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Final Report - Contract NASw 2554

A CORRELATIVE S7[,JDY OF SIMULTANEOUSLY NEASURED lie ++. FLUXES IN THE SOLAR
WIND AN) IN THE MAGNETOSPHERE UTILIZING IMP-I AND 1971-089A SATELLITE DATA

I	 INTRODUCTION

This is the final report on a correlative study of simultaneously measured

He++ fluxes in the solar wind and in the magnetosphere us-Ing data from the

t^	 Los Alamos Scientific Laboratory plasma spectrometer on the Tmp I satellite in

_..!

	

	 the solar wind and the Lockheed Palo Alto Research Laboratory energetic ion

mass spectrometer on the low altitude polar orbiting satellite 19"71-89A. The

principal results of this program were obtained from a detailed comparison of

the He ++ energy spectrums measured simultaneously in the solar wind and in the

low altitude dayside polar cusp on March 7, 1972. Tire energy-per-unit-charge

range of the energetic ion mass spectrometer on board the polar-.rbiting

satellite was 700 eV to 12 keV. Within this rang! there was a clear maximum

in the He ++ energy spectrum at approximately 1.` kei/ ,/nucleon. There was not

a clearly-defined maximum in the II + sp ectrum, but the data were consistent

with a peak between 0.7 and 1.0 keV/nucleon. Both spectra could be reasonably

r	 well fit with a .:onvecting Maxwellian plus a high-energy tail; however. the

E	 mean velocity for the He ++ distributi-n w5s significantly greaLur Haan th--t

for the H+ distribution. The simultaneous solar wind mensuromonts showed the

mean velocities for both icn species to be approximately k^ ),) km/s+:. • . The

discrepancies between the relative velocity distributions in the low-altitude

cusp and those in the solar wind are consistent with a potential difference of

approximately 1.4 kV along their flow direction between the two points of

4	 observation.

Other results of this pr-.gram include the development of a new technique

for deducing the dayside conve^_tion eleetri- field fro-i ion measur,_:,:c•nts in

the low altitude polar cusp.

I

	

	 Four publications have resulted in whole or in part from the research

efforts pert'_)rmed under this contract. They are:
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1. Dayside Convection Electric Field Deduced From Ion Measurements

In The slow Altitude Cusp, E. G. Shelley, R. D. Sharp, R. G. Johnson,

Trans. Am. Geophys. U., EOS, 55, 1175, 1974

2. Simultaneous He and H+ observations in the Solar Wind and the low

altitude dayside cusp, E. G. Shelley and W. C. Feldman, Trans. Am.

Geophys. U., EOS, 56, 431, 1975

3. He and H Flux Measurements In The Dayside Cusp: Estimates Of

Convection Electric Field, E. G. Shelley, R. D. Sharp, R. G. Johnson,

•^	 submitted to The Journal of Geophys. Res. (1975)

4. Observations of He
++

 and H+ spectral change., between the solar wind

and the low altitude dayside cusp, E. G. Shelley and W. C. Feldman

in preparation — to be submitted to The Journal of Geophys. Res.

Abstracts of the first two of the above listed publications and a preprint

of the third are included in the Appendices.
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ACCOMPLISHMENTS

The principle objective of this program was to ut.ili::c a unique set of

simultaneous measurements of the Ile ++ component of the solar wind and the

magnetospheric plasma to obtain added leverage on the unresolved problems of

plasma access to. and transport and acceleration processes within, the

magnetosphere. The Lockheed energetic ion mass spectrometer experiments have

provided the only satellite data on the composition of the magnetospheric

plasma in the keV range. The spectrometer on the satellite 1971-39A covered

the mass per unit charge range between I ani 32 AMU and the energry per unit

charge range from 700 eV to 12 keV. The initial results from the experim.nt

hive been reported by Shelley et al (1972, 1)74). Johnson et al (1'.)74), and

Sharp et al (1974).

During the springy* o: 1972 the Imp I satellite orbit was su;;h as to provide	 -'

extensive coverage in the solar wind. Althc•ugh. it is not a mass spectrom ,A er,

th , ? Lo-- Alamos plasma spectrometer on Imp I has suff'L^.-i-ent enerCy range an(i

resolution to separate th ,. He++ flux from the ii + 1111,z under most solar wind

conditions and to determine the temperature and density of both species.

The best example of simultaneously acquired data rt' high quality when

there was a substantial 'le ++ compon ent to the plasmas measured in both experi-

ments occurred on March 7. 19-72 an'- the bulk of the effort under tnis progra:.-.

was devoted to the analysis of that data. One of the significant accomplish-

meets in the course of this analysis was the development of a sopnisti"ated

least-squares fitting cede to accurately separate the He ++ component in the

mass spectra from the penetrating background and interference from neighboring

masses (principally H + ). Due: to the t'inite mass resoluti,-mu of thy: spectrolilcLurs,

the "tail" of the H^ peak has an amplitude In the vicinity of the He++ peak as

Creat as a few p ­r_ent of the H+ peak. Thus, when the He
++ 

flux is only a

few percent of the H + flux, one must establish the detailed "line shaves" A

the response of the spectrometers to the various ion s p ,?.Aes and effectively

"strip out" the effects of interference. "IlAs is best done by varying the

"strengths" of the various ion species and searching for a minimu!a in X2.

3
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The code which has been developed utilizes the known response functions for tine

various ion species to establish the relative strengths and thu l i statistical

significance. An example of a fit to some of the flight data is shown in

Figures 1 and 2. Figure 1 shows the raw data together with the count rates

expected for a combination of td/Q = 1. 2 and 16 plus a ui;iform backgrc.und.

Figure 2 shows the individual mass components together with th- data. In the

application of the code to data with either poor counting statistics or very

good statistics, we discovered some significant biasing. For that reasason.

it was necessary to muke certain adjustments to the code. In the case of

poor statistics (i.e.. counting statistics of ',.he order of 10 and less) we

found that the normal definition of the standard deviation as o r. = yti led to

an unacceptably high weighting of the low count rate points in the spectrum.

This can be understood if one considers low level counting of a source which is

constant except for, statistical effects. Consider a source whicl: produces a

mean count of `a. Approximately 15% of the time the count will be 1Fss than

(9 - /9— ) = 6. Likowise. approximately 1%6 of the time the count will be

greater than 9 +	 1g	 (	 ^) = 12. If we use the normal we i^'ht i r. of i, t'or 0a^--h
0

measurement we find that the low count of 6 has been given twice the w,:ii*i:t

of the high count of 12, thus biasing the fit toward lower counts when in

fact the difference resulted only from random effects in an otherwise constant

counting rate. This effect becomes unimportant when a/M << 1. We there Core

incorporated into the code the capability of limiting the weighing cn the low

count points in the mass spectrum c;nJ vu.-If :d th,it the bins  is reduced to u

statistically acceptable le •3el. In the -ase of very "good" statistics, we

found that for a/1N -15 0.05 the uncertainties in the shape of the spectral peaks

was comparable to or greater than the purely statistical errcrs. in this •ease

too much weight is placed on the high count points if a _ ^,y is used. 'this

problem was solved by not ercni tti nt* a/N to be reduced below the estimates i eak

shape uncertainty of 0.05.

