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Abstract. It is well known that energy spectrum of solar energetic particles (SEP), observed by ground-based neutron 
monitors (NM) and muon telescopes (in the high energy region; the transfer to the space from the ground observations is 
made by the method of coupling functions) and by detectors on satellites and space-probes (in small energy region), is 
significantly changed with time (usually from very hard at the beginning of event to very soft at the end of event). The 
observed spectrum of SEP and its change with time are determined by three main parameters: energy spectrum in source, 
time of ejection and propagation mode. In the past we considered the first step for forecasting of radiation hazard - the 
simple isotropic mode of SEP propagation in the interplanetary space. It was shown that on the basis of observational data 
at several moments of time there could be solved the inverse problem and determined energy spectrum in source, time of 
ejection and diffusion coefficient in dependence on energy and distance from the Sun. Here we consider the inverse 
problem for the complicated case, namely, the mode of anisotropic diffusion and kinetic approach. We show that in this 
case the inverse problem can also be solved, but there is need in neutron monitor data at least from several locations on 
the Earth. We show that in this case the solution of inverse problem starts to work well sufficiently earlier than solution for 
isotropic diffusion, but after 20-25 minutes both solutions give about the same results. It is important that obtained results 
and reality of used model can be controlled by independent data on SEP energy spectrum in other moments of time (is not 
used at solving of inverse problem). On the basis of obtained results one can estimate the total release energy in the SEP 
event and radiation environment in the inner heliosphere, the magnetosphere and atmosphere of the Earth during SEP 
event. 
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1. Introduction 
For forecasting of great solar energetic particle (SEP) 

events we need to solve step by step following problems: 
I. On each cosmic ray (CR) stations must work 

program automatically determining the start of SEP 
event. This program works many years continuously 
for neutron monitor (NM) on Mt. Hermon. The 
description of algorithms and calculations of 
probability of false and missed alerts on the start of 
SEP in dependence on amplitude of CR increase are 
carried out in Sections 2-4. 

II. After determining of the start of SEP event, must 
begin to work program determining the spectrum of 
SEP out of the Earth’s magnetosphere for each 
moment of time by using method of coupling 
functions (for algorithms, see: Section 5; method was 
described in details in Chapter 3 of book [1]). 

III. The next step is much more complicated: on the 
basis of obtained data on SEP energy spectrum in 
the frame of simple model of isotropic diffusion to 

determine parameters of propagation, source 
function and start of acceleration and ejection of 
solar CR into interplanetary space. This model 
worked well only after one-two scatterings of SEP in 
space when the SEP distribution became about 
isotropic, i.e. after about 15-20 min after ejections of 
SEP from solar corona. In this case for forecasting of 
total radiation hazard may be used only one or few 
NM (see: Sections 6-8). 

IV. To extrapolate obtained SEP spectrum from high 
energies (few GeV on the basis of NM observations) 
to small energies (hundreds MeV) it is also necessary 
to use through Internet available one-minute data 
obtained on-line on satellites (see: Section 9). 

V. For earlier warning of radiation hazard from great 
SEP events it is necessary to use more complicated 
mode of propagation which describes well the 
earliest stages of propagation based on kinetic 
equation and anisotropic diffusion approaches (see: 
Sections 10-15). 
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2. The method of automatically search of the 
start of great SEP event  

Let us consider the problem of automatic searching 
for the start of great SEP event. The determination of 
increasing flux is made by comparison with intensity 
averaged from 120 to 61 minutes before the present Z-th 
one-minute data. For each Z minute data, the program 
“SEP-Search-1-min” starts, which for both independent 
channels A and B and for each Z-th minute, determines 
the values 
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where AkI  and BkI  are one-minute total intensities in 
the sections of neutron super- monitor A and B. 

