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Plasma particle transport is studied using modulated

gas puffing on the HSX stellarator. Isotope effects

are investigated in hydrogen and deuterium

dominant plasmas. In addition to density perturbation

evolution, density fluctuations are simultaneously

measured along 7 interferometer chords. Transport

coefficients D and V are extracted by comparing

measured amplitude and phase of the density

modulations using a 1-D cylindrical model. For the

model calculations, the particle source rates are

estimated using the EMC3-EIRENE code. Results for

magnetic configurations with and without quasi-

symmetry are investigated. During these studies, the

electron density was scanned in range of (1.5 -

5)x1012cm-3. Deuterium and hydrogen contents in

plasma are inferred from measured ratio of Db and

Hb emissions.

Summary and Discussions

,

HSX Provides Access to many 

Configurations with Different Magnetic 

Topologies

Configuration optimization for transport reduction

QHS Mirror

QHS:Helical Bands 

of Constant |B|

Mirror: Helical 

Bands are Broken

Red|B|1.0 T

Blue|B|<1.0 T

Helical axis of symmetry, 

no toroidal curvature, 

no toroidal ripple

Conventional stellarators exhibit 

poor neoclassical transport in 

low-collisionality regime due to

magnetic field ripple

Cylindrical Geometry Particle Transport 

Equations

1. Formulation of Perturbative  Transport Study

2. Data Analysis Methods  

3. Fluctuations measurement technique

4. Preliminary Results for QHS with H and D plasmas

5. Summary and Future plans

Method 1: from Equilibrium Plasma Data  

(carbonized wall) from DEGAS

Data Analysis

1. More Experiments on isotope effects,   D/H ratio scan

2. Find accurate particle source rates (model and measurement) 

3. Compare experimental D and V with DEKS code simulations

4. Compare D and V with fluctuation measurement for different Ln, 

isotopes, and configurations

Density Perturbation by Modulated Gas 

Puffing

Ordinary Differential Equation Set 

---one equation, two unknowns

Interferometry Far-Forward Scattering 

System 

Density Modulations 
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n:  electron density,  from measurement

D: diffusion coefficient, to be determined

V: convection speed, to be determined

S: electron source rate, from DEGAS or EIRENE
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Parameters n and S can be separated into two parts: stationary 

part n0 and S0, and perturbed part   as:

where w is the frequency of the density perturbation generated by

modulating the gas feed.  Also assume D and V are

independent of time. Linearizing equation (1) leads to:

tiennn w~
0  tieSSS w

~
0

Dividing perturbed density and Sources  into two 

parts:     
imre ninn

~~~


The boundary conditions are:  

at r=0: 

at r=a:

0
~~

 rnrn imre

Density perturbation 

Amplitude and phase

Density perturbation amplitude and phase  are 

calculated from FFT analysis

Choosing D,V , source rate

QHS, Deff ~0.2m2/s

Source rates: DEGAS 

and EMC3-EIRENE 

Mirror, Deff ~0.2m2/s

Method 3: From Perturbed Density Data 

(EMC3-EIRENE) (carbonized wall)

Isotope Effects (preliminary) 

Future Plans

1. The preliminary measurement and analysis of  perturbative 

particle transport study on HSX show that low D close to 

magnetic axis (neo-classical), higher D in the outer region 

2. The D and V sensitive to Source rate profiles

3. D and V are similar for the QHS and Flipped 14 Mirror

4. Differences between hydrogen isotopes were observed

Density time evolutions

; and 

Method 2: from inverted Perturbed Density 

Data  (carbonized wall)

(1)

D1=0.06m2/sec at 

r<0.25, D2=5.7m2/sec 

r> 0.26, V1=-96m/sec, 

V2=1.39km/sec, 

rV=0.62

; and 

(2)

(3)

𝑛𝑟𝑒 = 𝑛𝑒𝑥𝑝~10
9𝑐𝑚−3 ; 𝑛𝑖𝑚=0

1. From Equilibrium Density Profiles: 

2. Use inverted perturbed density, solve equations to 

get D and V:

where

3. Assume D,V Profiles, Solve Equ. (2),(3)  Optimize D 

and V by minimizing Errors of Line-integrated 

perturbed densities 

𝐷𝑒𝑓𝑓 = 𝐷 − 𝑉
𝑛 𝑟
𝜕𝑛 𝑟

𝜕𝑟

= 𝐷 − 𝑉𝐿𝑛 𝑟 ;     𝐷𝑒𝑓𝑓 =
1

𝑟
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𝜕𝑟
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𝜕𝑟
= (𝑓𝐷,2𝐷 + 𝑓𝑉,2𝑉 + 𝑓𝑆,2)/𝑓𝐷,𝑉
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𝜕𝑟
,
𝜕2 𝑛𝑖𝑚

𝜕𝑟2
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C=(D,V), k=(1,2)

𝜒2 = 

𝑐ℎ𝑜𝑟𝑑𝑠

න 𝑛𝑟𝑒𝐸𝑋𝑑𝑙 − න𝑛𝑟𝑒𝐶𝐴𝐿𝑑𝑙
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+ න 𝑛𝑖𝑚𝐸𝑋𝑑𝑙 − න𝑛𝑖𝑚𝐶𝐴𝐿𝑑𝑙
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D profile V  profile

Optimizing parameters:

D1, D2, dr, rD, V1, V2, rV , 

The ratio of ෨𝐒/𝐒𝐞𝐪𝐮𝐢𝐥𝐢𝐛𝐫𝐢𝐮𝐦
will be preselected (r=r/a)  

D1

D2 𝑉1𝜌

𝑉1𝜌𝑉 + 𝑉2(𝜌 − 𝜌𝑉)

(  (   dlnnx oetryInterferom
~

Interferometry 
System-phase: Far-forward Scattering- amplitude:

Interferometer System:
1.     9 chords
2.     2 MHz bandwidth
3. 1.5 cm chord spacing
4. k^ < p/D ~(2-10) cm-1 ;     

D=aperture width (1.5-0.3)cm

( 22 ~~~ amplitudenPP incscatt

Effective D ~ 0.2m2/sec for both QHS and Mirror 

Configurations

Source rate: 
DEGAS

Source rate: 
EIRENE

D and V are sensitive to particle source rate in HSX

D ~0.06m2/sec is small at r<0.3, (1-5) m2/sec in    r = 

( 0.3-0.8)

Energy Confinement  (Boronized wall)

Plasma Stored Energy Density profiles

Deuterium plasma has better energy confinement

Comparison of Density perturbation data

Comparison of Density fluctuations (boronized wall)

From Perturbed Density Data (EIRENE) (boronized wall)

Density fluctuation 

levels are slightly 

higher in 

deuterium plasma 

than that in 

hydrogen plasmas

D1=0.03m2/sec at 

r<0.05, D2=(0.03-10) 

m2/sec r=(0.03-0.22), 

D2=10 m2/sec at r> 0.22,  

V1=-0.47km/sec, 

V2=3.9km/sec, rV=0.53 

D, V with SEIRENEAmplitude and Phase

Density fluctuations can be 
measured from information of:
(i) Amplitude
(ii) Phase
(iii) Differential

Plasma Energy Confinement Db/Hb ratio

D, V with SDEGAS

Diffusion D is larger, convection V is different in deuterium 

plasmas (B wall) than in hydrogen plasmas (C wall)

D, V with SEIRENE Areal and Aimaginary

Amplitudes of 

density fluctuations
ne and Wdia

evolutions 

D, V with SEIRENE Areal and Aimaginary

Inverted perturbed 
density profile 

Broken 

Bands


