The Physical Properties of Normal A Stars

Saul J. Adelman
Department of Physics

The Citadel

171 Moultrie Street

Charleston, SC 29409, USA

Let us begin our celebration and examination of A-type stars. We are here to discuss their properties and the physical processes that occur in their interiors and atmospheres.  Through oral and poster presentations, questions, and stimulating discussions I hope we can deepen our mutual understanding, perhaps coming to somewhat new and potentially fruitful consensus points of view, to guide us in our future individual and collaborative research efforts.

Every A star when looked at in sufficient detail is a unique individual.  But to make progress in astronomy, grouping stars into categories is a useful procedure.

Spectral classifications depend only on the spectra and the standards upon which they are based.  They do not necessarily correspond to the underlying physics. 

What are the Normal A Stars?   

They are those that are not peculiar.

Spectra classifiers defined the class of A-type stars. The hot A stars have atmospheres in radiative equilibrium while convective motions are present in those of middle and cooler A stars.  Thus in the A stars, we find the signatures of convective processes as they increase from not being significant to being significant with decreasing temperature

Many peculiar A stars are detected at classification disper-sions (e.g., many mCP stars) while Cowley’s superficially normal A stars (e.g., the HgMn and the marginal Am stars) at higher dispersions.  Other peculiar A stars are classified on the basis of photometry rather than their spectrum, which means by classification standards they are normal stars. 

How well are the classification standards chosen? Some are metal-poor (e.g., Vega,  Dra).   How equivalent are those for fast and slow rotators?  

Some groups of A stars merge into other groups, e.g., normal and Am stars, and the HgMn and Am stars.  There are some A stars which are difficult to explain if they are not intermediate types.

Spectral classification was designed for Pop I single stars.  For SB2 stars, it is desirable to deconvolve the spectra before classification.  Further Pop II A stars as metal-poor evolved stars are also peculiar.  Most are horizontal-branch stars, e.g., FHB B and A and RR Lyrae stars.

Main sequence band chauvinists exclude luminosity class Ia, Ib, and II supergiants and white dwarfs from the normal stars.  Admittedly their progenitors had different ZAMS masses than today’s Population I main sequence A stars.

Other Peculiar Population I A stars

A. metal poor – e.g.  Boo, Vega – but many more should be known

B. have nearby circumstellar or interstellar material – e.g.,  Pic, Vega, shell, and Ae stars

C. have detectable magnetic fields or spectra similar to those that do

1. magnetic CP (mCP) stars – Preston’s CP2 stars

2. roAp stars – the coolward continuation of the mCP star sequence

D. Am or metallic lined stars – Preston’s CP1 stars

E. HgMn or Mercury-Manganese stars – Preston’s CP3 stars 

F. If a binary star gained significant mass from its companion, e.g. Sirius 

Photometric variables with “solar” abundances should be considered to be normal A stars as such variability probably disturbs just the outer layers.

 Scuti stars – The classical variability strips crosses the main sequence between A2V and F0V. Why are only 1/3 of these stars variable?  28 And, for example, has solar abundances.

 Dor stars

Abt & associates find for most A stars a rotational velocity of approximately 120 km/s separates the slower rotating peculiar A stars from the normal A stars. However, there are some faster rotating mCP stars, e.g., 56 Ari and CU Vir.

Thus normal A stars have surficial abundances close to “solar” (sg’s and wd’s excepted), do not have detectable magnetic fields, have rotational velocities of < 120 km/s or so, lack emission lines, are possibly photometrically constant, have not participated in a substantial mass exchange event with a companion, and if in a binary star system are seen as SB1 stars.

Properties of Main Sequence Band Normal A Stars

Different compilers of values do not use the same definition of what is a normal main sequence band A star. Some use only luminosity class V stars, others classes IV and V, while others give ZAMS values.  

