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During magnetic reconnection, a ‘“neutral sheet” current is induced, heating the plasma. The
resultant plasma thermal pressure forms a stationary equilibrium with the opposing magnetic fields.
The reconnection layer profile holds significant clues about the physical mechanisms which control
reconnection. In the Magnetic Reconnection ExperinifhtYamadaet al., Phys. Plasma4, 1936

(1997], a quasi steady-state and axisymmetric neutral sheet profile has been measured precisely
using a magnetic probe array with spatial resolution equal to one quarter of the ion gyro-radius. It
was found that the reconnecting field profile fits well with a Harris-type prpEleG. Harris, II

Nuovo Cimento23, 115(1962], B(x) ~tanh/5). This agreement is remarkable since the Harris
theory does not take into account reconnection and associated electric fields and dissipation. An
explanation for this agreement is presented. The sheet thickisdeund to be~0.4 times the ion

skin depth, which agrees with a generalized Harris theory incorporating nonisothermal electron and
ion temperatures and finite electric field. The detailed study of additional local features of the
reconnection region is also presented. 2600 American Institute of Physics.
[S1070-664X00)95505-9

I. INTRODUCTION comprehensive study of magnetic reconnection in a con-
trolled environment. It has generated much fundamental data
Magnetic _recon_nectiqh,the topological rearrangement on magnetic reconnection in MHD plasmas. Our experiment
of magnetic field lines, is a basic plasma phenomena ofas already addressed important issues related to the recon-
wide-ranging importance. It plays a major role in the evolu-pection layer. Based on detailed magnetic field measure-
tion of solar flaresand in the interaction of the solar wind ments by high-resolution magnetic probes, evolution of po-

with the earth’s magnetospheﬁ'anql it often plays a domi- |5iqa| flux contours were deduced, demonstrating important
nant role in determining the confinement characteristics of

§ . . wo-dimensional(2D) features of magnetic reconnectidn.
high-temperature fusion plasmaRecent detailed data from ¢ reconnection rate was also seen to agree with a general-
laboratory plasma experiments, satellite observations, the

tical analvsi q er simulations h 4 p t;?ied Sweet—Parker modéf.
retical analysis, and computer simufations nave advanced the Generally, analysis of magnetic reconnection is divided

understanding of magnetic reconnection both in space anﬂto local and global issues. In local treatments, the recon-

laboratory plasmas. , . . .
yp . .nection rate is determined by local plasma parameters in the
The reconnection layer, often called the neutral sheet, is . . )
. : ; reconnection region. In these analyses, boundaries are not
a focal point of reconnection research since magnetohydro-

dynamics(MHD) breaks down locally in the layer, while specified and boundary conditions are often replaced by ini-

globally, the plasma has large Lundquist number and is a fial t(;‘ondlttrzonshfordplf;\rs]ma flow velgmty. Itn global tr%atmgrlts,b
proximated well by ideal MHD. Precise measurements of th&‘On € other hand, the reconnection rate IS consigered 1o be

neutral sheet profile can provide important clues to help unl_nfluenced or determined by the three-dimensic{3a)) to-

derstand the physical mechanisms of reconnection. Thanl&c’logy of the plasma co_nﬂguratlon. Boundane; gre_well de-
to significant progress in data acquisition technology in thdin€d and the conservation of total flux or helicity is often
past two decades, the detailed magnetic field structure of th@iScussed. Three dimensional MHD modes are often in-
neutral sheet has been measured in laboratory plasmas. pyelved, and particle acceleration in all three dimensions are
tensive data have been accumulated in highly conductivBossible. The present paper addresses the most fundamental

MHD plasmas with large Lundquist numbe8s- 10—1000, local reconnection physics issues by studying the features of

where S is the ratio of the magnetic diffusion time to the the reconnection layer in MRX.

