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ICERIK

1 Yildiz Aktivitesi

1 Aktiviteye iligkin gozlem turleri

1 H-R diagraminda aktivite

1 Dis atmosferi goruntuleme

1 RS CVn-turu aktif ¢ift yildizlarin bulunusu
1 Aktivite duzeyini belirleyen parametreler
1 Aktivite cevrimleri

1 Yildizlarda diferansiyel donme

1 Leke ve fakula

1 Aktif boylamlar ve flip-flop



YILDIZ AKTIVITESI
mParlaklik degisimi

(Donemli veya cevrimli - Lekeler
Duzensiz - Flareler)

aParlak aktif bolgeler

STEREO Behind EUVI 195 STEREO Behind EUVI 195
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1 Isinmis kromosferler (Call H&K salma)
1 Yuksek isili koronalar (X-1sin)
1 Yildiz ruzgarlari
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Fig. 1. An H=R diagram showing schematically which types of stars are definitely or probably solar-like

on the basis of direct or indirect indicators of strong, turbulent magnetic fields. Also indicated are the regions

of the H«R diagram where massive winds occur and hot plasma is apparently absent. Important stars
mentioned in the text are identified in the diagram.



Types of Stellar Activity

» Solar type stars
* Young stars/Active stars

- M dwarfs
« T Tauri stars

* The Sun is not representative

- Different spot locations and sizes

- Different migration patterns

- Filling factors

- Cycles or no cycles

- Different dependences on rotation rates
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Stellar Surface Structures

+ Surface features associated with activity

- Chromospheres
- Spots

- Plage

- Coronal holes
- Flares

+ Types of stellar activity

- Solar-type stars
- M dwarfs
- Active stars

+ Star spots

Doppler imaging

* Spots on A stars
- Stellar oscillations
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AKTIVITEYI BELIRLEYEN
TEMEL TAYF CIZGILERI

1 Temel Optik Cizgiler

Ca Il H (A3968) ve K (A3934),
Kromosferik sicakliklarda olusabilen
kuvvetli salma cizgileri

Ha (A6563)
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Examp|e Spectra UCSD: Physics 8: 2006
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Name A(A)

Origin

Vo094

7165

6867

6563

5890, 5896
5270

DI 5 ST SIkF
4861

4384

4300

4227

4102

3968

3934

2R Q8o mOOEP B

*

A L

terrestrial oxygen (0O,)
terrestrial water vapor
terrestrial oxygen

Ha

neutral sodium (Na I)
neutral iron (Fe I)

neutral magnesium (Mg )

Hp

neutral iron (Fe I)

CH band

neutral calcium (Ca I)
Ho

1onized calcium (Ca I1)
1onized calcium (Ca IT)

* Not an original Fraunhofer designation: added later.
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iS.B Chromospheres

= Self absorbed
emission

= Low density, hot gas = Ca Kabs
(photosphere) : K1

= Narrow bright

i Sthng emission emission
lines : (chromosphere) : K2
=« Fraunhofer H & K = Narrower abs : K3
lines of Ca II = Wilson-Bappu effect

mn Wldth Of K2 nJ Mv
= Distance indicator
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Kromosfer ve fotosfer arasindaki
kontrastin onemi

1 Fotosfer sogudukca salma ozelligi daha
acik belli olur.

1 Ayni tur kromosfere sahip geri-K yildizi,
erken-G yildizindan daha carpici
ozelliklere sahip olur.



Morote bolgede Mg Il h (A2802) ve k (A2796)
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Spectrum:G3IV Star
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AKTIVITEYE ILISKIN GOZLEM TURLERI

1 Donme hizi
»tayf cizgi kesiti eslestirmesi
» UBVR fotometrik degisimler
» tayfsal belirteclerin donemselligi
1 Manyetik alan
» Zeeman genislemesi
1 Kutle kaybi
anakol oncesi P Asimetrik Balmer salmasi
» Jetler ve iimikler
anakol sonrasi » Soguk yildiz ruzgarlar



Rotation in Evolved Stars

e conserve angular b
: o P e
momentum, so as A
R increases, O\_/K/
v decreases \,
* Magnetic breaking | v
continues (as long as | /
magnetic field exists) | ™
* Tides in close binary
systems lead to 10 x
AO FO Go KO e

Syn Ch ro n O u S rotatio n Fig. 17.21. The rotation boundary separates fast rotation from slow rotation.
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Starspots and active regions on the chromospherically active binary MS Ser

