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Spectral	  lines	  store	  informa6on	  about	  the	  stars	  	  
The	  equivalent	  width	  of	  a	  line	  depends	  on	  the	  atomic	  line	  
parameters	  and	  on	  temperature,	  metallicity	  (content	  of	  Iron),	  
gravity	  and	  microturbulent	  velocity	  of	  the	  photosphere	  

A	  numerical	  Cross-‐Correla6on	  Func6on	  is	  an	  average	  of	  	  lines	  
The	  spectrum	  is	  cross-‐correlated	  against	  a	  binary	  mask	  containing	  all	  the	  
spectral	  lines	  that	  will	  compose	  the	  CCF	  	  

A	  good	  spectral	  line	  selec6on	  
Default	  CCF	  masks	  include	  lines	  from	  different	  
elements	  and	  ionizaDon	  status.	  Even	  by	  using	  
only	  Iron	  lines	  however	  it	  is	  not	  possible	  to	  
determine	  univocally	  temperature	  and	  
metallicity	  from	  CCF	  areas	  

How	  to	  break	  the	  temperature-‐
metallicity	  degeneracy	  
Several	  masks	  are	  built	  using	  lines	  selected	  by	  
their	  ExcitaDon	  PotenDal	  (EP).	  For	  a	  given	  star,	  
the	  CCF	  area	  values	  corresponding	  to	  each	  
mask	  will	  draw	  lines	  with	  different	  slopes	  in	  
the	  Teff-‐[Fe/H]	  plane.	  Their	  intersecDon	  point	  
gives	  temperature	  and	  metallicity.	  

Can	  we	  determine	  the	  
stellar	  atmospheric	  

parameters	  using	  CCFs?	  	  

An	  extensive	  set	  of	  stars	  
Our	  study	  is	  based	  on	  a	  set	  of	  1111	  FGK	  dwarf	  
stars	  from	  several	  HARPS	  programs	  (Mayor	  et	  al.	  
2003,	  Lo	  Curto	  et	  al.	  2010,	  Santos	  et	  al.	  2011)	  
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Then the FWHM in the wavelength space easily converts in the radial
velocity space:
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The depth of the CCF is given by equation 20 evaluated at �RV = 0,
while the expected value of the CCF at point of minimum is given by
the same equation but substituting f(�) with c(�):
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In a generic case solving 23 to obtain the integrand it would be diffi-
cult. In practice, the size of the hole is always chosen to be very small
compared to the FWHM of the instrumental profile, so we can ap-
proximate f

c

(�) and c
c

(�) as constant between the integration limits.
includere esempio HARPS. Equation 23 becomes:
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We transpose equations (22) and (24) into (18) to derive the rela-
tionship between the EW and the CCF:
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If the spectra used to determine AREA
RV

have been corrected with
(13), equation ?? take the form:
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If we could use the EW directly, there would be no advantage in
switching in the radial velocity space. The advantage of the CCF is
that a CCF from a mask of several lines is simply the coaddition of the
individual CCF from each line. inserire un paio di formule e citazione
Pepe
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Temperature	  and	  metallicity:	  
determined	  by	  using	  the	  stars	  in	  the	  
sample	  to	  build	  the	  funcDons	  f1	  and	  f2	  	  

aRV	  =	  absolute	  depth	  of	  the	  CCF	  
δRV	  =	  size	  of	  the	  “hole”	  in	  the	  mask	  
cc(λ0)	  =	  conDnuum	  level	  of	  the	  line	  
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then use these CCFs to derive a direct empirical calibration for Teff and
[Fe/H] suitable for dwarf stars (log g' 4.4± 0.3dex). Gravity deter-
mination from CCFs will be studied in depth in the next section.

The easiest way to determine Temperature and Metallicity from
the available CCF Areas is to simply calibrate the two parameters as
functions of the available CCF Area from high SNR spectra:

Teff = f
1

(Alow,Amed,Ahigh) (39)

[Fe/H] = f
2

(Alow,Amed,Ahigh) (40)

The two functions f
1

and f
2

can be represented in any form, i. e. by
any analytical function or a list of tabulated values to be interpolated.
We found that a three-dimensional Chebyshev polynomial function
of the first kind of the order 5x5x5 is good enough to fit both Equa-
tions 39 and 40. the Chebyshev polynomials are defined in the range
[-1, 1], so also the mid-points Amean and range Arange for each vari-
able must be provided. The variable trasformation is defined by

A0 = (Ameasured -Amean)/Arange (41)

The coefficients of the functions are determined with the Levenberg-
Marquardt algorithm (i. e. Least Squares minimization) using the val-
ues from EW analysis for Teff and [Fe/H] and the measured values
from high SNR spectra for the CCF Areas. The only part needed by
an external program to determine the Teff and [Fe/H] at this stage
are:

• the three line-lists in Tables 5, 6 and 7

• the coefficients of the Functions 39 and 40

• the two parameters for each variables needed for Equation 41

The CCFs must be computed with the same technique as described
in Section 5.1; since the Areas are normalized to the continuum level,
the size of the holes in the mask is not relevant. Flux correction is
playing a major role, since it’s changing the weights of single lines
when assembling the CCF, and it should be performed as described
in Section 5.4. Note that the general trend shown in Figure 42 is due
to the technical characteristics of the instrument and can be deter-
mined a priori, provided that the telescope is using an Atmospheric
Dispersion Correction and that the derived values will be affected by
a larger error for not correcting night-by-night deviations from the
general shape.
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Gravity:	  
Expected	  CCFs	  areas	  for	  different	  
combinaDons	  of	  Teff,	  [Fe/H]	  and	  log(g)	  
are	  derived	  from	  theoreDcal	  EWs	  .	  
The	  mask	  is	  built	  using	  only	  FeII	  lines	  

Results	  
With a Signal-to-Noise Ratio = 50 @550nm 
in the extracted spectra: 
  σ Teff = 85 K  (calibrators: 30 K) 

  σ log(g) = 0.17 dex (calibrators: 0.06 dex) 

   σ [Fe/H] = 0.04 dex (calibrators: 0.03 dex) 
 
Advantages:	  quick computation of 
atmospheric parameters at observing time 
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