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Abstract. Bursts of cosmic noise absorption observed Trakhtengerts et al., 1986; Demekhov and Trakhtengerts,
at times of sudden commencements (SC) of geomagneti€994; Demekhov et al., 1998; Manninen et al., 1996).

storms are examined. About 300 SC events in absorption for
the period 1967-1990 have been considered. It is found thaéI

the response of cosmic radio-noise absorption to the passage, energy source (e.g. injection of energetic electrons or

g:aarn L:t:rﬂg?::‘gﬁthocregzgﬁndfhznst?;eel\e,\e/ﬁ![ (:n?%r‘?l?r?eiocal acceleration mechanisms) were investigated by Trakht-
y mag yp 9 engerts et al. (1986), Demekhov and Trakhtengerts (1994),

tmh:gggw:so;]tggsmz%n?;'igﬁIg pe;;[g:_k;?t:gg aﬁstzza;z?g't?emekhov et al. (1998). A self-exciting model of a whistler
( u ! quatori 9 P ): yclotron maser derived from the full set of quasi-linear

'Srjgr?;v%tha;)fotrhsec;;;’;giﬁ?}?gg%g%iggt ?ig#f;:%%kéquations, valid for weak-to-moderate pitch angle diffusion,
geen onl pif<the magnitude of the geoma neti(?field ertur-Was developed by these authors to explain certain types of
bation cgused b thge solar wind s?]ock egceeds a th?esholimpUISive energetic electron precipitation and auroral elec-

oy . fjron precipitation pulsations. These types of precipitation
value A By, It is further demonstrated that the existence of

. ) have periods of several tens of seconds and are observed
this threshold valueA By, , deduced from experimental data, P

can be related to the existence of a threshold for excitin an(ijn situations where magnetic field variations with the time
9aNG 4les of interest are absent in the equatorial region of the

malnf[a_lnmg the whistler cyclotron instability, as predlcted by magnetosphere.
quasi-linear theory. SC events observed against an active
background K ,>2) are accompanied by absorption bursts  On the other hand, a global magnetic field compression
for all magnetic field perturbations, however small. A quan- caused by large amplitude variations in the solar wind dy-
titative description of absorption bursts associated with SCnamic pressure is believed to be an ideal external mechanism
events is provided by the whistler cyclotron instability the- for generating the whistler cyclotron instability (Hayashi et
ory. al., 1968; Perona, 1972; Gail et al., 1990). Magnetic field
Key words. lonosphere (physics particle precipitation; variatio'ns in the equatorial magnetosphere directly associ-
wave particle interaction) — Magnetospheric physics (stormsat'EOI with so!ar wind dynamic pressure changes are often
and substorms) observed by instruments on geosyn_chronous satellites (Nop-
per et al., 1982; Laakso and Schmidt, 1989; Potemra et al.,
1989; Wilken et al., 1982; Wilken et al., 1986; Erlandson et
al., 1991; Thorolfsson et al., 2001). It is clear that a sharp
magnetic field compression which accelerates and flattens
the pitch angle of every particle makes the tail of electron
distribution, which satisfies the cyclotron resonance condi-
etion, unstable to whistler mode emission. A linear change in
he wave growth rate leads to an exponential change in the

The properties of non-stationary regimes of whistler cy-
otron instability which exist in the presence of a constant

1 Introduction

Electron fluxes precipitating into the auroral region often
show a variety of time structures. The temporal scale of th
variations is from fractions of a second to several hundre
Zleecgcrngr?.bmgts; gﬁgl';Zi?rsgfg:fxs;Jlggfi;r?stugg\g Ierg;Esl\tle histler amplitude and' the.refore in the pitch-angle di.ﬁ‘usiorj

: . ; te. Due to wave-particle interaction, the electron’s first adi-
explanations based on the theory of whistler cyclotron insta-

o i ; A : ~ abatic invariant is violated, even though compression alone
bility (Coroniti and Kennel, 1970; Davidson and Chiu, 1986; would conserve it, and precipitation increases. Quasi-linear

Correspondence tdS. Kirkwood models based on the theory of gyro-resonance interactions
(sheila.kirkwood@irf.se) (Kennel and Petchek, 1966) in which a small time-dependent
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Fig. 1a. Cosmic noise absorption bursts (SCA) caused by solar 0.0 10.60 10.80 11.00 11.20 11.40
wind shocks in different local time sectors. Planetary magnetic ac- Time, UT

tivity preceding the SC events is low (4 October 197& =2—;
31 October 1981 K ,=1—, 25 June 1974 K ,=1+). The time of

Fig. 1b. Cosmic noise absorption bursts (SCA) caused by solar
the SC is indicated by the black triangle.

wind shocks in different local time sectors. Planetary magnetic
activity preceding the SC events is high (11 November 1979 —
K p=3—;22 October1981 K ,=4—; 13 April 1983 -K ,=3). The
perturbation is introduced into the magnetic field, have beerfime of the SC is indicated by the black triangle.
derived by Coroniti and Kennel (1970) and Perona (1972)
and used to investigate temporal changes in the wave growth
rate and diffusion coefficient. Both models take into ac- First observations of the SC effect in ionospheric ab-
count adiabatic changes in the pitch-angle anisotropy indexsorption were described by Brown et al. (1961). Ortner et
A. However, the fraction of the distribution in resonange, al. (1962) reported that ionospheric absorption during SCs
is assumed to be constant. was located around the maximum of the auroral zone and
Impulsive bursts of VLF emissions associated with thewas rarely observed at sub-auroral geomagnetic latitudes.
sudden commencement (SC) of geomagnetic storms oKleimenova and Osepian (1982) and Gail et al. (1990) ob-
with sudden impulses (SlI) have been observed by satelliteserved cases of simultaneous bursts in VLF emissions and
(Kokubun, 1983; Gail and Inan, 1990) &tshells in the ionospheric absorption associated with SC events. Increased
range of <L <6 and at ground-based stations at auroral ancelectron density at altitudes 80-100km has also been de-
sub-auroral latitudes (Morozumi, 1965; Hayashi et al., 1968;tected by the EISCAT incoherent-scatter radar during several
Kleimenova and Osepian, 1982; Gail et al., 1990; Yahnin etSC events (Yahnin et al., 1995; Manninen et al., 1996).
al., 1995; Manninen et al., 1996). Gail et al. (1990) reported In this study we examine impulsive bursts of cosmic noise
that changes in VLF wave activity at high-latitude stations absorption (SCA) observed at the time of storm sudden com-
were observed in 50—-60% of the events studied and for 80%nencements (SC) and relate their occurrence and associ-
of the events when the observing station was on the day oated absorption values with the perturbation in magnetic
morning side of the Earth. Spacecraft data have shown thdield strength,AB in the equatorial magnetosphere. We
wave growth is observed on the nightside as well as the daythen examine whether these observations can be adequately
side, and no clear local time dependence was found (Gaikxplained by the whistler cyclotron instability theory. We
and Inan, 1990). As shown by Gail et al. (1990) the abil- obtain estimates of the magnitude &fB using both mea-
ity of the model suggested by Perona (1972) to predict thesurements of solar wind parameters (with the spacecrafts
observed changes in the properties of diffuse emissions dutMP-8 and Wind) and ground-based measurements of the
ing SCs (growth rate, growth time and total growth) is quite SC-amplitudeA H near the equator. A comparison of these
reasonable. two methods can be found in Table 1 with further explanation
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Table 1. Dates, times (UT and LT), magnitudes &, AB and AA) and background magnetic acticiti( ) for a representative subset of

the events analysed.

