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Control over the radial profile of one component of ion drift spgeeither perpendicular or parallel

to the magnetic field, is demonstrated in the magnetized plasma column for two configurations of a
double-ended machine in which one of the hot plates is segmented into a central disk and two
concentric annuli. Each hot plate can be heated~tt800°C, and the segmented hot plate is
bombarded with barium vapor, resulting in quasineutral, magnetized, barium-ion plasma. Since the
electric potential in the plasma magnetically maps to the segments, the radial profile of plasma
potential, and hence thHeXx B flow, can be made inhomogeneous. This configuration is referred to

as the perpendicular configuration. A negatively biased, cross-sectional mesh, inserted between the
two ends of the plasma column, reflects electrons from each source causing the radial profile of
potential on the nonsegmented source side of the mesh to become uniform. In traversing the mesh
sheath from the segmented source side, where the radial potential profile is inhomogeneous, to the
nonsegmented source side, where the radial potential profile is homogeneous, the ions experience an
axial acceleration that has an inhomogeneous radial profile. This configuration with the mesh is
referred to as the parallel configuration. Laser-induced-fluorescence is used to measure the
ion-velocity-distribution function on the nonsegmented-source side with and without the mesh
inserted. Measurements show that the above configurations result in ion temperature anisotropy,
1<(T,/T)<5, and radially nonuniform ion flows with a maximum in the shear profile
(dU, /dX)max as large as 0.6); and (dU,/dX) . as large as 0.1%; where ), is the ion
gyrofrequency. €2005 American Institute of PhysidDOI: 10.1063/1.1925616

I. INTRODUCTION ments generates radially localized, radial electric fields and

. _ ) . associated radially localized density gradients. This hot plate,
Q machine$have played an important role in the experi- i, conjunction with meshes, terminating plates, and/or an

mental study of low-frequencyw <, where . is the  gactron source, is used to generate and control shear in one

electron gyrofrequengy electrostatic ion waves in élgg’v component of the ion flow, either perpendicular or parallel to
temperature, magnetized plasmas. Thenachine sour the magnetic field, and has been reported previddsfyin

has the benefit of producing alkali plasma that is both quieSgyis naper, measurements of the ion-velocity-distribution
cent (Wh.IC.h simplifies detectlonlof low-amplitude Wg\)es function, made using laser-induced-fluorescefid€) diag-
and collisionless(a feature applicable to the upper iono- ogsic techniqués® are used to directly characterize the ion

sphere and magnetosph‘érél’heoretical predictions regard- i velocity U and ion temperaturd; generated by this
ing the influence of sheared ion flows on the excitation a”cblasma source.

propagation of electrostatic plasma waéhave moti\{gted
experiments using sever@-mac_hme configuration, *®in Il EXPERIMENTAL APPROACH
which inhomogeneous ion flow is a key feature. The purpose
of the segmented source described here is the generation and The segmented source described here was developed at
control of sheared plasma flow for the study of inhomogeneTohoku University, Sendai, JapahThis segmented source
ity on the excitation and propagation of electrostatic plasmaonsists of a 1.8-cm-diameter tungsten dislbeledE1) sur-
waves. rounded by two concentric tungsten annidibeledE2 and

The plasma source shown in Fig. 1 is a segmented hdE3) with outer diameters of 4.8 and 7.6 cm, respectively.
plate that, in some ways, is similar to those used by Jafszsby.OnIy the inner two segments are heated by electron bom-
The inner two segments of the hot plate are differentiallypardment in the experiment reported here. The outer segment
biasable, while the outer segment is chosen to be groundetemains relatively cold and electrically grounded and thus
A potential difference applied between the inner two seg-contributes a negligible quantity of ions and electrons to the
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FIG. 1. Scale drawing of segmented source showing segmented hotplate ana TO TURBO PUMPS TO TURBO PUMPS

Support structure. FIG. 2. Experimental setup for the parallel configuration is shown here. The

mesh is retracted and the electron source emission is turned off for the
perpendicular configuration. Tteaxis is magnetic field aligned with origin

