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Abstra
t. We dis
uss the dete
tion of fast spe
tral variability of II Peg in the subse
ond

range. Spe
tral observations were 
arried out with a grism spe
trograph on a 60 
m tele-

s
ope at Peak Terskol on August 9 - 10, 2010. The low-resolution spe
tra (R ∼ 100) were

obtained with an exposure time of 1.5 s. Estimates of the UBV magnitudes were obtained

by mathemati
al 
onvolution of the spe
tra with �lter transmission 
urves. The �ares follow


ontinuously at a rate of about one event per minute. The amplitude of the �ares in the U

band averages about 0.25 mags. We have dete
ted a periodi
 signal that 
ontrols the light


urves of the II Peg �are, a 77-se
ond high-frequen
y os
illation (HFO) with an amplitude

of about 0.05 magnitude. We found that the �ares are 
aused by HFO maxima. The 
olouri-

metri
 analysis shows that at maximum brightness the �ares emit as a bla
k body in the

temperature range from 12 000 to 35 000 K. The linear size of a �are with a temperature of

12 100 K is approximately 3.9% of the star's radius. The 
olourimetri
 analysis also shows

that in the pro
ess of brightness �u
tuations, the �are plasma os
illates between the states

of opti
ally thin and opti
ally thi
k in the Balmer 
ontinuum.
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Introdu
tion

RS Canum Venati
orm (RS CVn) type stars are 
hromospheri
ally a
tive bi-

nary systems with large starspots, vast 
hromospheri
 plages. They produ
e

strong �ares observable at all wavelengths. II Peg (HD 224085) is one of the

most a
tive RS CVn stars. II Peg is a binary star system with V ∼ 7.37. The

primary is a 
ool K-type subgiant. The smaller 
ompanion is a red M-type

dwarf tidally lo
ked in an orbit with a period of 6.7 days. II Peg displays

eviden
e for starspots 
overing a fra
tion of the photosphere up to 40%.

Doppler images of II Peg based on two data sets obtained in 2004 February

and November show a wide latitude distribution of starspots. Most spots are


on
entrated at a high-latitude belt above 60

◦
and a low-latitude belt near the

equator. The starspots evolved dramati
ally between two observing runs (Yue

Xiang et al. 2014).

The Doppler imaging maps show the mean Teff from 4500 to 4700 K, the

temperature of the 
oolest spot stru
ture is usually about 3500�4000 K (Ha
k-

man et al. 2012).

Mathioudakis et al. (2003) report the intensity os
illations dete
ted in the

Johnson U -band during a �are on II Peg in August 1989 using the 0.75m

Cassegrain re�e
tor. FFT analysis reveals a period of 220 s. Os
illating 
oronal

loop models were used to derive physi
al parameters su
h as temperature,

ele
tron density and magneti
 �eld strength asso
iated with the 
oronal loop.

Assuming an aspe
t ratio of 0.25 (often seen in solar two ribbon �ares), a

loop length of L ∼ 5 · 1010 
m 
an be derived. The periodi
ities observed have

been interpreted in terms of Alfven os
illations of a 
oronal loop (Zaitsev &

Stepanov 1989). The extensive analysis of the II Peg �are revealed physi
al

parameters of the �are plasma: T = 2 · 108 K, ne = 4 · 1011 
m

−3
, B = 600
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Gauss. The energy of the �are event in opti
al wavelengths was in ex
ess of

1036 erg.
The observation by the Swift X-ray Teles
ope during a large �are on II Peg

represents dete
tions of photospheri
 Fe K-alpha from a star (Er
olano et al.

2008). The �aring-loop models 
onstrain the maximum height of a �are to

0.15 R∗. Using results of �aring-loop models, the authors estimate a �are loop

height of 0.13 R∗, plasma density of ∼ 4 · 1011 
m−3
, and emitting volume of

∼ 6 ·1030 
m3
. Adopting a radius for II Peg of 3.4 R⊙ (Berdyugina et al. 1998),

this loop half-length 
orresponds to a loop height of 0.13 R∗. These estimates

for the �are dimensions and density allow estimating the average energy output

of the large �are to be∼ 1033 s−1
, or 1/10th of the stellar bolometri
 luminosity.

The estimation for the 
ondu
tive energy losses is ∼ 1033 erg.
High-resolution e
helle opti
al spe
tros
opy of II Peg shows strong emission

of Ca II H & K and absorption of Na D1 and D2 lines (Ajaz Ahmad Dar et

al. 2018). The EWs of Ca II K and Ca II H indi
ates variations over 1.3

�

A. It

is assumed this may be likely due to �ares.