Date uT LT AH AB AB Kp AA

nT L=5.3 IMP-8 dB
23 June 1974 08:57 13:49 22 20 26 1 0.0
4 July 1974 15:34 20:26 31 16 19 4 0.8
21 September 1974 12:46 17:32 22 15 17 -4 11
12 October 1974 12:44 17:36 26 19 22 -2 0.0
18 January 1977 04:22 09:14 13 11 8 1+ 0.0
25 November 1977 12:24 17:16 26 19 22 1 0.0
3 January 1978 20:42 01:34 23 11 9.5 3 0.4
13 April 1978 19:24 00:16 24 10 9.0 3 1.0
17 April 1978 23:44 04:36 15 9.0 10 1 0.0
21 May 1978 02:40 07:32 21 15 10 1+ 0.0
4 June 1978 12:11 17:03 23 17 17 -3 0.4
18 August 1978 12:41 17:33 17 11 14 1+ 0.0
21 February 1979 03:00 07:52 17 14 15 2+ 0.4
6 June 1979 19:27 00:19 80 36 34 3 1.0
12 July 1979 12:39 17:31 11 8.5 13 1 0.0
26 July 1979 18:33 23:25 27 12 8.5 2 0.6
29 August 1979 04:59 09:51 23 18 15 3 1.8
25 January 1980 11:08 16:00 13 11 13 -1 0.0
19 March 1980 06:18 11:10 34 31 33 -1 0.4
7 May 1980 08:03 12:55 19 17 19 -1 0.0
29 May 1980 18:33 23:25 13 5 7 1+ 0.0
18 July 1980 19:25 00:17 48 21 24 -3 0.3
6 February 1981 08:48 13:40 12 11 14 2+ 0.4
10 May 1981 22:08 03:08 40 20 16 4+ 1.6
30 August 1981 22:21 03:13 19 9.6 10 1+ 0.0
22 October 1981 05:24 10:16 35 29 23 —4 1.0
12 June 1982 14:42 19:34 37 22 27 -3 0.5
13 July 1982 16:17 21:09 87 43 38 4+ 1.4
13 April 1983 11:00 15:52 45 36 50 3 11
24 May 1983 12:39 17:31 25 17 15 -3 0.6
4 October 1983 05:42 10:34 15 13 12 3 0.6
20 February 1984 15:50 20:42 22 11 7 -2 0.0
9 July 1984 16:38 21:30 14 7 9 2+ 0.0
11 September 1986 18:35 23:27 32 14 16 -1 00
4 April 1987 03:13 08:05 39 32 40 -4 0.8
24 July 1987 16:33 21:25 29 14 13 -2 0.0
24 September 1987 01:54 06:46 24 17 21 -1 00
4 January 1988 20:09 01:01 37 16 13 -2 0.0
12 February 1988 21:24 02:16 28 13 16 3+ 11
25 August 1988 09:33 14:25 26 22 23 3 0.6
10 October 1988 02:31 07:23 18 14 18 3+ 0.4
30 October 1988 20:00 00:52 25 12 17 0+ 0.0
16 March 1989 05:30 10:22 50 43 40 -2 0.9
11 April 1989 14:35 19:27 29 16 19 1+ 0.0
7 May 1989 05:12 10:04 71 58 46 -1 1.0
23 May 1989 13:46 18:38 68 41 39 —2 0.8
13 June 1989 17:39 22:31 26 12 13 1+ 0.0
14 August 1989 06:12 11:04 70 59 50 4 1.7
27 August 1989 13:36 18:28 32 21 23 -3 0.6
22 September 1989 07:39 12:31 24 21 30 3 11
26 November 1989 10:53 15:45 23 18 22 1+ 0.0
28 November 1989 07:42 12:34 32 28 22 4+ 14
29 December 1989 06:55 11:47 28 25 23 2 0.4
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Fig. 2a. Cosmic noise absorption (SCA) and bursts of VLF-
emission observed on 19 March 1969. Planetary magnetic activity 4r ® ° b
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acceleration of hot particles in the induction electric field.
Fig. 2b. Cosmic noise absorption (SCA) and burst of VLF-emission In Sect. 3 we estimate the time delay of absorption bursts
observed on 5 November 1973. Planetary magnetic activity precedre|ative to the magnetic impulse associated with the SC for
ing the SC gvent is highk(,=3). The time of the SC is indicated by  gC events observed against a quiet backgroéh(2). We
the black triangle. also estimate the value of perturbatioyB in the magnetic
field strength required to generate whistler cyclotron insta-
bility against a background corresponding to a quiet magne-

in the Appendix. In Sect. 2 we show that the SC effect in . . e
. . . : tosphere. In Sect. 4 we determine relative changes in pitch-
ionospheric absorption depends on the pre-history or the state

of the magnetosphere before the SC event. In Sects. 3 and%g!e d'ﬁUS'On coefficienD™ caused by SC e\_/ents obser\{ed
against an active backgrounk {>2) and predict changes in

we investigate temporal changes in the anisotropy index, the : :
. e absorption value during real SC events.

wave growth rate and the pitch-angle diffusion caused by a

perturbationA B. We use the approach to this problem de-

scribed by Coroniti and Kennel (1970) and Perona (1972)2 Experimental data

We take into account changes in all parameters included in

the equation for wave growth, including changes in the frac-Variations of cosmic radio-noise absorption at times of sud-

