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! | Instrument Date
Il TNG June, 9" 1998
oo e Dec. 10" 1998
ARNICA Dec, 18" 1998
AdOpt Dec- nLLrOQ
, - N ¢ Ai} ¢ A
DOLORES May. 20" 2000 )
. \ June. 9 >
M1 diameter 3.58m QICS September, 17" 2000
Focal length 38.5m (f/11) HARPS-N——3rct—=2T 2012
. GIANO July, 27t 2012
M2 diameter 0.875m i —
GIANO-B Oct, 27t" 2016
M2 baffle diam. 1.165m GIARPS March, 14" 2017
Scale 5.36arcsec/mm

Vignetting-free field 25arcmin diameter



Milestone Date

Kick Off September 1st, 2010
Start of integration = October 1st, 2011

Acceptance Geneva  January 1st, 2012

Commissioning March/April 2012
Inauguration April 23rd, 2012
I.I arps-N Start of operations ~ May 1st, 2012

Open time August 1st, 2012

Spectrograph type Fiber fed, cross-disperser .Echelle- 5pectrn:rgraph

Spectral resolution R= 115000

Fiber field FOV =1"

Wavelength range 383 nm - 690 nm

Total efficiency e =8 % @ 550 nm (incl. telescope and atmosphere @ 0.8" seeing)

Sampling s = 3.3 px per FWHM

Calibration Thar + Simultaneous reference (fed by 2 fibers)

CCD Back illuminated CCD 4k4 E2V chips {graded coating)

Pixe| size 15 pm

Environment Vacuum operation - 0.001 K temperature stability



The birth of the Italian Exoplanetary Science: the GAPS collaboration

Global Architecture of Planetary Systems

GAPS:

25 refereed papers + submitted / in preparation

Search for low mass planets orbiting M dwarfs
30 to 40 nights/semester from AOT32 _

Nearly 8000 spectra for more than 300 objects Search for low mass companions in known
planetary systems

78 INAF/associates + 19 foreigners
Regular meetings to keep track of advancements
Strong involvement of young researchers

Frequency of Neptune-mass companions
around Low

Search for GP orbiting stars in
crowded environments

i - : Characterization of
Deterl‘:tmn of I_r.uw mass planet.s around M dwarfs (Affer+2016, ...) N\ plan orbits through
The first multi-planet system in an open cluster (Malavolta+2016) RML effect
Rossiter-McLaughlin for a large sample of planets (Covino+2013, ...) Asteroseismology

Star-Planet

Detection of a giant planet around a red giant (Gonzalez Alvarez+2017) *
The first wide binary in which both components host planets (Desidera+2014)
Giant planet migration history via improved parameters for 231 planets (Bonomo+2017)
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KOI-200 b and KOI-889 b: Two transiting exoplanets detected
and characterized with Kepler, SOPHIE, and HARPS-N
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The GAPS programme with HARPS-N at TNG
V. A planetary system around X0-28*-**
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Characterization of the planetary system Kepler-101 2
with HARPS-N*-** s
A hot super-Neptune with an Earth-sized low-mass companion
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TRANSMISSION SPECTROSCOPY

Transiting (and Eclipsed) Exoplanets

Eclipse
Observer sees planet’s

thermal radiation
A disappear and reappear

‘e
.......
‘a

Transit
Observer measures planet’s size; -
sees star’s radiation transmitted
through planet’s atmosphere

Credits: M. Swain
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Chromatic line-profile tomography to reveal exoplanetary
atmospheres: application to HD 189733b
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Fig. 3. Broadband transmission spectrum of HD 189733b as calculated
with this method (black circles). For comparison, red triangles are HST
observations by Pont et al. (2013), light-blue squares are measurements
from Di Gloria et al. (2015) using the chromatic RM effect on the same
dataset of this paper. The vertical shift is due to the different transit
parameters used between different papers.



