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CHAPTE RR VI 

Interpretationn of the cutoff rigidity variations 

6.11 INTRODUCTION 

Firstt of all we will test the reliability of the method of analysis by comparing our results 
withh those of others. 

Thee most significant events from our sample will be used for a detailed analysis by carrying 
outt a comparison with the geomagnetic field data from the various Dst stations. From this 
analysiss we will derive the influence of the partial ring current on cutoff rigidity variations. 
Somee remarks will be made on the occurrence or non-occurrence of cutoff rigidity variations 
duringg the various storms analyzed. 

Wee will in particular analyse the December 17, 1971 storm because for this event detailed 
satellitee data are at our disposal. Finally, a general review of the applicability to other events 
off  the results for this event will be given. 

6.22 RELIABILIT Y OF THE RESULTS 

Upp to now data on cutoff rigidity variations have been presented in the literature for the 
Marchh 1976 (Krestyannikov et al., 1977), the September 1974 (Flückiger et al., 1975) and the 
Aprill  1973 (Debrunner and Flückiger, 1976) geomagnetic storms. In order to compare, 
wheneverr possible, these results with the ones obtained in the present analysis we will use as a 
parameterr the maximum ARC values for the various events. These values are listed in table VI.I . 

Tablee VI.I 

ComparisonComparison of the maximum ARC values 

Event t 

171271 1 

010473 3 

150974 4 

Bernn analysis 
Thiss analysis 
Bernn analysis 
Thiss analysis 
Bernn analysis 
Thiss analysis 

ARCC Jungfraujoch 

-0.888  0.06 GV 
-0.66  0.3 GV 
-0.688  0.03 GV 
-0.66  0.3 GV 
-0.988  0.3 GV 
-0.77  0.3 GV 

ARCC Pic du Midi 

-0.588  0.09 GV 
-0.44  0.3 GV 
-0 .60+0.033 GV 
-0.55  0.3 GV 

ARCC Rome Time U.T 

-0.511  0.21 GV 
-0.55  0.3 GV 
-0.533  0.06 GV 
-0.88  0.3 GV 
-0.73 3 
-1 .00  0.3 GV 

1900 0 
1900 0 
1800 0 
1800 0 
1900 0 
1900 0 

Recentlyy Krestyannikov et al. (1977) reported on their analysis of the March 26, 1976 
event.. They analyzed the data from various Russian stations and arrived at a maximum cutoff 
variationn ARC = -0.9 GV for both Irkutsk (Rc = 3.81GV) and Khabarovsk (Rc = 5,54 GV). 
Inn our analysis for the same event we found a maximum cutoff change for Jungfraujoch and 
Picc du Midi of -0.6  0.3 GV and -0.5  0.3 GV, respectively. 

Basedd on these comparisons it seems fair to have a reasonable confidence in our method of 
analysis. . 
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6.33 THE ROLE OF PARTIAL RING CURRENTS 

Thee most significant events will be studied in detail. They are selected from table III.VII I 
andd are reproduced in table VI.II.The criterium for the selection is: |ARC| > 0.5 GV. 

Tablee VI  .II 

TheThe most significant events to be studied 

Eventt  Jungfraujoch A B (nT) 

08037 0 0 
171271 1 
14097 2 2 
01047 3 3 
06077 4 4 
15097 4 4 
09117 5 5 
26037 6 6 

Timee o f  max .  AR C (U.T. ) 

2200 0 
1900 0 
2100 0 
1800 0 
1600 0 
1900 0 
1800 0 
1500 0 

Max..  AR C(GV) 

-0. 77 ±  0. 3 
-0. 66 ±  0. 3 
-0. 55 ±  0. 3 
-0. 66 ±  0. 3 
-0. 66 ±  0. 3 
-0. 77 ±  0. 3 
-0. 66 ±  0. 3 
-0. 66 ±  0. 3 

Her m m 

-22 2 2 
-12 6 6 
-14 3 3 
-20 5 5 
-14 3 3 
-19 0 0 
-12 4 4 
-22 6 6 

Kaki i 

-13 9 9 
--  8 8 
--  3 7 
--  7 9 
--  9 8 
--  8 4 
--  4 8 
-21 8 8 

Hono o 

-19 2 2 
--  8 2 
--  7 1 
--  6 0 
-10 0 0 
--  8 2 
--  3 4 
-11 5 5 

Saj u u 

-16 6 6 
-13 4 4 
-11 8 8 
-11 9 9 
-13 2 2 
--  9 0 
-16 4 4 

Firstt of all we notice from this table that the time of maximum ARC occurs in the 
afternoon-midnightt sector for all events. A study on energetic proton {>  30 keV) injection 
eventss from the measurements carried out with the geosynchronous satellite ATS-5 (Bogott 
andd Mozer, 1973) yielded that all events were observed between 1500 and 2200 hours L.T. 
Noo proton injections were recorded by ATS-5 after 2300 hours L.T. Both the symmetric and 
partiall  ring current are built up by these protons as was outlined in chapter II . The above 
mentionedd authors also found a good correlation between the magnitude of the maximum 
protonn intensity and the magnitude of the depression of the H component measured on earth. 