If simultaneously 
 

ZAD 1 ≥  2.5, ZBD 1 ≥  2.5,                                                     (3) 
 

the program “SEP-Search-1-min” repeats the calculation 
for the next Z+1-th minute and if Eq. 3 is satisfied again, 
the onset of great SEP is established and the program 
“SEP-Research/Spectrum” starts. In Fig. 1 shows the 
picture from our Internet site, upgraded each minute. 

3. The probability of false alarms 
Because the probability function ( ) 9876.05.2 =Φ , 

then the probability of an accidental increase with 
amplitude more than 2.5σ in one channel will be 

( )( ) 1min0062.025.21 −=Φ− , that means one in 161.3 min 
(in one day we expect 8.93 accidental increases in one 
channel). The probability of accidental increases 
simultaneously in both channels will be 

( )( )( ) 152 min10845.325.21 −−×=Φ−  that means one in 
26007 min ≈ 18 days. The probability that the increases of 
2.5σ will be accidental in both channels in two 
successive minutes is equal to 

( )( )( ) 194 min10478.125.21 −−×=Φ−  that means one in 
6.76·108 min ≈1286 years. If this false alarm (one in about 
1300 years) is sent, it is not dangerous, because the first 
alarm is preliminary and can be cancelled if in the third 
successive minute there is no increase in both channels 
bigger than 2.5σ (it is not excluded that in the third 
minute there will be also an accidental increase, but the 
probability of this false alarm is negligible: 

( )( )( ) 1146 min10685.525.21 −−×=Φ−  that means one in 
71034.3 ×  years). It should be noted that the false alarm 

can be sent also in the case of solar neutron event 
(which really is not dangerous for electronics in 
spacecrafts or for astronaut’s health), but this event 
usually is very short (only few minutes) and this alarm will 
be automatically canceled in the successive minute 
after the end of a solar neutron event. 
 

 
EXAMPLE OF INTERNET PRESENTATION 
OF REAL TIME DATA FROM ESO (ISRAEL)

 
Fig. 1. The picture from Internet site of Israel Cosmic Ray and Space Weather Center, upgraded each minute. 
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4. The probability of missed triggers 
The probability of missed triggers very strongly 

depends on the amplitude of the increase. Let us 
suppose that, for example, we have a real increase of 7σ 
(that for ESO corresponds to an increase of about 9.8 %). 
The trigger will be missed if in any of both channels and 
in any of both successive minutes if as a result of 
statistical fluctuations the increase of intensity is less than 
2.5σ. For this, the statistical fluctuation must be negative 
with amplitude more than 4.5σ. The probability of this 
negative fluctuation in one channel in one minute is 
equal to ( )( ) 16 min1039.325.41 −−×=Φ− , and the 
probability of missed trigger for two successive minutes of 
observation simultaneously in two channels is 4 times 
larger: 51036.1 −× . It means that missed trigger is 
expected only one per about 70000 events.  
 
5. On-line determining of the SEP spectrum  

The observed CR variation ( ) ( ) ( )cmocmcm RItRItRI ,, Δ≡δ  
of some component m can be described in the first 
approximation by function ( )γ,cm RF : 

 
( ) ( ) ( )( )tRFtbtRI cmcm γδ ,, =                                                 (4) 

 
where m = tot, 1, 2, 3, 4, 5, 6, 7, ≥8 for neutron monitor 
data (but can denote also the data obtained by muon 
telescopes at different zenith angles and data from 
satellites), and  
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is the known function. Let us compare data for two 
components m and n. According to Eq.(4) we obtain 
 

( ) ( ) ( )γδδ ,,, cmncncm RtRItRI Ψ= ,                                          (6) 
where  
 

( ) ( ) ( )γγγ ,,, cncmcmn RFRFR =Ψ                                                (7) 
 

are calculated by using Eq.(5). Comparison of 
experimental results with function ( )γ,cmn RΨ  according to 
Eq.(6) gives the value of ( )tγ , and then from Eq.(4) the 
value of the parameter ( )tb .  
 
