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Flare protons, which have been previously executed jointly with E. C. Vashenjuk
and Y. Balabin, demonstrate the acceleration in the flare current sheet along 
a singular magnetic field Line. The accelerated protons have an exponential 
spectrum. From the analysis of GOES measurements it follows that the 
characteristics of accelerated protons reaching the Earth depend on the flare 
position on the solar disk. The so-called fast proton component arrives from 
the Western flares with a sharp (~5 min) front. The time delay is determined by the Western flares with a sharp (~5 min) front. The time delay is determined by 
the time of flight (~20 min) along lines of an Archimedean spiral. Protons from
Eastern flares are transferred across the field lines with the solar wind velocity 
and diffuse due to scattering on the magnetic inhomogeneities. The proton 
stream lasts 2 - 3 days, which corresponds to the average velocity of 

~5 107 cm/s. The front of proton flux from the Eastern flares is gently sloping. 

Its duration is more than 10 hours. The fast component is not recorded by the 
GOES spacecraft from flares that occurred in the Eastern part of the solar disk. 
The observed facts are explained by a single mechanism of proton acceleration
in the current sheet. The maximum proton energy in a shock wave cannot 
reach 100 MeV









The three-dimensional 

distribution of E and B are 

obtained by numerical 

solution of the full system of 

MHD - equations. The initial 

and boundary conditions are 

taken for the Bastille flare.

No assumptions about the 

mechanism of the flare has 

been done.

Magnetic lines.

Singular 

line

been done.

Proton spectrum was 

calculated by test particles

. 





The compression of the gas discharge by its own magnetic field at

the currents of the hundreds of 500 kA leads to generation of the

Lorentz electric field, directed along the axis of discharge. The

energy of accelerated particles ~300 KeV at an applied potential

difference of ~15 KV.



The relationship of small proton flux and solar 

flares is not detected.



A series of large proton events in October and 

November 2003 above the complex active region (it 

is typical). There is no correlation between the values 

of flares and proton fluxes. Not all X class flares 

generate proton flux.





The Eastern flare X1.6 N11E05 occurred near the center of the solar disk, but the proton front 

reached Earth only after 5 hours, while the steep front of protons from the Western flare M7.3 

S20W34 came after ~20 minutes. The last protons come after ~ 3 days. They propagate with 

the speed of the solar wind. The protons in the middle of the stream propagated with a velocity 

less than the particle velocity, but the greater velocity than the solar wind. Diffusion across the 

field due to scattering on of the magnetic field  inhomogeneity??



The typical proton event from the Western flare (sharp ~ 13 min front and the 
time of arriving from the flare with the proton velocity)  and proton event from 
the Eastern flare (wide ~10 hours front and 3 - 5  hours  delay). 





The flare C2.1 is
very weak. Such
flares never cause
a proton flux.
Apparently, the flare
primary x-ray
radiation appeared
on the back side of
the Sun. The protons
came to Earth alongcame to Earth along
magnetic lines of the
Archimedean spiral
from the back side of
the Sun.



Three big flares 

The front of proton 
flux from the giant 
Western flare is 
stretched for ~10 
hours.

Unusual 

event !

Three big flares 
and a large CME 
can distort the 
spiral form of 
magnetic lines of 
the interplanetary 
field.









Conclusion.

1.Large proton events are generated in the flare current sheet.

2. Four time scales of proton events :

a). The duration of generation of accelerated protons is equal to 

the duration of the flare tSF~20 - 30 min.

b). The  typical  duration  of  the  proton  flux  at  the  Earth  orbit

is   equal   to   the   time   of   propagation  of   the   solar  wind   

tSW =1a.u./VSW~ 3 days. 

c). The  arrival   time   of   the   sharp  front   of   the   stream            c). The  arrival   time   of   the   sharp  front   of   the   stream            

of relativistic protons from the Western flare to the Earth orbit is 

equal to  the  flight  time of  the protons along the Archimed spiral 

tF = 1a.u./c ~15 - 20 minutes. 

Collisionless flow carries information about the spectrum of the 

flare protons. 

d). Gentle increase of the proton flux front from Eastern flare (? 

diffusion across the field ?) tD ~ 3 - 5 hours.



IT IS INSTALLED:

1.Flare proton acceleration takes place in the Lorentz electric field

along the magnetic X-line in the current sheet at the reconnection

velocity ~2×107 cm/s.

2. The duration of the observed proton flux (~3 days) significantly

exceeds the flare duration. It is equal to the time of solar wind

transfer to the Earth.

3. Protons from the Western flares arrive to Earth along the helical

magnetic field lines.magnetic field lines.

4. Protons from the Eastern flares can arrive to the Earth with the

solar wind flow across magnetic field lines. However, the delay

due traveling with solar wind velocity must be greater than

observed one. Apparently, some of the protons arrive ahead of the

solar wind due to diffusion.

5. Large flares can distort the interplanetary magnetic field.
6. Small proton event not find clear patterns.



БЛАГОДАРЯ!

Thank you!
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