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Planetary atmospheres

• Observing the spectrum of a planetary atmosphere implies that
the stellar spectrum should be stable at least at the 10-100 ppm
level during the collection of the data;

• For a single transit observation, the timescale of data collection is
of the order of 5-15 hours (full transit duration + baseline);

• If N successive transit spectra are to be summed up, the data
collection timescale is NPorb ∼ tens of days;

• The Sun can be used to study the phenomena that affect the
stellar background spectrum on those collection timescales.



Solar	activity
• In the Sun we can study stellar activity in detail, thanks to the spatial and time resolution (down to
50-100 km and a fraction of a second, respectively);

• In the photosphere, the features associated with magnetic fields are sunspots, faculae, and the
network.



Variation of	Solar	Spectral Irradiances

(Unruh et	al.	2008)

In the NIR, the amplitude of the variations is
reduced due to the lower contrast.

At 2400 nm, the reduction is by a factor of ∼ 3-4
with respect to 511 nm, that is the relative
variations are typically between 100 and 500 ppm.

322 Y. C. Unruh et al.: Solar spectral irradiance variations on solar rotation time scales
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Fig. 10. Same as Fig. 9, though this time showing wavelength bands centred at 511 nm and at Hα respectively (left-hand side), and two near-IR
bands centred at 1065 and 1550 nm, respectively (right-hand panels).
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Fig. 11. A plot of the modelled contrasts in the 6 longer wavelength
bands from Table 4. The contrast decreases very strongly with wave-
length, becoming negative at the disk centre at the near IR, as illus-
trated by the bottom curve for 1550 nm. The contrasts in the Mg II and
230 nm bands are much higher and are not plotted here. Note also that
these contrasts are maximum values that are scaled by the facular filling
factors.

underestimates the variability around 1.5 µm by a similar
amount. Note that for wavelengths between 800 and 1000 nm,
the SIM detectors suffer from temperature-induced variability
that cannot yet be fully compensated for; we were therefore
unable to carry out meaningful comparisons at those wave-
lengths. As a cross-check, we further compared the SATIRE and
SORCE/SIM variability with the VIRGO/SPM measurements at
400, 500 and 860 nm. We found that the correlation coefficients

for the model-to-data comparisons are typically very similar to
those obtained for the SPM-to-SIM data comparisons.

Our model suggests that the overall effect of faculae at
1.6 µm is one of darkening, though they appear bright at all
wavelengths when seen close to the limb. Near 1.6 µm, the small
brightness enhancement seen for faculae at the limb, however,
is typically offset by the spots, so that active-region passages
produce longer-lasting brightness dips at this wavelength than at
shorter wavelengths. This is illustrated on the right-hand panel of
Fig. 10. Contrary to Fontenla et al. (2004), we find no evidence
for overall bright faculae during the comparatively quiet period
analysed here. An unambiguous contrast determination is diffi-
cult, however, as most large facular regions tend to be accompa-
nied by dark spots whose exact contrasts are also unknown.
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An	example case:	CO	lines in	the	Sun
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Rüedi et	al	(1995)

The maximum temperature-dependent effect of activity
expected on the disc-integrated low-resolution (R ≈ 300)
spectrum of CO at 2400 nm is given approximately by:

(1/5) x 0.25 x (ΔF2.4 /F2.4) ≈ 0.05 x (8x10-4) = 4 x 10-5 = 40 ppm

Wavenumber =	4296	cm-1 corresponds to	𝜆 =	2327.7	nm

telluric
line
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Fig. 16 Schematic, simplified structure of the lower quiet Sun atmosphere (dimensions not to scale): The solid lines represent magnetic field lines that form the magnetic
network in the lower layers and a large-scale (“canopy”) field above the internetwork regions, which “separates” the atmosphere in a canopy domain and a sub-canopy domain.
The network is found in the lanes of the supergranulation, which is due to large-scale convective flows (large arrows at the bottom). Field lines with footpoints in the internetwork
are plotted as thin dashed lines. The flows on smaller spatial scales (small arrows) produce the granulation at the bottom of the photosphere (z = 0 km) and, in connection with
convective overshooting, the weak-field “small-scale canopies”. Another result is the formation of the reversed granulation pattern in the middle photosphere (red areas). The
mostly weak field in the internetwork can emerge as small magnetic loops, even within a granule (point B). It furthermore partially connects to the magnetic field of the upper
layers in a complex manner. Upward propagating and interacting shock waves (arches), which are excited in the layers below the classical temperature minimum, build up the
“fluctosphere” in the internetwork sub-canopy domain. The red dot-dashed line marks a hypothetical surface, where sound and Alfvén are equal. The labels D-F indicate special
situations of wave-canopy interaction, while location D is relevant for the generation of type-II spicules (see text for details). Please note that, in reality, the 3D magnetic field
structure in the canopy and also in the subcanopy is certainly more complex and entangled than shown in this schematic sketch