Iron and titanium in the atmosphere Of Kelt‘gb SPADES: Sensing Planetary Atmospheres with Differential Echelle

Hoeijmakers etal. 2018 Spectroscopy

(a) ESO 3.6mVHARPS

o

Doppler

Normalized
flux

Atmospheric absorption (%)
S
o

shadow (c) (Na )iz & transit ight curve
-1.0 ‘
3 ‘
s — - —
Wavelength ’ £ e
5880588558905895590059055; 1y
Wavelength (A)
Phase
d €50 30m sita
” A The de, " A0 K
Isctarmal stmosptedc mode fred rve) 18 adjuried 5 B Sortmten, o $0v® ik e 10 pack S0P 1 B nes Pane )
A ® © P e e e e e
B arcund e doublet
N
w3
§ =
z
ASA 616, AL15: (2018)
Rotational velocity (km s™7) Waveleng
; e Na I and Ha absorption features in the atmosphere of MASCARA-2b/KELT-20b*
| Schematc of the orbtal pecrmetry of the avcplanet (represented by the black Alled crcle). The arrow indicates the orbal tragectory of the anp
dow 2o red 3hading represent the blue #nd redahfted regions on the stelar duk caused by stelar rotaton. B, The obacuraton of pact of the sty
the stelar abscrption bee (3 12 Bue shaded sves). . As the exspianet progresses i B3 orb, R projected :W velooty shity from berng By . 3.2 5,2 0y 124 0y 3.2 . Y
e C), € Thse Dot ABNACE SN Shew o 41 o ORI EEPalatnd [CCF; oray seale; tos) 8 8 £ shadow (SeAOT It the OCF N. Casasayas-Sarrin®, £ Pallé®~, F, Yan®, G. Chen' 24, §, Albrecht?, L. Nortmann®~, V. Van Eylen®, 1. Snellen®, G. ).
BT of the s0elar Sak) and b DADAE Break [enNance et i The CCF L the Matantinecut “adhpl component of the srtal ywiotty of the plaret), ). Yalens®, ). I. Gonziale: Hermandez'?, R Rebolo® 2" and G. P. P. L. Otten®

Sanet. we medel and Ibtract e Didpdier ihadew from the CCF (Dottom) The systeme raded velotty of the KELT-9 prstem (

Ingtituto de Astrofisca de Canaras, Via Lactes s/n, 38205 La Laguna, Tenerfe, Span
e-mail; nunacdSies.e8

HoRSE : High Resolution Spectroscopy for
Exoplanet atmospheres
1-5 Oct 2018 Nice (France)




Co-added cross-correlation signal
200

HD 189733 b
150

(Cold) Slit Echelle spectrograph.
R = 50000.

0.9-2.45 micron in a single exposure

100

Planet max. RV (km/s)

Residual
telluric H20

-60 -40 -20 0 20 40 60
Planet rest-frame velocity (km/s)

Detection of the water in the

atmosphere of HD189733b
(Brogi et al., A&A 2018)

Significance (o)
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The GAPS programme with HARPS-N at TNG

VIl. Putting exoplanets in the stellar context: magnetic activity
and asteroseismology of r Bootis A*-**
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[ = “\1 e HARPS-N high spectral resolution observations of Cepheids
1.0 = N \\ Wi f~——— | The Baade-Wesselink projection factor of 6 Cep revisited*

. R ) N e
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. | e e D. Graczyk® 10 P. Kervella'! "2, A. Mérand”, D. Mourard', H. Neilson'?, G. Pietrzynski'”,

B. Pilecki'®, and J. Storm ™
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Fig. 1. Mean line profile changes during the pulsation cycle
of 4 Cep. The line profile with the highest receding motion is
highlighted in red, the one with the highest approaching motion
in blue.
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Impact of the projection factor in the distance scale context

ThE AstrorHysical Journar, 699:5349-563, 2008 July 1 dhoi: IO TOERADD0- 63 TR 15349
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A REDETERMINATION OF THE HUBBLE CONSTANT WITH THE HUBBLE SPACE TELESCOPE FROM A
DIFFERENTIAL DISTANCE LADDER*

ApaM G. RiEss' 7, Lucas Macrr®, STEFANO CASERTANOG”, MEGAN SosEv”, HUuBerT LamreiTL” *, HENRY C. FERGUSON", ALEXEI

V. FILIFPENKO® , SAURABH W. JHAY, WEIDONG LI, Ry an CHORNOCK®, AND DEVDEEF S ARKAR'
! Department of Physics and Astronomy, Johns Hopkins University, Baltimore, MD 212 18, USA
* Space Telescope Science Institute, 3700 San Martin Drive, Baltimore, MD 21218, USA; aniess@ stsciedu
"George P.and Cynthia W, Mitchell Institute for Fundamental Physics and Astronomy, Department of Physics, Texas AdeM University, 4242 TAMU,
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A set of 10 parallax measurements to Galactic ® Started in 2007 by Riess, Macri & collaborators

was recently obtained by Benedict et al. (2007) using  to reduce systematic uncertainty in H, by:
Guidance Sensor on HST. Parallax measurements
“gold standard” of distance measurements, and unlike previous
HIPPARCOS measurements—the individual precision of this
sefef measurements i1s high, averaging 0 = 8% for-each.
e have not made use of additional distance measures to
Tact Cephelda based on the Baade—Wesselink method-or
stellar assoclafions—as—thesy—a refr=mrore—uncertain  than
well-measured pardllaxes, and the former appear to be~under
refinement due( to uncertainties in their projection factors) as
discussed by Fouguéet al. (2007) and van Leeuwen et @ 7).
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* HARPS-N, high-resolution spectrograph (R=115000) operating in the visible
* GIANO, high-resolution spectrograph (R=50000) operating in the near infrared