tion of resonant electrong, due to adiabatic changes and den commencements (SC) of geomagnetic storms are studied
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using riometer records obtained at the station Loparskayanust be satisfied in order to produce wave growth. The tem-
(®=64° N, A=1155° E, L=5.3) for the period 1967-1990. poral growth rates of whistler waves at frequeney derived
We excluded from consideration all cases when the SC wady Kennel and Petschek (1966 ) is
observed against a background of solar proton precipitation
(solar proton events, SPE). As a result, 352 of the SC event¥ = 7821 (Eres)
registered by magnetic stations for 1967-1990 are included  {A™ (Eres) — 1/[(Q/®) — 1IH1 — (0/ Q2.))?, (1)
in our study. We find that the response of cosmic radio-noise . 5 .
absorption to the passage of the bow shock depends on th\%heregze is the electron gyrofrequencﬁreszmevres/ .2 'S
level of the planetary magnetic activiti(, index) preceding the parallel electron energy required for Doppler-shifted cy-
the SC. From the 352 SC events considered, only 190 caszecé()t_ron resanance with wr_ustler mode waves a_t frequency
are accompanied by bursts of SCA. For 174 SC events obe 1S the election mas_sio IS the magnetic field |n.the equa-
served against a quiet backgrourkd,(<2), effects of the SC tor.|al plane, 4 (E.’”) is the !ndex of electron p_|tch-al_ng!e
are seen in absorption only for 33 cases (18.9%). For 178 S n'.SOtmpYn(E’”.) IS the fraction of the tota}l_part'lcle distri-
events observed against an active backgrodfd(2) bursts | gt'lon yvhlc;h satisfies the resonance condition (its exapt def-
in absorption are observed on 157 occasions (88.2%). Exarﬂp'tIon is given by I_(e_nne_l and Petchek, 196®(E’?“) IS
ples of SCA bays during SC observed against backgroundgelated o the omn_|d|rect|onal ﬂuxz.”(EZE’.”)_’ which is
of both low and high activity are shown in Figs. 1a, b. an observed quantity, by the following relation:

Figure 2a shows records of SCA in Loparskaya and VLF ,(E,, ) = Joy (E > Eres) , /2VyesN (1a)
bursts observed in Sogr&(=56.6°N, A=124 E, L=3.7)
at the time of the SC on 19 March 1969 at 19:58 UT (plan-WhereN is the cold plasma density.
etary magnetic activity before the SC is lok,=1+). Fig- Sincen(V,.s) is always positive, the wave growg+0) if
ure 2b presents SCA in Loparskaya and VLF emission obthe anisotropyA™ (E,.y) is greater than a critical valué_
served in Lovozero®’'=63.8°N, A=127 E, L=5.1) atthe ~ which is frequency dependent
time of the SC on 5 November 1973 at 09:52 UR ,&3 _ 1
preceding the SC in this case). It can be seen thgt for theA (Eres)e = {(82/@) = 1} (1b)
SC observed against a quiet background (Figs. 1a, 2a), therehe maximum initial frequency,,, of unstable ¢>0) cy-
is a short (about 30-60s) delay of the SCA bay and VLFclotron waves is determined by the following inequality
burst relative to the SC. In active periods, absorption and
VLF emission increase together with the SC (Figs. 1b, 2b).wmo < AgQ2e/(1+ Ag) K Qe , 2
Figure 3 shows the relationship between the magnitude of . .
absorption bursts and of the magnetic impulsB induced whereA, is a initial anisotropy.

by the SC in the equatorial magnetospherd.a6.3. The . Forfinit_at;ility to be self—sustainir;g, the total _amplifi_ca—
upper panel is for quiet conditionsc{,<2) preceding the tion of whistler waves on one pass between conjugate iono-

SC; the lower panel is for active condition& {>2). The spheres must compensate the wave losses due to reflection
method of determining B is described in the ABpendix. it at the magnetosphere-ionosphere interface. Mathematically,

is clear that in the quiet case absorption bursts are observeldf® condition required to maintain self-exciting waves is
only when the perturbatiom B exceeds a threshold value presented in the following form (Cornilleau-Wehrlin et al.,
AB,,~30nT. In the disturbed case almost all SC events, in-128%: Demekhov and Trakhtengerts, 1994):

cluding very small perturbations, are accompanied by bursts

in absorption. = / ydS/Ve > |In1/R| or

Yy = v =v=(Vg/LRe)|INR|, 3

3 Magnetic field perturbation AB needed to excite wherev is the loss rate of the wave energ®, is the ef-
whistler cyclotron waves atL=>5.3 fective reflection coefficient from the ionosphere. The re-
flection coefficientR is difficult to evaluate. As a rule,
In this section we show that properties of absorption burstghe numerical valug In1/R| is assumed to be equal to
(SCA), such as the dependence of occurrenc& ppreced- 3 (Cornilleau-Webhrlin et al., 1985; Schulz and Davidson,
ing the SC event, the threshold valt#y, and the time delay  1988).  V,=2B,/(4nm N)*?(w/ Q2)Y?(1-w/Q:)%? is
of SCA relative to the SC, can be predicted in the context ofthe equatorial group velocity of the wave at a givershell;
the whistler cyclotron instability theory. dS is the increment of the magnetic field line lengty,L R ¢
We first give a brief review of the whistler cyclotron insta- is the resonator length between the reflection points on the
bility theory. Growth and damping of whistler mode waves given magnetic field lineRg is the radius of the Earth.
with frequencyw are controlled by the characteristics of the  The condition(3) is satisfied in that region of the mag-
ambient magnetospheric plasma (hot and cold plasma demetosphere where the temporal growth rate is positive and
sity, pitch-angle distribution function, fraction of resonant there are enough electrons near resonance, i.e. the total
electrons) which change depending on the level of planetanflux of trapped electrond (E>E,.;) exceeds the threshold
magnetic activity. It is generally expected that pre-conditionsvalueJ*(E>E,.,)~1x 10'1/L* (Kennel and Petchek, 1966;
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Table 2. Calculated parameters of whistler wave growth at various levels of planetary magnetic a&tpjityRlasma densityN) and flux

of energetic electrons/) are assumed parameters. The calculated parameters are temporal growt), rapat{al growth ratey/ Vy),

loss rate () and the minimum jump in magnetic field () needed to raise the growth-rate to the level where it exceeds the critical value
estimated by Cornilleuau-Werlin et al. (1985)(all calculationsffes5.3, w/ 2,=0.12, A5 =0.3, In(1/R)=3.

Kp N J(E>ERes) v, 51 y,sL y/v v/ Ve AB,nT
cm—3 cm2s~1
0 100 (1-2x 107 1.08 0.16-0.32 0.14-0.29 (1.3-2:6)0~10 80-55
50 (1-2) 107 153 0.22-0.45 0.14-0.29 (1.3-24)0"10 80-55
10 (1-2)x 107 3.41 0.49-0.99 0.14-0.29 (1.3-2@)0-10 80-55
0-1 100 (2-3x107 1.08 0.32-0.47 0.29-0.44 (2.6-4)0~10 55-35
50 (2-3)x 107 1.53 0.45-0.67 0.29-0.44 (2.6-4)0~10 55-35
10 (2-3)x 107 341 0.99-1.50 0.29-0.44 (2.6-4)010 55-35
1 10 (2.5-4x 107 341 1.25-2.0 0.36-0.58 (3.3-5:2)0~10 40-25
5 (2.5-4) 107 483 1.76-2.8 0.36-0.58 (3.3-5:2)010 40-25
>2 10 (5-7x 107 3.41 2.49-3.49 0.73-1.02 (6.5-93)0~10 10-0
5 (5-7)x 10’ 4.83 3.53-4.94 0.73-1.02 (6.5-93@)0 10 10-0
Bulge region
0-1 100 (2-3x 107 1.08 0.32-0.47 0.29-0.44 (2.6-40 10 55-35
50 (2-3)x 107 1.53 0.22-0.67 0.29-0.44 (2.6-4)0~10 55-35
1 100 (2.5-4% 107 1.08 0.39-0.63 0.36-0.58 (3.3-5)0°10 40-25
50 (2.5-4x 107 1.53 0.55-0.89 0.36-0.58 (3.3-5)0°10 40-25
1-2 100 (5-7x107 1.08 0.79-1.10 0.73-1.02 (6.5-93)0~10 10-0
50 (5=7)x 107 1.53 1.12-1.56 0.73-1.02 (6.5-93)0~10 10-0
10 (5-7x 107 3.41 2.49-3.49 0.73-1.02 (6.5-93)0~10 10-0
>2 10 (6-7) 107 3.41 3.00-3.49 0.88-1.02 (7.9-9@)0~10 5-0
5 (6-=7)x 107 4.83 4.23-4.94 0.88-1.02 (7.9-93)0~10 5-0

