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log g

Surface gravity




Effective Temperature

L
41t R

* |t Is the temperature of a black body that
gives the same total power per unit area.

oTt.=| F dv=F =
0

. Physically related to F, total radiant power
per unit area at stellar surface.

o Tof Of star is temperature of blackbody with
same luminosity and radius as the star.
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Tefr. Observable guantities

62
F%:Zf@

 fg total flux at earth (UV, optical, IR)

- Corrected for interstellar reddening.
* OIs angular diameter

— Directly: interferometry, lunar occultations

* Use limb-darkening corrected values

- Indirectly from eclipsing binary systems with known
distances (parallaxes): 8 «« R/d o« R 1t
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Surface Gravity

ngQM/Rz

» Directly given by stellar mass and radius.

- An Indirect measure of photospheric pressure
* Direct measurement from

— eclipsing spectroscopic binaries

— asteroseismology

5/30



Stellar Density

» Stellar density and log g equations

g=goMIR*,p=p,M/R’,g=Rp

* Density and Radius give log g

 Obtainable from:

Pairs (binary stars) R and M directly
Planets (transits) Just p

Pulsations (astereoseismology) p and R
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Depth Dependence

e Continuum Is at/near

temperature Tef
 Temperature of line

forming region is lower _

than Teff 6000 |
» Spectral lines are

formed at different

depths and

temperatures.

> Spectral diagnhostics

-

7 6 5 4 3 -2 -1 O 1 2
log (tau)

Tess 6000, log g 4.5
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Pressure Dependence

» Scale height of
atmosphere
proportional to
surface gravity

log g

log Py

* |ncreasing surface
gravity compresses

- o = N w IN o o

atmosphere, S
Increasing pressure: og a0
_ |Og Pg o |Og g Tef 6000, logg 4.5 - 2.0
- log P < log g

Obtain log g from pressure
sensitive spectral lines
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Temperature sensitivity of spectral lines

Spectral Element Weak Lines

Line Low Excitation ~ High Excitation

Neutral Mostly neutral Weak negative  Strong positive
dependence dependence

Neutral Mostly ionized Strong negative  Negative
dependence dependence

lon Mostly neutral Strong positive  Very strong
dependence positive

dependence

lon Mostly ionized Weak negative  Strong positive

dependence dependence

Based on Eqgs 13.21-13.24 in D.F. Gray (2008)



Line Strength variations with T
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Pressure sensitivity of spectral lines

Spectral
Line

Neutral

Neutral

lon

lon

Element

Mostly neutral

Mostly ionized

Mostly neutral

Mostly ionized

Weak Lines

sensitive

Insensitive

very sensitive

iInsensitive

Strong Lines

Positive dependence
(e.g. Na D)

Negative dependence
(e.g. CaH &K)

For weak lines lower pressure leads to stronger lines



Balmer Profiles

log A(Fe)
w
B ol w
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« The Balmer lines provide good T diagnostic

below around 8000K due to low sensitivity to
surface gravity.

« For hotter stars sensitivity to both T.¢ and log g.
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Effective Temperature from Hg

e | east number of
metal lines.

e Beware

— Telluric lines
— Emission in core

— Convection
20041AUS..224..131S

flux = comttnuen ot 1.0

A5

0%

TeffiHz)= 5880, rms= 0.0015
[ logg = 4.44  [M/H] = 0,00 [a/Fe] = 0.00

05
%

G e £ e

wowe langth (R )

2011A&A...531A..83C

Empirical calibration:

Te(direct) = 20.3 + 1.014 x Teg(Ha).

rms only 30K
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F/Fe

0.5

0.0

Spectral Line depth ratios

L 81 CygA st\ |I
i |J
'

B6251.83 VI —J |— £252.57 Fe |

Gray & Johanson, 1991, PASP, 103, 439

Good for looking for Tg¢
variations in a given star

* Line depth ratios

Differing excitation
potentials

Precise to £10K

| » A measure of

temperature in line
forming regions

- Model dependent

Tied to Tef Scale by
empirical calibrations.
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Log g variation: Na | D lines
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Fig. 1 Profiles of the Na D lines of HD 100623 (KO 'V, green) and HD 99322 (KOIII, blue) taken

from the UVES-POP database (Bagnulo et al. 2003). The effect of different gravity can clearly be
seen, the lines of the giant are narrower than the lines of the dwarf

Positive dependence 2014dapb.book...97C
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Log g variation: Ca Il H line
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Fig. 3 Black line is the observed CallH line in HD 152311, the red. green, and blue lines are the
computed ones for log g = 3.0, 4.0, and 5.0, respectively

Negative dependence

2014dapb.book...97C
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Metal Line Diagnostics

 Excitation Potential

- Abundances from the same element should
agree for all excitation potentials

 lonization Balance

- The abundances obtained from differing
lonization stages of the same element must
agree

- Fe l/Fe ll ratio can be used as a Tqf—l0g g
diagnostic

17/30



Microturbulence

* Another parameter N —
that must be | %
considered. ) :

- free parameter |

(gturb) N

e Varied to ensure that ™ =~ =+ - = = =
there Is no trend In Gray (2008) Book
abundance with
equivalent width.

log W
|
n
T T
_ N
(]
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An Example

« What are the Tqf

- and log g of this
W }m synthesis?

