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GIRIS

Yildiz spektroskopisi

» Fiziksel 6zelliklerin tespiti
» Kimyasal bilesimin anlasilmasi

» Yildizlarin mantiksal bir siraya gore
siniflandirilmasi

Nitel ve nicel atmosfer analizleri

Oksijen Takimi

Karbon Takimi

» Yildizlar, Kimyasal 6zelliklerine
gore ayrica siiflandirildi.



Giris

< ‘Kimyasal sira dis1’ yildiz tiplerinin var!

101,

yildiz astrofiziginin ilgl alaninda yer aldx.



Giris NEDEN ‘kimyasal sira digr’ yildiz tipleri ile
ilgileniyoruz ?

Bu yildizlarin 6zelliklerinin ve gelisim safhalarinin
aciklanmasi baglaminda mevcut teoriler bizi tatmin
edici sonuglara goturmemektedir.

Cunku bu gruba dahil yildizlarin, ortak nitelikleri
bulundugu gibi, ayrica her birinin kendisine has
ozellikleri de vardir.

Bu tipten mumkun mertebe ¢ok sayida yildizin
incelenmesi, ortak ozelliklerinin tespiti ve
evrimlerinin tahmini bakimindan zorunlu
gorulmektedir.

Yice & Adelman (2014 a,b)




Giris
Calismalarimizda;
“Civa-Mangan (HgMn)” ve “metal ¢izgili (Am)” olarak bilinen
Kimyasal ‘sira dis1 yildiz’ tiplerinin “normal” yildizlar ile birlikte
fiziksel parametrelerine bagh olarak kimya yonii ile ilgileniyoruz

(6rn; Adelman et al. 2001, Adelman & Yiice 2010, Yiice et al. 2011a).

~ B

< Oncelikli hedeflerimiz, yildizlar tek tek ele alip,

gozlemsel optik bolge tayflarina “yuksek cozunurluklu /

detayli analiz (fine analysis)’ teknigini uygulayarak

kimyasal bilesimlerini belirlemektir.

A\ /

—




Giris

Ardisik analizler siirecinde; gozlemsel optik bolge tayflar
tizerinde bulunan ¢izgi profillerinin tamamu tespit edilerek
atom/iyon tanimlanmalar1 yapilmastir...

Bugiine kadar geldigimiz noktada;

- donme hizx (vsini)

- atmosfer parametreleri (T, log g, &)
- elementlerin goreli bolluklar: (N/Nt)

bu ¢alismalar neticesinde elde edilen dnemli argiimanlar1 teskil etmektedir.

Bu durumda yildizlarin ‘Giines ve giines ile ilintili Kimyasal bilesimli’
normal yildizlardan olan sapmalar belirlenebilmektedir.
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Table 7 Comparison of derived and solar abundances in log N/Ny.

Star 11 Per HR 2801 v Cnc Sun
Species n  log N/Nu [X] n  log N/Nu [X] n log N/Nu ﬁ(\ log N/Nu
He1 4 -1.15+0.13 14 7 —1.06+0.11 -0.05 4 -1.48+0.07 [J-047 —1.01
Cn 6 —420+0.18 [J-0.75 4 —408+0.18 | -0.63 1 -3.45 0.00 —3.45
N1 4  -338+0.14 | +0.65 —4.03
N1 1 -3.78 +0.25 —4.03
O1 4 350006 | -0.37 12 -321x0.11§ -0.08 10 -3.27x0.16 } -0.14 -3.13
Ne1 6 —431+0.12 | -0.39 3 -3.69+0.11) +0.23 -3.92
Mg1 4 4532004 -0.11 5 4.39x+0.16§ +0.03 —4.42
Mg 5 =5.18x0.15 | -0.77 6 4640124 -0.22 4 459009 -0.17 —4.42
Al1 1 —6.18 —0.65 -5.53
Al1l 1 —6.83 -1.30 3 580018 -0.27 2 -548+0.12) +0.05 -5.53
Sin 12 —498+0.18 | -0.53 13 —4.68+0.1§ -0.23 8 —438+0.20f +0.07 —4.45
Sitnn 2 —481+0.08 § -0.36 1 -4.53 —0.08 —4.45
P 22 -5.364+0.19 | +1.19 L’ —6.55
Su 23 S5.114£0.17 | 044 20 —4.89:|:O.1(JI +0.22 5 —4.07+0.1 +0.60 —4.67
TUG data Cal I 625 | 061 |-564
Catr 2 —642+0.11) -0.78 1 —6.58 —0.94 1 —6.32 —0.68 —5.64
RTT150 CES Scn 1 —8.16: +0.67 1 -9.75 —0.92 11 -7.89+0.17% +0.94 —8.83
Tinm 17  —6.66+0.34 | +0.32 12 -7.83+0.14 -0.85 68  —6.13+0.17 +0.85 —6.98
Vi 2 —8.34%0.17 -0.34 —8.00
Cri 6 —5.41+0.24 +0.92 -6.33
Crn 4 -6.83+0.10) -0.50 260 —6.71+0.14 -0.38 46 —5.5440.2( +0.77 —6.33
Mn1 4 586021 +0.75 —6.61
Mn 1 23 -53540.18 | +1.26 1 —5.90: +0.71 18  -5.75+0.1 +0.91 —6.61
Fel 4 —4.05x0.14 | +0.45 10 —4.83x0.13 -0.33 66  —4.18x0.18f +0.32 —4.50
Fenl 42 —4.3340.15 | +0.16 [139 489015 -0.39 QH78 —4.14+0.18) +0.36 —4.50
Fe 111 2 —438+0.02 | +0.12 1 —3.73: +0.77 —4.50
Co1 1 -5.91 +1.17 —7.08
Nin 1 -6.53 -0.78 1 —6.19 —0.44 4 534+012) +041 -5.75
Znl 1 —6.59 +0.81 —7.40
Sru 1 -0.65 —0.62 4 7324020 | +1.71 -9.03
Y 25 747+0.20 | +2.29 -9.76
Zrin 28 —1.33+0.16 | +3.07 -9.40
Ba 4 677022 {+3.10 -90.87
He 1 —6.90 39 1 —6.82 02 1 —6.50 +4.33 -10.83:

The solar abundances are from G
[X]= log E(X}st.u.r - 10g E(X)Sun-

Notes: \J \/ \/
revese, Noels & Sauval (1996);



Elemental abundance analyses with Coudé Echelle spectrograms from

the TUBITAK National Observatory of Turkey:
I. The HgMn stars 11 Per, HR 2801, and v Cnc*

S.J. Adelman’2-** and K. Yiice®*
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Giris

4 B
* Bir diger hedefimiz ise, ‘0zel’ nitelikli tayfsal
calismalarimizin sonuglarini ‘genele uygulamak’ uzerine
odaklanmak olmustur (Yice & Adelman 2011b, 2014).

\_ J

—

Bu anlamda kullandigimiz en énemli kaynak B, A ve F tayf tiirtii
olan Anakol Band: ‘normal’ ve manyetik 6zellikli olmayan
‘kimyasal tuhaf’ yildizlara ait calismalarin agirlikli olarak yer aldigi
"Elemental Abundance Analyses with DAO Spectrograms &
Dominion Astrofizik Gozlemevi Tayflari ile Element Bolluk Analizleri"

serisidir.