(Wedemeyer-Bohm et	al.	2009;	Ayres	2016)

CO CO CO
CO CO

A	rough sketch	of	the	quiet Sun atmosphere



Observing the	Sun as a	star	
• To fully exploit the exquisite precision of space-borne spectra acquired by ARIEL,
we need to correct for the effects of stellar activity on timescales from a few
hours to tens of days;

• The Sun can be the best template to understand stellar activity;

• We have a large body of spatially resolved optical and NIR data (cf. Penn 2014),
but very few observations of the Sun as a star;

• Therefore, we devised a system to obtain spectra of the Sun as a star from the
optical to the NIR;

• This lead to the development of LOCNES: LOw Cost NIR Extended Solar telescope.



The	LOCNES	Team



Science	cases

• Study the impact of solar acoustic oscillations, convection, and
magnetic activity on the measurements of the radial velocity of the
Sun as a star from the optical to the NIR;

• Study the variation of the optical and NIR spectra of the Sun as a star
due to its magnetic activity.



What	Already	Exists

North	Hemisphere:
LCST	@	TNG	

South	Hemisphere:
HELIOS	@	ESO	3.6m



HARPS-N GIANO-B

LOCNES

The	simultaneous acquisition of	the	HARPS-N	optical spectrum and	the	GIANO-B	NIR	spectrum is made	possible thanks
to	the	use	of	fibers feeding the	two spectrographs with	the	light	collected by	LOCNES.	



LOCNES	Scheme
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LOCNES:	The	Telescope



The	telescope	main	components

ThorLABS 6007	Lens:	25.4	mm	aperture;	
f=200	mm

Labs	IS200	series	61X61X65	mm	



The	Guide	Camera

CMOSAR0130	CS		1280X960
Pixel	 size	3.75	µm
Image/s		60



LOCNES:	The	Mount

Mount AltAzimuth	Mount

Body	Materials Die-cast	Aluminum

System GoToNova®

Primary	Payload 33	lb

Secondary	Payload 10	lb

Mount	Weight 13	lb	 (including	CW	shaft	and	battery)

Gear Aluminum	worm	wheel/Brass	 worm	gear

Motor 128X	microstep	stepper	motor

Transmission Sychronous	belt

Resolution 0.1	arc	second

Tracking Automatic

Tracking	Rate celestial,	 solar,	 lunar	and	user	defined

Hand	controller Go2Nova®	8407	with	over	212,000	object	database

Slew	Speed 1x,	2×,8×,16x,	 64×,128x,	256×,512x	and	MAX(~10º/sec,	2400X)

GPS 32-channel	GPS

Sensors Position	 and	angular	detection

Level	indicator Yes

Dovetail	Saddle 6"	Losmandy/Vixen	dual	 saddle
Optional	 secondary	Vixen	saddle

Counterweight 10	lb

Battery Built-in	 rechargeable	Li-ion	battery	(11.1V,	4.4AH)

Battery	Running	Time 10	hour	at	20ºC

Battery	Charger 100-240V	AC	 input	 /12.6V	DC	2000mA	output	 (Included)

Wireless	 Control Yes,	 full	 control	via	built-in	 WIFI	adapter

Firmware	Upgrade Yes,	via	serial	 port

Computer	Control Yes.	PC	via	ASCOM	and	Mac/Tablet/SmartPhone	via	WIFI

Tripod 2"	stainless	 steel	 tripod

WarrantyTwo	year	limited	warranty	for	mount
90	day	limited	 for	battery



LOCNES:	The	Dome...a	transparent	one?



LOCNES:	The	Dome



Where	LOCNES	will	be	mounted?
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Conclusions

• LOCNES in conjuction with HARPS-N and GIANO-B will allow us to characterize the
variability of the solar spectrum from the visible (400-800 nm, R = 115 000) to the NIR
(950-2400 nm, R = 50 000) observing the Sun as a star;

• A variety of time scales will be accessible from less than 1 minute to years (cf. LCST in
operation since 2015);

• The Sun will be observed starting from the current activity minimum to the maximum of
the next 11-yr cycle and hopefully beyond;

• We expect to contribute to ARIEL by a better understanding of the impact of stellar
activity on optical and NIR disc-integrated spectra.



Thank you for	your attention



Additional slides
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