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The Cross-Correlation Function
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Tonry & Davis 1979,  AJ, 84, 1511
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The Cross-Correlation Function
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The Cross-Correlation Function
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The Cross-Correlation Function

Two nicely 
separated peaks

The two peaks 
are blended



The Cross-Correlation Function

• Spectral mismatch between secondary and template

• Faint secondary spectrum

• Blended peaks



Two-Dimensinal CORrelation - Introduction

)(ngObserved spectrum

)(1 ntPrimary template

)(2 ntSecondary template

Relative weight α

Zucker & Mazeh 1994, ApJ, 420, 806



Two-Dimensinal CORrelation - Introduction
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Two-Dimensinal CORrelation - Introduction



Two-Dimensinal CORrelation - Introduction

Function of two variables

Two main ridges

“Cuts” along 
the ridges

(“freeze” one
Velocity)

Estimated pair of 
velocities



Two-Dimensinal CORrelation - Introduction

Freeze the 
secondary 
velocity
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Estimate flux ratio
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Multi-Order TODCOR

• In echelle spectra – the correlation from different orders has to 
be combined in some way (Zucker 2003, MNRAS, 342, 1291)
• Different orders require different light ratios
• Introducing TODMOR
• Flagship case – HD41004



Multi-Order TODCOR

Zucker et al.  2003, A&A, 392, 215



Generalize TODCOR to triples (and quadruples)

• TRICOR – 3D correlation 
  (Zucker, Torres & Mazeh 1995, ApJ, 452, 863)
• ‘QUADCOR’  - HD110555
 (Torres, Latham & Stefanik 2007, 
ApJ, 662, 602)



Common Practice

• Enumerate over a grid of templates
• Templates are either synthetic or high S/N spectra
• Optimize over the grid to find
the highest correlation.
• Residual systematics can be 
accounted for by simulations

López-Morales & Ribas  2005, 
ApJ, 631, 1120 (GU Boo)Torres, Claret & Young 2009, ApJ, 700, 1349 (Capella)



TODCOR vs. Spectral disentangling

TODCOR

Estimates 2-3 variables

Analyzes individual exposures

Outputs only RV

Low S/N

Good known spectra

SD

Estimates O(103)-O(102)

Needs good coverage of orbit

Outputs spectra and RV

High S/N

No need to know spectra



Application: study mass-ratio distribution
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Application: study mass-ratio distribution

Simon & Prato 2004, ApJ, 613, L69

Haro 1-14c



Applications for extrasolar planets

• Remove contamination from sky/moon
• Test for stellar nature of candidate planet
Konacki et al. 2003, Nature, 421, 507 (OGLE-TR-56)
• Test blend scenarios for transits
Torres et al. 2004, ApJ, 614, 979
• Search for planets around SB2s
Konacki et al. 2010, ApJ, 719, 1293 

Mandushev et al. 2005, 
ApJ, 621, 1061

(GSC 01944-02289)



Possible future application: relativistic effects

Time

RV

VR0

K1

K2
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A full direct measurement 
of the stellar masses

The apparent difference 
between `1 and `2 is  
a relativistic effect
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Zucker & Alexander 2007, 
ApJ, 654, L83

Konacki et al. 2010, ApJ, 
719, 1293 (12 Boo)


	Slide 1
	The Cross-Correlation Function
	The Cross-Correlation Function
	The Cross-Correlation Function
	The Cross-Correlation Function
	The Cross-Correlation Function
	The Cross-Correlation Function
	Two-Dimensinal CORrelation - Introduction
	Two-Dimensinal CORrelation - Introduction
	Two-Dimensinal CORrelation - Introduction
	Two-Dimensinal CORrelation - Introduction
	Two-Dimensinal CORrelation - Introduction
	Estimate flux ratio
	Multi-Order TODCOR
	Multi-Order TODCOR
	Generalize TODCOR to triples (and quadruples)
	Common Practice
	TODCOR vs. Spectral disentangling
	Application: study mass-ratio distribution
	Application: study mass-ratio distribution
	Applications for extrasolar planets
	Possible future application: relativistic effects