From Dave Gray’s book 

Sp.  B-V 
    b-y       Teff   MV  Mass   Radius log g  v sin i

Type    
                   (K)          (Msun)  (Rsun)              (km/ s)

A0   0.000   0.00   
9727   0.7   2.40    1.87   
4.27    149 

A2   0.055   0.04   
8820   1.3   2.19    1.78    
4.28    145 

A5   0.143   0.09   7880   2.0   1.86    1.69    
4.25    137 

A6   0.170   0.10   7672   2.1   1.80    1.66    
4.25    134 

A7   0.198   0.12   7483   2.3   1.74    1.63    
4.25    132 

A8   0.228   0.14   7305   2.4   1.66    1.60    
4.25    128 

A9   0.265   0.16   7112   2.5   1.62    1.55    
4.26    124 

F0    0.300   0.17  
6949   2.6   1.55    1.51    
4.27    117 

Mean values for luminosity classes III and IV are very difficult to come by.  Something which needs to be done.

The Hipparcos satellite greatly improved our knowledge of parallaxes.  For bright A stars interferometers now can find the angular diameters of those with the largest values.

The Hipparcos photometric database is extremely useful for characterize the relative degree of constancy (order 100 values per star).  Mean amplitudes for stars from the BS Catalogue follow:

Spectral Types





Amplitudes (mag.)

B9 III – A8 III, F0 III, B9 IV- F0 IV,


< 0.026

B9 V – A3 V, A5 V, A6 V





A4 V, A7 V – F0 V, A9 III, B9 II, 



0.027 – 0.032

A6 I I- F0 II
 

A0 II-A5 II, A5 I – F0 I




0.035 – 0.036

B9 I – A4 I





         
> 0.050

The most constant Hipparcos normal A stars have standard deviations of the mean < 0.005 mag. for Stromvil uvby FCAPT observations. 

Most directly measurable rotational velocities are from eclipsing binaries.  Only for a few single normal A stars such as Vega with flat-bottomed profiles of weak lines can one derive the equatorial velocity by modelling.  Not all of these stars are metal-poor, e.g.  Cap.

How stars rotate relates to the onset of convection in their atmospheres: solid (rigid) body vs. differential rotation.  There are no theoretical reasons that cores in convective equilibrium are strongly rotationally coupled to envelopes primarily in radiative equilibrium.

Abt & Morell (1995)’s peak rotational velocities for normal star distributions:


A0-A1 V 

225 km/s


A2-A4 V

190 km/s


A5-F0 V

170 km/s

Abt (2003): normal and peculiar B and A dwarfs and giants: v sin i approx. 127 +/- 15 km/s for B0 V to A5 V, found stars rotated here as solid bodies, dwarf vs. giant comparison. 

Reiners & Royer (2004) 74 A0-F1 stars, except for 3 stars rotating differentially – the earliest of which being A6, the rest rotated as solid bodies.  Simon & Landsman (1997) investigated N V 1239 transition zone emission.  Earliest star in which present is 3 Eri (A4 IV).  Thus about A5 V begin seeing convective signatures.

van Belle et al (2001) measured the oblateness of Altair (A7 IV-V, v sin i = 210 +/- 13 km/s, axial ratio = 1.140).

Both Altair and Vega (veq = 160+/-10 km/s) are rotating single stars which are ellipsoids of revolution with smaller polar than equatorial radii.  All normal A stars and the fastest rotating peculiar stars should behave similarly.  

For Vega, one can perform an elemental abundance analysis for most atomic species using mean Teff and log g values and obtain values close to the correct ones. But the shapes of the weak lines will not be correct.  Analyses of the lines with non-linear dependences upon these parameters are better done with the correct distributions of the stellar parameters.

Fundamental and non fundamental values of stellar parameters are found without and with the use of model atmospheres.

Code et al. (1976) combined angular diameter measure-ments with ultraviolet, optical, and infrared fluxes to derive effective temperatures.  These are supplemented by binary star values from Smalley et al. (2002).