A&A 403, 205-215 (2003)
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Astron. Mache / AN 334, No. 3, 251 - 263 (20137 DNDT 101002 asna 201211737

One of the first members of RS CVn-type systems: MM Herculis
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Frasca et al. 2005, A&A 432, 647

Hi Lac
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A

A&A 446, 1129-1138 (2006)

Photospheric and chromospheric active regions on

E “ g % three single-lined RS CVn binaries

K. Biazzol - A. Frasca?2 - S. Catalano2 - E. Marilli2
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Johnson V photometry, average effective
temperature, total H alpha emission,
equivalent width, relative radial velocity of
the two-Gaussian fitting and He | D,
equivalent width as a function of the
rotational phase for VY Ari.
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Observes () ond synthetic (

VY A — Ha

) spectra
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continuum normalized flux
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Photospheric and chromospheric activity on the young solar-type star HD 171488

(V889 Herculis)

Frasca - K. Biazzo - Zs. Kovari - E. Marilli - O. Cakirli

A&A, 518 (2010)
H o

A ()

Call AB488

FJ'.JX Fc

F.?n./ Fl:

8480 8489 B8498 8506 8515

A (A)

F}l.// Fc

4850 4855 4860 4865 4870

A (A)

Call A85472

0.6}

0.4 F

0.2f % ]
0.0} ]

F.i'l.f/ Fc

8525 8534 8542 8551
A (A

8560

0.8

0.6

0.4

0.2

0.0

5865 5870 5875 5880 5885

0.6

0.4

0.0}

8645 8654 8662 Be71

A (A)

Call ABBBZ

0.2}

T

(A



A EW,, (A)

EW.,, ™ [A)

wa,

go& . . . . . . . . .
iy



Ar 108 99008 Vo pand — MEM maps

1.00

145

1,30

L&5

Smesm ¢ %oy
-0.2 0.0 0.2 . 0.5 D.B 1.0

g
o
e
| |
L
»
:
:
]

E _I_Llllllllllllllllllll IIIII

—
g

Fhaoae = 000 Fhaoge = 030 Fhaoae = .40 Fhaoae = 0.60 Phaza = 0.80

<1 I¥

55 W



https://www.google.com.tr/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjPlYGh-4vQAhWGQBoKHdQOCb8QjRwIBw&url=http%3A%2F%2Fweb.ct.astro.it%2Freport%2Frep2002%2Foacrep02%2Fnode7.html&psig=AFQjCNE9a7RmlNHbgPmdqDfy9hvrOHY4Pg&ust=1478239425795621

Normalized flux

Short-term evolution and coexistence of spots, plages and flare
activity on LQ Hydrae [SSA]

Posted on October 18, 2016 by arxiver
http://arxiv.org/abs/1610.05067
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Spots, plages, and flares on 1 Andromedae and Il Pegas|*

A_Frasca' | K. Biazzo', G. Tag®, 5. Evren®, and A. C. Lanzafame®
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Discovery of cyclic spot activity on the G8 giant HD 208472 _
Astron. Nachr. / AN (2010) 795
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Fig.1 Seventeen years of V-band photometry of HD 208472 (upper panel) together with all available color indices (lower panels).
Open squares denote data from the TSU 0.40 m APT. open triangles denote data from the 0.75 m Amadeus APT, and filled circles
represent EUQO data.



74D -
- EK Dra, -

750 =
ERE AR §
= - ) o —
P 7.60¢ T
E - . g
= - .-
7.70F 1
7.80E .

6000 7000 B0DD 8000 10000 11000 12000
HJD - 2440000


https://www.google.com.tr/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwixpJGj-YvQAhVC2hoKHVOfDWEQjRwIBw&url=http%3A%2F%2Fweb.ct.astro.it%2Freport%2Frep2002%2Foacrep02%2Fnode7.html&psig=AFQjCNE9a7RmlNHbgPmdqDfy9hvrOHY4Pg&ust=1478239425795621

fast-rotating (P,,=P

=0.465d), active dwarf binary V405 And (MOV+M5V)

rot

phase = 0.480
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H-R DIAGRAMINDA AKTIVITE

1 Konvektif zarf - Manyetik aktivite icin
gerekli, fakat yeterli degil

1 Gerekli - Cunku, aktivite belirtecleri
yalniz konvektif zarfli yildizlarda bulunur.

1 Konvektif Zarfli Yildizlar = Bulgurlanma
sinirinin sag tarafinda
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1 Aktivite > Donme hizina da bagl

