time and duty cycle according to experimental results from shot 3	
(1) If density perturbation drops too fast than the intended cycle time of 180 ms, increase gas puff time to 9/10/11 5-ms pulses. If density perturbation is already strong and increasing gas puff time is not a choice, reduce perturbation cycle time to observed density perturbation cycle time. However, the cycle time should not drop below 128 ms. If this is the case, reduce SGI plenum pressure and increase gas puff time to 9/10/11 5-ms pulses (plenum pressure reduced with the amount gas puffed kept constant).
(2) If density accumulation occurs, increase cycle time to 220 ms with the same gas puff time 
4.	Required machine, beam, ICRF and diagnostic capabilities:
(Note any special requirements or configurations for equipment or diagnostics)
Need long quasi-stationary MHD-quiescent L-mode plasma
[bookmark: _GoBack]SGI calibration needed before the XMP can be carried out.
5.  Sign off at run time:
5.1	Permission to Proceed:		
		  Physics Operations Head
5.2	Documentation of results:
	Documentation of the results completed, attached to proposal and sent to Ops. Center with copies to Cognizant Physicist and Head of Physics Operations.
			
		   Cognizant Physicist/Test Director
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