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The Comment on our Article? containsa generaktatemenandthreemorespecib@ointsto
which we replyWe hold that the general statement of the Comhmént fully dynamic, multi-
dimensionabnalysisis neededor eventhe lowestordersolution(of anobliquedoublelayer)Gs
nottruein theexamplethatwe presentedl hegeneraktatements basedn anargumentthatthe
prstadiabationomentof H+ is violatedastheion traverseghedoublelayer We demonstratéere
that this agument is erroneous and that, &t the prst adiabatic moment of H+ igkly con-
sened. Our Articlé identipes seeral areas where a dynamic simulation is needed to fully under-

stand the obseations of the auroral double layer and the ion (mainly O+) dynamics.

l. INTR ODUCTION

The Commeriton our Articlé contains a general statement and three more specibc points.
Part of Point (2) of the Commehis valid. There is an inaccunain the Bble in Figure 6 of the
original article? whichwe correcthere(Tablel). We calledoutthetemperaturef theionospheric
electrons as ~3 eV in that table. Here, we nemtbat numberecognizing that it &s inaccurate
and misleading. The dead and obserd electron distriltions are highly non-Maxwellian and
the ~3 eV temperature ref3ects a small, cold core which does not dominate the ionospheric elec-
tron behaior.

We correcttwo othererrorsin our Article? notrelevantto theComment. Theionospheridon



temperatures 3.2eV, not 32 eV asstatedn thesameTable. Thecorrecttemperaturés in several
places in the Articand the Commehtlid recognize and use the correalue. W also correct

an error in Equation (10) of the original article. The equation should read:
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The numerical solutions in the original article use the correct form of the equation.

The introductory section of the Commenbntains seeral minor &ctual errors that we
would like to address. ®do not nglectE, as the Commehindicates. The solutions are not
Oquasi-neutralO, rathitiey contain tvo chage layers as plotted in Figure 6(d) in our arficle
Ambientelectronmeasurement@reavailabledown to 5 eV, but suchelectronamay containsatel-
lite-generated photo electrons so we did not use this population of electrons for direct compari-
son. The lw-enegy (<1600 eV) that emge from the ionospheric side are not entirely a Ofree
parameterO. These electrons are calculated from the planar double layer model and compared to
the obserations which arealid in the 100 eV to >1600 eV eggrrange. In our opinion, the

entire problem is quite well constrained.

II. SPECIFIC POINTS.

A. Point (1)

The Comment contendghattheion gyroradiusplaysanimportantrole in the perpendicular
scale of the double laydnterestinglyto male this point, the Commehtalls for analytic
solutions to take precedenceverfully dynamicnumericalsimulationsof obliquedoublelayer$
(which concludethattheion gryroradiusdoesnot play a majorrole), decidedlythe oppositeargu-
mentusedin hisabstrac(fully dynamicsimulationsareneededor thelowestordersolution).We
disagree that Swittsupports the guments in the CommentSwift® concludes that Othe ion
gyroradius must in some sense be small in comparison to the width of the sheck® .imfull

agreement with this conclusion. While there may be cases in which the ion gyroradius must be



considered, the plasma conditions in the ollouble layer that we analyzed/&amall H+
gyroradii(r ; @20 m) comparedo thescalesizeof thedoublelayer(z, = 4 km; x, = 2 km) soit is
unlikely that the H+ gyroradii play a major role in the scale of the double layer (O+ gyroradii,
however, may play a role). The Commértiso contends that test particle simulatfomeae

shavn that magnetic moments of ions are not coreskns thg pass through double layerseW
interpret the results of the referenced Arfidiar differently; Bomvsky6 demonstrates that H+
adiabatic moments are generally conedr(see Fig. 15 in Ref. 6). In that Arti&l¢he change in
magnetic moment in the test particle simulatiolas wemonstrated under substantialljedént
plasma conditions { ~x,) so thg do not apply directly to our analysis. Belove demonstrate
the H+ prst adiabatic moment isdaty consergd in the double layer thatas analyzed in our

Article?,

B. Point (2).

Thebrstpartof Point(2) discussethedensityof thepositve chagelayer Thedensityof the
reBected ionospheric electrons (ged) in Figure 6 of our Artickedoes not behe as a Max-
wellian of 3 eVWe realize that ~3 eV as entered in theable on Figure 6 of our Articleand
correct that inaccurgcere.