Bu tiirden seri yaklasimlar degisik tekniklerin uygulanmasi ve
farkli girdi verilerinin kullanilmasiyla olusacak farkliliklar1 ortadan
kaldirmaktadir. Dolayisiyla tiim tayfsal diziler ayni/yakin kalitede
oldugundan dl¢iimlerin duyarliligi ve buradan elde edilen
sonuclarin giivenilirligi artmaktadir.




Giris

etkin sicaklik

yuzey cekim ivmesi tayfsal veri seti

mikroturbulans hizi literatiire kazandirilmaktadir.
element bolluklari

Seride incelenen bazi yildizlar sonraki yillarda yuksek kaliteli ve/veya daha
genis tayf araliginda bolgesinde yeniden incelendi.
“ilk ve glincel sonuglar arasinda uzun donemli bir tutarlilik var”
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Giris

DAO serisini neden énemsiyoruz ?

mteratﬁrde bugiine kadar, genellikle F6’dan daha geg tﬁrleﬁ

Ile B1’den daha sicak olan yildizlar ayrintili olarak
incelenmistir. Oysa HR diyagraminin ge¢ B - erken F
tayf tiirii bolgesinde, DAO serisinde ele alindig gibi,
ayrintih bir tayfsal analiz serisi heniiz hazir degildir.
Ancak; simdilerde orta-A ve erken F tayf tiirii ‘normal’ ve
kKimyasal ‘tuhaf yildizlar’ literatiirdeki yerini almaya

Qasladl.

/

p———



Elemental abundance analyses with DAO spectrograms. XXVIII. Comparisons
with two series of automated elemental abundance analyses

K. Yiice *>*, SJ. Adelman<9, A.F. Gulliver %€

* Ankara University, Faculty of Science, Department of Astronomy and Space Sciences, TR-06100, Tandogan, Ankara, Turkey

b Istituto Nazionale di Astrofisica-Osservatorio Astronomico di Trieste, via G.B. Tiepolo, 11, I-34143 Trieste, Italy

“Department of Physics, The Citadel, 171 Moultrie Street, Charleston, SC 29409, United States

dVisiting Astronomer, Dominion Astrophysical Observatory, Herzberg Institute of Astrophysics, National Research Council of Canada, 5071 W. Saanich Road, Victoria, Canada V8X 4M6
¢ Department of Physics and Astronomy, Brandon University, Brandon, Canada MB R7A 6A9

ARTICLE INFO

Article history:

Received 24 August 2010

Received in revised form 7 September 2010
Accepted 9 September 2010

Available online 21 October 2010

ABSTRACT

Tiim cizgi profillerinin tespit edilmesi
Tiim tayfsal ¢izgilerin 8lctimii

Tiim atom ve iyonlarin tanimlanmasi

Tiim blend olmanus ¢izgilere ait atomik ver
setinin hazirlanmasi

Esdeger Genisliklerden -Yiizey Kimyasina

We compare the results of our series of fine analyses based on Dominion Astrophysical Observatory long
camera coudé spectra with those of the same stars from the series of automated elemental abundance
analyses by Hill (1995) and by Erspamer and North (2003). We usually find good agreement with the
results of the first paper for those elements with well-determined abundances and somewhat poorer
agreement with results of the second paper.

tiim tayfin normalizasyonu

Tayfsal Sentezden - Yiizey Kimyaymna
dénme hizinm belirlenmesi

Te. log g. £ degerlerinin tespiti

Giines bolluklu model atmosfer Atomik verilerin gelistirilmesi

hesabi1

Cizgi profil ve bolluklardaki

Hafif element ve demir = - X
degisimlerin incelenmesi

ikli element bolluklar:

Izotopik anomalilerin tespiti

Yukarida uzun yillar stiren bilimsel calismalarim neticesinde gelistirdigim sematik

¢izimde “Ince Analiz” ve “Tayfsal Sentez” yontemlerinin ortak benzerlik ve farkliliklari
UAK 2012 bildiri  sistematik olarak gosterilmistir.




Giris

Literatiirde; ‘HgMn, Am ve normal’ yildizlarin kayda deger manyetik
alana, fotometrik degisimlere sahip olup olmadiklar1 irdelenmektedir.
Zira bunlarin varligi calismamizi etkileyebilirdi.

Manyetik Alan:

Auriere et al. (2007) yildizlara ozgu gelistirilmis ‘magnetometre’ kullanarak
mCP yildizlarinda en az 300 Gauss degerinde manyetik alanlar tespit etti.

Shorlin et al (2002), Auriere et al. (2010)
40 ‘normal’ ve ‘Am’ tipi yildizlar igin magnetik alanlarin varligina iliskin kanit
bulunamadi.

Lignieres et al. (2009), Petit et al. (2010)

Vega yildizinda; son derece kiguk eser nitelige haiz manyetik alanin
olabilece@ine dair iddialar mevcuttur (bkz; Lignieres et al. 2009, Petit et al.
2010), fakat oylesine kiiglik bir manyetik alan varhgi, element bolluklarini
onemli olcude etkilememelidir.

Kochukhov et al. (2013) tarafindan HgMn yildizlarinda manyetik alan tespit
edilmedi.



Giris

Yapilan bir cok fotometrik calisma; B,A ve F tayf turu ‘normal’ tek

yildizlarin, HR diyagraminin belirli bolgeleri disinda kalan sabit gokcisimleri
olduklarini gosterdi.

Yuce & Adelman (2014) calismasinda incelenen birkag yildiz

(orn; 28 And) Anakol bandinin Klasik Sefeid DeQisen kusaqi ile kesistigi
bolgede bulunan delta Scuti dedisenlerindendir.

Bu sinifin bazi iiyelerinde element bolluklari Giines’tekine
benzedigi halde, digerleri kismen Am tipi yildizlarin
atmosferlerinde oldugu gibi, belirgin bir sekilde bolluk
farklihiklarina sahiptirler (bkz. 6rn; Hui-Hoa 2000, Rachkovskaya 2000,
Erspamer & North 2003, Mittermayer & Weiss 2003, ve Yushchenko et al. 2005).

Fotometrik degisen delta Scuti tiiru yildizlar sinifina girmeyen HgMn ile
Am tipi tek yildizlar Uzerine gesitli makaleler vardir. Buna kosut;

Adelman (1993,2003) ve Adelman et al. (1994) Stromgren uvby
fotometrik gozlemleri ile bunun dogru olmadigini ispatladi.



2. KIMYASAL YAPI AYIRIMINA GORE
UST ANAKOL YILDIZLARI

‘Normal’ A yildizlar:

* Yuzey element bolluklari Glines’in degerlerine yakin,

 algilanabilen bir manyetik alani olmayan,

 ekvatoryal donme hizlari >120 km sn-! deQere sahip olan,

* salma cizgileri gozlenmeyen,

» fotometrik olarak olgulen isima siddetleri zamanla degismeyen
yildizlar” olarak tarif edilir.

* Ayrica bu yildizlar “bir ¢ift sistemin uyesi iseler bilesenler arasi

onemli Olgiide kiitle aktarimlar yoktur”.

‘Kimyasal tuhaf’ yildizlar optik bolge tayflarinda baz
elementlerin beklenenden gliclii ya da zayif soQurma gizgilerinin
varhd ile ilk kez fark edildiler. Ornegin bazi yildizlar, Morgan (1933)
tarafindan, Mn, Si, Eu, Cr ve Sr elementlerinde gorulen baskin
tuhafliklarla tanimlanmistir.