. . . at the segmented source.
plasma. All segments are coated with rhenium to increase the 9

work function and, thereby, the contact-ionization

probabllltylg The LIF diagnOStiC teChniqueS used to measur%eing more negative than the space potentia| (@)]Gﬂue to
the distribution of alkali ions in both the magnetic-field- the heating voltage applied to the probe @076 mm OD
aligned (paralle) and perpendicular ion velocity are re- tungsten wire bent in half circle of radius 0.5 mnan un-
stricted to barium-ion plasma in the case of enachine  known fraction of which contributes to the effective probe
device. bias, resulting in a systematic discrepancy between the po-
The segmented source is used in two experimental conential associated with either end of the emitting filament and
figurations. The first is called the “perpendicular configura-the space potential. Although these effects limit the ability to
tion” for which the segmented source is heatedtt800°C  know accurately the space potential at a given point, they do
and bombarded by barium metal vapor. In this configurationpot prevent the electric fieltgradient in potentialfrom be-
the segmented source produces both (@i contact ioniza- ing accurately measured.
tion) and electrongvia thermionic emission while a cold, This method of using a negatively biased mesh to axially
nonsegmented metal plate terminates the plasma at the oth§éparate the electric potential in two regions of magnetized
end of the chamber. The inner two segments are set to difhlasma was first used in a study of impurity-driven drift
ferent bias Voltages, resulting in the plasma potential a'l/vavegl (with potassium p|asma in one region and cesium
along the plasma column having an inhomogeneous radigdlasma in the other regionin that experiment, control over
profile determined by magnetic mapping of the segmenteghe relative potential difference between the two regions re-
source’s  bias-voltage  configuration. In  this way, sulted in control over the flux of cesium plasma through the

perpendicular-velocity shear is produced by a combination ofnesh and into the potassium plasma region. In the case of
shearedE X B flow caused by radially localized, radial elec-

tric fields, and diamagnetic plasma flow caused by the asso-
ciated radially localized density gradients. -3t
In the second configuration, the nonsegmented termina:
tion plate is heated sufficiently to exclusively emit electrons .35}
(henceforth called the “electron sourg¢ehd a titanium mesh
(8 wires/cm, 0.008 mm wire diamejéas inserted cross sec-
tionally at z=30 cm (as measured from the segmented
source, as shown in Fig. 2. This electron source is an 8-cm-
diameter tungsten disk loca& m from the ion and electron

POTENTIAL PROFILE
IN UPSTREAM REGION

b

4.5}

POTENTIAL (voits)

emitting segmented source. The mesh is biased Witk 5t

>kgT./e to repel electrons, effectively separating the elec- POTENTIAL PROFILE

tric potential in the upstrearsegmented-source side of the ~ ssg} IN DOWNSTREAM REGION

mesh and downstreanelectron-source side of the meésh

regions as shown in Fig. 3, whekg is the Boltzmann con- ol

stant, T, is the electron temperature, aads the elementary ) . X . ) ) .
charge. The electric potential in Fig. 3 is measured with an 30 .2 4 0 1 2 3 3
electrically floating emissive prolf@,the potential of which POSITION ALONG X-AXIS (cm)

deviates from the local space potential by an approximately _ _ . o _

constant offsetl) due to the unequal electron-collection and FIG. 3. Floating potgnnal of a floating emissive probe in the upstream
. . . (segmented source side of the mesh15 cm) and downstreantelectron

electron-emission currents associated with the probe at thgce side of the mestr 120 cn) regions with the mesh biased 040 V

space potential, which results in the probe floating potentiakndB=3.15 kG. Error bars for these profiles are smaller than the plot lines.
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0 0‘ ” y " v @ and E2, respectively, a radial electric field having a radial
S profile with maximum amplitude of 800 V/m is generated at
f&,’ -1 the segment edges. This radial profile has a half width at half
Pt maximum of 3.5 mm, which is comparable to the ion gyro-
é 2 radius of 4 mm. This magnitude is not a limit to the radial
o ) electric field obtainable, but it represents a case of large ra-
o dial electric field for this set of experiments. The localized,
é 4 radial density-gradient scale-length collocated with this elec-
3 tric field structure is 5 mm. Plasma density profiles are
™ 5 . . , shown in Fig. 4b) for two center segment bias values corre-
-4 2 0 2 4 sponding to those shown in Fig(a}. It is clear from evalu-
POSITION ALONG X-AXIS (cm) ating x=0, x=%1.5, andx=+3.0 cm in Figs. 4a) and 4b)
4 that the plasma density is greatest in regions of lowest

”~ (b) plasma potential and that gradients in density are collocated
with gradients in potential. In this experiment, the shapes of
the electric field profile and the density profile could not be
adjusted independently.