In the secondpartof Point(2) theauthorof the Comment makesthe argumentthatthe ambi-
entperpendiculaelectricforce (eDE,) exceedghe magnetidorce (eva B) which shouldbreakthe
proton®brst irariant. W& ague that the conditioeDE, > evA B is not a releant to breaking or
preservinghe prstadiabatidnvariant,rather it is aconditionfor cycloidial motion.We hold that

the condition used in our artiéand by Swif? is more applicable:

e = v ng—d;(l( <1 )
The double layer thatas analyzed haet-0.05 for H+.

To demonstrate this point, we preformed a test particle simulation. The path of a 3.2 eV pro-
ton is plotted in Fig. (1a). It has an initial dritlecity of 50 km/s and an initial perpendicular

velocity of 25 km/s and tu@rses a 63double layer (Equation (6) of Ref. 2) in a constant mag-



netic beld B, = 14 000 nT). These are the conditions used in the Coniinenhich the ague

for breaking of the brst adiabaticvariant. In this test particle simulation, the perpendicular elec-
tric Peld is in thex direction. One can see the strdexB drift in they direction and a smaller
polarizationdrift in the-x direction.In therestframe,the particleundegoescycloidial motionbut

it@ gyroradius (magnetic moment) does not signiPcantly change figirmirey to end. Fig 2(b)
shavs theresultsof atestparticlesimulationfor 1000H+ ionswith randominitial gyrophasend
initial perpendicular and paralleélocities representag of a drifting MaxwellianTa = 3.2 eV
Vg/Vin = 2). There is less than 0.01 eV (0.3%) change (betwegnrieg and end) in the perpen-
dicularenengy of ary of theH+ ionsasthey undegoa1600eV parallelaccelerationClearly, the

violation of the brst adiabaticvariant of H+ is insignibcant.

C. Point (3).

On this point the Commehtontends that the beliar of the ions as described in Appendix
1 of our Articlé® is incorrect. W& point out that our destior? reduces to that of Swifand
includesbothpolarizationandExB drifts. In Equation(2) above, the correctionto thedensitydue
to thepolarizationdrift depend®ndE,/dxanddE,/dz Theseermsdominateastheparticleenters
the double layerH, is small lmt dE /dxanddE/dzare lage) and cause a gegive density pertur-
bation.Insideof thedoublelayer, E, is atits maximum(dE,/dx, dE,/dz @0) sothe EXB correction
dominates and causes a positperturbation. These perturbations are seen in Figures 7 and 8 of
our Article. The Commertcorrectly interprets the fafct of theExB drift but ignores the polar-
ization drift aguing that &dding a common (Mest-order) polarization driftatocity in the x-
directionleavestheinequality YO>YintactOThe Comment malkesthis statementvithout mathe-
matical proof. The more rigorous mathematical\dgion in our Articlé and by Swift prove

Point (3) untrue.

CONCLUSION

We emphasizeth our papef thattheadiabationomentof O+ maynotbe preseredandthat

the O+ behaor in Figures 7 and 8 of our paﬁés not act hut an estimate. Wagree that a



detailed dynamic simulation is neededt tisagree that theweorder solution of H+ is walid
undertheargumentspresentedh the Comment. Thedetailedbehaior of O+ in thedoublelayer

is currently being studied.
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Table 1
. . Den. Temp. Drift
Species Type of Fit (cm'3) (evg) (Vd/i/th)
- Drifting Max-

lonospheric lons welliar 4.00 3.2 2.0
lonospheric Elec-  Flat Top 0.30 ~1500 --
trons (>1600 eV) Equation 7 : (500)* (1.73)*
lonospheric Elec- -

trons £1600 eV) Derived 340 - -
Auroral Caity 10nS 1oy welian ~ 0.15 5000 -
Auroral Cavity Elec- Flat Top 0.30 ~1800 --

trons Equation 7 (500)*  (1.5)*




Figure 1.
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FIG. 1. (a) The path of a test particle in the x-y plane asvgisas an oblique double layze
Theparticlehasaninitial perpendiculax-y) velocity of 25km/sinitial drift velocity (zdirection)
of 50 km/s and passes through & @8uble layer (Equation (6) of Ref. 2) in a constant mag!
peld(B,=14000nT). (b) Theaverageperpendiculaenegy of a1000H+ ionsasthey traversean
oblique double layeiThe ions start with random gyrophase and perpendicular and pasfdie
ities representate of a drifting MaxwellianTa = 3.2 eV vy/vy, = 2). The starting perpendiculz
enegy andendingperpendiculaenegy doesnot signibpcantlychangen ary of the 1000H+ ions

(the maximum changeas <0.3%).