Tayfsal yolla yapilan ‘kimyasal tuhaf’ yildizlarim simflama semasi (Preston 1974)

Grup Tip/lsim Kriter Donme | Sicaklik
CP1 Metal ¢izgili (Am) | zayif Ca Il ve/veya Sc II; | yavas 7000-10000 K
zengin agir metaller
CP2 Manyetik Ap zengin Si, Cr, Sr, Eu yavas 8000-15000 K
CP3 HgMn zengin Hg 11 13984 cok 10000-15000 K
yavas
CP4 He-zay1f Q(Sp) > Q (UBV) yavas? 13000-20000 K?

Manyetik ozellik karakteristigine gore ‘kimyasal tuhaf’ yildizlar (Kurtz 2000)

Te (K) Manyetik Ozellikli Manyetik Ozellik
Goster meyen
7000 — 10000 Ap SrCrEu Am, / Boo
A3-FO0 A0 - Al
10000 — 14000 Ap Si HgMn
B8 — A2 B6 — B9
13000 — 18000 He-zayif Si, SrTi He-zayif, PGa
B3 - B7 B4 —B5
18000 — 22000 He-siddetli
Bl - B2
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2.1 Metal ¢izgili

2.1 Metal ¢izgili ya da Am tipi yildizlar

Titus ve Morgan (1940) bu sira disi yildizlarin bazilarinin ortak ozelliklere
sahip olduklarini fark edip bunlari ayri bir grup altinda topladilar ve
bunlara “metalik ¢izgili”’ yildizlar adini verdiler (Am tipi yildizlar).

Soz konusu bu yildizlarda C, N, O ve Ca bolluklari genelde Gunes’tekine
nazaran daha az iken, demir grubu elementler daha fazla bolluk gosterir.
Bu bolluk anormalliklerinin, kutle kaybi, turbulans gibi farkli fiziksel
sureglerden kaynaklandigi belirtilmistir (Michaud 2005).

Roman et al. (1948)

Tayf turu (Ca Il K gizgisi) < Tayf turu (Balmer ¢izgisi) < Tayf turu (metal cizgisi)
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2.2 Manyetik ozellikli CP yildizlar

2.1 Metal ¢izgili o .- ST . . .
P Manyetik ozellikli kimyasal tuhaf yildiz tipleri (CP), st anakol yildizlaridir

ve tayflarinda anormal kimyasal bolluklar ve farkl enerji dagilimlariyla
karakterize edilirler.

Manyetik ozellik veren CP yildizlarinin tayflarinda Sr, Cr, Eu, ve Si
elementlerinin gizgileri, anormallikler sergilemektedir. Bu yildizlarin cogu
tayfsal, fotometrik ve manyetik deQisim gosterirler.

Gorunur bolgedeki en baskin ozelligi A5200 bolgesidir.
Prof. Dr. Saul J. Adelman’nin ‘spektrofotometrik ¢alismalar’ bu ozelliklerin
mCP yildizlari igin optik bolge belirtegleri oldugunu gosterir.
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2.3 Civa — Mangan (HgMn) yildizlar
2.1 Metal ¢izgili
2.2 mCP Tipik olarak ge¢ B turu yildizlardir. Civa—Mangan (HgMn) yildizi olarak da
2.3 HgMn -

adlandirilan bu yildizlarin tayflarinda, olagan disi siddetli mangan cizgileri
ve Hg Il A3984 cizgisi gozlenir.

Adelman (2003), erken A tur yildiz olan v Cnc isimli yildizi en soQuk
HgMn yildizi oldugunu belirledi.

o And’in Hg Il A3984 ¢izgisinde donemli profil degisimi kesfedildi ve
bunun sebebi olarak, civanin yildiz yuzeyindeki homojen olmayan
dagilimlari gosterilmistir (Wahlgren et al. 2001, Adelman et al. 2002).
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< HgMn yildizlarinin sahip olduklari kimyasal ozellikler,
1 vetal sizeni | @tOMIK veri’nin gelistirilmesi’nde onemli bir faktordur.

2.2 mCP
2.3 HgMin

Wavelengths and oscillator strengths of Xe Il from the UVES
spectra of four HgMn stars

K. Yiice'2, F. Castelli!, and S. Hubrig?

! Istituto Nazionale di Astrofisica, Osservatorio Astronomico di Trieste, via Tiepolo 11, 34143 Trieste, Italy

e-mail: yuce@oats.inaf.it
Ankara University, Faculty of Science, Department of Astronomy and Space Sciences, 06100 Tandogan, Ankara, Turkey
Astrophysical Institute Potsdam, An der Sternwarte 106, 14482 Potsdam, Germany

Received 2 December 2010 / Accepted 3 January 2011

ABSTRACT

Aims. In spite of large overabundances of Xe 11 observed in numerous mercury-manganese (HgMn) stars, Xe 11 oscillator strengths are
only available for a very limited number of transitions. As a consequence, several unidentified lines in the spectra of HgMn stars could
be due to Xe 1. In addition, some predicted Xe 1 lines are redshifted by about 0.1 A from stellar unidentified lines, raising the question
about the wavelength accuracy of the Xe 1 line data available in the literature. For these reasons we investigated the Xeu lines lying
in the 39004521 A, 4769-7542 A, and 7660-8000 A spectral ranges of four well-studied HgMn stars.

Methods. We compared the Xe 11 wavelengths listed in the NIST database with the position of the lines observed in the high-resolution
UVES spectrum of the xenon-overabundant, slowly rotating HgMn star HR 6000, and we modified them when needed. We derived
astrophysical oscillator strengths for all the Xe 11 observed lines and compared them with the literature values, when available. We
checked the stellar atomic data derived from HR 6000 by using them to compute synthetic spectra for three other xenon-overabundant,
slowly rotating HegMn stars, HD 71066, 46 Aql. and HD 175640. In this framework, we performed a complete abundance analysis of
HD 71066, while we relied on our previous works for the other stars.

Results. We find that all the lines with wavelengths related to the 6d and 7s energy levels have a corresponding unidentified spectral
line. blueshifted by the same quantity of about 0.1 A in all the four stars, so that we identified these lines as coming from Xe it and
modified their NIST wavelength value according to the observed stellar value. We find that the Xe u stellar oscillator strengths may
differ from one star to another from 0.0 dex to 0.3 dex. We adopted the average of the oscillator strengths derived from the four stars
as final astrophysical oscillator strength.



Table 6. The final Xeu astrophysical line list for the 3900-4525 A
and 47808000 A intervals. The literature log gf sources are the NIST

database Versiﬁ“ A MNTICTAN nmd Finalidaal-a At o1 MO FDTN
*

4’{
Stellar

3907.820

4037.260
4037.470
4057.360
4157.980
4162.160
4180.007
4193.100
4208.391
4209.370
4213.620
4215.620
4222.900
4238.135
4245.300
4251.540
4296.320
4330.390
4369.100
4373.700
4384910
4393.090
4395.770
4414.840
4416.090
4448.025
4462.090
4787.77

4817.98

4823.25

Table 4. Atomic data for selected Xe 11 lines.