As a first step in the ai.alysis of the mass spectrometer data we utilized

the above described rode to study the energy spectrums .?f the lie 4-4- send p+

ions measured during a traversal of the dayside polar cusp at about 0530 UT

oil 	 r. 1972 for a comparison with the simultaneously m4asurud spectrums

k
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we

in the solar wind. Imp 6 was at a geocentric distance of about 31 RE at this

time near Ulu sun-earth line while the 1971-899, experiment w,,s sampling.;

precipitating cusp particles at an altitude of a*jout 800 km, a magnetic local

time of about 1115 and a pitch angle of about 55
0 .

Figure 3 shows the sclar wine'. parameters during the period of interest

(data provided by W. C. Feldman). The vertical dashed lit, ,_- indicates the
time of the polar cusp traversal. At this time the solar wind speed was

about 6G0 -m/second, its tempt'ratu.re was between 2 and 4 x 10 5c K/AMU, the

alpha/pro :on number density ratio was about % and the phase space density

ratio was about 12%. Figure 4 shows the polar cusp velocity or Laergy per

nucleon spe^trurns averaged over the entire period of the polar cusp traversal

(a '(4 seconds). This averaging was required to remove the spectral distortions
ME

caused by ',he transit of the ions down the cusp field lines under the influence

of the convection electric field (see Appendix M. Thu effect of this avurag-

ing on the flux amplitude is to decrease the peak values by about n factor

of 5. One sees in Figure 4 that the He 
4+ 

spectrum exhibits a clear maximum

at' 4̂ 1 5 keV/ri141 while the H + data is _ons!stent with a peak at ai. ,t. 1 IceV/
i	

AMU	 or lower. The solid lines represent fits to a convecting ,'•1axwell1an as

would be appropriate for solar wind or magnetosi,eath plasma. T he best fit
parameters for the He ++ ions ^rte temp_-rature = c' x 10 ` o K ant veio ,-ity = '•'(0 km/

second and for the II+ ions. temperature = 2.6 x lorlo K and velocity = j1)J km/

second. The L-emperutare ratio in the cusp (Ttx.'Tp _ 3.1) corresponds fairly

well to that observed in the solar wie.J (see I`igure ). 1 l ut ti,e rut'; ­ of tae

,naxilnums in phase space density in the cusp (- .Ob) is sir 1,ni1'icnntly lower

than the most probatlle value at this time in the solar wina. The H + spectrum
could also be fit with a convecting; Maxwellian of L.)wer velocity and higher
temperature but no reasonable fit can oe achieved utilizing the same bul'.

velocity for the two species. Since ;;he velocity distributions for the two

species are t:pproximatcly equal in thu solar wir,i we a',cribute the differen,se

to processes acting upon the ions in their traversal through the bcw shock

and magnetosheath and into the polar cusp. Otis,_ candidrtte mechanism that
I	 would act differently on the two species is an cic(!trosLati ,s dui tJlura1.ioi,.

+,
Since the He	 ions are doubly charged such a mechanism should be twice as

7
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effective on that constituent as on the pro f•ons . On the basis o:' ererri-;; por

nucleon, however, the protons are decelleratcd tutee as much as the lie h

best fit to a single convecting Maxw_llian for the two ion sp-!ci .:s a'lowinj•

for such an electrostatic decelleraticn is shown in Figure 	 The elect:u-

sta;.ic potential which was treated as a free parameter carne out to tie 1.4

kilovolts. Thu resultant temperature (T = 1.3 x 1060 K/AKI ). hulk velocity

( %00 'rim/se-) and dcnsi tit ratios	 .0j) oan be compared to the simul-

taneous solar wind values in Figure 3. Tht. bulk velocity and density ra ; ic, of

the cusp ions are in the expected ranee and the cusp temp:LraLure is hi.e;her by

a t'actor of 3-6. One, of course, expects heating of Liu. solar wind ions in

traversing the bow shock. A see therefore that the data are indeed con-

sistent with the assumed decell(:rat' •.;. Such a process was also Suggested

by the meesurement of Ideugebauer (1970) who observed a mure rapid slowing of

the H + than the He ++ ions in tLe Low shock prier to t .c it :tcatir:t to the

where the two •- neclus becam_ unresolved.

Depending up•.)n the det9i1s o:' the postulated mechanism there are alterria-

tiv•n ways of fittitir the spectrum:, of the t•wO ion: :,i p its. 1110r• 0XWliple. tht•

spectral shift illustrated in F'igpire 5 did riot vonserve phase space density.

Since the peak phase space: density observed in the cusp is one to two orders

of magnitu; e less than that observed rn the solar witrc It. is not r. t1essary

that phase space der.si.ty be conserved in all the: pra;esses actin; upon that

Small fraction of the ions that eventually reat-h the low altitudes. ft i.,

however possible that phase spay ienstty is conserved. Figi.re 6 s't.ows the

original cusp spectrums plotted in phase space and Figure 7 shows these spec-

trums shifted to conform with an assumed electr •:-stat i o duvelleralJ on of 1.', keV

under the added constraint of conservation of phas• space density. We se- in

Figure 7 that there is less good agreement between the distribution functions

of the two Ion speel l-s than was obtain-d in F'ir'ure	 an-i also a lt.ss good .11t

tc the assumed thermal distribution functions. The r •_sulting alpha to proton

density ratio is about 4e and the temperature ratio, To/Tp w 5. We conclude

that although this hypothesi3 dons riot result in as j; oa a fit as the` leading

to Figure 5. it is not clearl y excluded. to either case the data are consistent

with a Frocess providing equal access to both Ion species to the low altitude

10
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Figure 7. Relative phase space densities of He i+ and H+ after transforming
the two spectra through a potential of 1.5 kV. The solid and

dashed curves are the best convecting Maxwellian fits to the dis-

tribution for the He++ and H+ respectively assuming the measured

	

solar wind speed.	 13



F	 Fes^--_ _	 ^

cusp if one assumes a different decelleration rate for N 1A .1an for il ,-, 	An
electrostatic decelleration would be a suitable possibility in agreement with

previous observati ,)ns in the bow shock.