The barium ions in this experiment are heauyy
=137 amy, compared to most other alkali metals usedin
machines, and have gyroradii comparable to the half width at
half maximum in the radial profiles of potential and density
gradients for the range of magnetic field strengths used here,
4 2 0 2 4 0.5-3.15 kG. Despite this finite gyroradius, profiles of ion

POSITION ALONG X-AXIS {cm) drift Uy, at the upper end of this range of magnetic field

strength match well with the sum & X B and diamagnetic
EI—G;Q, 1‘;— kgé(‘d)iaél pft‘?f”es t°f tP?‘e][“ialjl atf)d density at 1§0 Z(”'t:m and  (rift velocities calculated using a fluid approximation and the
satu;ation (':ua;renct)aolfng ?_Zr?gr;iirop?obgat;g%:ﬂz%v\i ?;?at?ve tol(tjrr:e measured local values of electric field and denSIty gradient
floating potential. The second segment is grounded and the inner segment(@€., Uy=—(E,/B)+(kgT;, /B)(1/n)(dn/dx)). This good
biased to—0.5 V (1.0 V) for the dotted lingsolid line). Error bars for these  agreement is illustrated in Figs(a& and 8b), where the ion
profiles are smaller than the plot lines. perpendicular drift profiles are shown for our maximum
magnetic field of 3.15 kG and are compared to this fluid
Fig. 3, the electron source is biased negative relative to thgmdel of net drift velocity. The solid line in Fig.(8 corre-

seamented source and conseauently the ions ex eriencesgonding to a radially outward electric field, is derived from
9 quenty P & solid line in Figs. @) and 4b). The solid line in Fig.

drop in plasma potential, and an associated acceleration, é . . . oo .
pmnp b ), corresponding to a radially inward electric field, is de-

they transit axially through the mesh sheath. As seen in Fig.. . S
3, a nonuniform bias configuration for the segmented sourg(ralved from the dotted lines in Figs(# and 4b). The agree-

) . \ - i in Fi =+ i
creates structure in the radial profile of plasma potential mment is less perfect in Fig.(B) atx=+0.8 cm. The shear is

the upstream region, whereas the electron source createsC%\m.pUted for the radially ou_tward electric field case s_hown
relatively uniform potential profile in the downstream region.In Fig. 5@ and plotted n Fig. 6. The case O.f Figiab is ,
As ions transit the mesh sheath, the axial potential diap chosen for further analysis to demonstrate an ion flow profile

. . ’ . .. with large shear at=1.3 cm and solid-body like rotation for
acceleration they experience depends on radial posmon,X|<1 0 cm. To calculate the shear close to the axis of a
thus leading to sheared magnetic-field-aligned ion ﬂowJ ' '

(parallel-velocity shearin the downstream region. Energy ?n%lcl)nr%rtlgfill)gl?;trg?zcozlsjrr?or:/;/:\hii ('j:?ta énxﬁ:]fgi?élté;;%nigamed
analyzer measurements have documented the inhomog rot 9-

neous radial profiles of ion-parallel-flow energy in the paral—ﬁ“a radial derivative is calculated. The diamonds in Fig. 6
' HERT: . . . represent the rotational she&d(,,/dr) normalized to()
lel configuratior® and ion-perpendicular-flow energy in the -+ . o
X . . . . which has a maximum of 0.460.16) cm * atr=1.3 cm. To
perpendicular configuratidhfor potassium plasma. Directly obtain the normalized velocity shear at this boint one need
documenting the details of the ion-parallel and ion- o Imulti ly the ngrma\llized Irgtational she::\r tF)) Ithe value of
perpendicular velocity distributions require LIF techniques.r d)i/ t?hyt int. which aiv maxim m\{ locity shear
This direct documentation is reported here. adius at that point, ch gives a maximum velocity shea
for this case of 0.6:0.2) ;.
Ill. PERPENDICULAR CONFIGURATION I\/I_easgre.mer)ts of bqth ion perpen.d|cular and ion parallel
velocity distributions indicate that the ion perpendicular tem-
In Fig. 4(a), the magnetically mapped plasma potential perature is larger than the ion parallel temperature by a factor
depends on the bias applied to the corresponding segmetitpm 1 to 5. The ion perpendicular temperature increases for
making it possible to generate a lai@@mpared tkgT./ep;, increasing radial electric field strengdfite., increasing poten-
wherep; is the ion Larmor radiysradial electric field at the tial difference between segment§he causes for this in-
segment edges. For example, at a magnetic field strength ofeases in ion temperature are the subject of continued inves-
2.63 kG and for biases of 2.0 V and 0 V to the segméits tigation and beyond the scope of this paper. The increase in
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FIG. 5. Radial profiles of ion perpendicular drift velocity z¢90 cm and ~ FIG. 7. Comparison of perpendicular and parallel LIF line shapes, measured
B=3.15 kG.(a) case of radially outward electric fielt) case of radially =~ atz=90 cm withB=2.88 kG, where the horizontal axis has been converted

