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Flux amplification and sustainment of the spherical torus (ST) configurations by operating in Multi-pulsing 
Coaxial Helicity Injection (M-CHI) method have been demonstrated in the Helicity Injected Spherical 
Torus (HIST) device. We have measured the radial profiles of the flow velocities by using Ion Doppler 
Spectrometer and Mach probes. The result shows that poloidal shear flow exists between the open flux 
column and the most outer closed flux surface. 

 
1. Introduction 
  The new CHI method, so called multi-pulsing 
CHI (M-CHI) [1] was applied for a high 
temperature spheromak on SSPX at LLNL [2]. It is 
important to investigate plasma flow, dynamo and 
mode structures between the spheromak and ST 
plasma configurations. Thus, we have tested double 
pulsing operations on the HIST device in order to 
explore the usefulness of the M-CHI for the ST 
configurations. In this experiment, we have 
investigated the plasma flow profile and ion heating 
due to dynamo in the double-CHI driven ST plasma 
by using Ion Doppler Spectrometer (IDS) and Mach 
probes.  

 
2. Experimental setup and results 

The HIST device is a low aspect ratio torus with 
major radius R=0.30 m, minor radius a=0.24 m, and 
aspect ratio A=1.25 [3] (see Fig.1). The capacitor 
banks (Vmax=10 kV, C=0.6-2.6 mF) are used for ST 
formation. The two sustainment banks (Vmax= 900 V, 
C=195 mF and 335 mF) have been prepared for the 
double gun pulsing experiment. The HIST device 
can sustain the ST by utilizing the variation of the 
external toroidal field (TF) coil current Itf.  

Figure 2 illustrates temporal evolutions of the (a) 
toroidal plasma current It, (b) the line averaged 
electron density <ne> in the core, (c), (d) the edge 
poloidal magnetic field Bp.in, Bp.out at the inboard 

side (R=0.15 m) and the outboard side (R=0.45 m) 
and the ion Doppler temperature TiD (OII: 441.5 
nm) in the comparison of single and double pulsed 
discharges. By secondly pulsing the MCPG at t = 
1.5 or 2.5 ms during the partially decay phase, total 
plasma current is effectively amplified against the 
resistive decay. The core current density is 
generated due to dynamo. By secondly pulsing the 
MCPG at t = 1.5 or 2.5 ms during the partially 
decay phase, the total plasma current is effectively 
amplified against the resistive decay. The core 
current density is generated due to dynamo. The 
edge λ in the OFC is larger than the core λ, causing 
helicity transport from the edge to the core. Ion 
Doppler temperature TiD increases from 20 eV up to 
30 eV after the second CHI pulse, suggesting the 
ion heating due to dynamo.  

 

 

23P110-P 

 
Fig.1. HIST 

Fig.2. Time evolution of (a) It, (b) <ne>, (c) Bp.in 
(R=0.15 m), (d) Bp.out (R=0.45 m), (e) TiD in the 
comparison of single (#14162) and double pulsed 
discharges (#14160).



Figure 3 displays comparison of a radial profile 
of poloidal and toroidal flows (a)(b), electron 
density (c) and radial electric field Er (d) between 
before and after the second CHI pulse. The result 
from the measurement shows that poloidal flow 
velocity shear exists between the OFC and the last 
closed flux surface, i.e., at the separatrix. As seen in 
Fig.3 (a), there is a large poloidal flow in the ion 
diamagnetic direction at the OFC with the peak at R 
= 0.15 m. The poloidal flow shear may be caused 
by the diamagnetic drift of ions vpol=-∇p×Bt/ZenB2 
that being larger than the Er×Bt drift because of a 
steep density gradient there as shown in Fig.3 (c). 
This is consistent with the observation that the OFC 
has a diamagnetic toroidal magnetic field structure. 
The negative Er ~∇pi/en − (v×B) (the inward way 
to the magnetic axis) may be produced by the cross 
field flow rather than the ion pressure gradient. It 
should be noted that the direction of the toroidal ion 
flow in the OFC is anti-parallel to that of the 
electron flow. The second CHI pulse tends to 
increase the poloidal flow shear and decrease the 
toroidal flow shear which suggests that the ion flow 
is driven in the poloidal direction by the CHI pulse. 

Figure 4 shows the poloidal flow profile of the 
impurity and neural particles obtained by the IDS 
measurement of OII and Hβspectral lines. Although 
this is not a local flow, the shear profile of the OII 
impurity flow is similar to the Mach probe data, but 
the direction in the OFC (R< 0.1 m) is not reversed. 
On the other hand, we can see that the Hβpoloidal 
flow is reversed in this region. This reason is 
unclear at present. According to the formula 
vpol=Er×Bt − ∇p×Bt/ZenB2, the diamagnetic drift 
velocity of impurity particles is decreased by a 
factor of Z as compared to the Er×Bt drift so that the 
diamagnetic poloidal flow velocity of the OII 
impurity particles is slower than that of the ion. 

 
3. Summary 

We have successfully demonstrated the 
flux/current amplification and sustainment of the 
plasmas in the double gun pulse experiment. Mach 
probe and IDS measurements have shown that there 
is the strong poloidal flow shear due to the ion 
diamagnetic drift around the separatrix.  

 
References 
[1] E.B. Hooper, Plasma Phys. Control. Fusion 53,    
   085008 (2011). 
[2] S. Woodruff, et al., Phys. Rev. Lett. 90,  
   205002-1 (2004). 
[3] M. Nagata, et al., Phys. Plasmas 10, 2932  
   (2003). 

FIG. 3. Radial profiles of (a) vpol, 
(b)vtor, (c) ne, (d) Er. 

FIG. 4. Radial profiles of (a)Vpol of OII, 
(b)Vpol of Hβ. 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee575284e8e9ad88d2891cf76845370524d6253537030028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f0030028fd94e9b8bbe7f6e89816c425d4c51655b574f533002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c9069752865bc9ad854c18cea76845370524d521753703002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f300290194e9b8a2d5b9a89816c425d4c51655b57578b3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