Name          Sp. Type         Teff (K)         log g

 Car         

F0II         7520+/-460      1.50

 Sqr          

B9.5III    9420+/-240      4.50

 Oph            
A5III       7960+/-330      3.80 

 Gem            
A0 IV      9220+/-330      3.50

 Car             

A2IV       9150+/-240      3.50

 Lyr             

A0Va       9600+/-180     4.00

 CMa           
A1Vm      9940+/-210     4.33

 Leo             
A3 V        8870+/-350     4.00

 PsA            
A3 V        8760+/-310     4.20

Aql              
A7 V        7990+/-210     4.00

 Aur A         
A1V         9131+/-257     3.93 

 Aur B         
A1V         9015+/-182     3.96

V624 Her A   
A3m         8288+/-497     3.83

V624 Her B   
A7V         8092+/-474     4.02

RS Cha A      
A8V         7525+/-307     4.05

RS Cha B      
A8V         7178+/-225     3.96 

 Vir A           
F0V          7143+/-451     4.21

 Vir B           
F0V          7143+/-451     4.21

Binary star studies can lead to masses and also for eclipsing systems radii as well. The following values based on modern binary data from Harmanec (1988).

Sp.       Mass      Radius   Mbol
Type    (Msun)     (Rsun)

B9.5     2.38       2.17       0.68 

A0        2.24       2.09       0.97 

A1        2.14       2.03       1.18 

A2        2.04       1.97       1.41 

A3        1.98       1.92       1.57 

A4        1.92       1.88       1.72 

A5        1.86       1.84       1.88 

A6        1.79       1.79       2.04 

A7        1.74       1.75       2.19 

A8        1.66       1.69       2.42 

A9        1.58       1.62       2.67 

F0         1.50       1.56       2.90 

Landstreet (1998) obtained high resolution spectra of several ultra-sharp-lined stars.  HD 72660 (= 2.2 km/s) and two Am stars with (= 4 – 5 km/s) had strong spectral lines with significant asymmetries while hotter stars did not.  Such effects must be accounted for in the relevant abundance analyses.

Table 4 is a summary of my own abundance star studies (many of which were performed with collaborators).  

Star       Spect.          Teff     log g    mean Z                 log Fe/H  v sin i    
               Type                                               log Si/log Sr        (km /s) (km/s) 

29 Cyg   A7Vp        7900    
3.75
-1.50+/-0.46    6.31   
-4.24      80     
3.2

Vega      A0Va         9400    
4.03 
-0.60+/-0.14      ...     
-5.08      21      
0.6

 Lyr      B9III         9550    
2.75  
-0.39+/-0.40   4.87     
-5.41      70      0.8

 Boo      F2V          6744    
3.88 
-0.31+/-0.38   4.85     
-5.86        8      
1.6

 Dra     A0III       10000    
3.60 
-0.23+/-0.26   4.72     
-4.56      25      
0.1 

Lep      F1V           6850    
4.05  
-0.22+/-0.36   4.83     
-4.98      13      
3.8 

 And       B9V        11600    
3.35  
-0.19+/-0.15     ...       
-4.68      60      1.3

28 And    A7III         7358    
4.65 
-0.16+/-0.24   4.68      -4.24      18      
3.5   

14 Cyg     B9III      10750    
3.55 
-0.12+/-0.23   4.54      -4.57      31      
0.0

134 Tau   B9IV       10825   
3.88
-0.09+/-0.16   4.63      -4.72      27      
0.0

29 Vul     A0IV       10200    
4.10
-0.09+/-0.33   4.49      -3.81      49      
1.2

 Aqr       A1.5V       9050    
3.75 
-0.08+/-0.35   4.60      -5.32:   110     
2.8

2 Lyn       A1Va        9295    
4.10 
-0.04+/-0.20   4.65      -4.51      44      2.1

 Sex       B9.5III      9875    
3.55 
-0.03+/-0.18   4.50      -4.46      21      
0.3

 Cap       B9.5V     10250    
3.90 
-0.02+/-0.23   4.53      -4.52      23      
0.0 