6. On-line determination simultaneously time of 
ejection, diffusion coefficient and SEP 
spectrum in source 

We suppose that the time variation of SEP flux and 
energy spectrum can be described in the first 
approximation by the solution of isotropic diffusion from 
the pointing instantaneous source described by function 
( ) ( ) ( ) ( ).,, trRNtrRQ o δδ=   

In this case the expected SEP rigidity spectrum on the 
distance r from the Sun at the time t after ejection will be
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where ( )RNo  is the rigidity spectrum of total number of 
SEP in the source, t is the time relative to the time of 

ejection and ( )RK  is the diffusion coefficient in the 
interplanetary space in the period of SEP event. Let us 
suppose that the time of ejection eT , diffusion coefficient 

( )RK , and the source spectrum ( )RNo
 are unknown. In 

this case for determining on-line simultaneously time of 
ejection eT , diffusion coefficient ( )RK  and SEP 
spectrum in source ( )RNo  we need information on 
observed SEP spectrum at least in three moments of time 

1T , 2T  and 3T
 
(all times T are in UT scale). In this case for 

times after SEP ejection from the Sun into solar wind we 
will have: 
 

xTTtxTTtxTTt e +−=+−==−= 13312211 ,,              (9) 
 

where 2T - 1T  and 3T - 1T  are known values and x is 
unknown value what we need to determine at the first. 
From three equations of type Eq. (8), but for times 1t , 2t  

and 3t  
we obtain 
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After dividing Eq. (10) and Eq. (11) we obtain 
 

( ) ( )[ ] ( )Ψ−−−Ψ−= 11312 TTTTx                                               (12) 
 
where 
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Eq. (12) can be solved by the iteration method: as the 
first approximation, we can use sec50011 ≈−= eTTx  
which is a minimum time of relativistic particles 
propagation from the Sun to the Earth’s orbit. Then by 
Eq. (13) we determine ( )1xΨ  and by Eq. (12) determine 

the second approximation 2x , and so on. After solving 
Eq. (12) and determining the time of ejection, we easily 
compute diffusion coefficient from Eq. (10) or Eq. (11): 
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After determining the time of ejection and diffusion 
coefficient, it is very easy to determine the SEP spectrum 
in source:  

( ) ( ) ( ) ( ) ( )( ) ( )( )( )
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7. The inverse problem for the case when the 
diffusion coefficient depends from the distance 
to the Sun (isotropic diffusion) 

Let us suppose that the diffusion coefficient 
( ) ( ) ( )β11, rrRKrRK ×= . In this case (see the well-known 

book of Parker, 1963) 
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If we know 321 ,, nnn  at moments of time 321 ,, ttt , the 

final solutions for β , ( )RK1
 , and ( )RNo

 will be 
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In the last Eq. (19) index k = 1, 2 or 3. 
 
8. SEP forecasting by using only NM data 

By using of the SEP event first few minutes of NM data 
we can determine by Eq. (17)–(19) effective parameters 
β , ( )RK1

 , and ( )RNo
, corresponding to the rigidity about 

7–10 GV, and then by Eq.(16) we determine the 
forecasting curve of expected SEP flux behavior for total 
neutron intensity. We compare this curve with time 
variation of observed total neutron intensity. Really we 
use data for more than three moments of time by fitting 
obtained results in comparison with experimental data to 
reach the minimal residual (see Fig. 2, which contains 8 
panels for time moments t = 110 min up to t = 220 min 
after 10.00 UT of 29 September, 1989).  

From Fig. 2 it can be seen that using only the first few 
minutes of NM data (t = 110 min) is not enough: the 
obtained curve forecasts too low intensity. For t = 115 
min the forecast shows little bigger intensity, but it also is 
not enough. Only for t = 120 min (15 minutes after 
beginning) and later, up to t = 140 min (35 minutes after 
beginning) we obtain almost stable forecast with good 
agreement with observed CR intensity (with accuracy of 
about ± 10 %).  
 