Schulz and Davidson, 1988). A critical value for the spatial pel et al., 1970a; Chappel et al., 1970b; Harris et al., 1970;
growth ratey / V, is estimated to be;,/ V,~1x 10 9cmt Rycroft and Thomas, 1970; Chappel et al., 1971; Park et
(Cornilleau-Wehrlin et al., 1985). al., 1978; Singh and Horwitz, 1992). As a rule, the

In Table 2 we present quantitative evaluations of the tem-shell =5.3 is located outside the plasmasphérg €5.3) if
poral (#) and spatial ¢/ V,) growth rates and the loss rate the K, index is about 1 or higher. In these cases we take
(v) calculated for the equatorial plane B£5.3 for differ-  valuesN=10-5cn3 to evaluate the increment, the loss
ent levels of planetary magnetic activity. We assume that'ate and the spatial( V,) growth rate of the wave, (Har-
reduced resonant frequensy=o/Q,=0.12—0.15, magni-  ris et al., 1970; Chappel et al., 1971; Carpenter and Chap-
tude of anisotropy indeX ~ (E,.;)=0.3 and resonant energy Pel, 1973; Morgan and Maynard, 1976). Fkp=0-1—,
E,e;=30keV are the most realistic plasma parameters in theve takeN=100-50 cn 23 if L,>5.3 andN=10-5cm 3 if
equatorial magnetospherefat5—6 (Cornilleau-Wehrlinet  Lg<5.3. In the bulge region of the plasmasphere (18:00-
al., 1985; Kirkwood and Osepian, 2001). 21:00 MLT) the L-shell =5.3 is located outside the plas-

We also need to use realistic values of the cold plasmdnashere fork,>2. In this LT-region we use values of
density (v) and trapped electron fluxe§ £>30keV). Large ~ V=100-50cm ~2 for K ,=0-2 and N=10-5cm* for
numbers of measurements have been obtained with satellitek »=2 (Chappel et al., 1970b; Carpenter and Chappel, 1973;
near the equatorial plane &=5.0-5.5. It is well estab- Morgan and Maynard,1976; Singh and Horwitz, 1992).
lished that there is a region of sharp gradient in the dis- Similarly, there are many observations made of the trapped
tribution of the cold plasma density in the magnetosphereelectron fluxes witht >10—40 keV near the equatorial plane
— the plasmapause — where the plasma density decrease$the magnetosphere. We have examined data obtained with
by 1-2 orders of magnitude. The location of the plasma-satellites of the series ATS, OGO, Explorer 12 and 45 and
pause,Lp , depends on the level of magnetic activity and GEOS. In Table 2 we use typical values of the trapped elec-
on the MLT sector (Carpenter, 1967; Binsak, 1967; Chap-tron fluxes J(E>30keV) observed af.=5.0—5.5 during
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both low and high planetary magnetic activity (Kivelson et
al., 1973; West et al., 1973; Lyons and Williams, 1975; Col-
lis et al., 1983; Davidson et al., 1988; Reeves, 1994).

Note that for our chosen parameteds (E,.;), o/ e,
[In1/R|=3 and valuesN and J(E>30keV) indicated in
Table 2, the spatial growth rate reaches the critical value
(vin/ Ve)~1x10"9cm~1 when the trapped electron flux >
J(E>30keV) is about %10’ (cm2s~1) which is close
to the limiting flux J*(E>E,.;) predicted by the theory.
This occurs only in the disturbed magnetosphere wkign
is approximately equal to or greater than 2. In contrast,
under conditions where initial fluxes of trapped electrons

19.03.1969

J(E>30keV) atL=>5.3 are small (i.e. wher& ,<2) the ra- . ! o A L
tioy/v<1 andy/Vg<1x1(Tgcm*1, i.e. growth will not oc- 0 60 120 180
cur. T, s

r;I_'oldeterrrlune the SC amp:;tuqleAB, neede_d tod exm_ts_ 1 - J(>30 keV) = 2.57: 2 - J(>30 keV) = 3.0e7:
whistler cyclotron waves, we derive an equation describing 3 - J(>30 keV) = 3.5e7: 4 - J(>30 keV) = 4.067.

temporal changes in the wave growth rate during an SC ob-
served against a background of low planetary magnetic ac-
tivity. According to Perona (1972), the time-dependent mag-
netic field perturbation in the equatorial magnetosphere can
be written in the form:

B = Bo(1+ b1), 4)
> .
where Bg is the initial value of the magnetic field at a
given L-shell and the parametéris chosen in such a way 7
(b=AB/BgT) that, at the end of the event, namely;atT, 4
the value of the magnetic field reaches its final vabu&); -7 19.05.1975
T is the duration of the SC event. Taking into account possi- 0.4 _ - 7
ble changes in all parameterB,(A~ andn) in the equation - , ! , ! *
for the wave growth rate (1) we can write: 0 60 120
T
diny dinB dInA~ dlnp S
dt:dt+ dt +dt'
. ) o o 1- J(>30 keV) = 2.0e7; 2 - J(>30 keV) = 2.5¢7;
In the region w_lth energy>10 keV the initial equilibrium 3 - J(>30 keV) = 3.0¢7.
velocity distribution function can generally be assumed to
have a bi-Maxwellian form with the anisotropy index Fig. 4. Change of the temporal growth rate of whistler waves during
(T, —T) two SC events. Planetary magnetic activity preceding the SC events
AT = T‘ , (5) is low (K =1+ and 0). The different curves correspond to differ-
\

ent assumptions of the initial flux of trapped electrons at energies
where T, and T; are average temperatures of energetic elec-£=30keV for the given values of ,. The symbols show when the
trons normal and parallel to the magnetic field line. On the'Wave increment reaches the generation threshold.
condition that the first adiabatic invariant is conserved, for
example, T, is proportional toB(¢), an equation describing o o
the change in the anisotropy during the SC caused by comthe kinetic energy of trapped electrons. Th_e change in kll’!etIC
pression alone can be written as (Coroniti and Kennel, 1970)€N€rgy per unit time during the SC is written as (Osepian,
1973; Mal'tzev, 1998):

dinA= 93InA~dB _(1+A7) b ©)

dt 8B dr A= (1+bn dE_5 .1 4B

dt 2 B dt’