21 Lyn     A0mA1V  9500    
3.75 
-0.02+/-0.37   4.66      -3.77      18      1.6

 Cep       B9III       10325   
3.70 
-0.01+/-0.20   4.56      -4.23      23      0.3

HR 6559   A7IV        7900   
3.20  
0.07+/-0.40   4.70      -3.71      18     
3.5

 Gem       A0IV        9260  
3.60   
0.09+/-0.23   4.36      -4.78      10      2.0

HD 60825 A0             8750   3.59   
0.12+/-0.16    ...         -4.41      14      2.5

5 Aqr        B9.5III    11150  
3.35  
0.13+/-0.20    ...         -4.27      25      0.7

 UMa     A0mA1IV-V

                                   9600   
3.83   
0.14+/-0.40    4.31     -3.52      45      2.5

60 Leo     Am             9250   
4.25  
0.15+/-0.35    4.04     -3.32      17      3.4 

7 Sex       A0Vs        10135   
3.69  
0.17+/-0.38    4.27     -4.72      22      1.8 

15 Vul     Am             7700   
3.50  
0.19+/-0.47    4.74     -3.99      10      4.0

 Aqr      A0IV         10125  
4.00  
0.24+/-0.43    4.32     -3.59      21      1.0  

 Cnc      A0III         10375  
3.50   
0.25+/-0.88    4.51     -3.42      13      
0.1 

Leo       A2V            9325  
3.65   
0.25+/-0.51    4.38     -3.79      22      2.2

 And      A2IV           9000  
4.00  
0.26+/-0.40    4.22     -4.16      93      3.6

 UMa    A0IV-V     10026  3.88   
0.27+/-0.63    4.27     -3.40      46      1.1

68 Tau     A2IV-Vs     9000  4.00   
0.40+/-0.52    4.16     -3.43        9      2.3

 Ser        Am              8422 
4.30   
0.44+/-0.54    4.26     -3.93      33      5.2           

32 Aqr     Am             7700  
3.65   
0.44+/-0.63    4.42     -3.72        6      4.5

π Dra       A2A3IV     9125 
3.80   
0.46+/-0.66    4.18     -3.42      26      3.5

o Peg        A1IV          9535  
3.74  
0.49+/-0.60    4.21     -3.47        6      1.3

Aql       A1IV           9534  4.05   
0.54+/-0.74    4.09     -3.99      28      3.1

6 Lyr       Am              8155  3.90   
0.60+/-0.70    4.10     -3.59      31      5.6

UMa    A1IV            9000  3.75   
0.66+/-0.66    4.26     -3.31      50      2.8

59 Her    A3III            9325  3.65  
0.79+/-0.61    4.08     -3.62      27      2.8

I give the name, spectral type, Teff, log g, log Fe/H, log Si/log Sr, v sin i, and .  My “model” was that stars rotating sufficiently fast have normal abundances all over their surfaces.  When the rotation decreases below some critical value, the poles begin to show peculiar abundances.  These regions with peculiar abundances increase with decreasing rotation until the entire surface has peculiar abundances.  

Figure 1 from Adelman, Gulliver, and Heaton (2004) shows the increase in the magnitude of the anomalies for o Peg and  Leo, two hot Am stars of which log Si/log Sr is a measure. The solar value  is 4.58.  Lemke (1989) estimates errors in Teff of +/-150 K in log g of +/-0.2 dex.  This translates into abundance errors of order 0.25 dex for the best determined values.  The mean metallicities are not completely uniform as although they are based on most of the common ele-ments, there are wide differences in the detection and measurement of values for the less common elements.  Only one HgMn star was included ( Cnc).  The stars are in order of metallicity.   Mean metallicity and log Fe/H correlate as do log Si/log Sr.  There is no clear division between the normal and the Am stars.   Probably the same can be said about the normal and HgMn stars, but the evidence for this hypothesis lies in the ultraviolet.
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