Ir the course of the analysis of the mass spectrometer data during the

0530 UT traversal of the polar cusp on March 7, 1972. it was observed that

the latitudinal distributions of' the H + and lie++ ions differed sis,nificautly.
An investiga.ion of this phenomenon led to thr, dis::overy of a new ',echnique

for deducing the dayside convection electric field from ion measurements in

the low altitude cusp. This technique is described in a paper entitlud,

"He ++ and H+ Flux Measurements in the Dayside Cusp; Estimates of Convection
	

f

Electric Fields", by E. G. Shelley, R. D. Sharp and R. G. Johnson which has

been submitted to The Journal of Geophysical Research and is included as

Appendix C. As discussed in the paper the utilization of this technique

requires a detailed intercomparison of the mass spectrometer data with the

data from the other auroral and high energy particle spectrometers on the

1971-89A satellite. Since this was beyond the scope of the present contract

we pursued that aspect of the analysis under other funding.

As part of this project we surveyed the nightside auroral zone data for

several time periods during which the solar wind parameters were relatively

constant and one period during which a substantial enhancement in the average

solar wind He++/!I+ ratio was observed (- A hours 1JT on I•Iarch r'. 1)72). We

concluded from these survey:; that because of the reduced flux intensity, th,^

higher average ener• Cy, and t ae enhanced penetrating back t;rcLnd on the niehtside,

the detailed analysis of the nightside He++ data would have required more

effort than was consistent with the limited resources available under this

program. It was th^•refore decided to concentra l.e on the hir^ Iicr quality He 44-

data obtained during the traversals of the polar cusp. We concluded from our

surveys of the cusp data during the period of the observed He +/it increaze in

the solar wind that there was indeed a corresponding eniian cement at l ^w alti-

tudes. No substantial time delay was observed between the onset times of the

observed enhancements at the two locations. These results will be written, up

for publication in The Journal of Ileothysical ResearAi.
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SUvU4ARY AND CONCLUSIONS

J
A study of the simultaneously measured Ii + and lie 

4+ 
fluxes in the solar

wind and in the magnetos phere has been undertaken utilizing; IIMP I and 1971-'9A

satellite data. A detailed analysis of the energy spectrums and latitudinal

distributions of the Ion fluxes during; a traversal of the polar cusp on

March 7, 1972, has resulted in the development of a nf:w technique for deducing

the dayside convection electric field and has allowed 'Jie inference of a

potential difference of approximately 1.4 kV along the plasma flow direction

between the observation points in the sclar wind and the low altitude cusp.
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'	 APPENDIX A

DAYSIDE CONNECTION ELECTRIC FIELD DEDUCED
FROM ION MEASUREMENTS IN THE LOW-ALTITUDE CUSP

E. G. Shelley, R. D. Sharp, and R. ^. Johnson
Lockheed Palo Alto Research Laboratory

Palo Alto, California 91,304

ABS1IRACT

Observations of protons and helium ions in the low-al

cuEp on March 7, 1972 show a significant energy depen

the latitudinal distributions in the energy range fro

12 kel per unit charge. The relative displacements o

altitude cutoff of the precipitating fluxes are found

inversely proportional to the ion velocities. These

Lions are consistent with a dawn-to-dusk convection electric 	 i

field, the magnitude of which can be estimated from the velo-

city dependence of the displacement. In the ease discussed,

the field was estimated to be approximately 50 mV/meter.

This value is consistent with previous direct electric field

measurements at high latitudes.
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APPENDIX B

SIMULTANEOUS 
He 

++ AND H+ OBSERVATIONS IN THE
SOLAR WIND AND THE LOW-ALTITUDE DAYSIDE CUSP

E. G. Shelley
Lockheed Pilo Alto Research Laboratory

Palo Alto, California 94304
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W. C. Feldman	 f
Los Alamos S cientific Luboratcry

Los Alamos, New Mexico 87544

ABSTRACT

During a magnetically active period on March 7, 1972, spectral

measurements of the He	 and Ii ion fluxes were made in the day-

side cusp with a mass spectrometer on the polar-orbitiir, SaLcl-

lite 1971-089A at approximately 800 kT altitude. The He ++ and

H ion fluxes in the solar wind were simultaneously measured

on the Imp-6 spacecraft near the earth. The ener;*y-per-unit-
charge range of the energetic ion mass spectrometer on board

the polar-orbitirig satellite v is 700 eV to 12 keV. Within

this range there was a clear maximum in the He ++ energy spec-

trum at approximately 1.5 keV/nucleon. There was not a clearly-

defined maximum in the H+ s pectrum, but the data were consistent

with a peak between 0.7 and 1.0 keV/nucleon. Both spectra could

be reasonably well fit with a convecting; Maxwellian Elus a high-
++

energy tail; however, the mean velocity for the I:t2 	 distribu-

tion was significantly greater than that for the H+ distribution.

The simultaneous solar wind measurements showed the meau velo-

cities for both ion species to be approximately 600 km/sec. The

discrepancies between the realtive velocity distributions in the

low-altitude cusp and those in the solar wind are consistent with

a potential difference of approximately 1.4 kV along their flow

direction between the two points of ebservaticn.
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He++ AND H+ FLUX MEASUR MENTS IN TILE DAYS IDE CUSP:

ESTI14ATES OF CONVECTION ELECTRIC FrUD

E. G. Shelley, R. D. Sharp, and R. G. Johnson
LOCKHEED PALO ALTO RESEARCH LABORATORY

Palo Alto, California 94304

ABSTRACT

Ion mass spectrometer measurements of He 	 11+ ion spectra in the

energy-per-unit-charge range between 0.7 and 12 keV in the low-altitude day-

side cusp (— 800 km) show a systematic velocity dependence in the latitudinal

distributions. This dependence is explained by a dawn-dusk convection

electric field of 30 to 60 mV/m operating in the cusp. The averarc velo-

city spectrum of the He++ is found to he significantly harder than the

accompanying H+ spectrum suggesting the possibility of an electrostatic

deceleration mechanism operating between the solar wind source region and

the lcw-altitude cusp.
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DiTRODUCTION

The satellite 1971-089A carried a set of ener getic ion mass spectro-

'	 meters which made measurements of precipitating auroral ions in the energy

range from 0.7 to 12 key per unit charge. Charp et al. [1974] recently

reported on observations of nightside He ++ ions by this experiment. Earl-

r,.
ier reports of 0+ ion observations [Shelley et al., 1972. 1974x; Johnson

et al., 1975] and He+ ion observations [Johnson et al., 1074] I+y this

experiment have also been given. In this paper we present an example of

"	 simultaneous H+ and He++ ion observations in the dayside cusp. Prelim-

inary reports on these dayside observations were given by Shelley et al.