We dis
uss the dete
tion of fast spe
tral variability of II Peg in the subse
-

ond range.

Observations and data pro
essing

This se
tion presents the results of fast spe
trophotometry of �ares on the �are

star II Peg with a grism spe
trograph (Zhilyaev et al. 2012).

The spe
tral monitoring of II Peg (U = 9.06, U − B = 0.68, B − V =

1.02) was 
arried out with a slitless spe
trograph on August 9 - 10, 2010. The

Zeis-600 teles
ope was used at the Peak Terskol Observatory with spe
tral

resolution of R ∼ 100. Fig. 1 shows the time series of 344 spe
tra of II Peg

and a 
omparison star with an exposure time of 1.5 se
 and a time resolution

of 3.057 se
. Estimates of the UBV magnitudes and light 
urves (Fig. 3) were

obtained by mathemati
al 
onvolution of the spe
tra with �lter transmission


urves.

A fragment of the small-s
ale fast variability II Peg obtained with a high-

speed two-
hannel photometer on a 2-m teles
ope on August 8, 2010, at Terskol

Peak is shown in Fig. 4. We 
an see �ashes with a period of about 100 se
onds.

Fig. 2 shows variations in the spe
tra of II Peg during a �are. Similar data

are also given for the 
omparison star. It is easy to see that during the �are,

additional emission appears in the II Peg spe
trum in the Balmer line Hγ ,

Ca II H, K, Mg b. Variations in the spe
trum of the 
omparison star are not

observed.

Next, we present a detailed photometri
 and 
olorimetri
 analysis that

allows us to evaluate the important 
hara
teristi
s of the II Peg �ares: tem-

perature at maximum brightness and its size.

Properties of high-frequen
y variations in �ares

Fig. 3 shows II Peg light 
urves in UBV �lters. During the measurement,

approximately 10 �ares o

urred, on average one �ash in 74 se
onds. The
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Fig. 1. The spe
tra of II Peg and ref star
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Fig. 2. Variations in spe
tra.

duration of �ares averages around 60 se
onds. But sometimes there are very

short �ares lasting a few se
onds, whi
h is appropriate to 
all "lightning".

Figures 3, 4 and 5 show �ashes follow 
ontinuously at a frequen
y of about

one �ash per minute. The �are amplitude in the U -band averages about 0.25

magnitude.

Flare 
olorimetry

The modern approa
h to 
olorimetry is based on multi
olor UBVRI spe
-

trophotometry in the spe
tral region from about of 3500 to approximately of

9000

�

A. Colorimetry is a quantitative method for analyzing radiation. It allows
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Fig. 3. UBV light 
urves of II Peg on August 9 - 10, 2010.
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Fig. 4. A fragment of the small-s
ale fast variability II Peg obtained on a 2-m teles
ope at

Peak Terskol on August 8, 2010.

one to diagnose the radiation of a 
elestial body, determine the temperature,

ele
tron 
on
entration, opti
al thi
kness of the emitting plasma based on the-

oreti
al diagnosti
 
olor diagrams 
al
ulated for various radiation sour
es.

At �rst, in ea
h �lter the intensities FU0, FB0, FV0 in a quiet state of a

star were 
al
ulated in Fig. 3. Then these values were subtra
ted from the 
or-

responding values FU,FB,FV of the �are intensities. Based on the obtained

residues, the 
olor indi
es of the intrinsi
 emission of the �are were determined:

U −B = −2.5 lg

[

FU − FU0

FB − FB0

]

+△UB (1)
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Fig. 5. Fragment of the UBV light 
urves II Peg. The squares mark the brightness maxima

of the �ares that lie on the emission line of a bla
k body in Fig. 6.

−0.4 −0.2 0 0.2 0.4 0.6

−1.8

−1.6

−1.4

−1.2

−1

−0.8

−0.6

−0.4

B − V

U
 −

 B

( U − B ) − ( B − V ) color−color diagram 

Fig. 6. Colors of points of Fig. 5 on the (U − B) - (B − V ) diagram. The 1-sigma error

squares are given. The bottom strong line indi
ates the radiation of a bla
k body.

B − V = −2.5 lg

[

FB − FB0

FV − FV0

]

+△BV (2)

where △UB = 0.68 + 2.5 lg FU0

FB0
, △BV = 1.02 + 2.5 lg FB0

FV0
are normalization


oe�
ients. These 
oe�
ients take into a

ount the 
olor indi
es of the star in

a quiet state: U −B = 0.68, B − V = 1.02.

