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ABSTRACT. The Balmer decrements observed from flare stars during the
flares and out-of-flare are analyzed on the basis of our new
consideration of hydrogen atom kinetics. The steep Balmer decrements
correspond to the emission source with electron density ne § 10'® cm—=
optical depth at the La line centre 7(La)§107 for T=104. The low-
sloping Balmer decrement, being typical for flare maximum of red
dwarfs as well as for several flare stars with measurable X-ray
emission out-of-flare, are described by ne= 3:10'2-10'4 cm™= and
7(Lad= 107 - 10® for T=(1-1,5)-104 K.

1. INTRODUCTION. THE THEORETICAL BALMER DECREMENT.

The problem of interpretation of the Balmer decrements of red
dwarfs out-of-flare and especially during the flares is far from being
solved. Recent observations with high spectral and temporal resolution
are called for new consideration of this problem. First of all, the
hydrogen atom kinetics under conditions of late-type star chromosphere
is studied. The solution of statistical equilibrium equations is
carried out with approximate consideration of radiative transfer
problem for motionless medium (Bruevich, Livshits, this proceeding).

Let us define the Balmer decrement (B.d.)as the ratio of the
flux in a given line to the HY line flux:

F(Hn) _ ns  As=z Wiz Biz

F(HY) ns Asz hys2 Bs=z
where me - the k-level population, Ax=z - the probability of
spontaneous transitions and Bwx= - the averaged over the layer escape
probability of a photon. Taking the escape probabilities 8 and level
populations from the theoretical calculations, we found the
theoretical B.d. Vhen <10 at the 1line centre considered, so
approximate expression for B is not valid. In such a case, the
profiles of the higher Balmer line were calculated.

The theoretical B.d., for instance, for T=104 K and electron

densities ne=10'> and 10'4 cm™ are given at Fig.1. By each of curves
theoretical depth at the La line centre 7(La) is written. Firstly, it
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is easy to see that the relative Ha- and HB-fluxes are most sensitive
to the 7(La) variatioms. The same conclusion was made earlier by
Grinin, 1969. Secondly, there is a certain value of 7(La) for each
fixed value of T and ne in a layer, exceeding of which leads to a
change of the B.d.slope: instead of being steep, decrement beconmes
low-sloping one. This transition occurs when 7=10 at the H6 1line
centre; that corresponds to v(La)=3:107 for ne=10'4 cm™= and T=104 K.
Otherwise, when the Balmer lines considered become optically thick,
the slope decreases noticeably and it can become inverse for some
range of 7(La): for instance, the H6-line fluxe can be larger than the
Hy-line flux, It should be noted that the curve for 7(La)<10%® on
Fig.1 does not vary practically for nae<10'® cm™® and does not depend
on concrete value of 7(La)., For T>104 K and the same densities
ne=10'2-10'4 cm~®, B.d. can be more sloping one at lower t(La) by
several orders of magnitude.

2. INTERPRETATION OF THE BALMER DECREMENT OBSERVED.

a)UV Ceti-stars out-of-flares Full set of the observational B.d.
of quiescent flare stars was published by Gershberg, 1974a and
Pettersen, Hawley, 1988.

Comparison of these data with the above mentioned B.d. theory
(Fig.2, 3) shown that the observations are described quite well by the
theoretical curve with T=104 K, ne=10'® cm™= and 7(La)=10%,

1988 data allow to separate two types of behaviour of B.d., which
conform to two sets of parameters at T=104 K: 1) ne=10'® cm™3,
7(Lod{10%; and 2) neg10'® cm™®, 7(La)<10%. This distinction is due to,
more probably, decrease of electron demsity in chromospheres of these
stars. An analysis shows that these +two types of stars are
distinguished by the X-ray levels: for stars with more low-sloping
Balmer decrements Lx i1s higher by 1-2 orders of magnitude.

b)stellar flares Analysis of flare spectra, obtained with
temporal resolution of a few minutes and discussed by Gershberg,
1974b, shows that in the first approximation they are described by
theoretical B.d. with T=104 K, ne=10'4 cn™= and 7t (La)>3-107 (Fig.4).
For several spectra near the flare maximum, characteristic are somehow
higher temperature and/or larger optical depth at the La line centre.
Even for the flare 11 Dec.1965 on EV Lac we were able to trace the
evolution of B.d.: its slope becomes steeper as the flare decays
during 15 minutes <(observations were made with 3-min temporal
resolution).

Modern observations allow to give a more detailed analysis of
B.d. evolution. Fig.5 shows comparison of the observations of 4 March
1985 flare on YZ CNi (Doyle et.al,1987) with the results of
theoretical calculations. It is seen, that B.d. is much more low-
sloping at the emission lines maximum than out-of-flare. This B.d. is
consistent with the temperature T=104 K, electron density ne=10'4 cm™=
and 7(Lo)=3 107. Observations at the maxima of several other flares
show that B.d. can be low-sloping and even inverse, that corresponds
to some higher temperatures (T¢2-104 K). Subsequently, decrease of
plasma opacity at all the 1lines and/or some decrease of electran
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density occur.

Parameters of low-temperature, dense emission source, forming
after the U-band flare maximum, are good agree with our gas-dynamic
model of stellar flare (Katsova and Livshits, 1988).

REFERENCES
Bruevich E.A,, Livshits M.A. this proceeding
Doyle J.G., Butler C.J.,Byrne P.B.,van den Oord G.H.J.: 1988, Astron.
Astrophys.V.193, P.229
Gershberg R.E.: 1974a.Astron.Zhurn. of USSR,V.51, P.552
Gershberg R.E.: 1974b. Izv.Krymsk. Astrophys.Obs.,V.51,P.117
Grinin V.P.: 1969, Astrofizika, V.5, P,213
Katsaova M.M., Livshits M.A.: 1988, "Activity in Cool Star Envelopes”
Eds.Havnes 0. et al. Dordrecht: Kluwer D.,P.143
Pettersen B.R., Hawley S.L.: 1988, Prepr. Ser. Inst.of Theor.
Astrophys.Univ.of Oslo,No 005

TG FRW R ’ L)

ne-16'tcm3 o5+ o 0%

05

—wL L
LS T O L L L L L L Y T |
w0 QUIESCENT DECREMENTS
from Pettersen, Hawley, 988
R B R\ (S T — oy For T« ot
g FOH/FHy) M\THR LT gy :;.-ao“ar'
QUIESCENT  DECREMENTS
os from Gershberg 574a 051+ W\
N\ - - - THe0Ry T-10"K \
- 103 T(L =10}
0 o—ﬁ
N\ \
\\
051 N 051 \\ 1P
\
NSoneh
&
M
b M He W Wy Hy W b K K K Hy
PETRYT)
FLARE DECREMENTS
b frm GERTERG, WAL
0
051
T(L)=10® —.—. | THEORY Pok T 104K
P et el
4 N 5-
10 10
L S T Y A S LB L

https://doi.org/10.1017/5S0074180900187935 Published online by Cambridge University Press


https://doi.org/10.1017/S0074180900187935