[1973, 1974b] and Shelby and Feldman [1975].

Previous measurements of low-energy charged particle distributions

in the cusp [Heikkila and Winningham, 1971: Frank, 1971; Aureh, 1972; and

Yasuhara et al., 19731 have provided convincing evidence for the direct

access of magnetosheath particles into the cusp region and have :iemons-

trated significant correlations between the location of the cusp and var-

ious indicies cf geomagnetic activity. These earlier measurements however

did not include the determination of the ion composition and thus lumppd

all positive ion fluxes together as "proton" fluxes.

The motivation for making mass spectroscopic measurements in the mag-

netosphere has been discussed by Axfcrd [1969, 1970], Cornwall [1772].

Johnson et al. [1975], and others. Since helium ions in the solar wind

are predominately doubly charged and those in the ionosphere are singly

charged. the observations that the helium ions in the cusp are doubly

1
All	
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charged and that the ]le
++/H+

 ratio is consistent with solar wind ratios

provided unambiguous evidence for the solar wind origin of these fluxes

[Shelley et al., 19737• In additic.i, the measurement of tho relative eneri;y

distribution functions for 
114 

and He
++
 in the cusp can provide valuable in-

formation on the possiule transport and acceleration processes acting on

the particles during their transit from the solar wind to the low-altitude

cusp, and tnis paprr primarily addresses these poii,tn.

IIISTRUb:ENTATION

The satellite 1971-089A was in a nearly circular orbit at 300 km alti-

tude with an inclination of 930 . It was gravity-;radient stabilize' and

the three mass spectrometers were continuously oriented at 550 with respect

to the local zenith. Each spectrometer consisted of a crosoed-field velo-

city filter in series with an electrostatic analyzer with a channel-electron-

multiplier utilized as a sensor. The combination of energy-per-unit-charge

and velocity analyreo disperses the incident ions into a mass-per-unit-charge

spectrum. Such spectrums were acquired at each of nine energies every six

seconds. The energies were 0.74, 1.01, 1.41, 2.14, 2.92, 4.07, 6.3, 8.6,

and 12.1 keV per unit charge. A more detailed description of the experiment

is glued by Shelley et al. r1972]. The 1971-069A payload inc • lurled a larrr

complement of particle detectors in addition to the three mars spectrometers.

We will be discussing data from a group of low-energy electron and proton

analyzers using channel-electron-multiplier; as sensors plus a pair of plas-

tic scintillator electron spectrom e ters coverin„ the range from 130 keV to

:1



=kiwi

-5-

1 MeV [l;:hof et al., 19731. The low-energy electron analyzer: were broad-

band (WE of 0.6-1.1), 1800 permanent magnet spectrometers. The energy

range from approximately 60 eV to :40 keV was covered in nine contiguous

band -, at 550 to the zenith and the tuac enerf;y range was envered in seven

f	 contiguous bands at 1.50 to the zenith. Protons iu tho nnnr.."r !qnd he:::_

1.2 and 3.6 keV were measured at both of the above zenith an^;lcs by perm-

anent magnet spectrometers. These magnetic spectrometers perform momentum

analysis only and thus are sensitive to the He ++ ions in this name energy
	 i

range. However. since the fie ++ contributes less than 10% to th p flux, it

will	 be	 neglected	 for	 the	 use	 of the data from this sensor.

In addition, protons with energies greater than 16 keV and greater than 39

keV were measured at 550 zenith angle by two thin-foil threshold detectors

with broom magnets for electron rejection. A ^imilar dotoctor with a 30-kc-V

threshold was also operated at the 15 0 zenith angle. Arnie, we point rut

that these detectors aro sensitive to ion species ether than H +; however,

the energy thresholi is significantly higher for heavier ions dua to the

greater energy loss in the foils. Since the measured spectrun is relatively

soft, ion species other tnan H+ ar,a not thought to be contributing sic;nif-

I-antly to these detoctor responses. Detectors of the above tyF±cs have been

descrioed in more detail by Shea et al. [19671, Reed * 11. [1;k)9] and

FascYcmann of al. [1970].

The integral electron fluxes from the twc energetic electron spectro-

meters, on p at 200 zenith angle and one at 90 0 zenith angle, will be used

as Indicators of the Plectron trapping boundary.



L

An on-board three-axis ma,;netometer provided in situ determination of

the instantanec:us hitch angles for all detectors.

0B RVATIOND

n 	 General observations and g7ophysical condittUns. We will be discussing

the charged particle rbservationi from the above ec ,mplcment of detectorz

during a pass through the cusp region at about 0530 UT on 7 March 1972.

The magnetic local time was •1115. The observations were during the atain

phase of a small magnetic storm, Dst 3- -'TO gammi. which be k;nn with a sulden

commencement at about 2100 UT on 6 March. The h index was 60 for the
P

three-hour period which included the cusp crossing. The ;cu index was in-

creasing during thir p+2riod with an average value of upnruximately 400 gamma

for the period 0500 to 0600 UT.

Figu-e 1 shows the latitudinal dependence of the particle fluxes in

several energy ranges. Note that the scales are logarithmi(- and each panel

covers several decades. The top five panels show the lew-energy differen-

tial electron fluxes observcd at 55 0 zenith angle (— 5'r_' pitch angle). The

electron _fluxes in the range between 3.3 ktV and 40 keV were below the cens-

itivity range of the detectors;. i.e., ^(E) 4 10 /E icm `- -sec-zter-4ev) -1 . The

sixth panel frcra the top ins the differential proton flux near 52 0 pitch an,;le

In the ener,Mr rarwe betweers l.? and 3.6 I!V u: m«- ►tsured by tiles magnetic apec-

trc-meter. (As di.-,(,ursed in the previous seetic•n, this detector is also Sens-

itive to 311 other rx:aitive ions of equivalent mom-ntum per unit charge.)

The next panel shows the average differential proton flux in the 0.74 to 	 j=

12.1 ke'; range as measured by tip, mass cpectr:%eters.	 The ahsolube flux

r
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& fference between this parcel and the one above results from the fact that

the energy spectrum of the protons is relatively soft and the magnetic spec-

trometer is centered near the peak flux while the mass spectrometer results

are averaged over a 12-keV range. The integral proton flutes above 16 keV

and 39 keV as measured by foil threshold detectors are shown in the next

two panels. The bottom panel shows the trapped and precipitating energetic

electrons. The universal time and the invariant latitude are indicated

along the abscissa. The vertical dashed line between 0531 and 0532 UT

indicates our determination of the energetic electron trapping boundary,

defined as the point at which the > 130-keV electrons become isotropic.

This "trapping boundary" will be used in the other figures as a reference

mark.

