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Why diagnostic lines are important?

They are probes useful to investigate:

Temperature   
(T)  

CLASSIFICATION
(temperature, luminosity) Surface gravity  

(log g)
Luminosity



TEMPERATURE

Best condition: two lines of the same element in two 
different ionized levels (ex. Ca I and Ca II).

CaI/CaII, Saha equation Temperature

Unfortunately 
in the GAIA 
region we can not 
find two lines 
with these 
characteristics.

Temperature is derived from a visual comparison between two lines 
generally of different elements. The comparison is called line ratio.
Similar situation of the Classical region: 3600-4800 Å (MK Classif.)



MK CLASSIFICATION
diagnostic line ratios for temperature

FeI FeI 43844384

HHγγ 43404340

Recommended by Recommended by 
Yamashita et Yamashita et al. 1977.al. 1977.

Line ratio Line ratio clearly clearly 
metallicity dependentmetallicity dependent..



MK CLASSIFICATION
diagnostic line ratios for luminosity 

FeIFeI 44054405

FeI FeI 44444444

Recommended by Recommended by 
Yamashita et Yamashita et al. 1977.al. 1977.

Line ratio noLine ratio no
metallicity dependentmetallicity dependent..



Diagnostic line ratios 
for Teff recommended
by Yamashita et al. 1977

A lot of diagnostic line ratios.

Each of them has a very 
small range of validity.



Diagnostic line 
ratios for log g 
recommended 
by Yamashita 
et al. 1977.



MK CLASSIFICATION
the state of the art

A lot of diagnostic line ratios.

Small range of validity for each of them.

No numerical relations between diagnostic lines
and physical parameters:

“…a line is deeper than the another line…”
“…the line intensity increases with temperature…”



I.
GAIA WAVELENGTH RANGE

8500-8750 Å

ANOVA + SYNTHETIC SPECTRA
To identify the lines sensitive to the physical parameters 

(temperature and log g) we used a statistical method ANOVA
+ Synthetic Kurucz Spectra (solar metallicity).

Line depth = A(T) + B (log g) + AB (T, log g) + W(costant)

Behaviour of 170 lines depending on temperature and/or luminosity.
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Synthetic spectra 
in the GAIA region

for stars O4-A7.

From Castelli & Munari, 
2001, A&A 366, 1003

and
Zwitter, Castelli & Munari

2004, A&A 417, 1055
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Synthetic spectra 
in the GAIA region

for stars F0-M2.

From Munari & Castelli, 
2000, A&AS 141, 141

and
Zwitter, Castelli & Munari

2004, A&A 417, 1055



thesis

RESULTS 
from ANOVA

for temperature 

Lines arranged 
in order of 

sensitivity to Teff
(A coefficient).

The most sensitive 
lines are FeI, TiI 
and Paschen lines.



thesis

RESULTS 
from ANOVA

for log g 

Lines arranged 
in order of 

sensitivity to log g
(B coefficient).

The most sensitive 
lines are Paschen lines, 
FeI and SiI.



RESULTS FROM ANOVA

We identified the most sensitive lines to Teff and log g…

But

Line depth is directly connected to the physical parameters 
only if the line is optically thin, not for core-saturated lines. 

Synthetic spectra can not match the cosmic spread 
(nature has much more imagination than synthetic spectra!).

Synthetic spectra of cooler, larger stars differ from observed spectra.



II.
GAIA WAVELENGTH RANGE

8500-8750 Å

OBSERVED SPECTRA
To identify directly diagnostic line ratios we analized

the behaviour of the lines in the observed spectra.

OBSERVED SPECTRA 
to take into account the real conditions of the stars.

EQUIVALENT WIDTHS 
are more correlated with the physical parameters.



MK STANDARD STARS

HR diagram 
for the observed stars

We needed a great 
deal of standard stars 
observed at resolutions 
similar to that of the
GAIA spectrograph.

222 MK standard stars 
with the 1.82m of Cima 
Ekar (Asiago).  

Munari & Tomasella, 
1999 A&AS, 137, 521
Marrese et al. 2003 
A&A, 406, 995



From Boschi et al. 
2003, PASP 303, 535

FeI 8679.6

RESULTS  FROM 
OBSERVED SPECTRA

for Teff

Simple numerical relations
between 

R (ratio of EWs) and Teff.

No/Yes metallicity depend.

GAIA resolution is appropriate

Simulation with blind test
gives temperature with error: 

70÷200 K.



From Boschi et al. 
2003, PASP 303, 535

RESULTS  FROM 
OBSERVED SPECTRA

for log g

Simple Numerical relations
between 

R (EWs ratio and log g ).



RANGES OF VALIDITY 

Temperature From very small to good ranges. Overlap. Cover entire range.

Luminosity



Summary

Possible line ratios for temperature:

22  relations for supergiants;
14 for giants;
9 for main sequence stars.

Possible line ratios for log g:

identified some line ratios
work in progress.



Diagnostic lines ratios are useful tools:

To derime cases in which photometry and Kurucz analysis are in 
disagreement (binary stars in which the companion is undetectable).

To increase the velocity of the automatic analysis of  spectra 
via Kurucz model (previous information about T and log g).

THE END



THE END


