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4MOST
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Optical spectroscopic survey facility mounted on 
ESO's 4-m-class telescope VISTA.
2.5-degree diameter field-of-view with 2436 science 
fibres in the focal plane.

https://www.eso.org/sci/facilities/paranal/telescopes/vista.html
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HOW TO DERIVE INFORMATION?

• NORMALIZATION OF THE SPECTRUM

1125/05/2026 CosmoVerse@Sofia Teresa Sicignano



HOW TO DERIVE INFORMATION?

• NORMALITATION OF THE SPECTRUM

• RADIAL VELOCITY CORRECTION
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EXAMPLES OF UVES (VLT) SPECTRA
SNR>40@587nm

Red Mode Central Wlgt 580 nm

Red Slit Width 1

Red Readout Mode 225kHz,1x1,lowPI A. Bhardwaj
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DIFFERENT TECNIQUES
• Curve of growth

• Spectral synthesis

• Artificial Intelligence/ Neural Networks..
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WHAT TO TAKE INTO ACCOUNT:

• Model atmospheres: LTE, NLTE, plane parallel, multi-dimensional 
geometry, …
• Caveat: static models applied to dynamic Cepheid atmospheres

• Atomic physics: oscillator strength, excitation potential, damping 
constants

• Line list / spectral inclusion regions

• Continuum estimation

• Zero point: abundances usually expressed wrt solar value

• The details of the analysis
• What/how to reject/keep, fitting techniques, ML training, …

✅ Clean line

❌ Blended line
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Courtesy of M. Romaniello



INFORMATIONS FROM A SPECTRUM
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• EFFECTIVE TEMPERATURES

• SURFACE GRAVITY

• MICROTURBOLENCE VELOCITY

• CHEMICAL ABUNDANCES 
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➢STELLAR INTERIORS

➢HISTORY OF THE COSMOS



• Solving the radiative transfer in stellar atmospheres yields a relation between 
the Equivalent Width of a line of an element and its abundance:  
that’s the Curve of Growth
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THE CURVE OF GROWTH METHOD

➢ The physics of the particular 
transition: oscillator strength, 
excitation potential, damping 
constants

➢ The stellar parameters: Teff, log(g), 
vturb
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THE CURVE OF GROWTH METHOD



THE CURVE OF GROWTH METHOD
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• Teff by excitation equilibrium: no residual correlation between the iron 
abundance and the excitation potential of neutral iron lines

• Surface gravity by ionization equilibrium: same abundance within the 
uncertainties FeI and FeII

• Microturbulent velocity: no residual correlation between the iron 
abundance and EW

• Iron abundance is the mean of the ones from the individual lines in the 
convergence iteration
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THE CURVE OF GROWTH METHOD
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✅Teff ✅vturb ✅log(g)

✅No dependence of the abundance on the parameters

Method consistency checks
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Courtesy of M. Romaniello
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THE CURVE OF GROWTH METHOD
Cepheid-specific consistency checks

✅Iron independent of period

✅
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✅The temperature follows the phase
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Courtesy of M. Romaniello



THE SPECTRAL SYNTHESIS

• Synthetic spectrum ,Teff , microturbulence, log g, Vbroad

➡️ chemical abundances
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The curve of growth is still implicitly present in spectral synthesis, but the 
full spectral profile is modeled instead of only the equivalent width.



THE SPECTRAL SYNTHESIS
• Teff from Line Deep Ratio method (Kovtyukh + 2006) 
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THE SPECTRAL SYNTHESIS
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THE SPECTRAL SYNTHESIS
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THE SPECTRAL SYNTHESIS
Chemical pattern through 
spectral synthesis 

1. Compare the observed
spectrum with synthetic
spectra

2.
Adjust elemental
abundances until the 
line profiles match*
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THE SPECTRAL SYNTHESIS

• Type II Cepheid-specific consistency 
checks

✅Iron independent of period

✅
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PRELIMINARY RESULTS ON TYPE II CEPHEIDS
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ϖ𝑝ℎ𝑜𝑡= 10
−0.2(w−W−10)

𝑊 = 𝑎 + 𝑏 ⋅ log 𝑃 + 𝑐 ⋅ [𝐹𝑒/𝐻]

𝜒 =෍
(𝜛𝐷𝑅3 + 𝑑) − ϖ𝑝ℎ𝑜𝑡

2

𝜎2



PRELIMINARY RESULTS ON TYPE II CEPHEIDS
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𝛾= -0.050 ± 0.056 mag/dex



• Spectra contain information about the stellar atmospheric composition.

• Every choice made during the analysis process can introduce systematic
effects.

• The curve of growth links stellar parameters to the EW.

• Spectral synthesis fits the entire line profile.

• A good standard candle should be affected by as few systematics as
possible.
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TAKE HOME MESSAGES



teresa.sicignano@inaf.it

Thank you for your attention!



BACKUP SLIDES
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SPECTRUM VS IMAGE
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SPECTRUM VS IMAGE
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Radial velocity from cross correlation function
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