inward electric field. The circles are from LIF measurement, while the solidt© ion-velocity relatiye to the 'ion frar_néa) perpendicular iqn-velocity dis-
line is the drift profile obtained from analyzing the density and potential tribution (b) parallel ion-velocity distribution after subtraction of 0 and 800

profiles with fluid theory. A representative error bar is shown for the fluid- m/s average drift velocity, respectively. The solid line in each figure is a
theory-calculated drift velocity. representative Gaussian fit to the data. This fit giles=1.0 and T,

=0.24 eV. Representative error bars are shown.

the perpendicular ion temperature may be related to the work ) ) .
of Sheehanet al.22 where an increase in the ion- the parallel velocity dajato allow for convenient compari-

perpendicular kinetic energy density was observed in th§°n Of the two line shapes. Fitting a Gaussian to the data
wake of a plasma limiter. lon acceleration by near-wake elecd/Ves @ perpendicular temperature of 1.0 eV and a parallel
tric fields was given as a possible cause of the observelfMmperature of 0.24 eV. The electron temperaiiyeas mea-
energy increase. An example of ion-temperature anisotropyUreéd With @ swept-bias Langmuir probs approximately
is shown in Figs. @) and Ab) for the case of 2 (0 V) gqual t_o_ the ion parallel Femperature witp~0.2 eV, and is
applied toE1 (E2). These data are shown in the ion frame INsensitive to the pqtentlal dlffgrencg be'gween the segments.
(i.e., the average ion drift velocity has been substracted fromj US: the perpendicular configuration is characterized by
ion-temperature anisotropy that is interpreted to be generated
by the radial electric fields imposed by the segmented

source.
25
§ o "-g IV. PARALLEL CONFIGURATION
""g % The measured ion parallel drifi, velocity atz=90 cm
e oo g andx=0 is shown in Fig. 8 as a function of mesh bias for
] 08 both inner segments grounded and the electron source biased
g 04 r‘_{:‘ —1.0 V relative to ground. This figure illustrates how sepa-
5-50- 02 :Ef rating the upstream and downstream electron populations,
5 Y g due to repulsion by a negatively biased mesh, decouples the
X a5l 023 radial profiles of plasma potential in the upstream and down-
04 stream regions and can lead to an acceleration of the ions as
05 1 15 2 25 they traverse the sheath potential drop created by the mesh.
POSITION ALONG X-AXIS {cm) Figure 9 shows the ion parallel drift velocity z¢90 cm and

FIG. 6. Plasma rotation rateircles and the normalizedto ();) rotational x=0 as a function of the difference between the electron-

shear(diamonds for the case of the radially outward electric field shown in SOUrce bias/ec and the center-segment bislg; _(With mesh
Fig. 5@. This measurement is taken z¢90 cm andB=3.15 kG. biased t0Vesi=—40 V, Vies=Vie3=0 V). In this case the
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FIG. 10. lon-parallel drift velocity measured with LlFcircles at z
=90 cm andB=3.15 kG. The solid line, with a maximum shear of 11%
is a polynomial fit to the data, while the dashed line is the derivdtheay
of the polynomial normalized to the ion-cyclotron frequency.

FIG. 8. lon-parallel drift velocity, measured with LIF a=90 cm and
x=0, vs mesh bias. For the case of all segments groundédy on the
electron source anB=1.87 kG, the ion-parallel drift increases with increas-
ingly negative bias applied to the mesh. The error bar included represents
the uncertainty in all data points.

following characteristics: shear in the parallel ion flow, ion-
temperature anisotropy, and an absence of both density gra-

electron-source bias is varied. The ion-parallel drift velocityoIients and radial electric fields

depends on the value 6¥1—V,d, as expected for ions be-

. g L Control over the potential difference between the inner
ing accelerated across a potential drop generated by this b'?v%o segments of the segmented source leads to control over
difference. For comparison, the expected drift velocity de-

. . the radial profile of ion-parallel drift velocity,. The circles
pendence is also plotted. The expected drift enéi}glyuﬁ) P .
is taken to be the measured drift energwat=Ve, plus the in Fig. 10 show the measured profile for the case whe2ed

ener ain from a potential drop. due A=V, V.. as V is applied to the center segment, the other segments are
gy gai P : p, du ~ Vel Vee grounded, and the electron source is biasee-#5 V. The
the ions pass through the mesh.