Alfvén transit time. As magnetic field lines break and reconnect around the
MRX® (Magnetic Reconnection Experimemtas built in neutral layer, a current sheet is generated, heating the

1995 at the Princeton Plasma Physics Laboratory for th@lasma. The plasma thermal pressure then forms an equilib-
rium with the magnetic pressure of the opposing magnetic

“paper LI11 Bull, Am. Phys. Sod4, 219 (1999 field. While MHD can be used to treat the plasma globally,
"nvited speaker. ' ' ' more general theories are necessary for a proper treatment of
3Electronic mail: myamada@pppl.gov the neutral layer, where MHD breaks down. An important
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question is what determines the profile of the reconnection m 372 m[v§+(vy—V)2+v§]
layer. Harri§ found analytical one-dimension&lD) solu- f no(m) F’[— o7

tions for the magnetic field, plasma pressure, current density,

and sheet thickness of a collisionless current sheet by solving e(VA,— ¢)

the Vlasov—Maxwell equations with three important assump- if '

tions: (1) No electric field;(2) electrons and ions drifting in

opposite directions at the diamagnetic speed; @dqual  where the constanT=T, (T), is the electron(ion) tem-
and .spatlall_y ur_1|form electron and. ion temperatures. Therature and the constai=V, (V,), is the electror(ion)
Harris solution is an elegant description of a neutral sheegrift speed in they direction. Because the argument of the
and, therefore, is referenced very often in reconnection reexponential can be written as-(\W+ pyV—mV2/2)/T, fisa
search. Numerical simulations have yieltféd® favorable  function of the constants of the motion and, therefore, a so-
comparisons with the Harris sheet, showing that the shegtition of Eq.(1). Harris realized that this shifted Maxwellian
thickness being equal to the ion skin-depttHowever, to s the most natural solution. Here, we relax Harris’ assump-
our knowledge, the Harris sheet has not been previously inions T,=T; andV,= —V,.
vestigated experimentally. The precise determination of |n this 1D model, all variables are assumed to vary only
magnetic field profiles in MRX now enables a detailed studyin x, andT;, T,, V;, andV, are all assumed to be constant.
of the current sheet thickness as a function of relevant parhey direction is the direction of the current. The system of
rameters, which is the subject of this paper. equations can be simplified significantly by assuming that
The paper is organized as follows. Section Il presents &as only anx componentE,= —d¢/dx. And sinceA, is
generalized theory of the Harris collisionless neutral Sheetassumed to be the 0n|y nonzero ComponempB has 0n|y
Section Ill describes the experimental apparatus of MRXg 7z componentB,= dA, /dx. It should be noted the,=0
Section IV presents detailed experimental results of the neuand the collisionless assumptions mean that there is no dis-
tral sheet profile during reconnection. Section V concludessipation and hence no reconnection in this model.
the paper with a summary and discussion. Substitution of Eq(6) into Egs.(3) and (4) yields two
coupled nonlinear differential equations fgrandA, ,

6

Il. THEORY OF A GENERALIZED HARRIS SHEET > _ @[ ex% e(ViAy— ¢)
A steady-state, collisionless current sheet can be ana- x 0 '
lyzed using the steady-state Vlasov—Maxwell system of —e(VA — @)
equations —ex 1. | (7)
of + 3 (E+VvXB) of 0 ) I°A (V;A,— )
o m v J=—enouo| Vi exp{+}
X i
VXE=0, 2
@ (VA ¢)
—Veexp ————||. ()
e

V-Ezego(f fidv—f fodv], 3

By using normalized variable¢=ea/T, andx=x/(c/w;)

(wherewpiznoezleomi is the ion plasma frequengyEq. (7)
VXB=euq f vfidv—J vf.dv/, (4)  is cast into dimensionless form
V-B=0, ®) ﬁ:_(c/wpi)z(exp[e(viAy— ¢)}
ax? Ap T

where E is the electric field,B the magnetic fieldy the

particle velocity, andf; (f) the ion (electron distribution —e(VA — @)

function. In general, the equations are nonlinear and can only _eXF{T—e” '

be solved numerically. However, E. G. Hafriderived a 1D

steady-state analytical solution with specific assumptionswhere the left-hand sid€LHS) is of order unity but

Below, we re-derive the Harris solution, relaxing a few of the(c/w,[,i/)\D)2 is of order 16 (Ap is the Debye length in

original assumptions. MRX). Therefore, quasineutrality- - -}=0 must be satis-
All solutions of Eq.(1) must be a function of the con- fied, leading to an ambipolar potential

stants of the motion, i.e., the total energy=mv?/2+e¢p

and the canonical momentum in tlyeand z directions, p, _ TeVi+TiVe

=mv,*eA andp,=mv,, respectively. Hereg is the elec- I P y:

trostatic potential and the vector potentmlis assumed to

have only ay component, . Consider the distribution func- Interestingly,¢ is proportional toA, . Substituting Eq(10)

tion into Eq. (8) gives a nonlinear equation in onky,

C)

