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Abstract

The interaction of cosmic ray (CR) particles (protons, nuwclei and electrons) with stellar wind matter
determines the main processes of high-energy gamma ray generation through neutral pion decay and
bremsdgrahlung emisson. These processes depend onthe spacetime distribution d stellar wind matter, as
well as on the spacetime distribution d CR energy spedrum and content. By solving self-consistent
spherical-symmetric problem for stellar wind region (by taking into accourt energetic particle pressure
influence on stellar wind plasma propagation and energetic particle kinetic stream instability influence on
small-scde magnetic plasma structure), we evaluate galactic CR moduation in the star near space in
dependence on the level of stellar activity, on the radia distance, on the particle energy, as well as on
plasma density spacetime distribution. By these results we evaluate an expected gamma-ray emisson
from galadic CR and gamma-ray fluxes in dependence on direction for alocd observer (Heliosphere) and
distant observer (stars). Then, it can be evaluated the expeded gamma-ray fluxes from solar CR for great
flare energetic particle events and from stars caused by local CR interactions with stellar wind matter.

1 Introduction:

Gamma ray generation in solar or stellar wind by galactic (CR) is determined mainly by 3 factors
(Dorman, 1996, 8974): (i) spacetime distribution of galactic CR in the wind, their energy spedrum and
chemicd compasition (Stecker, 1971; Dermer, 1986, b); (i) wind matter distribution in space ad its
change during adivity cycle; (iii) properties of galactic CR interaction with wind matter acaompanied by
gamma ray generation. In some caes it could be dso important: (iiii) norlinear collective effeds, i.e. the
influence of galactic CR presaure and kinetic stream instability on stellar wind properties and an galactic
CR propagation (Dorman, 1999; additional influence of pickup protons and anomalous comporent of CR
onthe wind extension can be dso important (Roux & Fichtner, 199/).

Gammaray generationin interplanetary spaceby stell ar flare energetic particlesis determined mainly by
3 factors (Dorman, 1996, 197h): (i) spacetime distribution o locd CR, their energy spedrum and
chemicd composition; (ii) wind matter distribution in space and its change during stellar activity cycle; (iii)
properties of local CR interaction with stellar wind matter accompanied with ggmma ray generation.

2 Space-Time Distribution of Galactic Cosmic Raysin Stellar Wind:
We asaume that the moduation of energy spedra of proton comporent of galactic cosmic rays
Ngp(r, Ex) in stellar wind can be described in a first approximation by the simple corvedion-diffusion

model in spherical symmetrical geometry, as for the Heliosphere:
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where



is the differentia energy spedrum of proton comporent of galactic CR in the interstellar space (acarding
to Simpson, 18B3), u(r,t) is the stellar wind velocity, R the particle rigidity for protons (in GV), B the
particle velocity in units of light speed ¢, and B(t) the parameter of moduation. According to Dorman &
Dorman (1967, Zusmanovich (1986) and Belov et al. (1990), for the Heliosphere the parameter Bit)

changes with solar activity in a first approximation as B(t) JWY2, where W is the sunspot number. Near
the minimum of solar adivity B, = (O.3+ O.4)GV . In solar adivity maximum the moduation beammes
higher and By, = (1.2+1.6)GV , in dependence of direction of solar general magnetic field and sign of CR
particles charge (influence of drift eff ects on the galactic CR moduation). Parameter B(t) and dmension

of CR modudation region in dependence of particle rigidity R can be evaluated more exactly by
investigating hysteresis phenomenain long-term galadic CR moduation (Dorman et a., 199).

3 Flare Energetic Particle Space-Time Distribution in the Stellar Wind:

We asaume that in a first approximation the spacetime distribution of stellar flare energetic particles
(local cosmic rays) can be described as for the Sun (Dorman & Miroshnichenko, 1968; Dorman &
Venkatesan, 1998; Stoker, 19%) by the solution of isotropic diffusion from an instantaneous and pdnt
source Q; (Ey,r',t')=Ngia(r)3(t), of particles of typei (protons, a and heavier particles):
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where Ny (Ey ) isthe sourceenergy spearum, D; (E, ) = A; (E Vi (E )/3 the diffusion coefficient, A (Ey)
the transport path for particle scattering in the stellar wind, V; (Ek) the particle velocity.

