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Abstract

The quasilinearscatteringmeanfree pathof solarflare electronsandnucleonss calculatedor interplanetary
plasmawave turbulenceconsistingof a mixture of slabshearAlfv enwavesandisotropicfastmagnetosonic
waves. It is shavn thatfor well-sampledelectronand nucleonmeanfree pathsover a wide andoverlapping
enepgy rangetheunderlyingfrequeny power spectraof left-handedandright-handedlabAlfv enwavescanbe
uniguelydeterminedMoreover, we demonstratéhattheflatnessandmagnitudgproblemsof quasilineamean
free pathsof solarflare particlescanbe resohedif the interplanetaryslab Alfv en magneticpowver spectrum
variesin wavenumberasox |k|~* with s = 5/3 below |k| < k. ands = 3 above |k| > k. wherek, is the
inverseof theion skinlength.

1 Introduction:

Cosmicray particlesin spaceplasmasareconfinedandacceleratethy resonantnteractionsn weaklyran-
dom electromagnetidields. In the presencef low-frequeny magnetolidrodynamicplasmawaves, whose
magneticfield componenis muchlargerthantheir electricfield componentthe particle’'s phasespacedis-
tribution function adjustsrapidly to a quasi-equilibriumthroughpitch-anglediffusion, which is closeto the
isotropicdistribution. Theisotropicpartof thephasespacdistributionfunction F'(z, p, t) obeysthediffusion-
convection-equationncluding diffusionandcorvectiontermsbothin momentum(p) andposition(z) space,
wherethe spacecoordinatez is parallelto the uniform backgroundnagnetidield By.

Of particularinterestis the parallel spatial diffusion coeficient « = v\ /3 which corventionallyis ex-
pressedn termsof the meanfree path A andparticlespeedv. Within quasilineartheorythe meanfree path
resultsfrom the pitch-angle(u = p|/p) averageof the inverseof the pitch-angleFokker-Planckcoeficient
D, as
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Schlickeiserand Miller (1997,1998— hereaftereferredto as SM) have calculatedthe quasilinear-okker
Planckcoeficient D, in aturbulentelectromagnetifield consistingof a mixture of slabshearAlfv enwaves
andisotropicfastmagnetosonigvavesin alow g-plasma.They discussegbossiblenew solutionsto thewell-
known "flatness”and"magnitude”problems(Palmer1982,Bieberet al. 1994)of the quasilinearmeanfree
path. Herewe extend this work and derive the interplanetaryplasmaturbulenceconditionsthat allow the
resolutionof the meanfree pathdiscrepany.

2 Quasilinear mean free path in mixed plasma wave tur bulence
Accordingto SM the Fokker-Planckcoeficient D, is the sumof contrikutionsfrom transit-timedamping
(T) andgyroresonaninteractionswith theshearAlfv en(A) andfastmode(F) branch.At particlepitch-angles
outsidethe intenval |u| > e = Vy /v transit-timedampingprovidesthe dominantcontrikution to the pitch-
anglescattering so that the value of the meanfree pathis primarily fixed by the small but finite scattering
dueto gyroresonaninteractionsin the interval |u| < e. It hasbeennotedby SM thatin this interval the
gyroresonancéastmodecontribution is muchsmallerthanthe sheawave contribution for comparableotal
wave intensities(§ B)4 and(d B)%. Consequentlywe may approximatehe quasilineameanfreepath(1) as
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wherewe apprommatetD L] <€) ~ ( = 0). ThequasilineafFokker-Planckcoeficientof acosmic
ray particle of gyrofrequeny Q= Q/y for the parallelpropagting undampedlab Alfv en wave branchis
relatedto the one-dimensionalvave numberpower spectrunof magneticluctuations/ (k) as
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wherewe usethe notationw > 0 andw < 0 to referto left-handedandright-handedcircularly polarised
plasmawaves,respectiely. Notethatthe non-relatvistic gyrofrequeng is positive for nucleonsandnegative
for electronsFor u = 0 we immediatelyobtainthefrequeng resonance
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wherewe usetherelation
I(k)dk = J(w)dw (5)
betweerthefrequeny (J(w)) andwavenumber(Z(k)) power spectra.
InsertingEqg. (4) into Eq. (2) we obtainfor the meanfree path
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wheretheconstantLy is givenby
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TheslabAlfv enwave branchhasfrequenciesw| < | | andthedispersiorrelation
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wherek, = Qg ,/Va = (c/wp,) ! is theinverseion skin lengthandw,, , the protonplasmafrequeng. The
dispersionrelation (8) compriseghe right-handedpolarisedAlfv en-Whistlerbranchat negative frequencies
Qe < w < 0 andthe left-handedpolarisedAlfv en-ion-g/clotron branchat positive frequencied) < w <

Qo,p, Whereasio wavesexist in the positive frequeng randeQg, < w < || Solarelectronswith . = 0

only interactwith right-handedpolarisedwaves,andEg. (6) yields
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Alternatively, solarflare nucleonswith . = 0 interactonly with left-handedpolarisedwaves,andEq. (6)
yields
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Obhviously, usingthe frequeng resonanceondition(seeEq. (4)) w = 2, we caninvert Egs. (9) and(10)
anddeterminghefrequenyg power spectreof the slabplasmawavesfor known electronandprotonmeanfree
paths:

(1) For thefrequeng power spectrunof right-handedw < 0) polarisedwaveswe find

Jrn(w) = 2207, (11)



which will lie in the Whistler frequeny rangebecausemeasuredsolarflare electronshave Lorentz factors
well belov 1836.
(2) In caseof protonswe obtainfor theleft-handedw > 0) polarisedwaves
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w
whichliesin the Alfv enicfrequeng rangebecausdly , /v < Q|-
For well-sampledelectronand proton meanfree pathsover a wide and overlappingenegy rangewe may
thus calculatethe underlyingfrequengy power spectrumof the slab plasmawaves. Unfortunately existing
measurementsf the particlemeanfree paths(Droge1994)do not have this quality.

3 Plasma turbulence spectra to resolve the mean free path discrepancy:
Turbulencemeasurementis theinterstellarmedium(e.g. Drogeetal. 1993)suggest Kolmogoros/-type
frequeng power spectrunof theform
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with constants/y ands. Accordingto Egs.(9) and(10) we thenobtain
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First,we notethatfor any valueof s thisyieldsa constantmeanfree pathof protons
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atnon-relatvistic kinetic enegiesbecause
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In Eq. (15)weuse
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wherewy denoteghelowestfrequeny of the plasmawaves.
SecondlyusingJz|w| ™2 = Jo|w|™* atw = —Q, aconstanmeanfree pathof electrons,
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equalto the non-relatvistic protonvalue (15), resultsif the specialvalues = 2 is taken for the frequeng
power spectrumin the Whistlerfrequeng range.In thisfrequeng rangethefull dispersiorrelation(8) canbe
approximateds
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sothattherelation(5) yieldsthe correspondingvavenumbeipower spectrum
I(k) = Jw)| 50| = Toh™, (20)

with Iy = 2Jpk./Va. Note thatthis specialform of the high wavenumbemower spectrumis the limit of
allowabledissipationrangespectran orderthatthe meansquarecurl of the turbulentmagnetidield befinite
(Bieberetal. 1990,1994).

To conclude:the flathessand magnitudeproblemsof quasilineameanfree pathsof solarflare particles
canberesohedif theinterplanetaryslabAlfv enwavenumbemagneticpower spectrunvariesc |k|~* belov
|k| < k. with s = 5/3, andox k|~ above |k| > k..
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