9. Forecasting by using both NM and satellite 
data 

All described above results, based on NM on-line 
data, reflect the situation in SEP behavior in the high 
energy (more than few GeV) region. For extrapolation of 
these results to the low energy interval (dangerous for 
space-probes and satellites), we use satellite on-line 
data available through the Internet. The problem is how 
to extrapolate the SEP energy spectrum from high NM 
energies to very low energies detected in GOES satellite. 
The main idea of this extrapolation is as following: the 
source function, time of ejection and diffusion 
coefficient in both energy ranges are the same. The 
source function relative to time and space is δ−function, 
and relative to energy is power function with an energy-

  

 
 

Fig. 2. Calculation on line parameters β , ( )RK1  , and ( )RNo
 and forecasting of total neutron intensity (time t is in minutes after 

10.00 UT of September 29, 1989; curves – forecasting, circles – observed total neutron intensity). 
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dependent index γ ( ( )koko EEln+= γγ  with maximum at 

( )okok EE γ−= expmax : 
 
( ) ( ) ( )( )koko EE

eo RTTTRN ln, +−×−= γδ .                                    (20) 
 

In Fig. 3 there are shown results based on the NM and 
satellite data of forecasting of expected SEP fluxes also 
in small energy intervals and comparison with 
observation satellite data. 

From Fig. 3 it can be seen that by using on-line data 
from ground NM in the high-energy range and from 
satellites in the low-energy range during the first 30-40 
minutes after the start of the SEP event, it is possible to 
predict the expected SEP integral fluxes for different 
energies up to a few days ahead. 
 
10. The case of kinetic and anisotropic diffusion 
approaches: the matter of problem 

From consideration of isotropic diffusion in Sections 6-
8 we can see that in this case the model starts to work 
well only after about 15-20 minutes from the real start of 
event. It means that the used above model of isotropic 
diffusion cannot adequately describe the solar CR 
propagation at the beginning of event. To make more 
exact and earlier forecast it is important to use also data 
of these beginning minutes. As we mentioned in 
Abstract, for this we need to use the approach of 
anisotropic diffusion and kinetic approach. These 
approaches were considered in details in Chapter 2 of 
book [2]. Here we will consider principles of solving this 
very important for practice and very complicated 
inverse problem on the basis of synchronically working 
network of neutron monitors with one-minute real data 
collecting. Our research will be based mainly on 
theoretical works [3-6].  

According to [5], in the theoretical consideration the 
regular IMF is taken to be homogeneous. Nevertheless, 
the formation of an initial angle distribution of particles 
into narrow stream along the regular IMF [7] owed to the 
magnetic focusing of force-lines near the Sun is included 
(see: below). Thus, evolution of the particle distribution 
function ( )μτ ,,yf  follows from the kinetic equation 
written in the drift approximation, in which the particle 
scattering on stable magnetic inhomogeneities is 
supposed to be isotropic [4]: 
 

( ) ( ) ( )μϕτδδ
ν

μμτ y
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fdfff s
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where y and τ are the coordinate along regular IMF and 
the time, respectively (in the dimensionless units 

tvzy ss ντν == , ; sν  is the collision frequency of 
particles with the magnetic clouds; z is the coordinate 
along the IMF), μ = cosθ, θ is the particle pitch-angle. 
The right-hand side of Eq. (21) describes an 
instantaneous injection of CR particles with an initial 
angular distribution  
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where μ ∈ (−1, 1). The value of the constant μa , which 

depends on a maximal value direction of 
oμ  and a 

width μΔ , can be found from the normalization 

condition, ( ) 1
1

1

=∫
−

μμϕ d , and it is equal to 

 

   

   
 
Fig. 3. Predicted SEP integral fluxes for GeVEE ok 1.0=≥ , GeVEE ok 1=≥ , GeVEE ok 3=≥ . The forecasted integral flux for 

GeVEE ok 1.0=≥  we compare with observed fluxes for MeVEk 100≥  on GOES satellite. The ordinate is log10 of SEP 

integral flux (in cm-2sec-1sr-1), and the abscissa is time in minutes from 10.00 UT of September 29, 1989. 
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Owing to the focusing effect in the IMF mentioned, oμ  

and μΔ  have values equal to 1 and 0.01, respectively 

(see numerical estimations by [3]). 
 