To develop two-
olor diagrams, we used the 
olor indi
es of various radia-

tion sour
es (Straizys 1977; Chalenko 1999). The bright area of the diagram

(U −B) - (B−V ) in Fig. 6 
orresponds to the 
olor 
hara
teristi
s of a hydro-
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Fig. 7. Fragment of the UBV light 
urves II Peg on August 10, 2010. The squares mark the

series of brightness maximums of the �ares that lie on the emission line of a bla
k body in

Fig. 8.
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Fig. 8. Colors of points of Fig. 7 on the (U −B) - (B− V ) diagram. The 95% error squares

are given. The bottom strong line indi
ates the radiation of a bla
k body.

gen plasma that is opti
ally thin in the Balmer 
ontinuum with Te ∼ 10 000 K

and Ne from 10

14
to 10

10

m

−3
. The dark region of the diagram 
orresponds to

an opti
ally thi
k plasma with Te from 15 000 to 8 000 K. Bla
kbody radiation

is indi
ated by the bottom bold line.

The squares in Fig. 6 show two �ares on the bla
kbody emission line with

temperatures of 12 100 ± 200 K and 18 900 ± 800 K. They 
orrespond to two

�ares in Fig. 5 marked with a square at the brightness maxima.
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Fig. 9. Color tra
ks on the (U −B) - (B−V ) diagram. The 1-sigma error ellipses are given.

The bottom dashed line indi
ates the radiation of a bla
k body. The squares indi
ate the

position of the �are beginning and �are end.

Fig. 7 shows a fragment of the UBV light 
urve of II Peg. The squares

mark the series of brightness maximums of the �ares that lie on the emission

line of a bla
k body in Fig. 8. At maximum brightness, �ashes emit like a bla
k

body in the temperature range from 12 to 35 thousand K.

Fig. 9 shows the temporal evolution of the 
olor 
hara
teristi
s of a �are

(points 70 to 83 in Fig. 7). 95% error ellipses of the 
olor 
hara
teristi
s are

shown. Ellipses on tra
ks follow with a time step of 3.057 se
onds. Color errors

are 
al
ulated for Poisson �ows of quanta.

It is easy to see that the �are begins in the region of opti
ally thi
k plasma

and ends in the region of the opti
ally thin plasma. Five points on the light


urve lie on the emission line of a bla
k body. Colorimetri
 analysis shows that

in the pro
ess of brightness �u
tuations, the �are plasma os
illates between

the states of opti
ally thin and opti
ally thi
k in the Balmer 
ontinuum

Flares sizes

The �are luminosity in the U -band 
an be determined by 
onvolving the spe
-

trum of a bla
k body with the transmission 
urve of the U �lter. Flare area s

an be de�ned as (Alekseev et al. 1997):

s

S
=

(

100.4△U
− 1

) FU0

FU
(3)

where S is the area of the visible disk of the star, △U is the amplitude of the

�are in the U -band, FU0 and FU are the Plan
k fun
tion of the photosphere

and �are with e�e
tive temperature Tbb:

F (Tbb) =

∫

U(λ)

λ5

[

exp

(

1.4388

λTbb
− 1

)]

dλ (4)
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Here U(λ) is the transmission 
urve of the U �lter. Knowing the observed

�are amplitude in the U -band, the photosphere temperature of II Peg 4600 K
(Ha
kman et al. 2012), and the temperature at the maximum of the �are, one


an easily estimate the size of the �are using the above formulas.

The linear size of the �are in Fig. 6 with a temperature of 12 100 K and

amplitude in the U -band equal to 0.25 mag at the maximum luminosity is

approximately 3.9% of the radius of the star or about 0.15% of the area of the

visible disk of the star. Adopting a radius for II Peg of 3.4 R⊙ (Berdyugina et

al. 1998), the linear size of the �are a equals 9.5 ·109 
m.
The linear size of the �are in Fig. 7 with a temperature of 35 000 K is

approximately 1.1% of the radius of the star or about 0.012% of the area of

the visible disk of the star.

Diagnosti
s of 
oronal plasma

To estimate the main parameters of the �are plasma and magneti
 �eld we

use the solar-stellar analogy and a diagnosti
 method developed taking into

a

ount the 
hara
teristi
s of dispersion, ex
itation and attenuation of eigen-

modes of vibration of magneti
 tubes. Key assumptions of the models proposed

by Stepanov et al. (2005) are as follows. The 
oronal loop 
an be presented

in the form of a 
ylinder with �rmly �xed bottoms. A sharp in
rease in gas

pressure in an outburst 
an 
ause fast magneto a
ousti
 (FMA) modes, the

period of whi
h is determined by tube 
ross-se
tion a. If the 
oronal ar
 a
ts
as a magneti
 trap and 
an 
olle
t 
harged parti
les, the FMA os
illations will

lead to modulation of a

elerated parti
le �ux in the 
hromosphere and pho-

tosphere due to a 
hange in 
oe�
ient stu
k. The thermalization of parti
les

leads to the observed pulsations of the opti
al radiation.

