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LARS 
The Laser Absolute Reference Spectrograph at the VTT 

VTT 

3.3 Single-mode fibre-feed

Figure 3.7: Photograph of the instrument optics. The telescope light enters the setup from the
right. The bright spot in the center of the image is at the pinhole 1, the spot in the left is created
the the actual fibre cupling unit (pinhole 2), compare figure 3.6.

be used to recover spatial sampling capabilities but such a system is extremely di�cult to
manufacture and this was not pursued in this work.

3.3.2 Telescope to fibre coupling unit

The optics are set up on an optical bench in a separate laboratory at the VTT which is
located next to the main observing room of the telescope (figure 3.6), a photograph of the
setup is shown in figure 3.7. The science focus of the VTT is relayed to the instrument with
two f = 1500 mm lenses (not drawn in the figure) where a secondary focus is formed in F2.
F2 contains a set of removable pinholes for alignment purposes, as described below. F2 is
re-imaged to the final instrument focus in F3 by the two lenses L3 and L4 (f = 310 mm).
Pinhole 2 in F3 defines the field aperture that is coupled to the fibre with a collimating lens
of short focal length.

The telescope fibre coupling unit is exchangeable to support di�erent apertures corre-
sponding to 1, 3 or 10 arcsec on the sky. It is not possible to form an image of the observed
aperture on the tiny fibre core while matching the numerical aperture of the fibre. Instead,
an image of the telescope pupil is formed on the fibre facet. The losses are still severe (see
discussion in section 5.6), but this method ensures that information from the whole aperture
is actually coupled to the fibre. However, due to the Gaussian acceptance profile of a single-
mode fibre, the outer regions of the aperture are naturally covered with less e�ciency. The
optics were designed such that the coupling e�ciency does not drop below approximately
60% in the outer regions. This comes at the prize of a decrease in throughput, though, as
the outer wings of the Gaussian acceptance profile are clipped.

The light collected from the VTT is fed to the fibre switch, a micro-optical device that can
link any of its eight input ports to the output port that eventually feeds the spectrograph.
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Basic setup: 
     Fiber-integrated solar observations  
     supported by a Laser Frequency Comb  
     coupled to the Echelle Spectrograph of 
     the Vacuum Tower Telescope (VTT)  
     at the Observatorio del Teide 



LARS - Instrument setup 

adapted from Doerr, H.-P. 2015, PhD thesis 

20.01.17 J. Löhner-Böttcher:  Convective blue-shifts observed with LARS 3 
L A R S !



LARS - Data 

•  Sequential measurement of the solar spectrum and comb 	
•  Absolute wavelength calibration for the solar spectrum	
•  Spectral resolution > 700,000	
•  Accuracy of the spectral calibration down to 1 m s-1	
•  Wavelength range 480 – 700 nm	
•  Temporal cadence down to 0.5s	
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LARS - Science: Convective blue-shift 
Observational setup:	

Center-to-limb variation of 
the convective blue-shift:	

Positions:	 DC,N,S,E,W	

Heliocentric µ:	 1.0 – 0.3	

Field-of-view:	 10”	

Oscillation:	 on	

Sequence:	 comb/vtt	

Exposure time:	 0.5s	

Cycle time:	 1.5s	

Cycles:	 n=800	

Time series:	 20min	

Measurements:	 98	

Spectral bands 
(±3Å):	

6302 Å	
6173 Å	
5896 Å	
5434 Å	
5380 Å	
5250 Å	

20.01.17 J. Löhner-Böttcher:  Convective blue-shifts observed with LARS 5 
L A R S !

E	 W	

N	

S	

DC	 µ=1.0	

0.95	

0.9	

0.8	
0.7	
0.6	
0.5	
0.4	
0.3	



Center−to−limb variation of the spectral region around 630 nm
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LARS - Science: Convective blue-shift 
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Average of 
observations at 
each heliocentric 
position µ = cos ϑ 



LARS - Science: Convective blue-shift 
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Center−to−limb variation of Fe I 6301.5008 Å
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Center−to−limb variation of Fe I 6301.5008 Å
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Bisectors of Fe I 6301.5008 Å , µ = 1.0
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Bisectors of 13 
observations at 
disk center µ = 1 

(ϑ = 0°) 
 
Normalized to 
the continuum 
intensity 

 
  Reduction of: 
- Solar rotation 
- Orbital motion 
- Gravitational  
   redshift 



LARS - Science: Convective blue-shift 
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Bisectors of Fe I 6301.5008 Å , µ = 0.3
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Bisectors of Fe I 6301.5008 Å , Center−to−limb variation
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Bisector comparison: 
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Convective blue−shift, Fe I 6301.5008 Å (line core)
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Convective blue−shift, Fe I 6301.5008 Å (line core)

1.0 0.9 0.8 0.7 0.6 0.5 0.4 0.3
Heliocentric parameter µ = cos(e)

−500

−400

−300

−200

−100

0

100

200

300
Ab

so
lu

te
 v

el
oc

ity
 [  m

 s
−1

 ]

Solar position:

North
South
West
East

Disc center

}} vabs(µ)Synthesis dlCR2011

*Comparison with the synthesis of  de la Cruz Rodíguez et al. 2011  

May 2016 
Oct. 2016 

Line core positions: 
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Center−to−limb variation of the spectral region around 630 nm
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Convective blue−shifts, 6302Å range (line cores)
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Convective blue−shifts, 6302Å range (line cores)
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Theory: 

Line comparison: 

Ø  Weaker lines show larger blue-shift 

Ø  Convectional decrease with height 

Ø  Center-to-limb variation: 
•  Stable / Slightly increasing  
       blue-shift from µ = 1.0 – 0.7 
•  Decreasing blue-shift toward 
       the solar limb from µ = 0.6 – 0.3 

Ø  Deep photospheric lines show a red- 
       shift when observed at the solar limb 



Thanks for you attention! 

Contact: jlb@leibniz-kis.de 

Webpage: www.leibniz-kis.de/en/observatories/vtt/lars/ 

 

²  Take a look at the LARS poster 

²  Apply for service-mode observations 

²  Let’s arrange co-observations 

L A R S !