I

A(Ritz) Int. Xlow Term Xup Term log gf log(ys/Ne)em®s™')
(A) (em™") (em™) NIST Dj PD

4844.32 2000 93068.44 (°Py6s  [2]s;p 11370540 (PPy)6p  [315, 40491 —5347 -5.420

5292.21 1000 93068.44 (°Py6s  [2]s;  111958.89  (PPy)ép [2]s,,  +0.351 5482 -5.450

5419.14 2000 95064.38 (°Py)6s  [2]s2 11351236  (PPy)6p  [3]s,  +0.215 -5481 -5.518

5438.97 400 102799.07 (°Py)6s  [1]3,  121179.80 (Ppép [0];, —0.183 5544 -5.369

5472.61 500 95437.67 (°P)5d  [3]y, 11370540 (Py)6p [3]l7, —0.449 -5482

5531.06 400 95437.67 (°Py)5d  [3]5, 11351236 (°P)6p [3]s,, —0.616 —5.504

5719.61 200 96033.48 (°Py)5d  [2]3, 11351236 (PPy6ép  [3ls,  —0.746

5976.46 1000 95064.38 (°Py)6s  [2]5, 11179217  (Py)6p [2]5, —-0.222 -5545 -5.556

6036.20 500 95396.74 (°Py)5d  [2]s;» 111958.89 (°Py)6p [2]s,, —0.609 —5.535

6051.15 1000 95437.67 (°Py)5d  [3]5» 111958.89 (*Py)6p [2]s,, —0.252 -5515

6097.59 1000 95396.74  (°Pp)>5d  [2]s;2  111792.17 (Py)ép [2]5, —0.237

6990.88 2000 99404.99  (°P,)5d  [4]s, 11370540  (PPy)6p [3ly»  +0.200 —-5.476

-0.23+£0.10
-0.13+£0.07
-0.58 £0.02
—0.85+0.00
+0.30 +£0.00
-0.72 £0.02
-0.70 £0.00
<-1.95
+0.00 £0.00
+0.00 = 0.00
—-0.50 £0.00
—-0.80
+0.10£0.05
+0.33 £0.00

-0.82+£0.03
-1.25+0.00
—0.65 £0.00

+0.498

+0.243

NIST4

NIST4

—4.948
—-4.930
-4.722
-5.129
—4.884
—4.890

—-5.358
-4.927
—4.884
—-5.432

—4.866

—-3.324

—-35.351
—4.989
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Table 7. A few 7s, 5d, and 6d even Xe Il energy levels from Hansen

2.1 Metal cizgili & Persson (1987) modified according to the wavelength positions

2.2 mCP 4 observed in the UVES spectra of HR 6000, HD 71066, 46 Aql, and
2.3 HgMin i HD 175640.
Term Level value (cm™!)

| NIST This paper
| 5s25p*(*P,)Ts ] 132518.82  132519.23
i ] 133189.42  133189.94
5s25p*CPo)7s  [0];2 140883.42  140883.79
5825p*('Dy)5d  [0];,  135060.97 135061.36
5575p*CPa)6d  [4]y2  136109.65 136110.13
[4]7» 136597.81 136598.48
[31;» 135507.32 135507.72
[3ls2  139094.28  139094.83
[2]s,» 135547.13  135547.53
[2]s, 13570832 135708.72
[1]5,, 13964043  139640.61
[11;,» 13655411 136554.47
5s25p*C*Py)6d  [3]y2 145587.61  145588.12
[3]s» 146927.86 146928.34
[2]s,» 14594034  145940.79
[1]s» 148085.19 148085.36
[11,,, 14522272 145223.16
5s25p*CPPg)6d  [2]s2 14438490 144 385.45
[2];,» 144140.16 144 140.69

5s*5p*('Dy)ed  [41g, 15280673 152806.73 ?
[4];, 15270892 152709.19
[1]s,, 153584.09 153584.02
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2.1 Metal ¢izgili
2.2 mCP
2.3 HgMn

normalized f lux

2 ZE @Y N
= oo g.- ‘:’
SIS
N
l. T
0. 1
| A
HD 71066
0.7
1.0 """—_Vl'- VVV "
ms_HD 186122 .
'0W
HD 175640
0.7 1 1
446 .0

Wavelength (nm)

446 .4

Yuce, Castelli, Hubrig (201 Ib)
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Hiuor o Bu grup kimyasal tuhaf B yildizlaridir. Bu yildizlar, sicak mCP ve HgMn

s (yildizlarinin bir karisimidir. Tayflarinda helyum, platin ve civa (He, Pt, Hg)

elementlerinin baskin ¢izgi profilleri ve ¢izgi kaymalari gozlemlenmistir.
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2.1 Metal cizgili
2.2 mCP

2.3 HgMn

2.4 He-weak
2.5 Diger tipler

2.5 Diger kimyasal tipler (4 Boo ve p Pup yildizlar)

A Boo yildizlar, goze carpan metal fakirligi ile karakterize
edilen, kimyasal tuhaf, manyetik 6zellikli olmayan ve A dan
F tayf tiiriine kadar uzanan Pop | ciiceleridir.

C, N, O ve S element bolluklar1 Giines degerlerinde iken,
demir grubu elementler ise oldukca diisiiktiir. Ancak bir¢ok
A Boo yildiz1 zonklayan 6 Scuti yildizidir.

p Pup tipi yildizlar 111 ve 1V 1s1nim smifindan evrimlesmis Am tipi
yildizlardir. Ilk defa Michigan Tayfsal Katalogu’nda & Del olarak
tanimlandilar. Bir yi1ldiz, anakoldaki hayatina Am tipi bir yildiz
olarak baslayabilir; Ca ve/veya Sc bakimindan oldukg¢a fakirdir.
Evrimlestikce Ca ve Sc bolluklarindaki fakirlik giderek etkisini
yitirmeye baslar ve p Pup yildizlarina doéniisiirler. Bu durumda

yildiz normal kalsiyum bollugu sergiler (Saez et al. 1981, Berthet
1992).



2.00

Evrim Durumu
1.00
Tm|
La Pr  Sm Gd )
il Mg s caTi & ore Ni Y }T
4 I '?"u { TH H}.
< 0.00 ® i /71 i
. i A1 T
- -0.50 S Sc V Mn Co / S// | Ba Ce Nd Eu Tb
-1.00
</ |
- -1.50 \W |
ez 50M3 100 ““““ 40|50 60 70
_T; 25 4 E Y Atom Numarasi
g 4qMg HéMn
o* .
24 o * & A o 2w
3.0M, * \‘0& ! A
m
1.5 + N a
25M, N
M
1 T T T T T T T 1
43 42 4.1 4 39 38 37 36 35
log T,

20 CVn (o) ve DAO tayflariyla analiz edilen bazi HgMn (#) ve Am (A) tipi yildizlarin,
teorik evrim yollari (Schaller et al. 1992) uzerindeki yerleri (2008; yuiksek lisans 6grencimin
tez calismasinin bir pargasi)



3. Normal, Civa Mangan ve Am tipi Yildizlar
Uzerine Gergeklestirdigimiz Bolluk Calismalari

ﬁ')nemli bir soru; bolluk belirleme islemi igin yildiz tiplerinde\
Hg hatlarina benzer baska belirleyici spektral hatlarin bulunup
bulunmayacagidir!

Eger isimali difizyon ve ¢ekimsel ¢okme bu yildiz tiplerindeki
bolluk anormalligini olusturan temel mekanizma ise, biz boyle
tayf gizgileri bulmamiz gerekir. Bu olasiligi arastirmak, yaptigimiz

Qll.g)malar arasindadir. /

——




Esdeger olclimlerini esas alan “yiiksek ¢oziintirlikli™
analizlerden elde edilen ‘atmosfer parametreleri’ni esas alan
gozlemsel HR diyagramu tiirettik.