. . . lid line in Fig. 10 show heared ion-parallel veloci
The electron-source bias, which determines the downSO d line 9. 10 shows a sheared ion-parallel velocity

stream radial potential profile in the parallel configuration profile with a maximum shear of 0.4#0.09 (. It is inter-
: P P P , . guratic ‘esting to note that the ion-parallel flow profile does not have
also influences the downstream density’s radial profile sinc

. o fhe structure one would expect by assuming it magnetically
the two profiles are coupled, as demonstrated in Fig. 4. HOWFnaps to the segments as the potential profile does. This is

ever, the inhomogeneous radial profile of electric potential inunderstood by taking into account finite gyroradius effects
the upstream region leads to ion-temperature anisotropy iﬁlhe ions have a gyroradius op=1.5-8 mm for T '
i=L.0— iL

the upstream region, shown in Fig. 7 for the perpendicular:0 2-1.0eV andB=3.15 kG, which implies that the
gonflgl:ratlon, and tqlf‘] amfotropty tparr|(=;csththrougr}l tlo theelectron—gyroradius-scale structure generated by the seg-
lownstream region. This interpretation of the parallel con-, . o ;o averaged away by gyrating ions, as evidenced by
figuration is consistent with measurements that document tht%e sharp structure shown in Figa#that does not appear in

Fig. 10.

2800
32600 o V. APPLICATIONS AND LIMITATIONS
£ 2400 The inhomogeneous ion flows and ion-temperature an-
E 2200 isotropy producible in the two configurations described here
§ 2000 can be applied to the study _of waves in the upper ionosph_ere
] 1800 and magnetosphere where inhomogeneous ion flows and ion-
e temperature anisotropy often coexist. This segmented source,
T 1600 in the perpendicular configuration, has been applied to inves-
g 1400 tigations of the stability of current-driven electrostatic ion-
Q cyclotron waves influenced by perpendicular-velocity shear

1200 localized outside the current chanf&lThere, the waves

1000

3 > = 5 showed stabilizgtion independen'F of the sign pf the shear. In
POTENTIAL DIFFERENGE (volts) the parallel configuration, otherwise-stable drift waves arose
in the presence of parallel-velocity shear and in the absence

glGl- g%lsgpafat'}!e' grgt Vel?_CiltyB_gﬂg/aSlced Vl;lith LIF EFh90 Clm,X=0, and  of electron current? The characterization reported here has
and .the ceﬁtgj segmtlenet.rglphfm(lesh : bilgged?ttt\;vsfgitrcfes feC;:ZZesnctniL? apphcatlon_s to thes_e and mor? recent mveStlga%%m .
predicted ion flow based on the energy gain expected from the potentidfl€ctrostatic waves in sheared ion flows generated by this

drop. The error bar included represents the uncertainty in all data points. device. Since the localized electric fields imposed by the

H
»F

Downloaded 05 Nov 2008 to 130.34.135.83. Redistribution subject to ASCE license or copyright; see http://pop.aip.org/pop/copyright.jsp



072103-6 Reynolds et al. Phys. Plasmas 12, 072103 (2005)

segmented source are coupled with ion-temperature aniséCKNOWLEDGMENTS

tropy and localized density gradients, one cannot adjust the  This work was supported by the National Science Foun-

three parameters independently. dation Grant No. ATM-0201112, NASA Grant No. NAG5-
10218, and Grant-in-Aid for Scientific Research from the
Ministry of Education, Culture, Sports, Science and Technol-
ogy, Japan.

VI. CONCLUSIONS IN. Rynn and N. D’Angelo, Rev. Sci. Instrun81, 1326(1960).
2R.W. Motley, Q Machines(Academic, New York, 1976

3 .
; _ . : : V. Laul, N. Rynn, and H. Boehmer, Rev. Sci. Instrud8, 1499(1977.
Laser-induced-fluorescendelF) diagnostic techniques “M. E. Koepke, Phys. Plasmag 2420(2002.

are used to measure the spatial dependence of the iork. p'angelo, Phys. Fluidss, 1748(1965.

velocity-distribution function ofQ-machine barium plasma jG. I. Kent, N. C. Jen, and F. F. Chen, Phys. Fluit® 2140(1969.

produced on a rhenium-coated, segmented, tungsten hotplatg- Ganguli, Y. C. Lee, and P. Paimadesso, Phys. FI@8s761 (1985

This source is investigated for two experimental configura- <. Cangull: S. Slinker, V. Gavrishchaka, and W. Scales, Phys. PlaSmas
! g p g9 2321(2002; V. Gavrishchaka, S. B. Ganguli, and G. Ganguli, Phys. Rev.

tions. Lett. 85, 4285(2000.