1 Anakol yildizlari arasinda, en aktif tek
vildizlar, ZAMS’a yeni ulasmis, hizli donen
yildizlardir.

1 Bu yildizlar, manyetik frenleme yuzunden
hemen yavaslamaya baslar ve aktivite
duzeyleri azallr.






Yas-Aktivite iligkisi

100 million old star 1 billion old star 5 billion old star




1 Anakol boyunca, F'den M’ye kadar
F - si1g bir konvektif zarf
M - tamamen konvektif
1 Anakol sonrasinda - desenler karmasik

Call

|&K verisi

JUE ve EINSTEIN uydu gozlemleri

1 500 evrimlesmis yildizin kromosferik
aktivite calismasi (Wilson 1976)

1 Ca Il H&K salma cizgi cekirdegi
siddetlerinin siniflamasi
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DIS ATMOSFERI GORUNTULEME

1 Soguk yildiz atmosferlerinin yapisini kesfetmeye
yarayan bes temel yontem vardir:

- Dogrudan goruntuleme

- Girisimolcum

- Tutulmalarin kullanildigi haritalama

- Doppler goruntuleme

- Donmeden kaynaklanan degisimin
haritalanmasi



1. DOGRUDAN GORUNTULEME

Gilliand, R.L. ve Dupree, A.K. 1996, ApJ. 463L, 29
“First Image of the Surface of a Star with the Hubble Space Telescope”

Betelgeuse (M2 lab)

1 Kromosferin yarigapi:
2 yildiz yarigapl
1 Sicak leke




Young et al. 2000, MNRAS 315, 635

Betelgeuse
William Herschel
Telescope

700 Nnm

905 nm

1290 nm
Ayirma gucu
20-30
miliyaysaniye
Kasim 1997



2. GIRISIMOLCUM
1 Yakin cift yildizlarda veya anakol oncesi
genislemis kaynaklarda kullanilir.

1 Radyo dalgalarinda iyi sonuc verir.

1 ESO-VLT ile yuzlerce soguk yildizin diski
cozumlenmis



3. TUTULMALARIN KULLANILDIGI HARITALAMA

1 Soguk anakol + WD
1 Soguk dev + sdOB

1 Sicak ve kucuk yaricapli bilesenler,
genislemis atmosfere sahip aktif bilesenin
arkasindan gecerken dis atmosferin yapisi
iIncelenir

1V471 Tau (K2V+WD); ¢ Aur (BV+KII);
FF Agr (sdB+G8lll); toplam 12 yildiz









V471 Tau 1s a well-known echipsing close binary with a period of
1 2.5 h, containing a hot DA white-dwarl (herealter WD) and a de
tached cool main-sequence K2 companion. Ever since 1ts discovery
as an eclipsing binary with a WD component by Nelson & Young
(1970), V471 Tau has been an object of considerable importance
for two reasons. Interest was at first directed to the WD compan-
ion because of its total occultation every half-day: this allowed us
to discover its dimensions and thermal properues. Light and radial

velocity curve analyses by various researchers revealed the physical
parameters of the system. Wave-like distortion inits light curve, as in
the RS CVn and BY Dra systems, has been discovered by Ibanoglu
(1978). Thereafter, considerable interest has also been directed o

the chromosphernically active red dwarf (hereafter RD) primary.
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Figure 1. The B and V light curves obtained in late 2004, During the eclipse
of the WD, observations were made only in the 8 band. Note that the two
wave minima are separated by about 180°,
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Figure 2. A typical U-band brightness variation due to occultation of the
white dwarf companmion,




Figure 2.  The V light curve of FF Aqr from 2003 observations.

FF Aqr is an eclipsing binary containing a hot subdwarf OB star and
a chromospherically active companion as G8 llI star.




XY UMa (G2V+K2V)




V361 Lyr (F8V+K5)




4. Doppler Goruntuleme

1 YUzeydeki yapilarin donmeden dolay! disk
uzerindeki hareketi, Doppler etkisinden
dolayi cizgi kesitlerinde bozulmalara
neden olur.