- “measured’ all Fe

lines stronger than
ImA

e 20 Fe Il

. 1 . 1 . | .
5040 5060 5080 5100
vavelength e 103 Fel

Let us begin...
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An Example: Step 1

e Initial estimation of
parameters L e

— Tefr and log g

e approximate!

~ Sturb = 0.0
- [Fe/H] = 0.0

log g

 Fe Ionization balance

— T = ~7000K It 1s the red line!

- log g=4.5
[assumed]
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An Example: Step 2

o Initial estimation of &, using Fe |

— For 7000K, 4.5 we get ~2 km/s
« Re-determine ionization balance for this €,

— For log g =4.5 we now get To¢r ~ 7200K

* |terate once more...
— For log g =4.5 we now get To¢r ~ 7230K

— Eturb ~2.08 km/s for Fe I.
BUT...
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An Example: Step 3

 What about log g~

- Plot abundance
against excitation
potential for Fe |
lines

e should all give
same abundance

 Our Initial assumed
log g was not
correct!
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An Example: Step 4

* To get surface gravity

— Vary log g until there 1s no trend of abundance
with excitation potential.

— Determine €, from Fe I and Fe II lines,
independently
e For log g = 5.0, Teff = 7440, &€, Fe I: 2.06 Fe II: 2.30
e For log g = 4.5, Teff = 7230, €, Fe I: 2.08 Fe II: 2.24
e For log g =4.0, Teff = 7020, &, Fe I: 2.05 Fe II: 2.02

e Solution: 7020, 4.0, 2.04 and [Fe/H] = O [assumed]
 Answer: 7040, 4.05, 2.05, [Fe/H] = 0.0
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Global Spectral Fitting

» Take a large grid of synthetic spectra with
varying Teff, log g, € , [Fe/H]

- Locate the best-fitting synthesis
- Hence obtain Teff, log g, € , [FE/H]

e |Ssues to consider

- How reliable are these parameters?
- What are the hidden dangers?

- What are realistic error estimates, over and
above the internal precision?
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Metallicity

Do not neglect metallicity when determining
Tef and log g.

An Incorrect metallicity can have a significant effect on
perceived values of these parameters.
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Te-log g Diagram

= A S e Very useful diagnostic

50— = \ ;J E
/

~ « In theory all diagnhostics
should give unique T and

log g solution.

45

40

* |n practice there Is a region in

7000 7500 8000

T

Fig. 2. Ty-logg-diagram for the evaluation of the modelﬂpara- Te.l'.f and |Og g Space that

meters fro m—blmer]ump— absi lt mgmtde,———er,
— Hy, —- - — ionization equilibrium f rom, - - --- flux gradient

s otk 4, @ it e Fr omien st motis )1t 2iNS the solution and its

1965 -~ Ok and Conti, 1966; [] Conti, 1965 O Smith, 1971

uncertainty.

63 Tau (Hundt, 1973, AGA, 21, 413)

g diagram Is not the same as a H
g g is not directly related to lumin
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“Laws”

 Teff and log g pairs are not unique spectra

- Metallicity, rotation, velocity fields, etc.

« Law 1: Two stars with same T and log g do
not necessarily have same spectrum.

 Law 2: Two stars with same spectrum must
have same Tqs and log g.

27/30



Do we care about Tq¢ and log g7

* The effective temperature of a star Is not
Important, it is the T(tg) relationship that

determines the spectral characteristics.
Gray's Book (2005)

 The parameters obtained from spectroscopic
methods alone may not be consistent with
the true values

- Not necessarily important for abundances
- Important when interested in stellar properties
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A Recipe for Solar-type Stars

1) Obtain T from Hg
2) Use Na D lines to determine log g
3) Assume microturbulence based on Teg

4) Measure several (~10) unblended Fe I lines
and fit to get average [Fe/H]

5) Possibly iterate, if [Fe/H] #0

Precision:
Teff £100 K, log g £0.2 dex and [Fe/H] £0.1 dex
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Conclusion

Teff and log g are:

A. Free parameters that can be adjusted at will
to provide best model fit to observations

B. Fixed parameters dictated by the physical
properties of the star

C. “Random” numbers found in the literature
D. All of the above

Please select one option
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