Combined together by moving GIANO to Nasmyth B focus (GIANO-B)

Action taken by the Italian Community : GAPS, GIANO Team,
and TNG staff . Funded by own budget.

GIANO-B and HARPS-N now combined in the GIARPS observing mode.
Simultaneous visible and infrared spectra of the same target.




The detalled, age-resolve chemistry of
the Milky Way disk

SPAis a TNG Large Program granted 80 nights of observing time to use HARPS-N,

GIANO-B and GIARPS and obtain high resolution, high quality spectra of about 500
luminous stars in the Milky Way disk and associated clusters, with different ages and
at different Galactocentric distances, including the poorly explored inner disk.

These spectra will allow us to measure the full set of iron-peak, CNO, alpha, light and
neutron-capture elements and to provide a detailed mapping of possible gradients,
cosmic spreads and other inhomogeneities of individual abundances and abundance
ratios, thus constraining timescales and overall formation and chemical enrichment
scenarios, and providing key tests of stellar models.

THE SPA TEAM

+ Cepheids
* Miras

o open clusters
o RSG clusters

Y [kpe)

T T T T —T

-15

The SPA Team is composed of 33 researchers from 10 Italian and international institutes.

L. Origlia (PI), G. Andreuzzi, G. Bono, V. Braga, A. Bragaglia, T. Cantat-Gaudin, E. Carretta, S. Cassisi, G.

Catanzaro, G. Cescutti, E. Dalessandro, R. da Silva, V. D’Orazi, G. Fiorentino, A. Frasca, K. Fukue, L. Inno, N.

Kobayashi, A. Lanzafame, B. Lemasle, S. Lucatello, L. Magrini, D. Magurno, M. Marconi, N. Matsunaga, M.

Monelli, A. Mucciarelli, E. Oliva, D. Romano, N. Sanna, O. Straniero, M. Tosi, A. Vallenari



The detalled, age—rsolved chemistry of the
Milky Way disk

v' TNG-AOT37: 7n Jul 2018, 6n

August 2018

- successful runs, about 80 stars
observed

- ongoing data reduction and
chemical analysis

» TNG-AOT38: 5n Nov 2018, 4n
Dec 2018,
4n Jan 2019
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GHOsT

IARPS High-resolution Observations of T Tauri Stars

Pl: S. Antoniucci (OAR)
Co-Is: B. Nisini, T. Giannini, F. Vitali, A. Di Paola, A. Giunta (OAR), K. Biazzo, A. Frasca
(OACt), J. M. Alcala (OACn), D. Fedele, L. Podio, F. Bacciotti, N. Sanna (OAA), E.

Rigliaco (OAPd), U. Munari (OAPd-Asiago), C. F. Manara (ESO), A. Harutyunyan
(TNG-FGG), G. Herczeg (KIAA)
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GIARPS is the only instrument now available with simultaneous (avoid systematics!)
optical-NIR coverage at high spectral resolution

-

| I | | | | I

HARPS-N GIANO B
1”fiber, R~115000 (~3 km/s) 6”x0.5” slit, R~50000 (~6 km/s)

<
- : ' J -
N ] ] 1 I 1 ! | .
300 400 500 600 700 800 900 1000 2000
A (nm)
i\ I — derive stellar and accretion/ejection parameters simultaneously and homogeneously

—> characterize the components of the system on a statistically significant sample of T Tauri stars

CElulJ B > ~ 80 objects in the Taurus-Auriga star-forming region

V[T B —> analysis of line fluxes, profiles, and absorption features at optical and NIR wavelengths

GHOST@TNG m
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GIANO + HARPS-N
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The GAPS Programme with HARPS-N at TNG