1 Sinyalin gozlenen hiz genliginden giderek
enlem bilgisine ulasilabilir.

1 Teknigin kullanilabilmesi icin, bunyesel
cizgi genisligini asacak bir hizda donmesi
gerekir.
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Doppler Gérunttleme

Yedinlik

Yedinlik

v (leke) vsini
Hiz —

W (Iel-:e vsini
Hiz '—
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HII314 Doppler Image
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5. Donmeden Kaynaklanan
Degisimin Haritalanmasi
1 Aktif yapilar yildiz dondukce parlaklik
degisimine neden olur.
1 Boylamsal dagilimin haritasi
1 Anahtar parametre:

1 Aktif yapilarin yasam suresi, donme
doneminden buyuk olmalidir.

1 Bu sekilde donme donemi cok iy
saptanabillir.



V410 Tau (K4, T Tauri turu)

-
<

V410 Tau wtts K4 P=1.9d V410 Tau WTTS K4 P=1.9d



RS CVn-turu Aktif Cift
Yildizlarin Bulunusu

1 Aktif cift (ve tek) yildizlar icinde bulunan ilk tur
1 Adlandirihs - 1976

1 Ik bulunus = tayfsal, 1940l yillar



WW Dra (G2+K0)'nin dikine hiz degisimi (Joy 1941)

1 Orten cift o

1 tayfta Call H&K salma g
cizgileri

1 Yoldasin sogurma
cizgileriyle ayni yonde
yerdegistirme

1 Yoldas,

e
sariimisg, ¢cekim
etkisinden dolayi bas
yildiza dogru
genislemis

1 Gaz daha kucuk
yorungeye sahip




1 AR Mon (Sahade ve Cesco 1944)
1SS Boo (Sanford 1945)

1RZ Eri (Cesco ve Sahade 1945)
1RZ Cnc (Hiltner 1946)



Ca Il salmali orten ciftler (Hiltner 1947)

TABLE 1
Can Period
Star Emission (Days) Spectrum Reference
RZEr........ Secondary (visible | 39.28 F54-G8 | Cesco and Sahade, 4p. J., 101, 370,
only at mini- 1945 '
mum)
SS Cam. ...... Secondary? 4.82 G14-F5> | Popper, letter
AR Mon...... Primary 21.21 KO+F? -%'Sailggz and Cesco, 4p. J., 100, 374,
RUCnc....... Secondary 10.73 F94-G9 | Struve, 4p. J., 102, 110, 1945
RZCnc....... Primary 21.64 K2+4+KS5S HHiltner, Pub. A.S.P., 58, 166, 1946
RWUMa..... Secondary 7.33 F9+4-G9 Struve, Ap. J., 102, 116, 1945; Ann.
d’ap., 9, 1, 1946
RSCVn....... Secondary 4. 80 F44-G8
SS Boo........ Secondary 7.61 GS+4-? Struve, Ap. J., 102, 118, 1945; Sanford,
. Pub. A.S8.P., 57, 217, 1945
WW Dra...... Secondary 3.50 G2+KO0 ([4Joy, 4p. J., 94, 407, 1941
ZHer*........ Secondary 3.99 F2+F2
AW Her....... Secondary 8.80 K24-G4
RT Lac....... Both components 5.07 G9+K1 | Popper, Yerkes Obs. Rept., Pub, A.A.S.,
10, 292, 1942
AR Lac .| Secondary 1.98 KO+G5 | Wyse, Lick Obs. Bull., 17, 39, 1934

* Added in proof.



AR Lac uzerinde parlaklik degisimi yaratan
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1 Asimetri ve yildan yila degisen isik eqgrileri

1 Bu durum, RS CVn'de de goruluyor
(Sitterly 1930)

1 Garip degisimler aydinlik ve karanlik leke
(patch) varsayimiyla aciklanabilir

1 Leke varsayiminin ileri bir calismasi ve bir
modeli yapilmali

1 Bu model, lekelerin hareketlerini aciklar



Bazi cuce yildizlarin ozellikleri (Kron 1950)

Fotometrik delillerden elde edilen sonugclar;

- Duzgun olmayan yuzey parlaklik dagilimi,
kucuk alanlar seklinde

- Parlak H&K cizgileri bu alanlarla iligkili

- Flareler bu alanlarla iligkili

1 Cuce Me yildizlarinin tayfsal ve
fotometrik garipliklerinin cogu, giines lekeleriyle
iliskili aktiviteye benzerlikten kaynaklanabilir



a® Buyuk bir
gunes lekesi

a 28 Mart 2001




Filament yapi (19 Temmuz 2000)




Koronal limik (28 Eylul 2000)