Recalling thay, is related to the total flux of trapped electrons

by Eq. (1a) andE Re‘gfvEc:Bg/SnN variations inn can be Then taking into account betatron acceleration, the frozen-

written as in flux condition and assuming that the energetic spectrum of

dinyp  dinJ dInVgy dInN trapped electrons witl>30keV is described by an expo-
ar . dr dr Tar nential (dj/dE=jjo exp(— E s/ Eo) function we obtain

Induced electric fieldz* (rotE*=—1/c(dB/dt) produced  g4lny 5 b
by the abrupt compression of the magnetosphere increases;,— ~ 2 1+bt
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Then the differential equation describing the change in theabsorption bursts during the SC, as is seen in Figs. 1b, 2b and
wave growth rate during SC events observed against a quie2. When a quasi-equilibrium state between waves and parti-

background K, <2) can be written in the form: cles is present at the initial momeptand the relaxation time
Tre Of the system to a new a diffusion equilibrium configu-

dy _ 3.5b Y+ 1l b y @) ration is small compared to the duration of the I@.{<T)

dt  1+0bt A= 1+bt" it is possible to evaluate the relative change in the diffusion

Figure 4 shows calculations of how quickly the wave growth coefficientD™(T')/ D*(to) caused by the SC.

: ! . In this section we apply the quasi-linear theory of whistler
rate increases to the wave-generation threshold at times c?]rc1s'[abilit to evaluate changes in the pitch-angle diffusion co-
two real SC events which were accompanied by VLF and y 9 P 9

absorption bursts. The first case is the SC event observed gtﬁ icient D* at the edge of the loss cone and to calculate ab

19:58 UT on 19 March 1969 (Fig. 2a). The amplitude of SC sorption A(T) caused by a magnetic field perturbatiog.
Aé is 40nT, T=180 K ,=1+ THe sécond case is the SC We resolve a set of three coupled differential equations de-
1 - P— .

observed at 1951 UT on 19 My 1975, Hasg—dsir, S0 e change  amsouopy e empors goutvate
T=150s, K,=0+. The different curves correspond to dif- P

ferent assumptions of the initial flux of trapped electrons SI0n processes t_akmg place_durlng the_SC. .
at energies E-30 keV. Initial valuesyy are taken from Ta- Simple analytical expressions for anisotropy are given by
ble 2 (column 3). The symbols show when the wave growththe theory only for the limits .of weak and strong diffusion
rate reaches the generation threshold. The minimum dela Ke.nnel afmd PetSChEkd#%G’ Ert]chetq etal, 1973)'(1 In the
time is about 90-110s. Note that delays of 1-2 min between(a(‘:]'[jnet0 ;’?;y Vg%a al usm;_ t. emeinl_si)trzcl)mi IS In Ie-
SC and absorption bursts can be discerned in Figs. 1a anﬁi_len en o fet ! us(qufr; Cpem'_c'_e b 4_D*/T né /ag). [?
2a. Note also that even quite large SC amplitudes would notraer r?j?f!fr:seioon Sst:g:gtml_lisllo D* ﬂ_:r;’ d/ the rellat'(z)rnaQe?;/elc-an
lead to whistler wave generation (curves 1) if the SC events _y . gt ; / . !
occurred against a completely quiet backgroukig<0). A a.nd-D can be written n the foIonvmg form (Haugstad,
. - 1975; Kirkwood and Osepian, 2001):

In Table 2, in the last column, we present the minimum
magnitude of the magnetic field jum@ B, which would A~ (r) = A~ (10) x (D*(t0)/D*(1))" ,
causes an increase of spatial wave growth ygt¥, to the . . o
threshold magpnitude,/ V, for different pre-conditions in ~ Wherep varies fromg=0to =1, depending on the diffusion
the magnetosphere. To calculate these values, solutions ¢f9ime assumed during the SO (1) is an initial value of
the differential Eq. (7) were obtained for different initial val- the diffusion coefficient; preceding the S&7 (1) is an ini-
uesyg corresponding to initial values of trapped flux at the fial anisotropy index given by Eg. (5). Then the change in
given K,. The SC rise time is taken to be equal T=180s, anisotropy during the SC is described by the equation:
It is seen that in the absolutely quiet magnetosph&rs=0) dinA= (1447 b dIn D*
very large SC amplitudesA(B=80-55nT) are required to 7 A- A+bn s
excite the whistler cyclotron instability dt = 5.3. Fork,
in the range 1+ to 2-, the minimum magnituded needed  Finally, the differential Eq. (7), describing the change in the
is 25 nT. These results are quantitatively consistent with ouwave incremeny in response to changes i n andA™, is
experimental data which indicate a threshold magnitsde ~ reduced to:

about 30 nT (Fig. 3). dy 3.5h 1 b 1 dD*
i y+-= Yy —Bry— (9)
t 1+ bt A= 14 bt D* dt
4 Calculation of diffusion coefficients and cosmic radio-  Since the diffusion coefficient due to whistler-particle inter-
noise absorption during SC events using the whistler  action is proportional to the square of the wave amplitude,
cyclotron instability theory the equation for the diffusion coefficient is written as (Coro-
niti and Kennel, 1970)

dD*

®)

Values of temporaly and spatialy/V, growth rates pre-
sented in Table 2 show that when initial fluxes of trapped
electrons J(E>30keV) at L=5.3 are large enough (for
K,>2), the ambient electron distribution is unstable or The coupled set of differential Eqgs. (8-10) have been
nearly unstable to whistler mode waves. A quasi-equilibriumresolved for different values B=0—-1, magnitudes
state, where there is a balance between sources and sinks afB=5—40nT and T7=120-360s. Calculations have
particles and waves, may exist before the SC events, keepingeen made foi.-shells 5.3, 6.0 and 6.6. Figure 5 shows
the growth rate of whistler waves near or slightly above thechanges in anisotropy index—, wave incrementy and
level of marginal stability ¢ ~v). This implies that riome-  diffusion coefficient D* at the equatorial planeL&5.3)
ters can measure significant background absorption precedtaused by a magnetic field perturbatioacB=40nT with

ing SC events, as is seen in Figs. 1b and 2b. In this casejuration 7=180s. The initial wave growth ratg (zg) is
even a small external perturbatidnB can result in positive assumed to be equal to the wave loss nater threshold
wave growth rate, enhancement of pitch-angle diffusion andvalue y;;,. At L=5.3 this value is taken from Table 2 for

=2(y(t) — y(10))D*. (10)
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Fig. 5. Changes in anisotropy index—, wave incremeny and
diffusion coefficientD* at the equatorial pland.&5.3) caused by
magnetic field perturbation B=40 nT with duratior’=180s. Pa-
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0.2

B=0.06 ® L=53, € L=6.0, < L=6.6;
B=0.1:+4 =53, + L=6.0, X L=6.6;
B=0.2 : % L=5.3, ¥ L=6.0, 3¢ L=6.6;
B=0.4:V | =53 V L=6.0, 4 L=6.6;
B=0.6:® L=53, O L=6.0, * L=6.6;
B=1.0: M =53, O [=6.0, X L=6.6

Fig. 6. Magnitude of relative change of diffusion coefficient
D*(T)/D*(tg) as a function ofA B/ Bg obtained for different val-
ues of parametes.