11. Pitch-angle response function for neutron 
monitors  

In [5] there is used the pitch-angle response function 
for neutron monitors ψ(λ) which is similar to ( )μϕ  in 
which μ has to be replaced by λ (λ is the pitch-angle of 
an asymptotic NM direction related to the regular IMF 
direction). The value of oλ  corresponds to the angle of a 

maximal sensitivity of detector, the parameter λΔ  
characterizes a width of directional diagram of the 
neutron monitors. 
 
12. Time-finite injection 

According to [5], an intensity enhancement of the 
registered by neutron monitors solar energetic particles 
arises suddenly at τ = y for a δ-like particle injection, and 
a width of the impulse peak connected with arriving of 
the first particles is very short. Usually one needs to 
suppose, based on the description of measured 
temporal profiles of past solar proton events, that the 
injection of high energy particles into the interplanetary 
medium has a finite duration, which is caused mainly by 
the propagation of accelerated particles in the solar 
corona [7, 8]. 

The injection of accelerated particles from the source 
into the IMF during a finite time can be represented by 
the following time injection function:  
 

( ) ( )τντντχ oo −= exp2 ,                                                  (24) 
 
where the dimensionless quantity 1−

oν  is an unique 
parameter, which characterizes the mean duration of 
the injection as well as the instant of maximum at 

1−= om ντ . It was assumed that τ is measured in the 
dimensionless quantity Λ== vtt sντ , where Λ  is the 
particle mean path. It is also reasonable to suppose that 
the duration of the emission by that “particle source” of 
the lower energy particles is longer, so the quantity oν  
will be dependent on the particle rigidity. Building all 
these ‘weight’ functions above into the consideration, a 
detector will register 
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13. Three parts of resulting solution 

The solution ( )τ,yG , described by Eq. (25), has been 
obtained in [3] using the method of the direct and 

inverse Fourier–Laplace transform and it consists of three 
terms: 
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The first component describes a contribution of the un-
scattered particles which exponentially decreases with 
time τ:  
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A contribution of the scattered particles can be divided 
into two parts. One is the non-diffusive term ( )τ,yGo

s , 
also exponentially decreasing with time, and another 
term, ( )τ,yGd

s , has a leading meaning in the diffusive 
limit of τ >> 1. Namely, the non-diffusive term is 
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In Eqs. (29) and (30) the following denominations are 
used: 
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The last (diffusive non-vanishing) term in Eq.(26) has a 
sense only for |y| < τ: 
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where 1cot −≡ kkκ , and 
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( ) ( ) ( ) 1tantan2tan 222322 +Δ−Δ+Δ−+Δ+Δ= kkakkkakB oo μμμμμμμμμ αμμμ     

 
(34) 
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( ) ( )( ) ( )[ ] kkkakk oooo tantan2tan 222
μμμμμμμμ αμμμαμ Δ−+Δ−Δ+Δ+=Γ  

(35) 
 

( ) ( )[ ] kkkD oo
222222 tan4tan1 μμ μμ +Δ+−= .                              (36) 

 
The expressions for similar quantities 

λλλλλλ α,,,,, aDB ΠΓ  follow from the above described 
expressions by substituting λμλμλμ Δ→Δ→→ ,, oo . 

Fedorov et al. [5] note that both terms ( )τ,yGus  and 

( )τ,yG o
s  vanish in the diffusive limit owed to the 

remaining factor of ( )τν o−exp ; so only ( )τ,yGd
s  gives 

the main contribution in this limit. 
 