As described above, similar measurements to those just described were

also made at 150 zenith angle (— 130 pitch angle). In spite of tirc lar

spatial variation in the absolute magnitude of the fluxes over the cusp

region, there were no large differences in the fluxes measured at the two

angles. On th• , basis of the preflight calibrations of the detector sensi-

tivities, the average anisotrcpy, 3,(13 0 )/x(520 ), of both the 1.2 -3.6 keV

protons and the total low-enargy electron flux was 1.2. However, these

results are not inconsistent with isotropy within the accuracy of the

inter-calibrations. The > ?9-keV proton fluxes were also consistent with

isotropy above the "trapping boundary", but below this boundary the avera:;e

flux at 520 pitch angle was a factor of two greater than the flux at 130

pitch angle, indicating a trapped magnetospheric proton distribution.

its discussed by Sharp et al. (1974], the mass dispersion of each spec-

trometer is such that the H°
++
 and H+ fluxes are not completely separated

r
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and	 therefore	 a	 stripping	 procedure	 using	 the	 instrument	 res-

olution	 functions	 must	 be	 employed	 to	 accurately	 determine

the He++ flux intensities. The procedure has been described in more detail

in the above-cited reference. Figure 2 shows a representative example of

the raw spectrometer data and the analyticall y-determined flux intensities

of H+ and Ile	 TheThe spectrometer measures the strength of the mass dis-

persed ion fluxes at 64 points for each energy measured. The open circles

in Figure 2 are the counting, rates measured at each of these points and

the vertical bars represent the counting statistics associated with each

point. The solid curve is the least squares fit to the data obta`ned by

adjusting the strengths of the He ++ and H+ fluxes. The dashed lines show

the expected responses for pure He ++ or pure I-I+ in the respective strengths

determined from the fitting procedure. It was possible to also include

several additional mass components and a uniform penetrating bac'.tground in

the fitting routine. In this case, however, the data were consistent with

zero penetrating background and relatively low fluxes of ions heavier than

He	 TheThe latter had no significant influence on the determination of the H+

and He ++ strengths and will not be discussed here. One obtains a flux

determination of He++ and H+ at each of nine energies every six seconds.

Cusp location. Figure 3 shows the integrated flux over the ener;,y

range of the spectrometers for both mass components as a function of UT

and invariant latitude. The trapping boundary location has been included

for reference. The two mass components are clearly observed over the same

*­ n ­ral range of latitude. The low-latitude edge coincides with the trap-

ping boundary and the low-latitude edge of the soft electrons within the

spatial resolution of the measurements (L, ti 1/20 ). On the basis of this

I
__ j-
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combination of observations we place the low-latitude edge of the cusp at

approximately 70.80 invariant. This location is consistent with the ob-

servations of Yasuhara et al. [19731 for periods during magnetic storms

when there is significant Dst. As seen from Figure 1, the soft electrons

are very structured and extend into the polar cap region with no distinct-

ive feature which can be clearly identified as the high-latitude limit of

the cusp. The difficulty in establishing the high-latitude edge of the

cusp from the soft electron fluxes has been discussed previously by Bur(-h

[19721. As shown in Figures 1 and 3, the high-latitude extent of the posi-

tive ion fluxes is discernible, though less sharply so than is the low-

latitude limit. It is known that the positive ion flux spectra in the

cusp typically peak at energies below 0.7 keV (our lowest energy channei)

[Frank, 1971; Heikkila and Gu nnln,,ham, 19711, and as wo shall see below,

the latitudinal distributions of the ions are energy dependent. However,

within the constraints of the available data, we can reasonably establish

the high-latitude edge of the cusp as 740 + 0.50 on the basis of the posi-

tive ions. This leads to a cusp width of 3.2. 0 + 5°, consistent with the

results of 4linningham [1972].

Poleward convection in the cusp. In the previous section we dee-

cribed the He	 and H ions as precipitatin in the same general range of

latitude; however, the detailed latitudinal distributions of the two ion

species differ significantly as can be seen in Figure 3; the linear scale

emphasizes these differences. The maximum in the integral H + flux is uis-

placed approximately 0.6
0
 poleward from the maximum in the integral lie++

flux.

i
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In Figure 4 we show the latitudinal distributions of the relative ion

fluxes within individual energy channels of the spectrometers. For ease

of intercomparison, we have plotted the H+ and He++ fluxes of the same

energy per unit mass (i.e., the same velocity) with the same symbols. To

avoid c,- ifusion, only three of the nine energy groups measured for each ion	 ,

species have been included. When the data are viewed in this format the

systematic dependence of the latitudinal distributions on ion velocity

is very evident. The slower particles are displaced poleward relative to

the faster particles; this is particularly evident in the low-latitude

cutoff of each velocity group.

This systematic displacement can be explained in terms of the mechan-

ism proposed by Rosenbauer et al. [1975] to explain the spatial distribu-

tions of the plasma mantle. It is generally agreed thn.t the source for

these ions is the magnetosheath. In an open magnetosphere with reconnec-

tion, magnetosheath ions of all energies (velocities) simultaneously gain

access to the cusp along newly interconnected field lines. At the same

time that these ions are traversing the distance between the merging point

in the magnetosheath and the low-altitude cusp region, the field lines are

being convected poleward. This is shown schematically in Figure 5 taken

from Rosenbauer et al. [1975]. In this figure the solid circles represent

ions with relatively high velocities while the open circles represent ions

with lower velocities. The sequence of similar symbol represents the tra-

jectories of the ions with respect to the magnetic field configuration.

The lowest latitude to which a given ion group has access at low altitude

is a function of the distance the field line (acting as a ,^uidin L; center

Y
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for the ions) has convected in the time required for that ion group to travel

the distance from the source point to the observation point. This low-lati-

tude limit is relatively independent of the actual latitudinal width of the

source region. At higher latitudes there is a composite mixture of various

I I

energy ions from different source points at the top of the cusp. As dis-

cussed by Rosenbauer et al. [1975], the proposed mechanism does not in fact

require either an open magnetosphere or reconnection. It does, however,

require direct access for the plasma at the top of the cusp in the vicinity
of the neutral points.