The process of magnetic field compression leads to an un-
limited increase inA—, y and D*. As soon as the diffu-
sion process is turned on, anisotropy decreases very quickly
and growth of the wave increment and diffusion coefficient
is limited. The growth duration of the wave increment is less
than the SC rise time. It depends on the diffusion strength
(parametep). In the regime of weak diffusion, energy ac-
cumulation by the wave lasts longer than in the regime of
strong diffusion. Thus, the wave—particle system reaches a
new quasi-equilibrium state in the early phase of the SC with

rameter characterizes diffusion strength assumed during the SC. values ofy (¢) close to but a little above the initial valye.

K,=2. Initial values of the anisotropy index( (19)=0.3)
and diffusion coefficient 0*(10)=8.8x10~* racfs™1) are

Since the relaxation timdg.; (maximum valueTg,;
is about 30s) of the system to a new diffusion equilib-
rium is less than the SC rise tim&,, we can determine
the magnitude of relative change in diffusion coefficient

assumed to be equal to typical values of these parameter®*(T)/D*(to) for different diffusion regimes realised dur-

for the background equilibrium state at a givénshell
(Kirkwood and Osepian, 2001).

ing the SC. As can be seen in Fig. 6, the change in the dif-
fusion coefficent is an exponential function of the magnitude
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Table 3. Coefficientsa andc in Eq. (11) at the different-shells found as a result of numerical solution of Egs. (8—10).

B L=6.6 L=6.0 L=53
a c=axp a c=axp a c=axp

0.01 594.7 5.95 594.4 5.94 599.2 5.99

0.02 301.1 6.02 300.0 6.00 299.9 5.98

0.03 198.8 5.96 198.3 5.96 199.3 5.98

0.04 149.9 5.99 150.7 6.03 150.64 6.02

0.05 120.65 6.03 120.76 6.04 121.19 6.06

0.06 101.0 6.06 100.70 6.04 101.11 6.06

0.07 86.80 6.08 86.37 6.04 86.88 6.08

0.08 76.12 6.09 75.60 6.05 76.03 6.08

0.09 67.79 6.10 67.22 6.05 67.59 6.08

0.1 61.11 6.11 60.05 6.00 60.08 6.00

0.2 30.40 6.08 30.30 6.06 29.99 5.99

0.3 20.31 6.09 20.19 6.06 19.99 5.99

0.4 15.25 6.10 15.16 6.06 15.00 6.00

0.5 12.21 6.10 12.13 6.06 12.00 6.00

0.6 10.18 6.11 10.10 6.06 10.00 6.00

0.7 8.73 6.11 8.66 6.06 8.57 5.99

0.8 7.64 6.11 7.58 6.06 7.49 5.99

0.9 6.79 6.11 6.73 6.06 6.66 5.99

1.0 6.11 6.11 6.06 6.06 5.99 5.99

AB/Bg at a givenL-shell and parametet: values of absorptiod .,; with A.,, measured in Loparskaya

D*(T) AB ¢ AB to evaluate the 'abi.lity of the qua;i—l!near model to describg a
D = (a—) = Xp(; B—0> , (11) number of qualitative and quantitative features of absorption

bursts induced by SCs, and to determine the diffusion regime
where the coefficients andc(c=ax ) have the same val- realized during the real SC events. Note that, although all
ues at anyL-shell for a giveng. They are presented in Ta- available events have been analysed, we include only a se-
ble 3. Solutions of Egs. (8-10) obtained for different val- lection of typical examples in Table 4 covering the range of
ues of the SC rise tim& show that the maximum change in values ofAB and A, represented in the full data set.
diffusion coefficientD*(T) is by a factor 1.2 for the range
T=120-360s.

Provided that the wave-particle system is in a quasi-5 Discussion and Conclusions
equilibrium state, the total flux of precipitating electrafs
with E>E g, is proportional to the diffusion coefficient and
at the time of the SC events we have

We have examined bursts of cosmic noise absorption (SCA)
observed during sudden commencements (SC) of geomag-
netic storms. We find that the response of cosmic noise ab-
c AB . .
Jp(T) = Jp(to)exp(——) ) sorption to the passage of an interplanetary shock depends
B Bo on the level of planetary magnetic activity preceding the SC
Knowing the magnitude of the field perturbatiarB in the and on the magnitude of the geomagnetic field perturbation
equatorial magnetosphere at the giveishell and recalling A induced by the SC at the giveirshell in the equatorial
that absorptiom is proportional toJ,(E> Eg.s;)~, we are  magnetosphere. We have shown that, for SC-events observed
able to calculate absorption SCA for real SC events for dif-against a quiet backgroun&(,<2), an effect of the SC on
ferent diffusion regimes. In Table 4 we compare calculatedabsorption can be seen only wheyB caused by the solar
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wind shock exceeds a critical valueB;;. In contrast, SC Analytical expressions describing the dependence of the
events observed against an active backgroung>(2) are  diffusion coefficient and resultant absorption on the value of
accompanied by impulsive absorption bursts, however smalthe magnetic field perturbation B, induced by the SC and
the perturbatiom\ B. on the strength of the diffusion proces®)( have been de-

Using a simple quasi-linear model we show that proper-duced. Results are presented in Table 4. This shows that the
ties of absorption bursts, such as the dependence of their oenodel can describe both the magnitude of observed absorp-
currence onk ,-index, the time delay between SC and ab- tion bursts(A.., (7)) and the dependence of the absorption
sorption bursts and the existence of a threshold SC ampliincrease 4..,(T)/Acxp(t0)) on the SC amplitude\ B and
tude A B, can be explained and quantitatively predicted by paramete. Here it should be noted that the observed val-
the whistler cyclotron instability theory. We have investi- ues of absorption correspond to a regime of weak-moderate
gated changes in the whistler growth rate during typical SCdiffusion. Moreover, the values ¢f, which have to be as-
taking into account changes in all parameters in the relesumed to satisfy the experimental data, are found to depend
vant equation, including changes in the fraction of resonanon the diffusion regime existing before the SC event. If the
electrons. Changes in the latter parameter are mainly du§C occurs against a background of weak diffusion (initial
to acceleration of trapped electrons in the induction electricprecipitation is small,Ap=0.1-0.3d B), only a weak dif-
field. Note that an increased flux of trapped electrons withfusion regime is realized during SC evens=0.1-0.3).
E>30keV, consistent with the betatron acceleration effect,When the background absorption is higher, moderate diffu-
was observed by a geosynchronous satellite during the SGion (8=0.4—0.6) is needed to explain the observed SCA
event on 22 March 1979 (Wilken et al., 1986). Changes inamplitudes. Only in rare cases, when we observe strong ab-
plasma density due to the frozen-in flux condition are alsosorption before the SC and large values\a#, does the dif-
taken into account. fusion during the SC become close to strofig=0.7—1.0).

