CP stars — Introduction |



CP subgroups

Classical Prestons’s Discovery criteria Spectral | Magnetic
name group types Fleld

Am —Fm weak Ca Il and/or Sc II; A0 -F4
enhanced metals

Bp —Ap CP2 enhanced Sr, Cr, Eu, and/or Si  B6 — F4 Y

HgMn CP3 enhanced Hg Il and/or Mn I B6 — AO N

He — weak CP4 weak He | compared with B2 - B8 Y
colours

He — strong enhanced He | compared with B0 — B2 Y
colours

Preston (1974, ARA&A, 12, 257), Pedersen & Thomsen (1977, A&AS, 30, 11)



Metallicity as [X:Y:Z]

Metallicity - Basics

X = Hydrogen

Y = Helium
/ = the rest”



Metallicity - designations

* |n the literature you will find
— [Z]

— [Fe/H]

— [M/H]

— [Element 1 / Element 2]

* Relations for the transformation are necessary



Metallicity — designations

Nh.i l“"brh.-l
o = (), s ().

log,, (%) = [M/H]

Table 2. Transformation of [Fe/H] to [Z] using
Y]=0.23+225[Z] from Girardi et al. (2000) applied in
this work.

Fe/H] [Z2]  [Fe/H]  [A]  [Fe/H]  [Z]
—0.720 0.004 —0.030 0.018 +0.253 0.032
—0.525 0.006 +0.019 0.020 +0.288 0.034
—0.387 0.008 +0.077 0.022 +0.312 0.036
—0.282 0.010 +40.116 0.024 +0.343 0.038
—0.224 0.012 +0.152 0.026 +0.371 0.040
—0.149 0.014 +0.185 0.028

—0.086_ 0.016 4+0.225  0.030




Metallicity - designations

[dex], e.g. [Fe/H] = -0,5 dex
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The Sun as standard star

e Our”standard star for the normalisation of
the metallicity is the Sun

e We define:

— Mass

— Luminosity = absolute (bolometric) magnitude
— Temperature = spectral type = colour

— Age

— Chemical composition

— Internal structure (rotation, magnetic field,
convection, diffusion, pulsation, ...)



Abundance analysis - Sun

* Review article: Asplund et al., 2009, Annual
Review of Astronomy & Astrophysics, 47, 481

* Ingredients:
— Stellar atmosphere
— Atomic line data
— High resolution spectra
— Analysis method
— Starting parameter

* Gray, 2005, The Observation and Analysis of
Stellar Photospheres, Cambridge University Press



Abundance - Sun

* Problems with
—Hydrogen
—Helium
— Elements with only a few lines
— Elements with only weak lines

* L TE versus NLTE (Non-Local
Thermodynamic Equilibrium)



Abundance - Sun

Elem. Photosphere

Meteorites | Elem. Photosphere Meteorites
1 H 12,00 89224004 | 44 BRu ST E0.08 176 +£0.03
2 He [10.93 £ 0.01] 1.29 45 Eh 0,01 £0.10  1.06 £ 0.04
3 Li 1.05+010 326005 |46 Pd L7 +0.10 1.65+0.02
4 Be 1.33 009  1.30+003 | 47 Ag 0,94 £0.10 1.20 = 0.02
5 B 2T0+020 27 +004 |48 Cd 1.71 = 0.03
6 O 843006 T30L£004 |49 In 080 £0.20 0.76 = 0.03
T N TEIL005 G6.26+006 |50 Sn 204 £0.10 207 +£0.06
80 B60+£005 340+004 |51 Shb 1.01 + 0.06
9 F 456030 4424006 | 532 Te 218 £0.03
10 Ne [7.93 +0.10] -1.12 53 1 1.55 + 0.08
11 Na G240  627T+002 | 54 Xe [2.24 + 0.06] —1.95
12 Mg THEOEO00  TAILO001 |55 Cs 1.08 = 0.02
13 Al 645 £003 643001 | 56 Ba 218 £ 0,090 218 = 0.03
14 Si TH1+003 T51+£001|57 La 1.10 £+ 0.04 1.17 £ 0.02
15 P 541003 543 +004 | 58 Ce 1.58 £ 0.04 1.58 £ 0.02
16 8 TA2+003 TA5+002 (59 Pr 072 +004 076 +0.03
17 (1 5A0 030 5234006 | 60 Nd 1.42 +0.04 1.45 = 0.02
18 Ar [6.40 + 0.13] —0.50 G2 Sm 0,96 £0.04  0.94 +0.02
1 K 503 009 H08+002 |63 Eu 052 004 0.51 =002
20 Ca G300 62000264 Gd 1.07 = 0.04 1.05 = 0.02
21 Sc 315+004  305+002 65 Th 0,30 0,10 0.32 +£0.03
22 Ti 4054005 491 +003 | 66 Dy 1.10 + 0.04 1.13 + 0.02