If the proposed mechanism is the explanation for the observed distri-

butions, the relative positions of the low-latitude limits of the individual

ion groups should be directly proportional to the time of flight of the ions

from the source region to the observation 1& , int or inversely proportional to
the ion velocities. That this is in fact the case is shown in Figure 6 where

the low-latitude limit of each ion group is plotted against its relative in-

verse velocity in units of (N•ILf/keV) 1^2 . In order to minimize biases which
might otherwise result from differences in flux levels relative to detector

background and from differences! n the locations at which particular ion

groups were measured relative to the flux maxima, we have defined the low-

latitude limit of each velocity group as the position at whi^.h the flux has

dropped to 10%, of the average of the three highest flux measurements for

that group. Since each ion group was measured only cnce every six seconds,

(i.e.. approximately 1/2 degree in latitude) the limit was determined by

linear interpolation between measurements on a semi-log plot similar to those

of Figure 4. The symbols, open circles for Ile ++ and solid circles for 11
% 
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Figure 6 represent the interpolated locations of the limits and the h^rizo • tal bars

indicate the six-second time resolution of the measurements. It should be

noted that these bars are not to be interpreted as one sigma statistical

uncertainties, but rather as bounds on possible errors in location of the

limits resulting from the f;riite time resolution of the measurements. In

addition to the mass spectrometer data ..e have included similar low-Lati-

tude limits determined from other particle detectors. These other detect-

ors had much better time resolution and thus the uncertainties in the low-

latitude limits were not significant.

It is clear from Figure 6 that the mass spectrometer observations are

indeed very much in agreement with the predictions of the proposed mechan-

ism. The solid diagonal line represents a best eye-ball fit to these data.

The measurements from the magnetic spectrometer, sensitive to protons with

a mean energy of approximately 2.4 keV, are also in excellent agreement with

the model. We note, however, that the more energetic protons as measured by

the threshold detectors, deviate from the straight amine toward lower lati-

tu,:es. The energies for these protons were assumed to be equal to the energy

thresholds of the detectors plus one unit of the e-folding energy determined

fr, an the two-point integral measurements. One might well expect such a

deviation toward lower latitudes since these ions are presumably primarily

from the magnetospheric population: it was noted earlier that the mere

energetic protons were observed to have a tra pped angular distribution

below the energetic electron trapping boundary. by this same reasoning we

might anticipate that some of the more energetic protons measured by the

mass spectrometer wore also contributed to from magnetospherically trapped

±Meg nw 	̂ i	 lip '



distributions, thus biasing; these measurements to somewhat lower latitudes.

Such trapped ions could be scattered into the loss cone in the ^-irbulent

magnetopause and cusp regions; some of these ions could be precipitated out

while most were lost to the magnetosheath at the open end of the flux tube.

Solar protons with energies greater than 1 MeV were also observed over the

polar cap region and extended below the "trapping boundary", but the solar

protons were not thought to be contributioL, siFnificantly to the measurements 	 r

discussed above because the intensitiej of these fluxes relative to the solar

protons decreased substantially over the polar cap.

The magnetosheath-like soft electrons appear to be shifted poleward by

approximately 1/2 degree in latitude relative to the position predicted on

the basis of their velocity. This may result partially from the above-

dis-cussed contribution to the ions from ma ,^netospherie source., but may al.o

result from the fact that the low-energy electrons can be expected to be

much more severely scattered during their traversal from the magnetosheath

to the low-altitude region and thus their effective velocities parallel to

the field line may be significantly reduced. This explanation, however, is

difficult to reconcile with the relatively sharp low-latitude boundary of

these soft electrons and the near coincidence 3f the boundary for electrons

of somewhat greater energies (see Figure 1).

The position of the energetic electron trapping boundary has also been

included in Figure 6 as a reference point. We note, however, that the loca-

tion of the "trapping boundary" is somewhat arbitrary in that it depends on

the definition utilized. In this case, it was defined as the position where

the E > 130 keV electrons become isotropic. As seen in Figure 1, the ener-

r
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getic electron flux is actually observed at a low level above this boundary

up to about 72.80 , but remains isotropic. There is at present some question

as to what definition of the trapping boundary is appropriate as the delin-

eation of the limit of closed field lines [McDiarmid et al., 1972, 1975;

Vasyliunas, 19741

It appears to be necessary to either explain the existence of these low-

intensity energetic electrons, sometimes with trapped distributions [Burrows

et al., 1972; McDiarmid et al., 1972, 19751 on open field lines or to conclude

that a significant portion of the cus p region is on closed field lines. For

the purposes of the present discussion, we take the former approach and

assume that these energetic electron fluxes, which are isotropic and repre-

sent only a small fraction of the lower-latitude trapped fluxes (see Figure 1),

are on open field lines which penetrate the ma r7netopause [see Hones et al.,

1972].

In the framework of the model described above, one can estimate the

poleward convection velocity within the cusp from the slope of the diagronal

line in Figure 6 and the assumed distance to the source point in the magneto-

sheath. The speed of the ions (in km/sec) is given approximately by:

V i (E,M) = 440 (E/M)1/2

wh-ire E is in keV and M is in AMU. Since ions observed at low altitude with

pitch angles of approximately 55  would have traveled nearly parallel to the

magnetic field lines over most of their path from the miagnetosheath, we will

neglect the effects of changing pitch angle and assum e that the parallel
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velocity is equal to the total ion velocity. With this assumption the time

of flight of the ions in L•econds is given approximately by:

'r = 14.5 R (E/1`I)-1/2

where R is the particle path length in earth radii from the source. The

horizontal displacement of a field line at the ionosphere is gives :)y:

II = V  T = V  14.5 R (E/M)-1/2

where V
C
 is the convection velocity (in km/s(.,c) and H is the horizontal dis-

placement in km. Thu::

Vc = IT R
 [Ax^

where WAY is the inverse of the slope of the diagonal line in Figure ( and

AX is measured in km. The line shown corresponds to a convection velocity

1.50 km/sec it one assumes a 10 R E distance for the source region. This is

a reasonable value if the plasma entry is immediately at tho top of the cusp;

however, if the initial access is at the sub-solar point on the magnetopause.

a field line length of approximately 18 RE is more reasonable. This greater

distance would imp?.y a convection velocity of approximately 0.83 km/nce. The

corresponding electric field ('n mV/m) is given by

G = 1. -^V .:c
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4

wh,:re B is in gamma. Using B = 4 x 10 4 gamma at 800-km altitude, we calculate

a daw..-to-dusk electri c_ field of 60 mV/m and 33 mV/m for source distances of

10 R  and 18 RE , respectively. This range of convection electric fields if

in agreement with the reported values of high-latitude electric fields

[Haerendel, 1972; Mn^.er et a]_., 1974].

The mechanism described here can explain the hardening of the "proton"

Uspectrum at the low-latitude edge of the cusp reported by H^il.;ila and

ningham [19711; however, their observation th-it sometimes there is also

hardening at the high-latitude edLe -.s not explained. 71-ank. [19711 has re-

ported a persistent latitudinal separation betw&en a "proton sheet" and

"electron sheet" in themid-altitude cusp with the proton sheet poleward of

the electron sheet. The average magnitude of this separation was not given,

but the direction of separation is consisten ,^, with the mechanism described

here. The one excunple given in Figure 16 of Frank [1971] suggests a separa-

tion of less than one degree in invariant latitude; this is of the correct

order of magnitude to be accounted for by this mechanism.