Too obtain more insight in the effect of the partial ring current on cutoff rigidity variations, 
hourlyy averages Dst of AB from the various Dst stations were calculated as follows 

D;'tt = '« 2 ABi sec Xj 
ii  —1 

withh X j being the geomagnetic latitude. Then for each station the hourly deviation from this 
D'D'%%\\ was calculated, i.e.: 

5Bjj  = ABjsecXj - D" 
11 i i st

Thee values of 6Bj for all four stations together with the ARC values for Jungfraujoch were 
plottedd on an hourly basis. These plots are given in figures 6.1-6.8. 

Fromm these figures some characteristics of the development and the progression of the 
magneticc storms can be deduced. 

Firstt of all an estimate of the sector width and its variation in time of the partial ring 
currentt can be made in the same way as in chapter V. To this purpose the maximum positive 
valuee of S B of a Dst station was taken as the criterium for merging into the partial ring current 
sector. . 

Thee minimum negative value of 5B was assumed to indicate the time of passing the most 
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Fig.. 6.1 Hourly values of 6Bj (nT) and AR (GV) for the 080370 event. 
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Fig.. 6.2 Hourly values of 6Bj (nT) and ARC (GV) for the 171271 event. 
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Fig.. 6.3 Hourly values of 6Bj (nT) and AR (GV) for the 140972 event. 
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Fig.. 6.4 Hourly values of 6Bj (nT) and ARC (GV) for the 010473 event. 
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Fig.. 6.5 Hourly values of 6Bj (nT) and ARC (GV) for the 060774 event. 
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Fig.. 6.6 Hourly values of 6Bj (nT) and ARC (GV) for the 150974 event. 
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Fig.. 6.7 Hourly values of 6Bj (nT) and ARC (GV) for the 091175 event. 
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Fig.. 6.8 Hourly values of 6Bj (nT) and ARC (GV) for the 260376 event. 
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intensee part as well as the beginning of the phase of emerging out of the partial ring current 
sector. . 

Inn this way all events were analyzed. We will consider now the most prominent results. 

6.44 THE MOST PROMINENT RESULTS OF OUR ANALYSIS 

Thee most intense part of the partial ring current was centered around 1800 hours L.T. and 
thee asymmetric sector representing the largest depression in H moved westward during the 
event.. As will be shown later, depending on the injection rate of protons from the tail region, 
thee sector may gradually expand and become very large, about 270° in longitudinal width. In 
generall  the asymmetric sector is located between 2200 and 1800 hours L.T. at the beginning 
off  the magnetic storm. 

Duringg every storm also a symmetric ring current is building up, as can be deduced from the 
Dstt values. 

AA second result of the analysis is that a large cutoff rigidity decrease is always found to be 
stronglyy correlated with large decreases in the H component at both Hermanus and San Juan, a 
conclusionn already arrived at in the preceding chapter. For small A Rc values this correlation is 
nott always found. 

AA third result of the analysis is the condition for the occurrence of a cutoff variation. Only 
duringg the asymmetric period of the storm cutoff variations are found. As soon as the 
symmetricc phase sets in, the ARC values become zero. 

Forr storms that are only accompanied by small cutoff changes, no general picture can be 
given.. During some of the storms no correlation existed between the AB data from Hermanus 
andd San Juan. In a few cases even an anti-correlation was observed, probably indicating that 
thee magnetosphere was disturbed in a very irregular way. 

6.55 THE DECEMBER 17,1971 SATELLITE MEASUREMENTS 

Untilll  now only for the December 17, 1971 magnetic storm relevant satellite data of magneto-
sphericc measurements are available. 

Inn November 1971 the Explorer 45 (S3-A) satellite was launched. This satellite was 
specificallyy designed to investigate the development and the progression of magnetic storms. 
Itss initial apogee was located at 2148 hours L.T. at a distance of 5,24 rE . The elliptic orbit was 
equatoriall  or nearly equatorial and the orbital period was 7,8 hours. The line of apsides moved 
westwardd at a rate of 12°/month (Longanecker and Hoffman, 1973). 