23

25
26
27
28

i
32

30
ar
39
40

41
42

\'."
Cr
Mn

Co
Ni

fn
Ga
G

Br
Kr

Sr
v
fr
Nb
Mo

303 +0.08
564 + 0,04
5.43 + 0,06
.50 + (.04
4.90 £ 0.07
G.22 + 0.04
419+ 0.04
4.56 + 0,05
3.04 £ 0.09
365010

[3.25 + 0.06]
252+ 0.10
2.87 + 0.07
2.21 + 0.05
2,58 + (.04
1.46 + 0.04
1.88 + .08

Asplund et al.

396 + 0.02
H64+0M
548+ 0.0
745+ 0.0
487+ 0.0
G20+ 0.0
425+ 0.04
463+ 0.04
3.08 £ 0.02
358 £ 0.4
230+ 0.04
3.34 +0.03
254 £ 0.06
—2.27
236 +0.03
288+ 0.03
217+ 0.04
253+ 0.
1.41 + 0.04
1.94 £ 0.04

Ho
Er
Tm
Yh
Lu
Hf

W

s
Ir
Pt
Au

T1

Ph
Bi

Th
U

048 +0.11
0.92 +£0.05
0.10 + 0.04
.84 +0.11
0.10 £ 0.09
(.85 + 0.04

0.85 +£0.12

1.40 £+ 0.08
1.38 £ 0.07

0.92 £0.10

0.90 +0.20
.75 +£0.10

0.02 +£0.10

0.47 £ 0.03
0.92 £ 0.02
0,12 = 0.03
0.92 £ 0.02
0.09 £ 0.02
0.71 £ 0.02
0,12 £ 0.04
0.65 +0.04
0.26 = 0.04
1.35 £ 0.03
1.32 + 0.02
1.62 + (.03
0.80 £ 0.04
1.17 + (LO8
0.77 £ 0.03
204 £0.03
0.65 = 0.04
0.06 = 0.03
-0.54 £ 0.03




Abundance - Sun

Abundance (in atoms)
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Abundance - Sun

Table 4: The mass fractions of hydrogen (X), helium (Y) and metals (Z) for a
number of widely-used compilations of the solar chemical composition.

Source X ¥ Z ZfX
Present-day photosphere:

Anders & Grevesse (1980 0.7314 02485 00201 0.0274
Grevesse & Noels (1993)* 0.7336 0.2485 00170 0.0244
Grevesse & Sauval (1008) 0.7345 02485 00169 0.0231
Lodders (2003) 0.7401 02377 00133 00177
Asplund, Grevesse & Sauval (2005) 0.7392 0.2485 0.0122 0.0165
Lodders, Palme & Gail (2009) 0.7300 02469 00141 0.0191
Present work 0.7381 02485 00134 0.0181
Proto-solar:

Anders & Grevesse (1980) 07096 02691 00213 0.0301
Grevesse & Noels (1993) 112 02697 0.0190  0.0268
Grevesse & Sauval (1998) 0.7120 0271 00180 0.0253
Lodders (2003) 0.7111 02741 0.0149 0.0210
Asplund, Grevesse & Sauval (2005) 0.7166 02704 0.0130 0.0181
Lodders, Palme & Gail (2009) 0.7112 02735 00153 0.0215
Present work 0.7154 02703 00142 0.0199

using

Table 2. Transformation of [Fe/H] to [7]
[Y]=0.23+4+2.25[7] from Girardi et al. (2000) applied in
this work.
(ke/H] [Z2]  [Fe/H] [Z]  [Fe/H]  [7]
—0.729 0.004 —-0.030 0018 40.253 0.032
—0.525 0.006 +0.019 0.020 +0.288 0.034
—0.387 0.008 40077 0.022 +0.312 0.036
—0.282 0.010 40116 0.024 40.343 0.038
—0.224 0.012 40.152 0.026 +0.371 0.040
—0.149 0.014 +40.185 0.028
—0.086 0.016 +0.225 0.030

* The He abundances given in Anders & Grevesse (1989) and Grevesse & Noels
(1993} have here been replaced with the current best estimate from helioseismol-

ogy (Sect. 3.9).