In terms of the s
enario des
ribed by Stepanov et al. (2005), we give formu-

las for estimating the temperature T , parti
le 
on
entration n and magneti


�eld B in the 
ontour of the �are, using the following parameters of radiation

os
illations: period Tp, modulation depth M , Q fa
tor Q = 2πτ/Tp, a and L -

radius and length of magneti
 tube.

The approa
h of Stepanov et al. (2005) made it possible to obtain relations

for determining parameters of �are plasma in the 
oronal loop:

T ≈ 2.4× 10−8 r̃
2M

T 2
pχ

[K],

n ≈ 1.97× 10−12 r̃
3κ̃M5/2Q sin2 θ

T 4
pχ

3/2
[
m−3],

B ≈ 9.06 × 10−18Q
1/2r̃5/2κ̃1/2M5/4 sin θ

T 3
pχ

5/4
[G].

where θ ≈ arctg(η0a/πL) is the angle between the FMA wave ve
tor k and the

magneti
 �eld B, r̃ = 2πa/η0, η0 ≈ 2.4, χ = 20/3M + 2, κ̃ = 486M cos2 θ+ 1.
The quality fa
tor Q is a parameter of the os
illatory system, whi
h 
har-

a
terizes a loss of energy when the phase in
reases by 1 radian. The Q fa
tor

is related to the logarithmi
 de
rement λ by the relation
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Fig. 10. FFT power spe
tra of the U-band light 
urve (top panel) and U-band light 
urve

of the II Peg �are (bottom panel). The HFO 
urve is highlighted in bold.

Q =
2π

1− e−λ

To determine the value of Q, we 
al
ulate the logarithmi
 de
rement λ
a

ording to the formula

λ =
1

n
ln

x(t)

x(t+ nTp)

where n is an integer of positive peaks in the light 
urve.

The modulation depth M ≃ 0.1 and Q fa
tor ≃ 57 
an be determined

from the U -band light 
urve in Fig. 10. The os
illation period Tp of the high-

frequen
y os
illation (HFO) light 
urve equal to about 77 se
 
an be derived

from the FFT power spe
trum in Fig. 10.

Given the results of observations of �ares on II Peg: assuming an aspe
t

ratio of 0.25 (often seen in solar �ares), and a ≃ 1 · 1010 
m a loop length of

L ≃ 4.0 ·1010 
m 
an be derived. Taking the values Tp, M , Q, given above, we

obtain the values of temperature, 
on
entration of parti
les and magneti
 �eld

strength in the plasma of the 
oronal loop: T ≈ 3.2 ·108 K, n ≈ 2.2 ·1011 
m−3
,

B ≈ 1106 G.

Note that the extensive analysis of the II Peg �are reported by Math-

ioudakis et al. (2003), revealed physi
al parameters of the �are plasma: T =
2 · 108 K, n = 4 · 1011 
m−3

, B = 600 G.

Con
lusion

The results of the photometri
 analysis of �ares on the RS CVn star II Pegasi

are presented. The spe
tral monitoring of II Peg was 
arried out with a slitless
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spe
trograph on August 9 - 10, 2010. The Zeis-600 teles
ope was used at the

Peak Terskol Observatory with a spe
tral resolution of R ∼ 100. Estimates

of the UBV light 
urves were obtained by mathemati
al 
onvolution of the

spe
tra with �lter transmission 
urves.

We found a periodi
 signal that 
ontrols the �are light 
urves of II Peg, a

77 s HFO in the U -band light 
urve with an amplitude of about 0.05 mag. We

believe the HFO 
ould be a property of the �aring loop. As 
an be seen, the

�ares 
an be triggered by HFO maxima.

Flare 
olourimetry of the �are series reveals �ares in brightness maxima

emit like a bla
k body in the temperature range from 12 to 35 thousand K.

The linear size of the �ares, depending on temperature, ranges from about

4% to about 1% of the radius of the star. The linear size of a �are with a

temperature of about 12 000 K is about 1 ·1010 
m.
We estimate the main parameters of small-s
ale II Peg �ares based on

the solar-stellar analogy using the model proposed by Stepanov et al. (2005).

Taking into a

ount the results of observations of �ares on II Peg, we obtain

the values of temperature, parti
le density, and magneti
 �eld strength in the


oronal plasma for an ordinary �are: T ≈ 3.2 · 108 K, n ≈ 2.2 · 1011 
m

−3
,

B ≈ 1106 G.
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