Ion energy spectra. It is clear from Figure It that the ene"r ',v spectra

of the cusp ions vary as a function of latitudinal position within the cusp.

Hpikr:ila and Winningham [1971] discussed the softening of the positive ion

spectrum toward the middle of the cusp region. In the last section the

hardening toward the low-latitude edge of the cusp wris explained uy the

poleward convection cf the cusp field lines nctinr; as a velocity sel,,cter

for the magnetosheath particles entering the cusp. Given the srx:ctrnl din-

tortions resulting from this mechanism, it would be inappropriate to re?ect

any given location in the low-altitude cusp to define the ion spectra as

r	 ^~
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representative of the magnatosheath source region. 111)wever, assuming equal

access to the cusp for all ions in the sheath source region, the spectra

averaged over latitude in the low-altitude cusp should be most directly 	 r
i

representative of the source region except for processes occurring during

the transport from the source region to the observation point. In Figure 7

we show the He	 and H energy-per-nucleon spectra averaged over the entire

cusp region (0531 :20 {IT to 0532:34 UT). This averaging reduces the absolute

flux intensity by approximately a factor of five from the peak values for

both species (see Figure 3).

The error bars cn the data points in Figurc 7 show the counting sta-

tistics only; there is an estimated additional relative uncertainty of

approximately 10-15% between data points resulting from relative uncertain-

ties in the energy and mass dependence of the spectrometer sensitivities.

There are also uncertainties of the order of 2	
++

0°^ or less in the He	 fluxes

resulting from inancuraci p s in the mass spectrum fitting procedures. We note

from Figure 7 that even in an energy-per-nucleon (i.e., velocity) space, the

He++ spectrum is harder than th, H+ spectrum. Clearly, in an cnerf-,y-per-charge

space, or total energy :ipnce, the hardness of the He ++ spectrum relative to

the If spectrum would be significantly enhanced. Comparing these results

with previously reported observations of H+ and lie ++ spectra over this energy

range in the magnetosphere, we find better agreement with the results of

Sharp et al. [1974] that the ions have npprcximat o ly the same velocity dis-

tributions than with the findings of 1-:1:91en Aii I V -Ngrmi^ [1n7?] th9t the energy-

per-charge spectra are similar. Both of these cnrlier , bcarvaticns were on

the nightside of the magnetosphere. Examination of the spectra in Figure 7



show a cloar maximum in the He ++ spectrum at approximately 1.5 keV/AMU.	 Nog
definite maximum is observed in the H+ spectrum in the energy range covered;

however, the data are consistent with a maximum between 0.7 and 1.0 keV. 	 A

maximum In the Ii+ cusp spectrum in this energy range is consistent with

I:
Frank [1971,	 see his Figure 11], but is approximately a factor of two hither

in energy than the average reperted by Iieikkil.a and Winnin,;ham [1971].	 This

1
' may be accounted for by the high solar wind speed of approximately 600 km/Sec

at this time	 (W. C. Feldman, private communication). 	 The important observa-

tion here is that the Ile	 spectrum peaks at a significantly higher energy

per nucleon than does the H+ spectrum.	 This implies a higher mean speed for

- the lie	 .

It should be noted that all of the ions observed at these low altitudes

will map into very small pitch angles in the high-altitude cusp and there-

I`	 fore correspond to fluxes traveling nearly parallel to the field lines in

the vicinity of the magnetosheath, neglecting effects of pitch-angle scatter-

ing. It is reasonable to assume that the plasma flow in the magnetosheath

near the noon meridian is nearly parallel to the magrjetopaus^! up stream from

the cusp and therefore essentially parallel to the last r 1osod fiold lino or

most recently-merited field line. Thus plasma observed in the low-altitude

cusp would be expected to represent a sample of the! marm etosheath plasma

looking n-arly into the flaw direction, assumin g, this ma,nnetoshenth plasma

is guided by the recently-merged ma,;rreto^pheric fi^ld lines. A:-surr.inr, a

convecting Maxwellian distribution in the ma,;netoshoath source region, the

energy-per-nucleon flux spectrum along the flow direction has the form:



F(c) a c exp [- `c l/` - col/^ /TJ

f	 where a is the total energy per nucleon, 
c  

is the bulk flow energy per

nucleon and T i:, th ,, thermal energy prr nucleon.

The solid curves in Figure 7 are of the f-)rm 1 viven above, but with

the temperature

unit: of 'rm/sec

spectra are reR

spectrum is not

and bulk speed parameters

and OK. We note that the

sonably well fit by the di

l:articularly sensitive to

given in the more conventional

lower-energy portions of both

stribution. The fit to the H+

the choice of parameters; however,

a reasonable fit to both spectra cannot be obtain-d with the sam, parameter	 !

set. in particular, the data are not consistent with the same bulk speed

parameter. W note that the temperature ratio ( a/Tp) of 3.1 is reasonably

consistent with typical temperature ratio:: in the solar wind [ F. -Idrn. ►ti ­ L al.,

197 14; Hirshberg rt al., 1974; Robbin^ eit al., 1970]. No measurements of

the temperature ratios have been reported in the maEnetosheath.

The bulk speeds of the H + and He" are known to be approximately equal

in the solar wind, as in fact was the case at this time (W. C. Feldman,

private communication). The difference in bulk spe!, ds between the two I v n

species observed at low altitudes su6geets a possible electrostatic decele:r-

i

ation process operating somewhere between the solar w! nd and the low-altitude

cusp.

A more detailed study of the relation.-hip betweer, the solar wind plas^.in

parameters and the low-altitude cusp observations is presently in progress.

Helium-hydrogen ratio. A commonly referred to parameter in studies of

energetic He++ and H+ ions in the -_agnate:phere is the iin density ratio.
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This ratio is then compared with the typical ratio of approximately 4% in

the solar wind. Ile note from Figure 4 that this ratio in clearly a func-

tion of position within the cusp, and on the basis of this integral flux

over the same energy-per-unit-cthflrge range, the flux ratio varies between

3", and Sap. The translation of these flux ratios t:j numucr density ratios

would require knowleage of the individual spectral parameters at c •wn loca-

tion.

Considering the spectral distortions which would be generi.ted 1. the

low-altitude cusp by convection (as discussed in the last .section). a more

appropriate ratio m-: be expected from the latitudii.,,ly averaged spectra.