Inn a series of papers published in the Journal of Geophysical Research (J.G.R.) 1973, vol. 
788 (No. 22), the initial results of the December 1971 event were presented. In our analysis 
onlyy the data on proton measurements (Smith and Hoffman, 1973) and the magnetic field 
dataa (Cahill, Jr., 1973) will be used. 

Thee main problem in analyzing satellite data is the fact that the measurements only give 
snapshotss of the magnetosphere both in space and time. The interpretation of these data 
shouldd be done very carefully. 

Smithh and Hoffman (1973) gave the results of proton measurements in the energy range 
1-1388 keV for a series of orbits of Explorer 45 before, during and after the December 17, 1971 
magneticc storm. In fact two storms occurred in succession. The first one started with a s.s.c. at 
19044 hours U.T. on December 16, 1971. However, no significant main phase developed after 
thiss commencement. A second s.s.c. was observed at 1418 hours U.T. on December 17, 1971. 
Thee main phase developed rapidly and asymmetrically. This particular storm will be analyzed 
here. . 
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Fromm the energy density measured at a certain location in the magnetosphere the current 
densityy due to gradient and curvature drifting protons can be calculated. The general formula 
(Crookerr and Siscoe, 1974) for this current density in the equatorial plane is 

3Gaa Tp k+3 ,. i \ /^ 
jj  = - (a3) ( k - ! ) / 2 

MEE k+2 
GG being the energy density, ME the magnetic dipole moment of the earth, arE the distance 
fromm the earth and k being the exponent of the pitch angle distribution, which is assumed to 
bee given by sink a. In order to obtain the current density certain assumptions have to be made 
regardingg the extension of the current. Assuming a toroidal current and taking an isotropic 
pitchh angle distribution (k = 1) and a measured depression of the horizontal component of 160 
nTT and energy density of 2,7.10"̂  J/m3 at a distance of 3,7 rE for the diameter of the current 
wee find: 4,9 rE which is too large for formula (2.11) to be applicable as this formula has been 
derivedd for a filamentary current. 

Takingg k = 3, as in chapter II and the same values as before we arrive at a current diameter 
off  only 0,7 rE. From these results we conclude that measurements on pitch angle distribution 
aree very important. 

Thee location of the ring current can be derived from the maximum difference in energy 
densityy measured during the disturbance (orbit 101 on December 17, 1971) and one during 
magneticc quietness (orbit 97 on December 16, 1971). We assume that this maximum is the 
signaturee of the ring current location. For the out- and inbound phase of orbit 101 which 
startedd after the s.s.c. at 1418 hours U.T. on December 17, 1971 we derived two locations of 
thee ring current, viz.: outbound at a = 4,2 and inbound at a = 3,1. 

Fromm this we find that the ring current moved inward during the event. This inward motion 
wass also pointed out for the April 1, 1973 magnetic storm by Debrunner and Flückiger 
(1976). . 

Too check the assumption that the maximum difference in energy density is the signature of 
thee ring current location we also analyzed the magnetic field data measured with Explorer 45. 
Thesee data were provided by Cahill, Jr. (1973). The analysis yielded the location of the ring 
currentt at a = 4,2 on the outbound and at a = 3,2 on the inbound phase of orbit 101. The two 
setss of data corroborate to a fair degree. 

Fromm the energy density profiles versus the location of the satellite the moments of strong 
protonn injection can be found. They appear as spikes or bumps on the generally smooth 
profiles.. These injections can appreciably enlarge the sector width of the partial ring current if 
thee injection rate is larger than the loss rate of the protons. 

Satellitee measurements from OGO-3 during the July 1966 magnetic storm (Frank, 
1967)) in general agree with the Explorer 45 measurements. The quiet time ring current was 
foundd to be located at a = 6-7, the main phase ring current at a = 3-4. During the recovery 
phasee the ring current moved outward to a = 4-5. In the post-storm phase the maximum energy 
densityy was observed again at a = 6-7. 

Withh the Explorer 45 no measurements of the quiet time ring current can be made as the 
satellitee is always underneath the region where this current is flowing. 

Ass we already pointed out in chapter II it is possible in principle to derive both the radius 
andd the intensity of the ring current from cosmic ray data using the Treiman theory. A 
comparisonn of the radius of the ring current derived in this way from the Explorer 45 data for 
thee December 17, 1971 event will be given in Debrunner et al. (1978). 

Ass only for the December 17, 1971 storm satellite data are at our disposal it is impossible to 
givee clues from these data for the other events. However, if one assumes the location of the 
ringg current not to vary drastically from event to event a general estimate of the energy density 
cann be made from the measured AB values and from those derived from the cutoff rigidity 
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variations.. As already has been pointed out certain assumptions as to the pitch angle 
distributionn of the storm particles also have to be made. 
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