14. Expected temporal profiles for neutron 
monitors and comparison with observations 

According to [5], the main peculiarity of the solar CR 
events is connected to some neutron monitors (Hobart – 
HO, Mt. Wellington – WE, Lomnicky Stit – LS) having the 
narrow peak of the anisotropic stream of the first fast 
particles; other neutron monitors (Oulu – OU, Apatity – 
AP, Thule – TH, Durham – DU, Mt. Washington – WA) show 
a diffusive tail with a wide maximum at a later time, or, 
show both – the first narrow peak with a second diffusion 
maximum (South Pole – SP). For example, some selected 
NM data for the 24 May 1990 are demonstrated in Fig. 4. 
The time (in min) is measured from the onset of particle 
injection taken as 20.50 UT of May 24 1990.  

Comparison of the NM data with the theoretical 
prediction based on the kinetic equation solution 
requires a choice of a “normalizing NM station” and 
consequent rigidity-dependent re-calculation of input 
parameters entering into the theoretical profile 
calculation. The NM station HO was chosen to be that 
station because it allows to determine the starting 

parameters at its mean rigidity R (HO) = 2.3 GV. This 
value as well as the others have been calculated by 
assumption of a particle rigidity spectrum roughly 5−∝ R  
in the initial phase. For other NMs there were taken the 
following calculated values of the mean rigidity: 

WER  = 
2.3 GV, 

LSR  = 2.3 GV, 
OUR  = 1.0 GV, 

DUR  = 2.0 GV, WAR  = 

1.8 GV, and SPR  = 0.8 GV. The mean rigidity R  was 
obtained from trajectory computations for R < 10 GV 
with a step of 0.01 GV by a technique owed to [9]. Each 
allowed trajectory was assigned by the weight 
corresponding to the solar proton spectra 5−∝ R  and the 
coupling function according to [10, 11]. The 
geomagnetic field model for trajectory calculations 
included the IGRF plus the Tsyganenko 89 model [12] for 
Kp > 5. 

The asymptotic directions oλ  for NMs have been 
obtained by numerical integration of particle motion in 
the geomagnetic field (by the method described in [9]; 
see in details in the Chapter 3 of book [13]) for the given 
epoch at 21:00 hours, and then they were averaged 
over both the rigidity-dependent response function of 
NM and the particle rigidity spectrum. For each allowed 
trajectory the pitch-angle was assigned and the mean 
value oλ  as well as dispersion λΔ  were obtained from 
the histogram of the expected pitch-angle distribution 
(for the computations there are used vertically incident 
particles). This simplification is used because: 

(a) the contribution to NM count rate is in the 
geometric approach inversely proportional to cosine of 
zenith angle,  

(b) the main limitation for the trajectory computations 
is the magnetic field model (Smart et al., 2000),  

(c) these computed results [9] can be compared with 
the vertical cutoff rigidities obtained by other methods 
[14]. 

 
 
Fig. 4. Two groups of NM records of the event on 24 May 1990. Left - the narrow peak of the anisotropic stream of the first fast 

particles (HO – Hobart, WE– Mt.Wellington, LS – Lomnicky Stit); right - show a diffusive tail with a wide maximum at a 
later time (OU – Oulu, DU – Durham, WA– Mt.Washington) [5]. 
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The mean transport path Λ in IMF is supposed to be 
independent on rigidity for the considered interval of NM 
sensitivity rigidity. Elementary calculation shows that 
 

( )( ) ( )mmo ytzt 8.108.10 =Λ=ν                                            (37) 
 
where z and y = z/Λ is the distance of the detector (the 
Earth) from the source (the Sun) and the dimensionless 
one, respectively. Therefore the fit of the theoretical 
curve to experimental data of HO determines 

( )moo tνν =  for given HOy . The best fit gives mt  = 12.4 

min for HOy  = 0.6. Values of oν  for the other NMs are 
calculated assuming the rigidity dependence of 

β−∝ Rtm  using the given value HOy . The spectrum index 
β characterizes shape of a low energy particle delay in 
the corona. Fedorov et al. [5] have used the value β = 1. 

