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 BACHES is the acronym 

for BAsic ECHElle 
Spectrograph 
 

 „Echelle“ is a french 
word, which means 
„ladder“  
 

 Developed by ESO 
Scientists and Baader 
Planetarium GmbH 
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The BACHES Echelle Spectrograph 



A conventional Blazed Grating Spectrograph 

      m = -1                                       m = 0                                      m = 1                                       m = 2                       m = 3     
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Higher orders order not useable due to overlap Designed for maximum efficiency in the first order 

Additive interference occurs when the 
total path difference D of light from 
adjacent slits (S1) and (S2) is an integer 
multiple of the wavelength λ:  
The phase is then the same, so the 
beams’ intensity add.  
 

D = m l = D1 – D2 = g(sin a - sin b) with m =0, ±1, ±2 
 
g: Groove spacing, m: Order number S1                        S2 
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A conventional Blazed Grating Spectrograph 

First order                                   Zero order                            First order                    Second order                  Third order     
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‘‘wasted space“ on CCD sensor 

Low resolution when a full frame spectrum  
from 360 nm to 1000 nm is required 

Higher orders order not useable due to overlap Designed for maximum efficiency in the first order 

‘‘wasted space“ on CCD sensor 

High resolution only in a small wavelength range 
due to limited size on a CCD sensor 
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The Echelle Optical Path  

BACHES echelle 
grating in high  
order 

Incoming light 

Mixed color: 
Cross Disperser separating  
the orders  ca. #33 to ca. #58 

High resolution spectrum 
separated from about  

390 nm(top)  
to 760 nm 
 (bottom) 
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BACHES High Resolution Solar Spectrum („Daylight“) 
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BACHES Considerable Advantages 

 High average spectral resolution R = 18 000 
 Complete spectrum from about 392nm to 800nm can be captured  
     with a single exposure (depends on size of the sensor) 
 Constant focus over a wide temperature range 
 Spectra lines perpendicular to spectral orders. No slanted lines 
 Spectral orders almost parallel to each other    



ThAr Lamp 

Guiding Port 

Starlight 

BACHES Calibration Version Standard 

ATT Essen May 21, 2016  |  Bernd Koch  | Baader Planetarium GmbH 



BACHES Calibration Version Professional with Remote Calibration Unit RCU  

RCU with ThAr Reference 
& Halogen Flatfield lamp 

Optical fiber 

Remote 
Flip-Mirror 
control 

SBIG ST-1603ME 

Focusing 
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1.  Glass fiber coupler 
2. Power connector for motor 
3. Three position switch for OFF, Th/Ar ON, or flat-field ON 
4. Two position switch for coupling calibration mirror in BACHES 
5. Two position switch to select remote and manual operation 

Rear panel 

Remote control by 
Internet Browser 
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           Alignment of BACHES Echelle Spectra 
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Recommended minimum Sensor Size: 9 x 13 mm 



           Spectrum Focusing  
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           Spectrum Focusing  
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3 Pixel FWHM 

KAF-1603ME: Pixelsize: 9mm 



Calibration of BACHES Echelle Spectra 

 Prominent spectral lines from  
     Ca II (K) to Ha    

 Daylight spectrum -> Class G2 V  

1. Manual calibration by identification of 
spectral lines -> selected orders only   
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Calibration of BACHES Echelle Spectra 

 The Thorium-Argon spectrum 
provides about 2,000 precisely 
known wavelengths for calibration    

 Daylight spectrum -> Class G2 V  

2. Manual wavelength calibration with the Thorium-Argon reference lamp   
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Calibration of BACHES Echelle Spectra 

Daylight spectrum -> Class G2 V  

3. Semi-automatic calibration with the RCU‘s Thorium-Argon reference lamp  
and flatfield lamp with ESO-MIDAS  

 ThAr 
reference 
spectrum  

 Halogen 
flatfield  

spectrum  
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Calibration of BACHES Echelle Spectra 
5. How to semi-automatically calibrate with ESO-MIDAS -> Video Tutorial  

Wavelength calibration of  
the emission line star zeta Tau: 
www.baader-planetarium.de/baches/ 
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http://www.baader-planetarium.de/baches
http://www.baader-planetarium.de/baches
http://www.baader-planetarium.de/baches
http://www.baader-planetarium.de/baches


Calibration of BACHES Echelle Spectra 
6. How to semi-automatically calibrate with ESO-MIDAS -> Manual & Exercise Files 

www.baader-planetarium.de/baches/download/midas_manual_e.pdf 
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BACHES & DSLR Camera Layout 