Referring to Figur,. t . we note that the number deneity rWt,lo is equal to

the flux ratio at the same enerr;y per nucleon (velocity). Again, this

ratio varies rignificantly over the range of o'lo rin111,i1u, mv:W.11rllill'Il.:•,

ranging from approximately 3N to 25 0.

If we postulate a mechanism which ehifts one spectrum relative to the

other, such as an electrostatic field, the: ratios of maximum densities in

phase space may be a more appropriate parameter for comparison with the

typical solar wind ratio. Azsuming the spectra given by the solid curves

in Figure 7. this ratio it approximately 14% ,in good agreement with typical

solar wind ratios.

Finally, the ratio of the integral number densities	 r the range of

measurement (which does not cover the low end of the tyFival cusp proton

:,pectra) ie approximately t5. Wi , conclude that within the limitations of

I	
t	

our knowledge :;f the transport and acceleration processes operating between

the solar wind and the low-altitude cusp, the measured alpha-proton ratios



are consistent with typical solar wind values. However, the wide range of

values for this ratio obtained above clearly indicates the need for caution

in interpreting such ratios and demonstrates that th. , direct ratio o  lun

^ 0
	

fluxes at the same energy per nucleon (velocity) is not necessarily the

correct parameter to be compared with density ratios in the source region.

SUR -ARY AND CONCI,USIO'NS

The observation of He	 ions in the low-altitude cusp with densities

relative to the accompanying H+ consistent, with solar wind ratios provide

additional support to the conclusion that magnetosheath plasma has direct

access to the cusp field lines. By utilizing the measurements of both ion

species we have demonstrated for the case studied that the locations of

the low-latitude limits of precipitation are linearly related to the in-

verse velocities of the ions. We have interpreted these observations in

terms of a model previously proposed by r ­ enbauer et al. 19751 to explain

the creation o, the plasma mantle. In this model the magnetoshsath plasma

gains direct access to cusp field lines and is velocity-dispersed at lot}

altitude by the effects of anti-sunward convection. Electric fields ill

the range 30 to 60 my/m are required to fit the present data and these are

consistent with direct electric field measurements at high latitudes Nozer

et 11., 197:]. We discussed this process in terms of an open ma;netosphere

with the plasma gaining access through field line mer;;ing at the magneto-

pause; however, we note that the process does not 'quire an open magneto-

=1
	 sphere out is consistent with any process which provides direct access to
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the cusp field lines for the magnetosheath plasma. This pro posed mechanism

explains the general hardening of the positive ion spectrum at the low-lati-

tude edge of the cusp previously reported by Heikkila and Winningham [1971]

and is also consistent with the observed separation of the proton and elec-

tron sheets reported by Frank [1971].

We have also shown that at least in this one case the mean velocity of

the He++ ions is significantly greater than that of the H + ions. This sug-

gests a deceleration process, auch as an electrostatic field, operating be-

tween the solar wind source region and the low-altitude cusp which slows

down the HT ions relativel; more than the He	 ions.

This single observation may not be typical in all res pects in that the

mean energies of the ions was significantly greater than the "typical" values

reported by Heikkila and Winningham [1971] and may have resulted Crum the

unusually high solar wind speed. Unfortunately, the energy rane of the pre-

sent energetic-ion-mass-spectrometer does not extend dorm to the "typical"

proton energies in the cusp.

Finally we note that one must consider the transport and ener;ization

processes operating on the plasma between two observation regions in inter-

preting the comparison of plasma density ratios. The cummon practice of

comparing aensity ratios at the same energy per nuclecn or velocity is only

valid if the processes do not alter the relative speeds of the two ion spe-

p ies. Specifically, if electrostatic processes are acting. then such a com-

parison is invalid.

^	 1

r
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FIGURE CAPTIONS

Fig. 1.	 Electron and proton fluxes observed during; n pass through the

low-altitude dayside cusp region on 7 March 1972. The vertical

dashed line at approximately 0531:18 UT is the "trapping bound-

ary" for electrons with energies greater than 130 keV. Th-

fourth panel from the bottom is the integral H + flux measured

by the mass spectrometer. Note that these are log plots with

each panel covering several decades in range. Universal time

and invariant latitude are indicated along the horizontal axis.

Fig. 2	 Example of mass spectrum from mass spectrometer. The ion flux

is dispersed in mass over 64 channels. The solid curve chow;

composite least-sq uares fit to the data with ll + and He	 TheThe

dashed curves show the expected responses of the instrument to

pure He	 and pure 11 at the calculated strengths.

Fig. 3.	 Latitudinal distributions of the integral He 	 and H fluxes in

the energy-per-unit-charge range between 0.74 keV and 12.1 keV.

The trapping boundary from Figure 1 has been included for ref-

erence. Note that the scale is linear and the lie 	 has

been multiplied by 10.

Fig. 4.	 Latitudinal .li--tributions of individual velocity groups for

HP and H	 The same symbols have been used for ions of

r



Fig. 4.	 approximately the same energy per nucleon (velocity). Note
(cont'd)

the latitudinal dispi2cement as a function of velocity for

both ion specias.

Fig. 5.	 Schematic representation of particle motions in the polar

cusp showing the effects of anti-sunward convection on the

particle trajectories. The solid circles represent rc; Lively 	 r

fast ions and the open circles represent slower ions [from

Figure 12 of Rosenbauer et al., 19751

Fig. 6.	 Location of low-latitude limits of individual particle velo-

city groups vs. their inverse velocities. The solid circles
f

	

=. I	 and open circles are from mass spectrometer measurements of H+

and He++ , respectively. The horizontal bars represent the time

resolution of the measurements. The symbol P is th, limit deter-

mined from the measurements with a permanent magnetic ion spec-

	

i	 trometer which is sensitive primarily to H + . Symbols 1T and C'

are limits determined from integral ion detectors with thresh-

olds to protons at approximately 16 and 38 keV, respectively.

The (e - ) symbol represents the low-latitude limit for electrons

with energies between 70 eV and 260 ev. See text for defini-

tions of low-latitude limits. The vertical dashed line is tht

approximate electron trapping boundary taken from Figure 1.

The diagonal solid line corresponds to the expected dependence

of the low-latitude limit an particle velocity for anti-sunward

convection in the cusp.

r
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Fig. 7.	 H+ and He++ energry-per-nucleon spectra averaged over the entire

cusp (0531:20 to 0532:34 UT--see Figure 3). This averatTing

reduces the absolute flux level for both ion o peeles by approx-

imately a factor of five. The error bars represent counting

statistics only. The solid curves correspond to energy-per-

nucleon spectra for convecting Maxwellian distributions in

the direction of convection with the indicated speed and

temperature parameters. The dashed lines Joining; the higher-

energy points are intended to aid the eye only.
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