He, C, O, Mg, Al, SI, P, S, Ca, Sc, Ti, V, Cr, Mn, Fe, Co, NI, Zn, Ga,
S, Y, Zr, Ba, La, Ce, Pr, Nd, Sm, Eu, Gd, Dy, Hg iceren otuz iki (32)
elementin bolluk dagilimlar: incelendi (Yiice & Adelman 2014 a,b).



Am T [logg | & [vsinif HOJMN | (<) [ 10gg | & [vsini||Normal| 1.« |1ogg | & |vsini
15 Vul 7700 | 350 | 4.0 9.2lv Cnc 10375 | 3.59 | 0.1 | 13.0}[99 Her 6100 | 440 | 05 | 50
32 Agr 7700 | 3.65 | 45 | <4.8||HR 7018 10505 | 3.90 | 0.4 | 29.0ftPsc plae | 4198] 12 | 6.0
6 Lyr 8155 | 3.90 | 5.6 | 31.0|HR7775 10650 | 4.13 | 0.0 <5||nLep 6925 | 385 | 25 | 135
£ Ser 8420 | 430 | 52 | 33.0[28 Her 10750 | 3.65 | 0.0 8.0 [y Ser 6300 | 400 | 12 | 90
112 Her B 8500 | 420 | 1.2 3.0llHR 4072A | 10900 | 4.07 | 0.8 <5||oBoo 6744 | 3.88 | 16 | 7.5
HR 6455 8700 3.25 21 8.7146 Dra B 11100 | 4.00 0.0 <6 ggcxgd 32;8 ;12: ;2 1100

n s } 3

HR 4072B | 8900 | 4.20 | 1.0 7.0[[¢ Her 11525 | 4.00 | 0.1 8.0 101 Hor T .
A UMa 9000 | 3.75 | 2.8 | 50.0fv Her 11950 | 3.70 | 0.0 75005 Lyn R o0 [
68 Tau 9025 | 395 | 25 9.0{53 Tau 11700 | 4.25 | 0.0 55|o Dra 9975 | 363 | 00 | 25.0
7 Dra 9125 3.80 3.1 26.0|{46 Dra A 11700 | 4.00 0.0 <6]|y Cap 10250 | 3.90 ol | 238
1 Del 9150 | 420 | 2.6 40.0fly Crv 12125 | 3.70 | 0.0 32.0{114 Cyg B 355 | 00 | 310
60 Leo 9250 | 425 | 3.4 17.0fpn Lep 12500 | 3.50 | 0.0 18.0f|x Cep 10341 | 3.64 | 0.0 | 23.0
0 Leo 9250 3.55 1.8 23.0f#* Boo 12700 | 4.02 0.0 15.01(134 Tau 10825 | 3.88 | 0.0 | 27.0
59 Her 9325 | 3.65 | 2.8 | 27.0|HR 7664 12875 | 3.60 | 0.8 8.0[|€ Dra 12500 | 3.50 | 1.1 | 28.0
21 Lyn 9500 | 3.75 | 1.6 | 18.0]|HR 8349 12975 | 3.80 | 0.7 8.0[|21 Adl 13000 | 3.60 | 0.3 | 120
o Aql 9534 | 4.05 | 3.1 | 28.0)|HR 7361 13300 | 3.75 | 0.0 6.0 [ [T Cet 13150 | 385 | 0.0 | 20.0
0 Peg 9600 | 360 | 1.7 | 6.0[112HerA | 13100 | 421 | 0.0 | 6.0f|HR7926 | 13306 | 355 | 0.0 | 26.0
B UMa 9600 | 380 | 20 | 450 22 Cyg 14156 | 3.35 | 0.0 | 22.0
® UMa 10026 | 3.88 | 1.1 | 46.0 5 12T ) 4-168) 008 | 370
29 Vul 10200 | 4.10 | 1.2 | 49.0

o Agr 400 | 1.0 | 21.0

10125




Am He C N O [ Na [ Mg Al Si P Ca | Sc Ti Vv Cr Mn | Fe [ Co Ni Zn | Ga | Sr Y Zr Cd Ba [ La|Ce| Pr | Nd|Sm| Eu | Gd Er | Tm | Hf | Pt Hg
15 Vul ? 013] 2 ?2 | 7 |-027]-056]|-025] 2 -0.34| -0.54]-0.16 | 0.01 [ -0.03 [ 0.05]-0.25[0.07 [ 023 | 030 ? | 055 0.34] 0.61 | 3.00 0.54 | 074 [ 090 1.02 | 0.47 | 0.81] 0.71 | 0.95 2 l2 ]2l 2]2]">
32 Agr ? ? ? ? [-148]-021]003|-006] 2 -0.45|-1.14]-006] 045 [ 029 [011) 008|054 064 |059[ ? |087]083] 1.14 325 0.84) 132 [143] 146 1.00 | 0.98) 1.05 | 0.98 057 2 [165[ 2 | 2 [ 2
6 Lyr (2 0.26 ? ? ? 0.12 | 013 |-0.15( 2 -0.33[-0.86[ 0.30 [ 0.77 | 0.39 | 0.55 | 0.40 ? 0.85 | 0.83 [ ? [0.90]147| 1.34 ? 094]168)161| ? 115( 2 1.47 ? ? ? ? ? ? ?
gSer ? % 2 | 2 [ 7 |-014]019]-007 2 -071| 2 [046]038| 037 [023]023[098 060|052 ? |0.64]1.03] 091|344 099)126[131] ? [099]| 2 |o9g6:| ? 21221 2]12]->
112 Her B ? -028| 2 [o069]| ? |-071|-127(-089:| 2 -0.17|-0.41]| 030 | 0.75 | 040 [059| 008|068 [ 070 | 2 ? |o46|112|073]| 2 174 | 121|180 [ 220 1.83 [2.06] 073 | 1.59 2122l 2]2]->
HR 6455 ? -0.14| ? |[-0.87] ? -0.28 |1 0.25 |1-001| ? -0.14|-0.34| 0.06 [ 0.27 | 0.18 | 0.19 ) 0.11 | 0.38 | 058 | 0.67 | ? | 0.81 [0.79] 0.96 ? 05310941097 ? 084 | ? |0.83] 1.09 ? ? ? ? ? ?
HR 4072B 2 -037| 2 ? ? -0.48 1-1.04]-0.79| 2 -0.79(-1.22(-0.01 | 0.27 | 0.14 | 0.33]-0.03|-0.08( 0.32 ? ? 1063115/ 043 ? 237077 1105( 2 096 | ? ? ? ? 1110) ? ? ? ?