We show that the existence of a threshold vaiug,; de- Further, it can be noted that the largest relative changes in
duced from experimental data, can be related to the exismeasured absorptiond,,(7)/Aex,(f0 )), take place when
tence of a threshold for exciting and maintaining the whistlerthe pitch angle diffusion is weak. For example, foB about
cyclotron instability which is predicted by the quasi-linear 26 nT values of relative absorption increases of 3.3, 2.5, 2.0
theory. We find that in the quiet magnetosphere the mini-and 1.6 correspond t=0.3, 0.4, 0.5 and 0.6, respectively.
mum jumpA B of magnetic field which increases the wave As the theory predicts (Fig. 5 and Eq. (11)), in the regime of
growth rate to the generation thresholdat5.3 is close to  weak diffusion, the value of wave growth raté¢r) in a new
the experimental magnitudeB,;, of about 30nT. Itis clear equilibrium state is higher, and changes in diffusion coeffi-
that the minimum magnituda B,, depends on pre-history, cient are larger than in the regime of strong diffusion.

i.e. on the state of the magnetosphere, at a gieshell

before the SC event, in particular on the characteristics of

the magnetospheric plasma (cold and hot plasma density anl Summary

pitch-angle distribution function of the resonant electrons).

This means that the threshold magnitui®,, should de- Bursts of cosmic noise absorption induced by a sharp jump
pend on thelL-shell and MLT sector. In the afternoon sec- inthe magnetic field4 B) in the equatorial plane of the mag-
tor, at 14:00-18:00 MLT, where initial trapped fluxes are the netosphere have been studied on the basis of a large experi-
lowest, the minimum jum B,;,, deduced from our calcula- mental data set (about 300 events). We have shown that, for
tions is about 40 nT, whereas in the morning sector it is abougvents preceded by quiet conditions, a threshold valBg,
25-30nT. Note that Ortner et al. (1962) and Hartz (1963) re-exists below which the magnetic field perturbation does not
ported local time and latitude dependences of SCA burstsgause a detectable absorption change. For events preceded
with the highest probability that they should be observed inby more active conditions the effect in absorption is observed
the morning-noon sector at geomagnetic latitude's-&6°. regardless of the level of magnetic perturbation. The results

We have also investigated changes in anisotropy, wavere explained quantitatively in the framework of whistler cy-
growth rate and diffusion coefficient during the early phase ofclotron instability theory. We have shown that the minimum
the SC, during the SC rise time, for different assumed diffu-magnitudeA B;, needed for exciting and maintaining the
sion regimes. We have found that when the diffusion processvhistler cyclotron instability depends on pre-history, i.e. on
is turned on, the wave growth saturates very quickly. Thethe state of the magnetosphere at a gilzeshell before the
maximum growth duration is 30—15s in the regime of weak SC event, in particular on the characteristics of the magne-
diffusion and 3-1 s for moderate — strong diffusion, whereastospheric plasma. Also, it should depend on thshell and
the typical SC rise time is 120-180 s. Saturation correspond$ILT sector.
to the onset of nonlinear processes within the wave-particle For events preceded by more active conditions, analytical
system. In conditions of weak diffusion the system relaxesexpression describing the dependence of the diffusion coef-
to a new equilibrium state with a higher level of wave en- ficient and resultant absorption on the value of the magnetic
ergy than in conditions of strong diffusion. As a result, the field perturbationAB and on the strength of the diffusion
same perturbatioA B has the greatest effect on the diffusion process have been deduced. For 60 real events (Table 4), we
coefficient when conditions of weak diffusion prevail. have shown that the model can describe both the magnitude
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Table 4. Comparison of observed and calculated cosmic-noise absorption changes for a representative subset of the events analysed. Ot
served quantities are dates, times (UT), magnitudes of the SC magnetic field4juB)pthe absorption preceeding the S, (), the

absorption increase associated with the @) and the total abrorption following the S@4x, (T)). B is the diffusion strength parameter

which is found to be necessary to fit the observeq, (') (from the range represented in Table A).,;(T) are the calculated absorption
andA.xp(T)/Aexp(to)) the relative absorption increase.

