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ABSTRACT
Physical properties of electron variations of periods in the range
2 - 12 minutes detected in the afternoon magnetosphere at synchronous
altitudes by the University of Minnesota electron spectrometer on the !
ATS-1 are presented. We find that in the energy interval 50 keV to i
i
1 meV, most of the electron variations are correlated with the intensity |
of the local magnetic field. This correlation exists down to a few ‘
minutes time scale. The pitch-angle analysis shows that the enhance- ‘
ment of fluxes occur primarily at large pitch-angles. We show in "
Part 2 of this series of papers that the electron variations can be f
accounted for by adiabatic causes.
i
1Also with the Physics Department and the Atmospheric Science NDepartment
2Also with the Physics Department
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1. NTRODUCTION

Lin and Parks (1974) recently showed that trapped electron fluxes
of enerpics 50 keV to 1 meV observed in the afternoon magnetosphere
are periodic in space and/or in time. We have since used the high-
resolution electron data to study further these periodic structures
and in this article we report that these clectron variations are
(1) periodic in the range about 2 - 12 minutes (2) correlated with
magnetic field variations (3) organized bv the local mapgnetic field,
and (4) pitch-angle dependent, with the variations larger at larger
pitch-anples. These observations sugeest that the electron variations
are adiabatic. Part two of this series of paper by Lin et, al. (1975)
derives the quantitative adiabatic expressions of particle flux
variations in a model geomagnetic field perturbation. Tt will be
shown that the observational features are consistent with effects a-
rising from adiabatic modulation of trapped particle fluxes.
2, RESULTS

2.1 Tine Variations of Flectron Fluxes and Fourier Analysis:

Examples of quasi-periodic variations of cquatorial eclectron fluxes

are shown in Fipures la, 1bh, and lc (see also examples in Lin and Parls
(1974)). The data of Februarv 7 and June 26, 1967 come from the period
when the trapped fluxes were slowly decreasing while those of June 27,

1967 come from the period when the trapped fluxes were slowly recover-

-

ing. All of these variations are ohserved in the afternoon macnetosnhere.

The probability of detcectine the variations 1s maximum around 1600-1800
local hours. Note that the electron variations are independent of the
energy. The electron variations are always detected simultancously in

all of the cnergy channels, The abscence of time lags in the different
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energy particles means that the variations must be produced locally
near the satecllite where they are detected.

The resuvlts of Tourier analysis of the electron data are shom in
Figure 2. The frequency spectrums shown characterize the variations of
both the electron and H-component magnetic field variatinns. The
spectrum of June 26, 1967 further describes the hehavior of protons of
energies %400 keV in addition to electron and the magnetic field.

Figure 2 clearly shows the time variations are quasi-periodic. ™or the
events that occurred in 1967, the range of periodicities detected was
about 2 - 12 minutes. This conclusion is arrived at from both the
Fourier analysis results and the simple determination of periods from
the count-rate time profile (the latter method was used for segments of
data that were too short for Fourier analvsis).

Proton infornation was available for the June 26, 1967 event
(Figure 1). Proton data, when Fourier analyzed, also show a significant
peak around 9,24 (min)_l, corresponding to the same peak observed in the
electron data. MHowever, the protors and the electrons did not vary in
phase. Figure 3 shows the results of performing a coherence analysis
between the two sets of data (top panel). While the peaks around 4.2
minute period were correlated, the electrons and the protons were out
of phase by about 1800. The bottom panel shows the phase relation of
electron and H component variations. The peaks at 4.2 and 12 minutes
vere correlated with a zero phase difference (note that the small phase
seen around .24 (min)_1 is not significant since it is caused by quanti-
zation error in the digitization process). The relationship of electron

and the magnetic field shown here is typical of other events studied.




Since June 26, 1967 was the only period when the proton data were
available, the results shown in Figure 3 only apply to this event.

2,1.1 Electron Flux Variations vs L:

As a first step toward identifying what caused the time variations
in the electron fluxes, we plotted the electron fluxes as a function
of L, defined by the relation L=(0.31/I})1/3 where B is locally measured.

Figure 4 shows such a plot for the variations detected on June 26 and

27, 1967. 1In this Figure, the flux values of 150-500 keV energy channel
have been offset. The solid circles and triangles are electron data

averaged over O6-minutes. This type of data describes adequatelv the

type of variations previously studied by Lezniak and Winckler (1970),
Erickson and Winckler (1973) and Bogott and Mozer (1973). Figure 4
indicates that the type of variations that occur wvith about 1 hour tine
scale 1s well-behaved in L and as previously noted the variations are
adiabatic.