Guiding Camera (Skyris 274M) 
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BACHES & DSLR Camera: Energy Saving Lamp 
BACHES 

DADOS 200L/mm 
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BACHES Solar Spectroscopy 

Telluric O2 

Telluric H2O 

Overlapping Second Order of Cross Disperser 
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Investigating Telluric Infrared Lines in the Solar Spectrum 
with a Baader 495nm Longpass Filter  
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Investigating Telluric Infrared Lines in the Solar Spectrum 
with a Baader 495nm Longpass Filter  
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    Solar Chromosphere Spectrum from Ca II 3934Å to Ha 6563Å 

Refractor 130mm f/6 + 
1.5x Barlow Lens 
Baader AstroSolar D=3.8 
BACHES 25mm Slit 
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Baader Calcium K-Line Filter 

BACHES Echelle Spectra 2015-02-15 

Solar Calcium Ca II Lines 3933.66Å and 3968.47Å  
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   Solar Photosphere/Chromosphere Ca II K-Line 3933.66Å 

Vernazza, J.E. et al., Structure of the solar chromosphere. III - Models of the EUV brightness components of the quiet sun The 

Astropysical Journal Supplement Series, 45:635-725, 1981 April, http://adsabs.harvard.edu/abs/1981ApJS...45..635V 
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                       Solar Chromosphere Spectrum Ha 6563Å 

     ? 
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           Solar Photosphere/Chromosphere Spectrum Ha 6563Å 
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           Solar Photosphere/Chromosphere Spectrum Ha 6563Å 
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           Solar Photosphere/Chromosphere Spectrum Ha 6563Å 

Vernazza, J.E. et al., Structure of the solar chromosphere. III - Models of the EUV brightness components of the quiet sun The 

Astropysical Journal Supplement Series, 45:635-725, 1981 April, http://adsabs.harvard.edu/abs/1981ApJS...45..635V 
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     ? 

                  Solar Chromosphere Spectrum: ? 
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Year 1868: Signature of unknown chemical element 

• Unidentified spectral line close to Sodium D1,D2 
 
• Discovered by french astronomer Jules Janssen in solar spectrum August 19, 1868  
 
• 1870: Norman Lockyer, english astronomer postulates a new element 

 
• He calls it „Helium“ according to the greek god Helios 

 
• 1895:  English Chemist William Ramsay extracts Helium 

 
• https://en.wikipedia.org/wiki/Solar_eclipse_of_August_18,_1868 
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The Rotation of Planet Jupiter 

𝑣𝑟𝑜𝑡 ∙ sin 𝑖 =  
𝑣𝑟
4

= 𝑐 ∙ 
∆𝜆

4 𝜆
 

2016-03-10. BACHES 25mm slit set at left and right edge of Jupiter. Image of the 
Skyris 274M video guiding camera. Telescope: Celestron 14 EdgeHD with 0,7x 
reducer setted on GM2000HPS mount  
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 The Rotation of Planet Jupiter 

𝑣𝑟𝑜𝑡 ∙ sin 𝑖 =  
𝑣𝑟
4

= 𝑐 ∙ 
∆𝜆

4 𝜆
 

Spectrum of planet Jupiter  2016-03-10. C14 EdgeHD | BACHES Echelle 
Spektrograph | SBIG ST-1603ME.  Two 60s spectra, taken at left and right edge of 
Jupiter, were co- added to reveal line doubling . The distance between both lines 
is about 1Å. Please note the double lines in the bottom row: These are telluric 
lines of Oxygen, by chance also separated about 1Å. Not subject to Jupiter!   
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The Rotation of Planet Jupiter 

𝑣𝑟𝑜𝑡 ∙ sin 𝑖 =  
𝑣𝑟
4

= 𝑐 ∙ 
∆𝜆

4 𝜆
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The Rotation of Planet Jupiter 

𝑨𝒓𝒐𝒖𝒏𝒅 𝒕𝒉𝒆 𝑴𝒈 − 𝑻𝒓𝒊𝒑𝒍𝒆𝒕: ∆𝜆 = 0.72Å.  𝐶𝑒𝑛𝑡𝑒𝑟 𝑊𝑎𝑣𝑒𝑙𝑒𝑛𝑔𝑡ℎ:  𝜆 = 5160Å                                         

 𝑣𝑟𝑜𝑡 = 𝑐 ∙  
∆𝜆

4𝜆
=  299792.5

𝑘𝑚

𝑠
 ∙

0.72Å

4∙5160Å
= 10.5

𝑘𝑚

𝑠
 −16,6% , 𝑐𝑜𝑟𝑟𝑒𝑐𝑡:  12.6

𝑘𝑚

𝑠
)  
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The Rotation of Planet Jupiter 