(10
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With appropriate boundary conditions, this equation can be
solved analytically, yielding modified Harris solutions

X
Ay=—6Bglog cosvs 3) , (12)
X
BZ: - Botan"(g) y (13)
. Bo X
Jy—msecﬁ 3), (14)
E TeVi+TiVeB X 15
ST, o) (15)
( ) 70 T T T T T T
X = s =
p=ng(Te+ Ti)secﬁ’ 5) , (16) < - t=260 t=270 us
50
whereB3/(2u0) =no(Te+T;). The current sheet thickness -
is given by g ==
T 30 =3 R
V2(Te+T)/m; =1 =
éziM:i\EVS’ (17) » g @h
wpi Vi=Ve opi Vit e ——
10 e ———
whereVe=(T.+T;)/m; and Vgiz=V;— V. is the relative — — -

0
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drift between ions and electrons. It should be noted that the
above solution is more general than the original Harris solu-
tion, which is limited toE,= ¢=0. The original Harris so- FiG. 1. (a) Experimental setup showing flux-cores and magnetic probe ar-
lution can be recovered by settifig=T;=T andV;=—V,  ray. (b) Schematic of pull reconnectiotc) Time evolution of poloidal flux
=V in Eq. (17) whlc_h yield _5— (.C/ o) (NT/m/V). . gtatelgté;af:tc;tLronrzuﬁ:ﬁgﬁzgfrobe data, showing the development of a quasi
Since the Harris solution is only one of many which
might be obtained by choosingas a function of the con-
stants of the motiorfalbeit the one most easily solved ana-
lytically), one might ask why the experiment “selects” the We note that it cannot be argued that the electron distri-
Harris profile. A possible explanation might the following. In bution is necessarilya shifted Maxwellian(or even a solu-
the experiment, the ion crossing time of the layer, which istion of the Vlasov equationsince frictional electron—ion
equal to the ion cyclotron time since the thickness of thecollisions would distort such a shifted Maxwellian. However,
layer is approximately one ion gyro-radius, and the ion—iorthis distortion is small and should not modify the electron
collision time are much shorter than the time the plasmaurrent from being proportional to the exponential Ag.
takes to flow through the layer. As a result, the ions shouldrherefore, it does not affect the Harris solution, i.e., E@s.
be in an equilibrium state, neglecting the reconnection velocand (8) hold. At the same time, the electron—ion collision
ity Vy. Furthermore, as confirmed by experiment, they aréntegral gives rise to the resistivity termj, . This term is
isothermal across the layer, satisfying the full Vlasov—balanced by an induced electric fielg which produces an
Fokker—Planck equation. Now the Harris solution satisfiesadditionalx directed flow,V,, bringing magnetic field lines
the Vlasov equation as discussed above. However, it is @to the layer to be reconnecte@aking theV, moment of
shifted Maxwellian solution, Eq6), which makes the ion— the Fokker—Planck equation yields Ohm’s la, +V,
ion Fokker—Planck term vanish, and it is probably the onlyxB,=mv,V,/e= nj,.) However, the reconnection time
solution of the Vlasov equation which does this. As a resultscale ©¢/V,) is much longer than the dynamical time scale
the ion current is proportional to an exponentialAp, the  (the ion crossing time Therefore, the finite resistivity term
first term in Eq.(8). introduces only a higher-order correction to the Harris solu-
The ion current is really a diamagnetic current propor-tion. If the resistivity is anomalous, the remarks above still
tional to T;(dn/9x)/nB for constantT; . If the electron tem- apply with the resistivity replaced by the anomalous resistiv-
perature is also constant, then its current is proportional tdty.
Te(dn/ox)/nB and thus also proportional to an exponential The Harris model has been generalized further by S. M.
in A, . Hence, under the assumption of constapaind con- Mahajart* to include time dependence, cylindrical geometry,
stantT; in the layer, as measured in MRX, one should expectind various density and velocity profiles. Generally, the so-
to get the Harris profile foB. lutions must be determined numerically. However, when
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FIG. 2. Shown are reconnecting fiefp) and current
—04f oo d bbb density(bottom radial profiles taken in one plasma dis-
i A A charge B,(R) data are fit to the Harris sheet magnetic
field profile modified by a background quadrupole field,
0.8 Eq. (19), from whichj ,(R) is deduced, Eg(20).
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ions drift in the toroidal directiony direction in Cartesian flux cores. Magnetic reconnection is then driven in the quad-

coordinates with constant angular velocitw=V,,/r, an  rupole field. By pulsing currents in the TF coils after a quad-
analytical solution is found? with rupole poloidal magnetic field has been established by the PF
r2—r§ coil currents, plasmas are created around each flux core due