A UMa ? 028 ? |o002[ ? | 012 |028]|018| 2 -0.08]-0.18| 0.26 | 060 | 060 [027]|024| ? 086 |085| ? |152|123|124| ? 159 | 157|216 2 ? ? ? ? 2 l2 ]2l 2]2]-
68 Tau 002 [-023] 2 ?2 | 2 |-004]043 009 2 -0.33]|-0.97| 050 | 064 | 066 [049] 035|066 [ 084 |085[ ? |125]|085] 110 357 129|114 | 146 [ 204] 102 [179] 078 162 2122l 2]l2]->
7 Dra -015 - |-0.08[ 2 ? | 2 |-020]031 020 2 0.10 | -0.44| 0.22 [ 059 | 041 | 043|034 [059]| 085 [093| 2 |139]102]|117| 2 145| 2 ? ? ? ? ? ? ? 21212122 ]°2
1 Del ? 042 | 2 ? | 72 |-011]030]|-044] 2 -045| 2 |020]078| 042 [057|036| ? 068|083 ? |-011|081|091| ? 141 ? |100[164]| 2 ? | 186 184 ? 21221 2]12]->2
60 Leo ? 00L| ? ? [ 2 |-023]032] 000 2 -048|-2.03| 027 | 064 | 051 [046]045[033| 086|097 | ? | 1290|100 123]| ? 153 [ 149|169 2 |199| 7 [125] 190 ? 2 l2 ]2l 221>
0 Leo -0.15 % ? ?2 | 72 |-020]-048]|003[ 2 -0.02|-0.42]| 010 | 062 | 004 [006]002]006[ 043 | 2 ? |082|031|070]| ? >0.84| 054 [ 2 ? ? ? ? ? ? 21221 2]2]¢>2
59 Her ? 024 2 [006]| ? | 022|044 [019] 2 048015 [ 046 [077| 071 | 039|042 [056]| 077 [075| 2 |1.21]082]|096| 2 128|140 | 141 2 |140[ 2 [210] 202 ? 212121 2]2]">2
21 Lyn 0034014 2 | 2 | ? [-043[-051]-004] 2 -0.17| -0.54]-0.10| 0.28 | -0.10 [-0.10|-0.17[0.34 [ 018 | 2 ? |083|014[048| 2 053] 050 2 ? ? ? ? ? ? 2 l2 121 2]2]->
$ Agl -0.45 ? ? |-012[ ? |-008]|031]|018[ 2 007| ? |o041|087| 056 |020[041)|056]|-014[ 2 ? |083]|059|096]| 2 154 | 2 |157| 2 ? ? ? ? ? 2 l2 21 2]2]->
0 Peg 019 |-083[ 2 2 | 2 |-012]-003]|-007 2 0.14 | -045[ 019 [ 0.77| 019 | 025[028)022] 063 [ 2 ? |112]| 066/ 098] ? >1.33| 096 [ ? 2 [120] 2 |127] 2 0.5 091 2 [os5[ 2 | 2 [ 2
p UMa -0.45 -0.12] 2 ? ? -0.22 1 0.18 |-0.07| 2 0.01]-0.33] 020 | 069 | 0.31 | 027 | 0.21 ? 0.76 | 073 ? |0.06 | 0.80 | 1.03 ? 1.42 ? ? ? ? ? ? ? ? ? ? ? ? ? ?
©UMa 033 |-083f 2 | 2 | ? [-037[016]|-006] 2 -0.01]|-0.10]| 024 | 044 | 019 [035]|023| ? [052| 2 ? | 118|125/ 08| ? 145| 2 ? ? ? ? ? ? ? 212121 2]12]->
29 ul 015 |-049[ 2 2 | 7 |-043]-004]|-021| 2 -0.33|-051]-011] 000 [ 011 [001]|001| ? [037|116[ 7 |062| ? |o042]| 2 123] 2 ? ? ? ? ? ? ? 2 l2 ]2l 221>
o Agr 0.03 ? ? ? [ 7 |-030]030]-004 2 -0.34]|-053]| 004 | 047 | 019 [022]018]070[ 058 | 077 2 |101]|078|076] 2 122] 2 ? ? ? ? ? ? ? 2122212 ]°
HgMn He c|iN|o|Na|Mg]| A |sifeP ca|sc| Ti|v | c [Mi|r|co|N/|[zn|c|s|Y|zZ]|cd Ba|Lla|Ce|Pr|Nd|[sm|E|cd Dy E [ Tm Pt Hg
v Cnc -0.50 -031] ? ? ? -0.29 |1-0.83-0.20 ? -0.48| 0.66 | 0.67 | -0.13| 0.55 | 0.52 | -0.02| 0.78 | 0.18 ? ? | 112 ]2.03| 1.82 ? <285 2 ? ? ? ? ? 1.64 ? ? ? ? ? ? ? 3.01
HR 7018 021 |o026)| 2 [-013] ? [-005] ? [001]| 2 0.08)-0.88| 046 | 2 | 080 [124]|019]| 2 ? ? ? |278[300]|138] ? 026| 2 ? ? ? ? ? ? ? 2 l2]l2]l2]l2]"> 5.24
HR 7775 -0.53 -053 ? |-027] 2 -0.31]-1.14 | -0.01| 1.00 0.41)-0.70f 097 |-0.11| 0.62 [ 0.73] 0.36 ? |-0.82 ? |362265]285] 0.69 ? 0.12 ? ? 3561276 | ? ? 1.78 ? ? [262] ? |243[ ? |382 4.93
28 Her 093 |-0.38] 2 2 | 2 |-045| 2 [-031] 087 -026] 2 |oo8| ? | 024 [092]005]| 2 ? ? ? 1238297076 2 <011 2 ? ? ? ? ? ? ? 2 212122 |243 2.94
HR 4072A 039 |o027] 2 ? | 2 |-021]-1.09]-0.04]| 1.05 0.64 | 045] 089 [-061] 070 [112]| 048] 2 |-084| 2 ? |264[323]138] ? 068|161 2 ? ? ? ? ? ? 2 2121 2|2 |288 5.16
46 DraB -0.71 -0.73( ? |-013] ? -0.21 | -0.54 | -0.06 | 1.04 0.15 ) -0.84 [ 0.57 ? 0.44 | 0.67 | 0.45 ? |-051 ? |375[(113|188] 1.84 ? 0.77 ? ? ? ? ? ? ? ? ? ? ? ? ? 1448 5.18
¢ Her 014 |-019] ? |014| ? [-028]|-0.75[-046| 2 029 146|073 [-004| 107 [165]|017| 2 |-015|173[311|108[300]|212| ? 213| 2 |279]| 2 ? ? ? ? ? 2l 2 ]l2l2 12> 4.55
v Her -0.44 -047| ? |-026]| ? -0.64 ? [-0.37] 0.60 -0.38-0.10| 0.95 ? 037 | 1.88[-0.12| ? |[-1.00| 052]329|1.28|234| 134 ? 1.08 ? ? ? 1.08 | 2 ? ? ? ? ? ? ? ? ? ? | 484
53 Tau 031 |-028]| 2 ? | 2 |-059[-1.32[-0.33]| 0.14 017| 2 |128| 2 | 045 [188]|-066] 2 |-087| 2 ? 102|179 196 | 2 ? ? ? ? ? ? ? ? ? 2l 2 ]l2 222 ]2]">2
46 Dra A 093 |-035| 2 |-040| ? |-0.55|<-145|-0.11] 1.48 0.17-0.04| 032 [ 04| -002 [133]|045| 2 |-051| ? [375|113[188]|184| ? 077] 2 ? ? ? ? ? ? ? 2 | 212 2| 2 [327]350]511
y Crv -0.10 -0.14| 2 ? ? -0.62 ? [-1.11) 0.63 -0.09 0.63 | 1.26 ? 002 | 1.38|-060] 2 ? 181 ? 009 ? 1.47 ? ? ? ? ? 098 2 ? ? ? ? ? ? ? ? ? ? 345
p Lep 082 |-023] 2 2 | 2 |-042] 2 |009] 111 042 035|060 [<1.12| 033 [212]-027| 2 |-064| ? [446:]179[259]|<1.07| ? ? ? ? ? ? ? ? ? ? 2 2121222 ]2]s00
