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The Influance of High speed Solar Wind
Streems on the Cosmic Ray Intensity Modulation
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Abstract
We have studied the behavior of cosmic rays observed by three stations during the time of high speed solar
wind (HSSW) events. These stations cover the median rigidity range 16GV-164GV. Our analysis covers the
period 1967-1986. The cosmic ray intensity depression is rigidity dependent. Low energy cosmic rays suffer
more intensity depression. The cosmic ray spectrum depend upon the phase of solar cycle. It is sharp during
1979-1980 . The power exponent is dependent upon the magnetic state of the solar cycle. This confirms the
predications of the drift model.

1 Introduction:

Galactic cosmic rays are continuously modulated by various solar, interplanetary and geophysical parameters
during their propagation to Earth. The effect of high speed solar wind streams is one of the major processes
for the modulation. Understanding short-term cosmic ray intensity (CRI) modulation is very important since
accumulation of many short term effects leads to the long-term solar modulation (e.g., 11-year solar cycle,
22-year solar magnetic cycle, etc.). This short-term modulation is strongly correlated with various solar,
interplanetary and geophysical parameters. It is well known that there are two types of high-speed solar wind
streams (HSSW) streams: long-lasting HSSW streams emitted by coronal hole (CH) and the others associated
with strong active regions emitting solar flares (SF) generated streams. These two origins were classified
considerably the bulk velocity, proton density, temperature and magnetic field in the interplanetary medium
( Mavromichalaki et al., 1988; Lindblad et al. 1989). These streams produce geomagnetic disturbances, which
in turn changes in the level of cosmic ray (CR) density. The influence of the two types of HSSW streams on
cosmic ray intensity has been studied using neutron monitor and muon data during different short periods
(Yadav et al., 1994; Shrivastava and Shukla, 1994).

In this paper we investigate the behavior of the galactic cosmic ray intensity modulated by their interaction
with HSSW streams ejected from solar active regions during solar flares (SF) and those coming from coronal
holes (CH), through their passages in the heliosphere during the period 1967-1986.

2 Variations of Cosmic Ray Intensity:

In order to examine the effect of each type of HSSW streams on CRI, we find the average behavior of CRI
for neutron monitor (NM) located near mid latitude at Deep River (DR) with median primary rigidity R, = 16
GV and that near equator at Huancayo (HU) with R _= 46 GV and underground muon telescope (UMT) at
Mawson (31 m.w.¢) with R_=164 GV. Days with Forbush decreases with magnitude >4% as seen by Deep
River NM have been eliminated to avoid their influence on CRI. We have calculated the mean CRI for 13 days
of each event (from -3 day to +9 day with respect to the event day) and then deduce the percent deviation for
cach of these days. Finally we perform the superposed-epoch analysis for SF as well as for CH related streams
separably from the percent deviation of each epoch day.

Figure 1 shows the effect of SF related streams on CRI during descending (1972-1974), minimum (1975-
1976), ascending (1977-1978) and maximum (1979-1980) phases of solar activity. We see from Figure 1 that
CRI dropped to a minimum (at the zero-epoch day) more faster during minimum and ascending phases of solar
activity in (b&c). It recovers more faster as well. The largest intensity depression occurs during ascending and



(%) 140

(%) 140

"A&yanae 1ejos jo saseyd (p)

wmnuixew pue ¢ Jurpuodse ‘(q) wmwiunu ‘(e) urpudossp Suump sureans paje|a1 S 01 10adsar yim
UOSMBIN pue (H Y AQ PIAISQO SUONBIAID D) JO SINSal sisk[eue y20dd pasodiadng : | auaniy

Aeqg Aeg
oL 8 9 v r4 z v- 01 8 9 v z 0 z v
;<s b. T T T ki T T 3><.E b_ T T 3 T u T
CINNH x 1 [NNH x : k4
ce=fe oo=4
- YA g I HA . 1
-+ - : H1-
X i
0 A A A M < 0
X o £ a
L 2 X Y - -t
L 3 L 4S .
YL=N 08-6L61 (r) =N 9L-GL6L (Q)
rA 4
ol 8 9 14 [4 (A B 0y 8 9 4 C 0 r42 -
>><.<= D_ 4 ! i T i ! ! >><S b_ v T v T " T T T T T
T NNH x 1 NnHx : 1z
| A » 4 | 44 » OO“F . g
-+ - - 4 ~ L-
A 2 A
0 £ iy 3 0
[ % § i o i
b - - -1
4 X 1
L i 4s
4 () i &= 1
6 =N 8L-LL6L LL =N vL-TL6L )
U4

(%) 140

(%) 192



- E e DR SF .
i . pat = 1
e f A MAW 7

g r
T e $ |
go_zgi\ ttﬁi}?%%%_
s §§§/§’§ !

-4 -2 0 2 4 6 8 10

Day
Figure 2: The average behaviors of CRI during the descending pahse (1982-84).

maximum phases of solar activity in (c&d), whereas the smallest depression occurs during minimum solar
activity (Figure 1b). These depression are rigidity dependent during 1977-1980, with magnitude decreases with
rigidity. The power exponent y is shown in Figure 1 for each period. The spectra is flat during 1972-1975
which confirm the results obtained by Venkatesan et al. 1982. However our spectra is sharper during 1979-
1980. We believe that the reason for this sharp depression in CRI observed by high latitude stations is due to
the more scattering of low energy particles by geomagnetic activity and IMF lines and irregularities. Next we
calculate the CRI spectrum during the descending phase the solar cycle (1982-1984) in order to check the effect
of the IMF polarity after the solar field reversal in 1980. We got a sharp spectrum in Figure 2 with power
exponent y=1.5 in comparison with y=0 during 1972-1974 before the reversal of the solar filed. This is
consistent with the prediction of the drift model (Sabbah and Potgieter, 1995). Sabbah, 1999 obtained a very
good correlation between the geomagnetic activity and HSSW for SF related streams. The CRI depressions
during the time of SF is larger than during the time of CH. This is due to the larger values of the Kp index,
IMF magnitude and fluctuation and number flux associated with SF related streams. IMF magnitude and
fluctuation were high around solar activity maximum. This results in more scattering of cosmic rays particles
on IMF lines and irregularities which produce maximum depression. The recovery time of the CRI depression
is dependent on the level of solar activity. We obtain a power law rigidity dependence of the cosmic ray
depression which varies with different phases of the solar cycle. It also varies with the reversal of the solar
magnetic polarity which is consistant with the predictions of the drift model.
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