B,= Botam'( 5 ) (18  toinductive poloidal electric fields. At the same time, a com-

0 mon annular plasma forms outside the two inner plasmas
wherer is the radial position of the center of the current surrounding each flux core. Thus, the magnetic field domain
sheet. can be divided into a public domain and two private do-

The “Harris sheet” solution is a simple analytical equi- mains. Once the annular plasmas are created, the PF coil
librium solution for a plasma confined between oppositelycyrrent can be increased or decreased. In the case of increas-
d_irected magne’gic fields. The_ convenient analyti<_:a| eXpPreSing PF coil current, the poloidal flux in each plasma is
sions for theB,, jy, an_dp profiles a_nd the s_heet thickness “pushed” toward the X-point(push modg In the case of
lend themselves to direct comparisons with both CompUteaecreasing PF coil current, the poloidal flux in the public

S|muI§t|on§ and expgnr_nents. However, !t IS important t.oregion is “pulled” back toward the x-poinfpull mode, as
keep in mind the limitations and assumptions of the Harris

model, including the fact that it is 1D and does not include'”usmﬂed in Fig. 1b). .
; . L In the present MRX experiments, pull mode has been
the effects of reconnection and associated electric fields, and

to find out how reconnection and 2D effects modify the Har-miIized without an magnetic axial fielfthe third vector
ris equilibrium. component, in the toroidal directiofi in Fig. 1(a)]. In this

so-called “null-helicity” reconnection, the direction of the
IIl. EXPERIMENTAL APPARATUS field lines changes sharply at the reconnection_ point. Figure
1(c) shows the time evolution of measured poloidal flux con-
Tours during null-helicity reconnection. It should be noted

berSis 300—1000. Fi 2 sh h ) that the pull mode geometry shares some common geometri-
ersis - . Figure(@) shows the present experimen- cal features with the plasma sheet at the magnetotail, in

tal setup in MRX. Two flux cores with 37.5 cm major radi which time variation of the ring current and cross-tail cur-

and 9.4 cm minor radii are installed in the vacuum vessel, . . . .
. ) . . fents induces magnetic reconnection, as well as with helmet
Inside each core, there is a four-turn, PF coil that carries

toroidal current and a helical 36-turn toroidal solenéldF streamedr structureshln_the sollar CO“’”?' f th
coil) that also acts as a one-turn toroidal current coil. By |0 document the internal magnetic structure of the re-

properly programming currents in the PF and TF coils,connection in asingle shot, two-dimensional magnetic probe

plasma current and toroidal field can be prescribed, indeperTays are placed in aR-Z plane, as shown in Fig.(a).

dent of the sense of helicity in the toroidal solenoid. TheDensity and electron temperatuiig are measured using a

coils are powered by two sets of capacitor banks, each dfiple Langmuir probe. lon temperatui¢ is estimated using

them containing eight 6F, 20 kV capacitors and 50—100 Doppler spectroscopy of the Hine, based on fast charge-

kJ of stored energy. exchange times on the order ofuls, and ion flows are mea-
The present experiments are conducted in the double asured using a Mach probe. Plasma parameters are as follows:

nular plasma setup, in which two toroidal plasmas with an-B~0.5-1.0 kG,n,~0.1—2.0x 10" cm ™3, T,~5-20 eV,

nular cross sections are formed independently around thendT;~10-30 eV.

Experiments for this research have been performed i
the MRX device’ The attainable magnetic Lundquist num-
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FIG. 3. Measured neutral sheet thickngses (a) ion skin depthc/w; and
(b) vs theoretical Harris value given by EQ.7).