𝑣𝑟𝑜𝑡 ∙ sin 𝑖 =  
𝑣𝑟
4

= 𝑐 ∙ 
∆𝜆

4 𝜆
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The Rotation of Planet Jupiter 

Left: Complete Jupiter spectrum obtained with BACHES Echelle, Slit width 25mm. 130mm refractor, 
624mm focal length, exposure 60s with SBIG ST-1603ME. Right: Video window (FireCapture software) 
with 90° rotated Jupiter image. During exposure manual guiding by means of the 10Micron keypad.  

Maximum Focal Length  
to cover the complete 
Planet Jupiter: 624mm 
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The Rotation of Planet Jupiter 
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The Rotation of Planet Jupiter 

Jupiter Correct Value Measured Difference 

𝑣𝑟𝑜𝑡 12.6 𝑘𝑚 𝑠  12.2 𝑘𝑚 𝑠  -3.2% 

𝑇 (Equator) 9ℎ 55.5𝑚 10ℎ 14.6𝑚 +3.2% 
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BACHES & CCD Camera 
attached to the Telescope 

C14 EdgeHD, BACHES, SBIG ST-1603ME  



ATT Essen May 21, 2016  |  Bernd Koch  | Baader Planetarium GmbH 

Spectrum guiding on a star:  
Manual Guiding with any TIS or 
Celestron Skyris  
Video Camera 

C14 EdgeHD, BACHES, SBIG ST-1603ME  

RCU Web Interface  
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C14 EdgeHD, BACHES, SBIG ST-1603ME  

Spectrum guiding on a star: Manual Guiding 
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Spectrum self-guiding on a star: SpecTrack Guiding Software 
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 Spectrum self-guiding: SpecTrack Guiding Software 

 GUIDE: The Imaging Source (TIS) or Celestron Skyris video cameras supported 
 RCU: Full Thorium-Argon and halogen-flatfield hamp control (Ethernet) 
 TELESCOPE: Chose your favourite ASCOM driver 
 Position of slit defined by mouse 
 Keeps an object on the slit 
 Can be used also for guiding 
     of astrophotos  
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Eclipsing Binary 
VV Cephei 
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Eclipsing Binary 
VV Cephei 

         Annual Mass Transfer 0.0004 M‚   
B 

Roche Lobe 

A 

2017 August 

2019 May 
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Eclipsing Binary VV Cephei 
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Eclipsing Binary VV Cephei 
Midas > calib/baches ff160s.fit thar80s.fit 22 20 20 0 0.1 
          Orders: 22 | Width: 20 px | Extract: 20px | 0 | RMS: 0.1Å 

 
Each of the 22 orders from #33 to #54 
Will be saved calibrated in wavelength 
(RMS 0.00506Å) and saved in separate files 
for further processing: 
FITS, PNG, PDF   
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Eclipsing Binary VV Cephei 
Order #34 contains Ha: 6459Å bis 6670Å 
abgespeichert   
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Eclipsing Binary VV Cephei 

Normalized peak intensities:  
V = 2.99, R = 2.04: V/R ≈ 1.47 
 
Equivalent Width between 6550Å bis 6570Å 
EWa ≈ - 14.2Å 
 
Heliocentric Radial Velocity of central  
Absorption: HRV ≈ - 14.0 km/s 
 

2015-10-11 | 21.24.30 UT  
HJD=2457307.39437  
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Semi-Detached Binary Star b Lyrae 

Emission line stars: 
Simultaneous monitoring of 
variations in stellar flux at 
different wavelengths 
Example:  Semi‐detached  
binary star beta Lyrae.  
Purpose: Tracking variations  
during a binary orbit  
silmultaneously 
at different wavelengths in the  
BACHES echelle spectrum 
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Semi-Detached Binary Star b Lyrae 



http://www.baader-planetarium.de/baches/download/beta_lyr_baches_poster_e2_bernd_koch.pdf 
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Semi-Detached Binary Star b Lyrae 



BACHES Website:  
www.baader-planetarium.de/baches/ 
 
Contact: Bernd Koch 
B.Koch@Baader-Planetarium.de 
Bernd.Koch@astrofoto.de 

a Cyg (Deneb) 

Variable Ha line due to stellar wind 2014-09-08 
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Thank you very much for your attention 