The “perpendicular configuration” is characterized bylzN- D'Angelo and S. von Goeler, F’hyS(- Flugﬁs 309(1966.

; ; : ; D. L. Jassby, Phys. Rev. Let25, 1567(1970.
Strong., localized, C_Olocated’ radial gradients in the plasm@\]. J. Carroll, M. E. Koepke, W. E. Amatucci, T. E. Sheridan, and M. J.
potential and density that extend the length of the plasmaajport, Rev. Sci. Instrum.65, 2991 (1994; M. E. Koepke, W. E. Ama-
column. These radial gradients are localized to regions with tucci, J. J. Carroll lll, V. Gavrishchaka, and G. Ganguli, Phys. Plastas
perpendicular dimension on the order of an ion gyroradiuslzifzg(lggg-ke 3.3, Carroll and M. W. Zintl Phys. Plasrs1671
LIF measurements show that, over most of the radial profile, (1998. P Y
the azimuthal ion drift compares well with the sum Bf . Agrimson, N. D’Angelo, and R. Merlino, Phys. Rev. LeB6, 5282
X B and diamagnetic drift velocities calculated in the fluid (2003; E-zAgrimson, N. D’Angelo, and R. L. Merlino, Phys. Lett. 293
N ; : 260 (2002.
a_tpproxmatlor.l using the_ measured pl’OfIleS of plasma POterhC. Teodorescu, E. W. Reynolds, and M. E. Koepke, Phys. Rev. B&t.
tial and density. Shear in the perpendicular flow profile as 1g5003(2002; 89, 105001(2002.
large as 0.6:0.2) ); is measured. LIF measurements show'T. Kaneko, Y. Odaka, E. Tada, and R. Hatakeyama, Rev. Sci. Instr@m.
that the ion-parallel temperature is insensitive to the strenthﬁ'Zlf(zooa- T Kaneko. E. Tada. R Hatak . Vosh A
. . . . . . . Isunoyama, 1. Kaneko, £. lada, R. Hfatakeyama, . yosninuma, A.

_Of the localized r_adlal electrl_c f'_eld' Wh_lle the _perpendl_cul_ar Ando, M. Inutake, and N. Sato, Trans. Fusion Sci. and Tet8). 186
ion temperature increases with increasing radial electric field (2003.
strength, leading to increasing ion-temperature anisotropy. 1;D~ L. Jassby, Rev. Sci. Instrumi2, 1355(1971). .

The “parallel configuration” is characterized by rela- D. N. Hill, S. Fornaca, and M. G. Wickham, Rev. Sci. Instrub#, 309
tively uniform radial profiles of plasma potenti_al and density19 j paris, Rev. Sci. Instrung0, 2802(1989.
on the downstream side of the electron-repelling niesim- zgR. F. Kemp and J. M. Sellen, Rev. Sci. Instrusiz, 455 (1966.
pared to the density and potential profiles in the upstream %4@-(?3:3 M. Yamada, G. Rewoldt, and W. M. Tang, Phys. Fluks
re_glor)' T_he lon-temperature anisotropy in t_he UpStrea_m €225 b Sheehan, J. Bowles, and R. McWilliams, Phys. Plas#a3177
gion carries through to the downstream region. Nonuniform, (1997.
magnetic-field-aligned ion flow is demonstrated on the elecij- Hatakeyama and T. Kaneko, Phys. Scr.TT07, 200(2004.

tron source side of the mesh. Parallel-velocity shear, as high!: Kaneko, H. Tsunoyama, and R. Hatakeyama, Phys. Rev. 8.

. . . . . 125001(2003.
a..S 0.17+0.09 Qi is measured using LIF in this configura- 2T, Kaneko, E. W. Reynolds, R. Hatakeyama, and M. E. Koepke, Bull. Am.
tion. Phys. Soc.49, 127 (2004; Phys. Plasmagsubmitted.

Downloaded 05 Nov 2008 to 130.34.135.83. Redistribution subject to ASCE license or copyright; see http://pop.aip.org/pop/copyright.jsp