IV. EXPERIMENTAL RESULTS

A. Measurement of neutral sheet profiles
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Precise magnetic field profiles of the MRX neutral sheet
have been measured by a high-resolution 1D magnetic probe
array, which contains magnetic pickup coils every 5 mm, and
is inserted radially across the neutral sheet. Figure 2 shows
the time evolution of measurdsl,(R) data, which are fitted
to

B,(R)=—Bgtanij (R—Ry)/ 8]+ bR+ by, (19
from which the current density, is derived,

. _ BO H
jg(R)—msec [(R—Ryp)/6]. (20)

The factorsb,; and b, are determined by the background
quadrupole and equilibrium fields. The latter is applied to
keep the plasma in a desirable position. The fabtodoes

not appear in Eq(20) because it is canceled exactly by
dBr/dZ of the background quadrupole field. Note that the
MRX coordinatesR, 6, andZ correspond tc, y, andzin the
Harris model. Betweetr 260 us andt~275 us, the recon-
nection layer is maintained in quasi steady-state. It should be
noted that, as reported previousiyhe B, data also fit well

to an arctangent, leading to a Lorentzian profile fgr In

our systematic studies, error functiofvehich lead to Gauss-
ian j ,) do not give as good a fit as either hyperbolic tangents
or arctangents. Since this paper focuses on the physical pic-

It was found previously that driven reconnection in ture of the Harris model, only hyperbolic tangent fitting is

MRX generates an axisymmetric neutral stektis natural

shown. The difference between using E@®) and(18) for

to ask whether the Harris equilibrium, which was derived aditting is negligible due to the large aspect raig> 6 in

a 1D equilibrium between a confining magnetic field andMRX.

plasma pressure, could be observed and whether the mag- The neutral sheet thicknesscan be determined accu-
netic reconnection process would affect the neutral sheet praately from the fit in Egs.(19) and (20). By varying the

files given in Eqs(12)—(17).
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discharge voltage and using both hydrogen and deuterium fill

t = 276 us

0.41 r
= BZ =

— e

0.0F--n- B -]

0.2}

B, (kG)

0.2}

Js (MA/m?)

500
400
300
200

100 ¢¢+:[:+++

p (J/m?)

600

400} @ {m

200f  ® 4,“’ 1 m+++¢“m¢

P+Bzz/2/"o (J/ms)

o | A

30 35 40 45 30 35 40 45
R (cm) R (cm)

30 35 40 45 30 35 40 45
R (cm) R (cm)

FIG. 4. Radial profiles oftop) reconnecting field and toroidal current densityiddle) plasma pressure, ariottom) plasma thermal plus magnetic field

pressure. Static equilibrium is maintained frém260—-270us.
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gas(to change the density and mass, respectjyalyange of 257 ' ' ' '
d's andc/wp's were measured experimentally. Figure)3
shows that the data match well with~0.3%/wy;, i.e., & 20¢

scales withc/ wp,;. The modified Harris theory gives a pre-
diction for Spanis, @s given in Eq(17). Experimentally,d,
¢/ wpi, and V2V / Vi are all determined independently, so
we can compared Versusdpanis- Figure 3b) shows good
agreement betweed and Sy apis-

The 1D Harris solution should satisfy MHD force bal- 5r
ance, j,B,=Vp, which simplifies to p+BZ/2ug
=constant. Radial profiles oh, and pressurep=n(T, 0 2(')0 970 240 260 280
+T;) in MRX have been measured to check this static force time (us)
balance. The radial profiles &,(R), j4(R) and p(R) are
shown in Fig. 4. The third row of Fig. 4 plots the radial FIG. 5 Time evolution of globalr; (_measurgd using Doppler spectroscopy
profile of p+ B%/Z,uo, which shows that MHD force balance " helium discharggsandTe, showing fast fon heating.
is satisfied during the central time of reconnection but not at
the beginning or at the end of the reconnection phase. In the . . .
early phase of reconnection<255 us), magnetic pressure plasma thermal energy. F_|gure 5 ShO.WS the time _evol_ut|on of
dominates the total pressure profile and reconnection drivq%mbaI Ti and localTe during magnetic reconnection in he-

low-beta plasma into the neutral sheet region. When plasmr';\um discharges. Thesg measurements are based on chord-

pressure increases to balance the magnetic pressure veraged Doppler spectroscopy of theilHd686 A line.