n' Boo -0.65 -024| 2 021] ? -0.60 ? 0.10 | 0.93 0.49 | 1.21 [ 0.30 ? 0.67 | 244 [-029]| ? [-0.99 ? [410(229343| 2 ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? 514
HR 7664 -1.03  |-031] 2 ? | 2 |-135] 2 |-015] 160 0.11)-029|085| ? | -034 [115])051| 2 |-037| ? [282|038[158] 2 ? ? ? ? ? ? ? ? ? ? 2 212122 [2]2]|34
HR 8349 065 |003| 2 |072| ? [-0.71]-0.74| 028 1.82 071) 118|019 | 2 | 025 [235]|006]| ? |-033]| 2 ? |125[262]|209| ? ? ? ? ? ? ? ? 298] 2 2 | 212 2| 2 [240] 2 |553
HR 7361 -0.93 -0.32] 2 028 ? -0.74 ? 0.11) 2.10 0.73] 0.91 [ 0.22 ? 0.21 | 253 | 0.20 ? 1-043 ? |415(067 220 2 ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? 441
112 Her A -136  |-179:) 2 |-005| ? |[-116]-087:[-045] 1.83 111:)-016:) 075 | ? | -014 [174)090| 2 |-029| ? [369]|056:[175:]|168] ? ? ? ? ? ? ? ? ? ? 2 212121212 ]2]|53
Normal He © N O | Na| Mg | Al | Si P Ca| Sc | Ti \Y Cr Mn| Fe |[Co| Ni [ zn|[Ga|sSr| Y | zr | Cd Ba|Lla|Ce| Pr|Nd|Sm| Eu | Gd Dy Pt Hg
99 Her 7 0.06 ? ? |[-1.88(-0.23]-1.10-0.32| 2 -0.41[-0.07]-0.25|-0.06 | -0.20 | -0.26-0.35]|-0.30| -0.22 [ -0.40| ? |-0.15]-0.23] 0.00 -0.40 [ 0.48 | 0.05]-0.23|-0.03| 0.46 [ -0.39| 0.71 ? ? ? ? ? ? ?
1Psc ? 0.04| 2 ? |-1.62] -0.10 [-054] 042 | 2 -0.06] 0.12 [ -004| 0.15| 0.10 | 0.36 | 0.03]0.06 [ -0.14 |-0.05[ 2 |-0.05[0.29 | 0.44 | 2.90 0.93 043 [049] 024038 [1.13] 098] 097 | 7 2 122|222 [2]"~2
n Lep ? 005| 2 |0a7| ? | 008 |-004| 2 ? -0.14[-0.19)-0.14 [ 0.03 | -0.06 [-007|-0.17]| 055 | -0.20 | -0.36| 2 [-0.29[-0.12| 0.08| 2 -005[007])037| ? |o023]| ? [-014|168| 2 2 12|22 l2l2]l2]">
y Ser & -0.03| 2 ? |[-1.70f 0.22 |-0.46 | -0.34| 2 -0.16[-0.01)-0.12| 0.18 | 0.15 |-0.16(-0.04)|-0.26| 0.03 [-0.16| 2 | 0.01 |-0.01| 0.36 ? -0.17[0.33 ] 0.25] 0.17 | -0.01| 0.65 [ -0.01| 0.61 ? ? ? ? ? ? ? ? ?
o Boo ? -048| 2 ? | 2 | o001 [-076]-020] 2 -0.35[-0.42]-0.29 [ -027| -0.20 [ 0.23|-0.35]|-0.39] -0.30 [ -043| 2 [-1.42[-0.22]|-0.34] 2.65 -0.17[-0.09) 0.13[-0.31|-0.21]| 0.39 [ -0.49| 0.66 | 2 2 122|222 [2]"~2
0 Cyg ? 0.22 ? ? ? -0.06 | 0.20 | 0.22 ? 0.05]0.13]015(033] 019 [034]|014(021) 024 |-012| ? [0.27]0.14)0.37 | 327 0181024036 ? 0.17 1 0.30] 0.36 ? ? ? ? ? ? ? ? ?
28 And 2 002 2 ? | » |-016[-080]-022| 2 -0.23|-0.14]-0.06 [ -0.03| -0.07 [ 0.02 |-0.18]|-056] -0.11 | -0.40| 2 [o0.18 [-0.06|-0.09]| 2 0.05]003[022| 2 |-0.04/051]|015]|002| ? 2 l2 |22l 2[~2]"~2
101 Her ? ? ? [-034] 2 [-012]-058]|-013]| 2 -0.02)017]-0.01| 047 001 [009]-0.07]|-021] 020 [-018[ 2 [-0.07[-043| 0.24 -009[026| 2 ? |099)120] 117 0095[ 2 2 12|22 l2l2]2]">
2Lyn Z 0.07 ? ? ? -0.10 | 0.04 [-0.34| ? -0.14[-0.07] 019 | 0.17 | 0.07 ? |-015] ? [-0.20 ? ? 1-021f 2 0.42 ? 0.95 ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ?
a Dra 0.01 000| 2 |-016] ? |-0.24|-031[-009| 2 -0.34[-047)-0.13[-0.10| -006 [-005|-024| 2 |-020| 2 ? |-044| 2 ? ? 0.09] 2 ? ? ? ? ? ? ? 2 122|222 [2]"~2
v Cap -0.12 0.18 ? [-002] 2 -0.26 | -0.48 [ -0.20| ? 0.11 1-0.49 0.00 [ 0.43 | 0.19 [-0.12]-0.03| ? 0.11 ? ? 1036 2 0.06 ? 0.53 ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ?
14 Cyg 0.07 007 2 |o027| ? |002]|-010[016]| 2 -040[-065|-0.12[ 011 | 019 [033|-004| 2 |-004]| 2 ? |-009|160:| ? ? ? ? ? ? ? ? ? ? ? 2 12 l2 |22l 2]2]"?
k Cep 007 |-009| ? [011] 2 [-014]-025]|-033] ? -001[-0.39)| 004 [ 0.02| 018 [023|-007| 2 |-010]| 2 ? |o011|032]|059 [ 2 107] 2 ? ? ? ? ? ? ? 2 12|22 l2l2]l2]">
134 Tau 0.07 0.12 ? ? ? -0.13 |-0.30 [ -0.04| ? 0.03 |1 -0.40 -0.01 | -0.04| -0.05 ? |-007] 2 |[-007 ? ? 1-010f 2 ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ?
L Dra 0.15 0.21]028|-003] ? |-0.05]|017 [029]| 2 010 ? |-013| ? | -025 [ 2 |-013] ? |-025]| 2 2| 2|2 ? ? ? ? ? ? ? ? ? ? ? 2 12 l2 |22l 2[2]"~?
21 Agl 0.04 -0.23]1 035016 2 -0.15 | -0.22 | 0.12 ? -015( ? ]1-002] 2 -0.17 ? |-009] ? [-005 ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ?
 Cet 0.00 |-0.20 029 [001]| 2 [-019]-0.02]|-027| ? 006 ? |-012| 2 | -018 | 2 |-020] ? |-020] 2 2| 2|2 ? ? ? ? ? ? ? ? ? 2 ? 2 122|222 ]2]"~2
HR 7926 0.07 0.09 |-0.07|002| ? |-010]|002|010]| 2 021| 2 [-010] 2 | -022 | 050]|-0.08] ? |-025[ 2 2 | 2|2 ? ? ? ? ? ? ? ? ? ? ? 2 12|22 l2l2]2]">
22 Cyg 0.11 0.041-005[{027| ? -0.02 | -0.13 | 0.12 ? 0.35 ? |-007f ? -0.45 ? |-029] 2 ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? ?
T Her 0.11 0.04 ] 0.08|-0.05] ? |-020|-0.16[003]| 2 008 2 Jo2o| 2 | 019 2 |-017] 2 |-004] 2 2l 2] 2 ? ? ? ? ? ? ? ? ? ? ? 21222222 ]"~2




