
  

Exoplanets

Lecture 3/4
Winter Semester 2021/2022

15.10.2021 & 5.11.2021



  

Outline

● Spectrographs and how do they work?
● CCD/NIR detectors
● Photometry and exoplanets detection
● This will be pain but you will be ready for the 

exoplanet talk 



  

Spectrographs, how do they work?

● Components

- lens

- fiber/slit

- prism/grism/grating

- detector (now CCD)
● Physics behind the spectrograph

- diffraction equation

    nλ = d sin θ



  

Diffraction on grating
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If interested, read more here:
http://web.mit.edu/8.02t/www/802TEAL3D/visualizations/coursenotes/modules/guide14.pdf



  

Echelle Spectrographs

Blazed grating with many grooves



  

Crossdispersers

● Orders will overlap
● Crossdisperser prism separates them

Image: ESO



  

Echellogram



  

Main parameters of the 
spectrograph

● Fiber or slit size
● Fiber avoids too many optical surfaces
● Resolving power R=λ/Δλ=nN (N – number of grooves)

- separation between two spectral lines considered as 
just resolved

● R < 1000 low resolution
● 1000 < R < 10000 intermediate resolution
● R > 10000 high resolution



  

Effect of the resolving power

Graph by: P. Figueira



  

Fiber vs. classical (Perek 2m)

● Classical

No extra optical surfaces to spectrograph
More light efficient

spectrographspectrograph

spectrograph



  

Doppler effect

● Δλ/λ=v/c  (non relativistic)
● First we need to perfectly calibrate the wavelength 

(see Lecture 2)
● Then we can measure the velocities, well shifts in 

wavelength due to the movement of the object
● Let`s have a look how to calibrate the wavelengths
● Could you find out the link between R and v?



  

How to precisely calibrate



  

ThAr lamp

● Th-Ar gas
● Many emission lines
● Precise atlas for the 
● Wavelegth calibration
● Calibration taken before/after

science or simultaneously

(see later fiber fed)



  

Reference atlas



  

Wavelength solution



  

Iodine cell



  

Simultaneous ThAr calibration



  

How can we measure RVs

● Cross correlation method
● One spectrum is the reference
● Other spectra are cross correlated with the 

reference
● Measuring relative shifts in RVs
● Using additionally Telluric (sky) lines for 

correction of the instrumental effects



  

Telluric lines

● Sky lines
● They do not move

because the sky 

is rotating with 

the Earth
● They should thus

be at same 

wavelength at every

frame
● If not, the shift is due

instrumental effects
● Fig. From Catanzaro et al. 1998



  

Telluric lines 

● Red part of OES spectrum with telluric lines

(black lines at the top in the continuum)



  

The Cross Correlation Method

Images: A. Hatzes

Spectrum TemplateTemplate Cross correlation function



  

OES at Perek telescope



  

OES



  

How good can we measure RVs 
(OES)

OES RV stability from Kabath et al. 2020



  

OES with Iodine

Processed by Artie Hatzes



  

Hot Jupiter from TESS/OES



  

HARPS at La Silla

Images: ESO



  

HARPS planets
● Proxima Cen b
● Earth sized planet 

(1.3Mearth)
● M dwarf star
● In the Habitable zone

Image from ESO
Graph from Anglada Escude et al 2016, Nature 



  

ESPRESSO

● Located at ESO Paranal
● Unprecedented precision – cm/s
● Using up to 4 8-m telescopes together

Image ESO



  

ESPRESSO parameters

  HR (1-UT) UHR (1-UT) MR (4-UT)

Wavelength range 380–788 nm  380–788 nm  380–788 nm 

Resolving power 
(median)

140,000 190,000 70,000

Aperture on sky 1''.0 0''.5 4x1''.0

Total efficiency 11% 5% 11%

RV precision 
(requirement)

< 10 cm/s < 5 m/s < 5 m/s

Limiting V-band 
magnitude*

~17 ~16 ~20

Binning 1x1, 2x1 1x1 4x2, 8x4

Spectral sampling 
(average)

4.5 px 2.5 px 5.5 px (binned x2)

Spatial sampling per 
slice

9.0 (4.5) px 5.0 px 5.5 px (binned x4)

Number of slices 2 2 1

Image ESO



  

UTs working together

Image ESO



  

Between the telescopes and the 
spectrograph

Image ESO



  

Spectrograph (ESPRESSO)

Image ESO



  

Exciting planets with ESPRESSO

● Alpha Cen b
● Is there another planet with 0.5 M Earth and 5 

days period?

Mascareno et al. 2020, A&A, 639, 77



  

Accuracy of spectrographs

● Depends on the Signal to noise
● Depends on the stability of the spectrograph

(vacuum, temperature control, etc..)
● Accuracy is given by: 

- C is instrument specific constant, R is 
resolving power, Δλ wavelength range of the 
spectrograph

https://ui.adsabs.harvard.edu/abs/1992ESOC...40...17G/abstract



  

Photometric camera

● Photoelectric effect
●



  



  



  

The CCD



  



  



  



  

IR detectors (1+ microns)

● Extremely important for exoplanets as the 
planetary radiation is usually peaking in NIR

● Thermal noise contributing significantly to the 
error budget

● Are useful for detection of exoplanetary 
atmospheres

● Are useful for monitoring of day night variations



  



  



  

From photon to the light curve



  



  



  



  

Photometric quality



  



  



  

LC with Perek telescope
differential photometry

d

Figure: M. Blazek



  

Ground based exciting detections

Trappist-1 – Gillon et al., 2016, Nature, Temperate Earth-sized planets transiting a nearby ultracool dwarf star

Images: ESA/NASA and ESO



  

Space missions

● Advantage of continuous coverage (more or 
less)

● No atmosphere – no additional noise source
● Unprecedented precision
● Constrained by their orbits, by fuel, by their cost
● CoRoT, KEPLER, TESS



  

Space based exciting detections

● Ultra short period planet, TESS – LHS3844 b
● 1.5 Mearth
● Period = 11 hours

Vanderspeck et al. 2018, ApJL - https://arxiv.org/abs/1809.07242



  

Recap 

● For transits detection as many star as possible

 - favoring CCD over photomultiplier

 - more comparison sources on frame, saves time
● High duty cycle needed (many frames in short time)

 - CCD capable of many exposures
● Bright targets needed for ground based follow-up



  

Reading

● http://slittlefair.staff.shef.ac.uk/teaching/phy217/l
ectures/instruments/L17/index.html

● http://astronomy.nmsu.edu/cwc/Teaching/ASTR
605/Lectures/spectra.pdf

● http://www.iastro.pt/research/conferences/faial2
016/files/presentations/CE3.pdf

● http://web.ipac.caltech.edu/staff/fmasci/home/
astro_refs/aperture_phot2.pdf

http://slittlefair.staff.shef.ac.uk/teaching/phy217/lectures/instruments/L17/index.html
http://slittlefair.staff.shef.ac.uk/teaching/phy217/lectures/instruments/L17/index.html
http://astronomy.nmsu.edu/cwc/Teaching/ASTR605/Lectures/spectra.pdf
http://astronomy.nmsu.edu/cwc/Teaching/ASTR605/Lectures/spectra.pdf
http://www.iastro.pt/research/conferences/faial2016/files/presentations/CE3.pdf
http://www.iastro.pt/research/conferences/faial2016/files/presentations/CE3.pdf


  

Next week

● Tour of OES facilities
● Detection process of an exoplanetary candidate
● How to get the space mission data?
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