The open circles and triangles arec electron data averaged over
25.6 seconds. The high-resolution data adequately describe the faster
quasi-periodic structures of interest here. In this time scale, the
electrons of encrgies 50-500 keV are still well-ordered in I.. This

means the electron variations in the 2-12 minute time scales are also

adiabatic. This view is further supported by the pitch-angle analysis

given below.

-

2.1.2 Pitch-angle Distribution and Variations:

Figure 5 shows typical examples of pitch-ansle distributions obtained
at the minimum and the peak of electron variations. First to note is

that the pitch-anple distribution at the minimum flux {s peaked toward

smaller pitch-angles. At the peak, the distributions become more isotropic.
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Thus, the increase of electron fluxes comes mainly from the large pitch-
angle particles. It should be emphasized that although the example
shown in the Figure comes from the variations detected around 0138 UT,
the behavior shown is true for most of the variations studied and
should not be construed to represent the characteristics of this
particular variation.

The characteristics displayed in Figure 5 are consistent with
adiabatic effects as will be demonstrated quantitatively in Part 2 by
Lin et. al. (1975; see companion paper).

2.1.3 Frequency vs. B:

As already noted, the range of frequency observed is between about
1.3 to 8.3 mliz. An attempt was made to find out what factors influence
the frequency of oscillation. We have examined the frequency as a
function of the electron intensity, Kp, and the intensity of the magnetic
field. The frequency is uncorrelated to Kp and the electron intensity.
There is a weak suggestion that the frequency and the local magnetic field
intensity might be correlated. Figure 6 shows a plot of the frequency
as a function of <[B[> where <[8|> represents the average intensity of the
magnetic field averaged over many cycles. For the events plotted, <pﬂ>
varied between 40 and 130 gammas during which the variations were observed
in the 1.3 to 8.3 mllz frequency interval.

In considering the origin of the oscillations, we note that the
frequency characteristics of Alfven and drift waves are quite different.
The former depends on ]ﬁl lincarly because the Alfven velocity 1s propor-

-
tional to IEI, while the latter is inversely proportional to IBI (see

Krall and Trivelpiece, 1973). Note that these wave propertics are correct
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only if the plasma density is assumed constant in the region of the wave
oscillation, According to Figure 6, nothing definite can be said about
these waves (see Barfield and McPherron (1972) for other properties of
waves).
3. CONCLUSION

One of the main conclusions to be drawn from this study is that the
variations of b 50 keV trapped electron fluxes that are frequently detected
in the afternoon magnetosphere during substorms are predominantly due to
adiabatic causes. Consequently, these energy electrons do not appear to
take part directly in any instability mechanisms. Rather, the R 50 keV
electron variations simply represent the response to magnetic field
oscillations about the satellite ATS-i. The adiabatic variations are
produced in situ and on the average the modulation of the trapped electron
population does not alter the average energies of the trapped radiation.

The sources of the waves need not be local. With repard to the
mechanisms that might be involved for these waves, we made an attempt to
evaluate whether a drift-mode instability was involved (see Fipure 6).
In view of absence of strong 1/B dependence of the frequency of oscillation,
nothing definite can be said about this instability mechanism. We wish to
note however that the data of Baxter and leOuey (1973) and lanzerotti
et. al., 1969) support the view that drift-mode instabilitv micht be
operating in the mapnetosphere. TFrom our analysis of the electron data,
the only evidence we have is the electron-proton anticorrelation ohscrved
in the June 26, 1967 oscillations.

In conclusion, we wish to note that the clectron oscillation events
observed at the ATS-1 for electron ecnergies %50 keV are adiabatic as
indicated in this papcr. [Ilowever, on several occasions electron modula-

tions were obscrved in the total absence of mapnetic field oscillations
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(not shown). The cause of these non-adiabatic oscillations 1is not ,1
known but one possibility is that they are related to electrostatic ;

waves. Properties of these non-adiabatic structures will be further

studied and reported in another paper.
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FIGURFE CAPTIONS