4 Space-Time Distribution of Solar Wind Matter:
Let us assume in afirst approximation the model of Parker (1963) of radia expanding stellar wind (for
the Heli osphere this model isin good agreement with results of dired measurementsin space):

n(r.0)= nl(e)ul(e)rlz/(r zu(r,e)), 4
where n;(6) and uy(6) are the matter density and stellar wind speed at the latitude 8 and at the distance r=r;
from the star (r;=1 AU). The dependence u(r, 6) is determined by the interadion d stellar wind with
galadic CR and anomalous CR comporent, with interstellar matter and interstellar magnetic field, by
interaction with neutral atoms penetrating from interstellar space inside the stellar wind, by nonlinea
processes caused by these interactions. For the Heli osphere, acmrding to calculations of Roux and Fichtner
(1997) taking into account the pressure of galactic CR, pickup protons and anomalous comporent of CR,
the change in solar wind velocity can be described approximately as
u(r)=u(L-blr/r)). (5

where the distance to the terminal shock wave ro= 74 AU and b = 0.13-0.45in dependence on sub-shock
compresgon ratio (from 3.5to 1.5 and oninjection efficiency of pickup protons (from 0 to 0.9).

5 Generation of Gamma Radiation in the Stellar Wind:
According to Stedker (1971, Dermer (1986,b) the neutral pion generation caused by nuclear
interactions of energetic protons with hydrogen atoms can be determined by
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where N (Ey.r,t) isthe CR density described by (1) or (3), Eymin(Ex) is the threshold energy for pion

generationand (¢o;(Ex ) istheinclusive aoss sction for the readions p+p — 71° + ............ and



{(dN(Ex, Er)/dEr)dE =1. (7)
0
Gamma ray emisgon caused by nuclea interaction of solar energetic protons with solar wind matter can
be determined, acaording to Stedker (1971), Dermer (1986,b), as:
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where Enmin(Ey) Ey + mac* /4aEy and FpH ( Eq.r.0, t) was given in (6). According to Dermer (19863, b)

the expected gamma ray emisson described by (8) can increase by about 1.45times if we take into account
the contribution of a and heavier particlesin galactic cosmic rays.

Fon (En.r.6,1), (8

6 Expected Angular Distribution and Time Variations of Gamma Ray Flux for

L ocal Observer:
Let us assume that the stellar wind has a radius r, and the observer is at a distance ry,g <1, from the

star, and at the latitude 6,,5. We @an determine the sight line of observation by the angle 64 computed

from the eguatorial plane from anti-star directionto the North. In this case the expected angular distribution
and time variations of gammacray flux from interaction d energetic protons with stell ar wind matter will be:
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According to (9)-(11), the expected angular distribution and time variations of gamma ray fluxes will be
determined by the energy spectrum of protons outside the Heliosphere, by the parameter of moduation
B(t), and by solar wind perameters near the Earth's orbit ny(6,t) and uy (6,t).

According to (9)-(11), the expected gamma ray fluxes from interaction of solar energetic protons with
solar wind matter will be determined by the energy spedrum of proton generation a the Sun Nop(Ek), by

the diffusion coefficient D, (Ey ), and parameters of solar wind near the Earth’s orbit m(6,t) and u (8, t).

(10)

and

7 Expected Time Variations of Gamma Ray Flux for Distant Observer:
Let us suppose that an observer is at the distance lops >> o~ INthiscase
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E,.r.0, t) is determined by (8). Similar equations can be written for gamma ray flux time

variation caused by interadion d energetic a and heavier particles with stellar wind matter.

where F), (5



Therefore, from interactions of galactic CR with stellar wind, a moduation with periods of stellar
adivity will be observed.
For stellar flare the CR propagation is important only in the inner region of wind where u(r,8) can be

considered approximately as not depending on I, and the integration over I, by taking into account that
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where tax (1, Ex ) =12 /6D(Ey ). Equation (14) shows that the total flux of gamma-rays from stellar wind

generated by flare energetic particle interaction with wind matter decreases with increasing time and does
not depend on the detail s of the event. This conclusion is correct only if the diffusion coefficient does not
depend onthe distance to the star.

gives

8 Conclusions:

The obtained results show that observation of gamma rays generated in stellar winds by galactic cosmic
rays and by flare energetic particles can give important information onstellar winds, onthe stellar activity,
onflare energetic particle spectrum and propagation parametersin stellar wind.
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