Date uT ABnNT Aexp(tO) AA Aexp(T) B Acqi(T) Aexp(T)/
(L=5.3) dB dB dB dB Acxp(t0)
16 April 1982 17:02 13 0.1 0.5 0.6 0.1 0.56 6.0
10 October 1988 02:31 14 0.1 0.4 0.5 0.1 0.64 5.0
1 April 1982 13:04 16 0.1 0.9 1.0 0.1 0.84 10.0
9 June 1982 00:39 30 0.1 0.5 0.6 0.2 0.73 6.0
6 October 1988 00:38 9 0.2 0.5 0.7 0.1 0.66 3.5
15 February 1980 12:34 10 0.2 0.7 0.9 0.1 0.8 4.5
9 October 1988 10:09 10 0.2 0.6 0.8 0.1 0.76 4.0
2 June 1978 09:13 11 0.2 0.7 0.9 0.1 0.86 4.5
21 February 1979 03:00 14 0.2 0.4 0.6 0.2 0.5 3.0
4 May 1989 23:52 15 0.2 0.3 0.5 0.2 0.54 2.5
4 June 1978 12:11 17 0.2 0.4 0.6 0.2 0.6 3.0
12 December 1981 01:43 19 0.2 0.4 0.6 0.2 0.7 3.0
18 September 1989 10:24 25 0.2 0.4 0.6 0.3 0.61 3.0
24 July 1970 11:26 30 0.2 0.7 0.9 0.3 0.76 4.5
5 November 1973 09:52 30 0.2 0.7 0.9 0.3 0.76 4.5
6 January 1975 19:57 35 0.2 0.7 0.9 0.3 0.94 4.5
3 February 1979 18:23 12 0.3 0.5 0-8 0.2 0.7 2.7
26 July 1979 18:33 12 0.3 0.6 0.9 0.2 0.7 3.0
6 February 1981 08:48 14 0.3 0.4 0.7 0.2 0.76 2.3
24 April 1982 20:16 17 0.3 0.5 0.8 0.2 0.93 2.7
24 April 1979 23:57 24 0.3 14 1.7 0.2 1.6 5.7
14 September 1985 05:58 19 0.3 0.3 0.6 0.3 0.69 2.0
1 May 1967 19:06 30 0.3 0.7 1.0 0.3 11 3.3
27 June 1970 06:05 32 0.3 1.0 1.3 0.3 1.24 4.3
13 April 1973 04:37 40 0.3 0.9 1.2 0.4 1.13 4.0
23 March 1969 18:27 44 0.3 0.9 1.2 0.4 13 4.0
10 June 1983 04:50 14 0.4 0.5 0.9 0.2 1.0 2.3
17 May 1983 00:20 15 0.4 0.9 13 0.2 11 3.3
24 May 1983 12:39 17 0.4 0.6 1.0 0.2 1.2 2.5
19 September 1967 19:59 18 0.4 0.5 0.9 0.3 0.89 25
13 October 1983 04:39 22 0.4 0.7 11 0.3 1.06 2.8
29 June 1981 06:09 26 0.4 1.0 14 0.3 1.3 3.5
22 October 1981 05:24 29 0.4 1.0 1.4 0.3 15 3.5
23 March 1966 11:33 30 0.4 0.6 1.1 0.4 1.08 2.8
12 April 1969 20:46 34 0.4 0.7 11 0.4 1.2 2.8
8 November 1969 18:37 40 0.4 0.8 1.2 0.4 15 3.0
8 November 1969 18:37 40 0.4 0.8 1.2 0.5 1.2 3.0
17 May 1969 20:59 10 0.5 0.4 0.9 0.3 0.8 1.8
23 August 1981 12:56 17 0.5 0.5 1.0 0.3 11 20
24 May 1984 08:45 25 0.5 1.1 1.6 0.3 1.5 3.2
2 February 1972 08:18 22 0.5 0.5 1.0 0.4 1.0 2.0
1 June 1970 03:05 24 0.5 0.5 1.0 0.4 11 2.0

13 April 1983 11:00 50 0.5 2.6 3.1 0.4 2.8 6.2
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Table 4. Continued.

Date uT ABNT  Applte)  AA  Aegp(T) B Acal(T)  Aexp(T)/
(L=5.3) dB dB dB dB Agxp(i0)
3 January 1978 20:42 11 0.6 0.4 1.0 0.4 0.9 1.7
16 June 1969 06:22 15 0.6 0.4 1.0 0.4 1.0 1.7
25 July 1981 05:15 26 0.6 1.4 2.0 0.3 1.9 3.3
11 November 1979 02:25 26 0.6 0.9 1.5 0.4 1.4 25
12 June 1982 14:42 27 0.6 05 1.1 0.5 1.2 1.8
30 May 1972 14:21 32 0.6 0.5 1.0 0.5 1.17 1.7
6 June 1979 19:27 36 0.6 1.0 1.6 0.5 1.56 2.7
5 April 1979 01:55 22 0.7 0.6 1.3 0.5 1.25 1.86
17 June 1972 13:10 56 0.7 2.3 3.0 0.5 3.1 4.3
2 October 1981 2021 22 0.8 0.8 1.6 0.5 1.43 2.0
29 December 1981 0455 25 0.8 0.8 1.6 0.5 1.55 2.0
6 July 1979 1930 24 0.8 0.5 1.3 0.6 1.36 1.6
2 May 1969 1811 43 0.8 1.3 2.1 0.6 2.1 2.6
28 April 1971 13:06 40 1.0 1.1 2.3 0.7 2.1 2.3
04 October 1983 05:42 13 2.2 0.6 2.8 0.7 2.8 1.3
10 May 1981 22:08 20 2.2 1.3 3.6 0.7 3.4 1.6
24 July 1970 23:47 65 35 5.1 8.6 1.0 8.3 2.4

of observed absorption bursts and the dependence of the aface, at stations located near equator, the effect of the shock
sorption increase oA B and a parametet. For a givenAB, is seen as a sharp increaad{, of the horizontal component
the values of8, which satisfy the experimental data, depend of geomagnetic field. To evaluateB we apply the follow-

on the diffusion regime existing before the SC event. As caning formulae obtained in accordance with Mead (1964) and
be seen in Table 4, weak to moderate diffusion regimes aré&iscoe (1966):

realized during most of the SC evens£0.1-0.6).

— _ _ 1/2 _

Thus, we find that the quasi-linear whistler-cyclotron in- 28 = Bcrr = Berp = Berp{(Ps2/ Psi) 1 (Ala)
stability model is well able to explain both qualitative and _ 2 Bcrp AH Alb
guantitative features of cosmic-noise absorption bursts asst B = 3 Bcppr COSp (A1b)

ciated with sudden commencements of geomagnetic storms. . ]
where Pg1, Pgo are the dynamic pressure of the solar wind

before the shock wave passes and at the front of the shock
wave or discontinuity, respectivelyP{=kp VSZW, P=Mphp,
wherep is the density of the solar wind/sy is the velocity
of the solar windk=1); Bcrpr and B¢ rp are the horizon-
tal components of the magnetic field due to the Chapman-
field strength, in the equatorial magnetosphere aftshell Ferraro currents at the plane of the geomagnetic equator at
corresponding to the riometer station Loparskaga=5%.3) the Earth’s surface and at distancgin Earth radii) in the
using both the amplituded H, measured at the Earth’'s sur- magnetosphere for conditions corresponding to the quiet so-
face and information on the variation of solar wind parame-lar wind, B¢ ¢, is the value of the field due to the Chapman-
ters at the front of the bow shock obtained from the satellitesFerraro currents at the same placeBas-p but during the
IMP-8 and WIND. disturbance;AH is the amplitude of the SC at the Earth’s

It is known that a sharp increase in dynamic pressfye, surface at latitude.
of the solar wind on the magnetosphere acts to compress The values of the SC-amplitude At 5.3 (Table 1) ob-
the magnetosphere. This effect is displayed in variations otained with Eq. (Ala), on the basis of measurements of the
the magnetic field inside the magnetosphere, both at satelkolar wind parameters by IMP-8, and Eqg. (1b) ustng val-
lite altitudes and at the Earth’s surface. Such impulses seenes measured at the station Alibag=18.6° N, A=72.9° E;
at the Earth’s surface have long been identified as “sudder'=12.4° N, A=1429° E) are in good agreement. Magnetic
impulses” or “sudden commencements” when followed by afields of the Chapman-Ferraro currenBg; ppg and Berp,
geomagnetic storm. The physical reason for the effect is arare calculated in the given geomagnetic local time sector in
increase in the Chapman-Ferraro currents. At the Earth’s suraccordance with Mead (1964) and Siscoe (1966).

Appendix A
Calculation of SC-amplitude in the magnetosphere

We determine the value of the perturbatia® in magnetic
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