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• Laser comb used in many fields: medicine, 
communications, chemistry, physics. 

•
• Spanning the whole EM spectrum from UV to mid IR. 
•
• Becomes astro comb with a few tricks and turns out to be 

a stable and precise reference system for precision radial 
velocities (PRV) measurements.

•
• Stability of 10-12 allows for ~1cm/s RV precision









OCTAVE SPANNING → SELF REFERENCING

 Stability and accuracy of atomic clock



• 2 DoF : offset frequency = fceo and repetition rate= frep . 
• Spanning 1 octave of frequency → self referencing.

• Every single frequency line is defined by:
•  f1= fceo+  n frep        

•  2 f1  =   f2  =  fceo +  2 n frep    

2 f1  -  f2  = 2 fceo + 2 n frep  - fceo -2 n frep = fceo

• To use it for HARPSN the problems are: 
1) the spectrograph observes in another bandwidth.
2) the spectrograph does not resolve at 1 GHz. 





1st trick = PCF

• Tapered Photonic Crystal Fiber = Move the light pulses to the visible 
band

• Adiabatic transfer through holed and tapered fiber
• Bandwidth is a compromise between intensity and temporal width of 

the source comb pulse
• Output = 120nm bw (500,620) nm
•  



2nd trick = FPC

Fabry Perot Cavity (AKA Filter Cavity) with stable FSR (free spectral 
range) locked to the laser frequency in Pound Drever Hall mode with 
EOM

Increase resolution from 1GHz to ~10GHz typical of astronomical 
spectrographs. 
• 16GHz for our astro comb ; means to keep 1 of every 16 lines and 

suppress the others 15.
• 22dB per pass. Double cavity -44dB
• Suppress side bands because unresolved could shift lines





FPC : fundamental to suppress side bands to -40db → double FPC
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A few problems

1)No turn key system: we (Leo) are working on it;
2)Short bandwidth;
3)Still an experiment/demonstrator → it works but not routinely;
4)PCF degradation → needs replacement;

(1+2+3+4) → planned test in April 2017 with Laser Quantum (Taccor);

5)Hard to pass on Know How for maintenance/availability 





LCST = Low Cost 
Solar Telescope

• Purpose? Demonstrate that HARPSN +  
ASTROCOMB have enough precision to 
detect effect of Venus over the Sun's 
COM RV <10cm/sOperating at the TNG 
since July2015

• 3” lens f=200mm feeding 2” int sphere 
mounted on a commercial AZ mount 
inside a 60cm water proof dome 
hanging outside of the TNG dome, 
facing south.

• The sphere scrambles the image of the 
Sun and evenly illuminates a 35m long 
fiber of 300um that goes to HARPSN 
CU →  give us a hi-res spectra of an 
unresolved star.

• Off the shelf → 10k Euros
• Completely autonomous. Starts 

feeding light to HARPSN from 10am 
ends at to 6pm or at TNG startup. 

• Achieved 30cm/s daily sensitivity



Unexpected 
Results!







TARGET is:
- 2h obs/day
- 200 days/year
- 2 years



P-mode 
(5min=3.3mHz)





Problems
• Center of Mass Radial Velocities dominated by stellar activity RV 

variations
• Granulation/supergranulation/flares/spots/plages/mag.activity

SORCE program and satellites (SDO) to know what is going on and find 
model to fit our data.

• Use S-index  CaII H and K line as tracer for magnetic activity
• Use FF’ to model total flux (Aigrin)
• Identify new proxies for activity-induced RV variations to disentangle 

planet orbits from stellar activity in RV observations of Sun-like stars

Solutions











VIS-NIR Solar Telescope
● LCST Extended to NIR 

for GIANO
● (R.Claudi, E.Pace, L.Gallorini, 

G.Micela, A.Lanza...)

● Same opto-mechanical 
setup → 2 fibers to feed 
HARPS-N and GIANO-B

● Wavelength range? 
● 0.4  ↔ 1.7 or 0.4 ↔ 2.5 
● (pmma Absorption, 

modal noise, fiber cost, 
etc.)  



Conclusions

• Astro laser frequency comb – stable and accurate reference calibrator 
for PRV measurements

• Needs much improvements (=$$) to be turnkey system
• Planned Test with different source comb (Laser Quantum TACCOR 

demo laser).

• LCST interesting simple experiment that could produce top level 
science (detect Venus, astro-seismology, CME)

• Extend modeling of activity to disentangle doppler effects 
• Be ready for the extended output to GIANO-B  



THANKS!


	Slide 1
	Slide 2
	Slide 4
	Slide 5
	Slide 6
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 28
	Slide 29
	Slide 30
	Slide 32
	Slide 33
	Slide 34
	Slide 35
	Slide 36
	Slide 37