Asplund et al.
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Metallicity => different opacity
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Metallicity - isochrones
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What means ,normal®?

* |s the abundance of the Sun representative
for all stars in our neighbourhood?

* |f not, what is the spread?

* |s the metallicity in the solar
neighbourhood representative for the
whole Milky Way?

* |s the metallicity depending on the age?



What means ,normal“?

* Allende Prieto et al., 2004, A&A, 420, 183:
analysis of 118 FGK stars within 15 pc
around the Sun

e Based on
Hipparcos
narallaxes

-
<1




What means ,normal“?

* Wide spread of [Fe/H] abundances
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What means ,normal“?
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What means ,normal“?

* Netopil et al., 2016, A&A, 585, A150

* Metallicities of open clusters




Abundances CP1 stars
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Abundances CP2/4 stars
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Abundances CP3 stars
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Abundance - Sun

Abundance (in atoms)
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Basic Classification

® Parameters to estimate:
1. Spectral type (temperature)
2. Luminosity class (log g, age)
3. vsini(rotation)
4. [metallicity]

e How?
1. Line strengths
2. Line ratios
3. Equivalent widths

e Why?
1. Very efficient
2.  Well tested



Used Notation |

e (O-B-A-F-G-K-M-(-R-N), Yerkes = MK Classification
e , Official subclasses”
e 0:4,5,6,7,8,9,95
B:0,05,1,2,3,5,7,8,9.5
A:0,2,3,5,7
F:0,2,3,5,7,8,9
G:0,2,5,8
K:0,2,3,4,5
M:0,1,2,3,4,7,8
e For these subclasses you will find also “officia
standard stars

III



Used Notation Il

e These subclasses were extended during time,
see for example Gray (1989, AJ 89, 1049)

e Additional suffices: n, nn, e, weak, st...

e Especially for B/A/F stars: i.e. hAOKA5mA3 V
this means that the hydrogen lines (h) have the
characteristics as in a AO star, CaH&K (k) A5
and the metallic lines (m) A3



Temperature (K)
50,000 25,000 10,000 8,000 6,000 5,000 4,000 3,000
|
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Strength —

05 BO A0 FO GO KO MO M7
Spectral type

Freedman & Kaufmann, 2002, Universe, Sixth Edition, Freeman Company



Classification spectroscopy |

Balmer lines Ca H_and K Spectral type Spectral type
visible? visible? 0 GO to G4

Spectral type

CaHand K : 3 ( ) ) Spectral type Spectral type a
< visible? B AGto F Hgamma / Fe 4325 = 17

Spectral type
CakK/H =17 =17 H 325 <17
< {Hgamma >—>®—)<Ca K/Hgamma=1 >—>®—) later than AS gamma [Fe 4325 < 1

Spectral type Spectral type Spectral type
AD to AS A5 later than G5




relative intensity

Stellar Spectra

main seéquence stars
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Chemically peculiar stars
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Chemically peculiar stars
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3.4

Chemically peculiar stars

3.2
3.0
2.8
2.6
2.4
2.2
2.0
1.8
1.6
1.4
1.2
1.0
0.8
0.6
0.4
0.2
0.0

Rectified intensity

CaIIK

Mg Il

Fe/Till Cal line weakening
|| | — |
Il

Fe/Tijscl kA2 hFOmF3V

J062107.99+353726.2

Cal

line weakening
| — |

Fe/"'ll'i| Il

|
kA1 hFO mF3 V

J181058.85+144337.1

line weakening
|

Fefﬂi Il CTI I

| kA1 hA9 mF2 V

J190045.36+443850.2

Fe,ﬂi | Cal |

| .
Fe/Ti/Sc I F3 V (libr18)

3800

3900

4000

4100 4200 4300 4400 4500
Wavelength (A)

Himmerich: An Atlas of LAMOST Low-Resolution Spectra of Chemically Peculiar Stars

4600