~255—272u9), equilibrium is established to maintain quasi lasma light is collected along a sightline located in the

steady-state reconnection. In the Sweet—Parker model, thpslaneZ:O cm and tangent to the reconnection layeiRat

situation is described as a steady flow of plasma frozen into_ 37.5 cm. Itis seen that the averagg rises initially to-

the magnetic field from th& direction to theZ direction. In gether withT but later surpasseg, by as much as a factor

. . - of three. It is difficult to obtain precise spectral measure-
MRX, strong ion heatintf and compressibilitjcreate a state . .
s . ments of T; in hydrogen discharges, although the hydrogen
of excess kinetic pressure in the neutral sheet272 us), 2 ) .
; data show very similar trends. Recently, local ion heating
breaking the pressure balance.

The excellent fit of MRX magnetic data points to the due to reconnection has been identitfedh MRX using

. ) more rigorous measurements from a novel spectrosco
Harris profile and the agreement between measured and pre- 9 P by

. . : " probé’ placed inside the neutral sheet. These results are re-
dicted 6 are remarkable since the MRX plasma is undergoin . . - . .
. . : . orted in detail elsewher@.The significant ion heating was
reconnection. However, based on the discussions in Sec.

regarding the effects of dissipation, the excellent agreemen?unc.i tq be_ much larger than the values predicted by classi
LS . o cal dissipation.
indicates that the Harris profile is the most natural one for a .

Mach probe measurements show downstream ion flow

quasi steqdy-stgte _recpnngctmg plasma sheet.. Phenpme%?éng the neutral layeV;»(Z) (for R=37.5 cn, as shown in
logically, since dissipation is related to an effective resistiv-

ity through Ohm's law along the current sheefj,=E, Fig. 6. Using an unmagnetized fluid sheath thébgeneral-

; T Y ized forT;=T,, it is shown that the maximui;z<0.2V
—V,B,, one expects that static equilibrium in tkelirection /
. o . . ~10 km/s. The Mach probe measurements were calibrated
(R in MRX) can be maintained during the reconnection pro-

. < S Lo using Doppler shifts obtained by the spectroscopy probe. The
iegsl)prowded/x<VA, which is satisfied in MRX ¥/Va sub-Alfvenic flow is understood to result from high down-

temperature (eV)

[
pull reconnection
1 1 1

The precise determination of the magnetic field profile in
MRX has enabled a detailed study of the neutral sheet thick-
nessé as a function of other relevant parameters. It is found
that 6~c/wy;. In anti-parallel reconnection cases in MRX, :]:
the ion gyro-radiug; is on the order ot/ w;. This indicates 10f El’ .
the importance of pressure balaribetweenp and B3/2u)
and ion gyro-motion in determining the structure of recon-
nection region. This result is in rough agreement with nu-
merical simulation¥*and observations in the geotail and
the magnetopauseThe detailed features of the neutral sheet
profile provide a good indicator for the nature of magnetic -3 ‘l’ b
reconnection.

Vg (km/s)

o
a

&
2
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: . . . Z (cm)
B. Enhanced ion heating and ion flows in the
reconnection layer FIG. 6. lon downstream flow speed along the neutral layer, as measured by
. L. a Mach probe, is established early during the reconnection pha50
One of the most important local physics issues for mag-s. The flow remains sub-Alfiéc throughout the quasi steady-state pull
netic reconnection is how magnetic energy is converted int@econnection phase/~60 km/3.
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stream pressure and moderate in the Z direction/ The  ric geometry is consistent with both the Sweet—Parker and
flow speed is seen to increase linearly along the layer fronfh® Harris models with generalizations. Resistivity enhance-
Z=0-10 cm. The peak flow velocity differs from classical Ment is observed during reconnection in the collisionless re-
MHD reconnection models, which predict Alfwie ion out- gime. Experimental measurements of the neutral sheet thick-
flows. nessé agree well with our modified Harris theory for a non-
The observed enhanced ion heating cannot be due t§othermal plasmaT#T;). The relationships~0.4c/wy

thermalization of energetic flows. Instead, it is likely that the ~Pi SUggests tha . is limited to a value equal to a con-
heating is caused by fluctuations which are also believed t§tant on the order of 3 or 4 times the ion thermal spﬁe.ed.
play a dominant role in determining the plasma resistivityThese results lead us to suspect that a current-driven insta-

and ultimately the reconnection rate. bility might be excited to limit the current. Immediate future
efforts on MRX will be devoted to identifying the cause of

V. SUMMARY AND DISCUSSION the enhanced resistivity, including macro- and micro-
instabilities.

The neutral sheet profile during magnetic reconnection
has been measured precisely in MRX. The magnetic fieldh\ckNOWLEDGMENTS
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