Figure la: The electron count-rate time profile detected on the i
ATS-1 and the magnetic field data in three comnonents. The ;
electron data are 25.6 second averages and the magnetic field |
|
f are 2.5 second averages (courtesy of UCIA).
Figure 1b: Same as Vigure la excent that proton data from Bell ';
Laboratory detector are included. All data are l-minute 1
o

averages.
Figure 1lc: Same as Fipure la. Data are l-minute averaces. 1
Figure 2:  Power spectral analyses results of the three events s
shown in Figure 1.
Figure 3: Coherence analysis between electrons and protons and
electrons and the magnetic field for the June 26, 1967 event.
Figure 4: Flectron flux vs. L parameter. Open circles and
trianales are data that were averared over 6-minutes. Closed
circles and triangles are 25.4 second averared data. YNote
that the fluxes are well-organized by L.
Figure 5: Behavior of pitch-angle distribution during oscillations.
Larce increcases are abserved at hiieh pitch-angles.
Figure 6: Frequency of oscillation vs. magnetic ficld intensitv ;

averaged over many cycles of the oscillations. The dashed

cdh

line represents f = 1/R curve. These events were all detected "

in 1967,

e




JWIL TIVSH3AINN
3,3 00T

\'\/.\/
N

(=4
-

FdWVS/ SINNOD

B

A 0SL~0S

L~

AWl | e
_ S SL ¢ AYvN4E3d
N R T R R I

S .




Bl St .ﬂlﬂ b N I

| 3WIL TVSHIAINN
00%0 00€0 0020 0010 0000

/

)Ef\_ﬂddad_ﬂ___ﬁJa____TJ___

S1NNOJ

e

AW QI -9°0
(718) SNOLOYd |-S1V

Wigi 11 o1 TS T
O
—

|
3dWNVYS SLNNOD

g

A% 00S-06! i
(W 4 ) SNOHLD373 I-SLV . «
A% 0GI-06 o
2. J
| Hos @
(v1on) @131 o_Ezosz 1NINOJWOD -H 2,
I-SLV AV PoE

. 77,\5\/2 A Joa!
« 2961°92 INnF | .
IS TS T I R S R TN NS N NS T SR N S |




e et S ——

50150 Kev JUNE 27, 1967

Wm
Wm\m

L1 1111

COUNTS / SAMPLE
I éﬂ n?

-
RS

500-10D00 KeV

o etrtd §LLILLIJI { |

iy
M
k

.
£

I |

O—

R W\}VV'V\JX' \A\} W

101

-\A\W/'\/\WW\/\'\/\N\/\/\AA/\/\/

0200 0230
UNIVERSAL TIME

?
!
)




10

o

ARBITRARY POWER

10

T 1 1 LN
~2 min [ FEB 1967
el 2200-2400UT)
- :
=~ 1
- <
L -

1
1

]

| ] 1 | 1 ] 1

] ] | |
0.45 0.68 0.90
7T v I ' 1 1
26 JUNE 1967
i (0000-0400 UT) _
- ~4.| min 5
. ]
i ]
. ]

O 0.12 0.24 0.36 048

LA B I BN I B BRI B
27 JUNE (967

\ ~2.6min B
E (0200-0300UTY
[ i
r— -
- E
bn ' R BT N A ! h

0.28 045 06! By
FREQUENCY (min)

i;_



COHERENCE y?2

O
S)

N
~ ELECTRONS vs PROTONS

ELECTRONS MAG. FIELD

JUNE 26, 1967

' N

O 0.12 0.24 0.36 0.48

FREQUENCY (min)™

(degrees)

PHASE




mw._.u2<m<n_ 1

8 L
LN B S N B _\—ﬁq_q_Td\_u_ﬂ.._

i v1va uSz_s_ o {3
" VL1VQ NOILNIOS3Y-HOIH {3

ENOILNEIYLSIA T13HS-T

\A2% 0S1-0

(LN 00g0-0020)
L9961 ANNF L2

A1 0G1-06

w0
hllllll i lllillll |

(O1x%)
A1 00G-06I

I”llll {

_ (O1x)
| A% 005-0G1

1

(LA 00E0-0000) %
2961 ANNF 92

-

TN B

rp.HF\—\_F____Lp.pL_

=

00l

(A% -13}5-335-wd) XN74 % L0I

k“..u a

e

S




(s934bap) JIONV-HOLlId
96 b8 2. 09 96 ¥8 2. 09

, 1 " T * T [~ 1 "1 " T "]
I . (A00G-08D)  J_  (mosi-08) | _
= 40 -
I ilj\.m_U 1N 92.¢10 .HN..O\u_v
- LN 9z2.€10 —§ 4 3
- — N N
N J 1 S
- —13 — 01 o
Wn — O — o
- 34  Lnevetlo 4
38 3
= X 313 3 = *
e LN 6¥6€10 EN 4 <
| = =i =02 -
NOILNGIYL1SIa 3TONV-HOLld
(NNIW $0N0) SNOY1D313 1-SLV !
2961 '92 3INAP |
rL_.__L_h:,_rb__L_

rt.\.i!. -




f(min)~!

TN ;
: RN 1
X lll l ll\ d
_ NG
R A
20 - 40 100 200 300

<IB|>




