
Key Science : Exoplanets. Veloce Verde+Azzurro enables a huge breadth of science. For exoplanets, a key focus 
will be the major questions itemized above: measuring planetary densities for systems around Sun-like stars; 
Doppler searches for additional, non-transiting planets at longer periods; and a new generation of long-term 
Doppler searches around unbiased samples of the most intrinsically stable potential host stars. 
Identifying the Most Doppler Stable Stars. One of the most profound Kepler results (in a 2013 Nature paper by 
Bastien et al.) was the identification of a set of stellar variability metrics – F8 (8 hour “flicker”) and Rvar (variability 
range). These demonstrate a rich set of behaviors probing the gravity and activity of stars, where “activity” in this 
context means stellar variability due to surface inhomogeneity. These metrics provide a new, but straightforward, 
means to identify the most intrinsically velocity stable stars on the sky. Because stellar instability sets a 
fundamental Doppler noise floor, these metrics (when applied to photometry from TESS) will (a) allow us to select 
the best transit candidate systems to follow-up for the detection of the smallest Doppler signals for small planets, 
and (b) deliver the best stars for “unbiassed” long-term Doppler surveys of stars not known to show transits. 
Planetary Densities. The number of exoplanets with good density data (i.e. mass and radius known to 5%) is 
currently less than 80, and the majority of those are Jovian. This is because, while small planets are detectable from 
space, they are mostly too faint for ground-based mass measurements (so just 7 of 80 planets with good densities 
come from Kepler). By detecting many hundreds of small planets orbiting much brighter stars, TESS will overturn 
this. Fig. 4 highlights the need to fill this void as our only 
means of probing planetary compositions to distinguish 
between rocky, icy and Jovian planets. Veloce Verde+Azzurro 
will allow us to fill this void with densities for small planets 
from among TESS’ most stable Sun-like hosts. 
System Architectures. The “most-stable-of-all-stars” 
emerging from TESS will also be the targets for determining 
the frequency with which planet formation makes “Jupiter 
analogs”. That is, how common are planetary systems like 
ours, where gas-giant planets formed and still orbit beyond 
the frost line? Transit and Doppler searches have told us 
precisely how common both gas-giant and low-mass planets 
are at orbital periods less than a few hundred days. However, 
the frequency at which Jupiters and Saturns form and remain 
in the outer regions of systems is only constrained to between 
3 & 30% (Wittenmyer et al 2011). These observations require 
the detection of small Doppler signals (3-10m/s) over long 
periods (>10y), which is just what Veloce is designed for, 
while these “most-stable-of-all-stars” will almost all be the G 
dwarfs at which Veloce Verde+Azzurro is targeted. 

  
Figure 3 – Variability signatures Rvar vs F8 for 
Kepler stars (with colour showing stellar 
temperature – Bastien et al. 2013, Fig. 3). Stars 
“evolve” through this diagram towards the “flicker 
floor” (highlighted by the black curve). Height 
above this floor indicates excess variability, so 
stars near the floor are optimal for Doppler targets. 

Fig. 1 – Sun-like G dwarf and cool M dwarf 
spectra, normalized to collect the same number 
of photons with Veloce Rosso. For Sun-like 
stars, Verde+Azzurro not only collects many 
more photons at the peak of the flux 
distribution, but collects the best blue-green 
photons where the Doppler-information-
containing absorption lines are densest. 
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Fig. 2(a) – Optical Layout of Veloce Rosso+Verde+Azzurro. 
The green and blue shaded areas highlight the additional 
optics for the two new cameras proposed here (along with as 
3 optical components common to both). The unhighlighted 
optics are the pre-existing Veloce Rosso system 

Fig. 2(b) – Mechanical layout of the new Verde+Azzurro 
cameras on the Veloce Rosso optical bench (enclosure is 
removed for clarity) 
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