For comparison of theoretical dependences with the 
experimental data the dependence of galactic CR 
intensity on particle rigidity also has been taken into 
consideration. Let this dependence be gRIg

γ−∝ , 

where gγ  is galactic CR spectrum index, and the solar 

CR rigidity dependence at the instant of its injection into 
IMF is sRI s

γ−∝ . All theoretical curves are standardized 
to a maximum relative to the mean rigidity of HO, i.e., 
the curve HO has the value 1 in maximum. The multipliers 

( ) gs
iHO RR γγ −  (where i = OU, WE, WA, etc.) which 

take into account the rigidity spectra of galactic CR and 
SCR, must be used in calculation of the rigidity 
dependence of the i - th NM. The values of the maxima 
of the theoretical curves of the i - th NM are conditioned 
by the difference of 

gs γγγ −=Δ . 

The experimental records of temporal profiles can be 
divided roughly into two groups, one of NMs which in the 
initial phase (about the first hour after the particle onset) 
have asymptotic direction near the regular IMF direction 
(Fig. 4, left panel), and the others whose asymptotic 
direction differs from it (Fig. 4, right panel). The 

theoretically predicted temporal profiles for the selected 
NMs in the model described above are demonstrated in 
Fig. 5, left and right panels, respectively, using the 
calculated asymptotic direction for each NM station. This 
calculation shows that HO and WE have very similar 
characteristics, oλ  is 0.9 and 0.86, respectively, with Δλ = 

−0.26. Station LS has oλ  = 0.34, Δλ = 0.4. In the second 
group of NM’s, OU, DU, and WA have oλ  = −0.94, −0.9, 
−0.85 and Δλ = 0.06, 0.1, 0.3, respectively. Note that Oulu 
and Apatity give absolutely the same theoretical curves 
resulting from their similar characteristics and very similar 
temporal profiles of the event. The last two NMs (DU and 
WA) experienced small increases at 1–2 hours after 
onset, as the theory predicts (see Fig. 4 (right panel)), 
owing to smaller oλ  and larger Δλ and larger mean R .  
 
15. Conclusions and six steps of forecasting 

For realization of the first step of forecasting we need 
one minute real-time data from almost all NMs of the 
world network. On the each NM there must work 
automatically the program for the search of the start SEP 
events as it was described in Sections 1-3. This search will 
help to determine which NM from about 50 of total 
number operated in the world network shows the narrow 
peak of the anisotropic stream of the first arrived solar CR 
(NM of the 1-st type) and which shows a diffusive tail with 
a wide maximum at a later time (NM of the 2-nd type). In 
the second step we determine rigidity spectrum of 
arrived solar CR sRI s

γ−∝  by using separately NM of 
the 1-st type and 2-nd type by using method of coupling 
functions as it was described in Section 4 (for details, see: 
Chapter 3 in [1]). In the third step we need to determine 
for different NMs the mean R , oλ  and Δλ 
characterizing this event. By using these parameters and 
experimental data on NM time profiles in the beginning 
time we cane determine parameters of solar CR non-
scattering and diffusive propagation, described in 
Section 13 (the fourth step). On the basis of determined 
parameters of solar CR non-scattering and diffusive 

 
Fig. 5. Theoretical prediction of temporal profiles for the selected NMs using calculated parameters oλ , Δλ and mean R  for 

each NM. On the ordinate axis there is shown expected intensity relative to HO in maximum [5]. 



Sun and Geosphere, 2008; 3(1): 29 - 37                                                                                                                                   ISSN 1819-0839 

 

 37 

propagation we then determine expected CR fluxes and 
pitch-angle distribution for total event in interplanetary 
space in dependence on time after ejection (the fifth 
step). In the sixth step by using again method of 
coupling functions we can determine expected 
radiation doze which will be obtained during this event 
inside space probes in interplanetary space, satellites in 
the magnetosphere, aircrafts at different altitudes and 
cutoff rigidities, for people and technologies on the 
ground.  
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