He abundances differences relative to the Sun
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Fig. 1.— He abundance anomalies vs. T, and log g as a 2d figure. In these figures triangles
represent Am stars, squares HgMn stars, and circles normal stars. These symbols are colored
and projected onto the effective temperature vs. log g plane and onto the abundance vs.
log g plane. If the symbols are red, the abundances are less than 0.2 dex with respect to

solar. If they are black, the abundance are within 0.2 dex of solar while if they are blue the

abundances are greater than 0.2 dex of solar.




Fig. 2.— He abundance anomalies vs. T.g and log

He abundances differences relative to the Sun
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He: (Figures 1 and 2) Most of the HgMn stars have underabundant He abundances.

The hottest HgMn stars are the most deficient in He while the normal stars have normal

He abundances.



Fe abundances differences relative to the Sun
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Fig. 29.— Fe abundance anomalies vs. T.g and log g as a 2d figure
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Fig. 30, Fe abundance anomalies vs. 1.4 and log g as a 3d figure
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Mn abundances differences relative to the Sun
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Fig. 27.— Mn abundance anomalies vs. T.g and log g as a 2d figure
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Fig. 28, Mn abundance anomalies vs. T.g and log g as a 3d figure




Hg abundances differences relative to the Sun
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Fig. 63.- Hg abundance anomalies vs. T.g and log g as a 2d figure
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Fig. 64.— Hg abundance anomalies vs. Tog and log ¢ as a 3d figure
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Fig. 14 P abundance anomalies vs. T.g and log g as a 3d figure




Ga abundances differences relative to the Sun
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Fig. 37— Ga abundance anomalies vs. T, and log g as a 2d figure
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Fig. 38— Ga abundance anomalies vs. T, and log g as a 3d figure
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Modeller, ‘HgMn’ ve ‘Am’ tipi yildizlarda daha ¢ok dillendirilen hafif
elementlerden C, N, O azligimi / fakirligini 6ngordiigiinden,;
Incelemeye aldigimiz yildiz tipleri i¢in [C/Fe] & log Fe/H ve

[O/Fe] & log Fe/H grafiklerini hazirlayarak degisimleri incelemeye
aldik.
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Fig. 65.— [C/Fe] vs. [Fe/H] graph for carbon-enhanced (blue color) and non carbon-
enhanced (red color) of Am, HgMn and Normal stars represented by triangles, squares and

circles, respectively.

Yice & Adelman (2014b)
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Fig. 66.— [O/Fe] vs. [Fe/H] graph as a 2D figure.



HgMn ve Am tipi 38 yildizin

etkin sicaklik

ylizey ¢cekim Ivmesi

mikrotiirbiilans hiz1

vsini

bolluk (Mg, SI, Ca, Ti, Cr, Mn Fe ve Sr) anormalligine iligkin
niceliklerin bir korelasyon analizini gerceklestirdik.

38 yildiza ait ‘s6z konusu’ degiskenler
arasindaki ikiserli korelasyonlarin mutlak
degeri 0.320°den buyukse, bu korelasyon
tahminleri a=0.05 (1. tip hatasina gore
degerlendirilmis) anlamhilik diizeyinde anlamh
bulunmustur (Bevington & Robinson 1992).




Table 2: Correlation Coeflicients for qualities derived for all 38 HeMn and Am Stars

Si/H] [Ca/H] [Ti/H] [Cr/H] [Mn/H] [Fe/H] [Sr/H] Teg logg 3 vsing

(K) (km s™)  (kms™!)

[Mg/H] 0.363 -0.333 -0.269 0.578 -0.544 0.094 0.221 -0.684 -0.035 0.563 0.414
[Si/H] 0.289  0.280  0.221  -0.040 0.311 0.408 -0.024 -0.220 0.241 0.104
[Ca/H] 0.334 0.719 0.625 0.238 0308 0.677 -0.014 -0.482 -0.258
[Ti/H] 0.252 0.501 -0.082  0.176 0.529 0.186 -0.432 -0.210
[Cr/H] 0.121  0.063 0.514 -0.110  0.285 0.033 0.062
[Mn/H] -0.197 0245 0.867  0.086 -0.615 -0.379
[Fe/H] 0.085 -0.080 0.224 0.211 -0.002
[Sr/H] 0.208  0.037  -0.324 -0.255
Teg 0.028 0.796 -0.304
log ¢ -0.014 0.065
¢ 0.360

Yice & Adelman (2014b)



Table 3: Correlation Coefficients involving [Sc/H], [Ni/H], [Y/H], and [Zr/H]

Sc/H] [Ni/H] Y/H] [Zr/H]

values r values r values r values r
Mg/H] 32 -0.190 34 0.058 35 -0.290 34 -0.210
[Si/H] 32 0.289 34 0.029 35 0.019 34 0.012
[Ca/H] 32 0.573 34 -0.503 35 0.517 34 0.447
[Ti/H] 32 0.316 34 0.564 35 0.533 34 0.573
[Cr/H] 32 0.193 34 0.036 35 0.456 34 0.333
[Mn/H] 32 0.643 34 -0.772 35 0.778 34 0.752
[Fe/H] 32 -0.250 34 0.316 35 -0.065 34 0.078
[Sr/H] 32 0.005 34 -0.382 35 0.695 34 0.178
Teos 32 0.559 34 -0.802 35 0.726 34 0.625
log g 32 -0.165 34 -0.063 35 0.170 34 0.134
13 32 -0.330 34 0.710 35 -0.654 34 -0.325
Vv sinig 32 0.001 34 0.492 35 -0.303 34 -0.285
[Sc/H] 29 -0.454 30 0.550 28 0.554
Ni/H] 32 -0.710 30 -0.418
'Y /H] 31 0.546




4. Calismalarimizin Degerlendirilmesi

Etkin sicaklik - yiizey ¢cekim ivmesi - bolluk diyagramlarinda,
yildizlarin konumlar1 ile element bolluklar1 arasinda iliskiler
goze ¢arpmaktadir.

Ancak:

Atmosfer parametreleri birbirine ¢ok yakin olan baz
yildizlarda, element bolluklarinin farkli olabildigi de bir
gercektir.

Yildizlarin i¢ bolgelerinde hiz / agisal momentum profillerinin
farkl1 olmas1 boyle farkli element bolluklarina yol acabilir.
Konu ile ilgili teorinin de, bu o6nemli bulguyu tahmin
edebilecek sekilde modifiye edilmesi gerekmektedir.
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