Yer capindan
30 kat daha
buyuk




Koronal Kutle Atimi (9 Mart 2000)

Yuzeyden
2 milyon km =&
uzaga ‘







Adlandirma

1 Hall (1976), IAU toplantisi
1 RS CVn ciftlerinin tum ozelliklerini aciklar

1 RS CVn'nin isikolgumunun ayrintili analizi
Hall (1972).

1 Leke modeli ile aciklama

dalga, kirmizi renk, dalga gocu, bas
minimum derinlik degisimi, genlik degisimi



Kampanya

11976 dan itibaren tum dalgaboylarinda
uluslararasi kampanyalar

1 Ege Universitesi Gozlemevi

V471 Tau, RT Lac, Il Peg, MM Her, Z Her,
RS CVn, WW Dra, ER Vul, RT CrB, LX Per,
AR Lac, SZ Psc, UV Psc



Fotometrik bakis acgisiyla, aktivite
duzeyini belirleyen parametreler

- Maksimum dalga genligi

- Genlik degisiminin zaman olgegi

- Flare olaylari

- Ortalama parlakligin uzun donemli
degisimi



DALGA GENLIGI

1 |ekelerin alanindan

1 sicakligindan

1 yuzeydeki asimetrik dagilimdan
1 enleminden

1 yorunge egikliginden

etkilenir.



1 Kisa donemli aktif ¢ift yildizlarda, lekeli yildizlar
sistemdeki daha sonuk bilesen oldugundan,
dalga genligi genelde daha azdir. Sicak
bilesenin toplam 1siga katkisi daha fazladir.

1 Uzun donemli sistemlerde, lekeli bilesen daha
buyuktur ve anakol bileseninden daha parlaktir.
Dolayisiyla, genlik daha buyuktur.



En buyuk dalga genligine sahip yildiz: Il Peg
(Tas ve Evren 2000) Genlik (V) = 0.62 mag

Il Peg (2000)







Il Peg, 1995 ve 1996
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Aktivite cevrimlerini bulmak

1 Ortalama parlaklik degisimi
1 veya leke hareketleri, dalga gocu incelenir.

1 Diferansiyel donme, yildizlara iligkin
Kelebek Diagrami’na neden olur



AB Dor




AB Dor

Radial magnetic field Azimuthal magnetic field
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Diferansiyel Donmenin Saptanisi

1 Dalga gocu, donme ve yorunge hareketi
arasindaki esdonmenin tam olmadigini
gosterir.

1 Fark, genelde %1'den daha az

1 GO¢ hizindaki degisim ve dogrultu
degisikligi (veya ters donmesi), lekel
alanlarin goreli hareketlerini aciklar.

1 Bu olay, diferansiyel donmeye ve enlemsel
suruklenmeye atfedilir.



Diferansiyel dénme biiyiik
S

Diferansiyel dénme kugiik



1 Azalan veya artan evrelere dogru olan
gocler, yorunge doneminden daha kucuk
veya daha buyuk donme donemlerini
belirtir.

1 Yildizlardaki diferansiyel donmeyi saptama
arastirmalari devam ediyor. Bunun icin
uzun zaman araligina yayilmis fotometrik
veriye gerek var.
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V711 Tau
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EK Dra

genc yildiz
G1l.5V

-K Dra  young G1.5V F=2.6d



LQ Hya

genc yildiz
K2V

LQ Hya vyoung K2V P=1.6d
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Aktif Boylamlar

1 Tum lekelerin ilk gorundugu boylam

1 Uzun omurlu aktif boylamlarin varhgt,
enerjik flarelerin gorundugu yerlerden
giderek belirlenmistir.

(Bai 1988) (Jetsu et al. 1997)



1 Bazi aktif yildizlarda leke olusumlari
180° farkli boylamda gorulmektedir.

1 Aktif-aktif olmayan-aktif-aktif olmayan
bicimde; Genislikler 90° den kucuk,
180° zit. (Henry et al. 1995)



V2075 Cyg'nin aktif boylamlar
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Flip-Flop

1 Aktif boylamin kisa zamanda 180° zit
boylamda gorunmesi, flip-flop etkisi.
(Jetsu et al. 1991)

1 Aktif boylam uzun omurlu. Lekeler kisa
omurlu ve yeni lekeler ayni aktif boylam
icinde olusur. (Jetsu et al. 1993)



Aktif Boylamlar ve Flip-Flop
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