XV. A substellar companion around a K giant star identified with
quasi-simultaneous HARPS-N and GIANO measurements*

E. Gonzélez-Alvarez'-2, L. Affer!, G. Micela', J. Maldonado', 1. Carleo™*, M. Damasso**, V. D’Orazi®, A. E Lanza®,
K. Biazzo®. E. Poretti’, R. Gratton®, A. Sozzetti®. S. Desidera®, N. Sanna®, A. Harutyunyan’. E. Massi®, E. Oliva®,
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Multi-band high resolution spectroscopy rules out the hot Jupiter BD+20 1790b

First data from the GIARPS Commissioning

1. Carleol?, 5. BenattiZ, A. F. Lanza?, R. Gratton2, R. Claudi?, 5. Desidera?, G. N. Mace?, 5. Messina®, N. SannaZ, E.
SissaZ?, A. Ghedina® F. Ghinassi®, 1. Guerra®, A. Harutyunyan®, G. Micela?, E. Molinari®15, E. Oliva®, A. Tozzi%, C.

Baffa®, A. Baruffolo?, A. Bignamini®, N. Buchschacher?, M. Cecconi®, R. Cosentino®, M. Endl?, G. Falcini®, D. Fantinel?,

L. Fini3, D. Fugazzal?, A. Galli, E. Giani®, C. Gonzalez®, E. Gonzalez-Alvarez? 1!, M. Gonzalez®, N. Hernandezf, M.
Hernandez Diaz® M. Iuzzolino®12, K. F. Kaplan', B. T. Kidder®, M. Lodi®, L. Malaveltal, 1. Maldonado’, L. Origlial3, H.
Perez Ventura®, A. Puglisi®, M. Rainer!?, L. Riverol®, C. Riverol%, 1. San Juan®, 5. Scuderi?, U. Seemann’?, K. R. Sokal®,

A. Sozzetti!s and M. Sozzi®
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New GIARPS data do not support the previous
Keplerian solution (P=7.78 d)

Previous data interpreted as
a signal induced by stellar
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Fig. 3. Phasze-folded HARPS — N EVs (2015, reprocessed from HOLS
dataset) at stellar rotational period.

GIARPS MODE TO REMOVE SIGNAL AMBIGUITIES
(stellar activity vs keplerian motion)



The Sun as a star

David Phillips, Xavier Dumusque, TNG staff, et al.

LCST (Low Cost Solar Telescope) operating daytime.
It feeds HARPS-N spectrograph.
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Initial results from the LCST. Left: Solar RVs after subtracting expected velocities with a fit (biue dashed
fine) using solar photometry. Right: daily residuals show a standard deviation <<40cm/s.



LOCNES: Low Cost NIR Extended Solar Telescope

Clandi R.2, Ghedina A.", Pace E.©, Gallorini L., Di Giorgio A-M.9, Lin S—J.9, Tozzi A.®,
Carleo 1%, Lanza A.F.!, Micela G.%, Molinari E.", Poretti E.”, Phillips D.%, and Tripodo G.!
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Figure 3. The LOCNES telescope.
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CONCLUSIONS:
SONG-TNG
COMPLEMENTARY 84
ACTIVITIES

TNG not very suitable for asteroseismology, too few nights in a very competitive
context. In other words, you were right to realize a dedicated instrument like
SONG.
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HARPS-N showed that the high-resolution spectrographs can investigate the
dynamical effects in the atmosphere of Cepheids line-by-line (projection factor).
SONG can do the same for bright Cepheids.

Helioseismology (SONG) and solar activity (LCST, LOCNES) can exchange results.
Many SONG scientific cases could benefit from an extension to the near-infrared
with GIANO-B. The simultaneous HARPS-N visible spectra (GIARPS mode) allow

a straight cross-check.

TNG is an Italian facility, but there are regular calls for non-Italian scientists.



AOT 39 (2019A) TIME BREAKDOWN

47 nights ongoing INAF-Large Programs
40 nights Harps-N Consortium GTO
4 nights Long-Term Program on Gravitational Wave Events

31 nights Spanish CAT
8 nights CCl International Time Program
10 nights OPTICON H2020 TNA Program

* 10 nights joint NOT-INAF call
12 nights for the INAF-TAC



REM"

CALL FOR PROPOSAL TNG & REM also featuring LONG-TERM PROGRAMS, GTO and NOT-TIME
AOT 39 (20194) is now open for proposals

Applications for observing time for the period

April 125, 2019 - September 308, 2010

are solicited and should be submitted by
Friday, 23™ November, 2018, 12:00 UT

http://www.tng.iac.es/news/2018/10/19/aot39/

COMMON OFFER FOR OBSERVING TIME TNG-NOT

The astronomical communities of Italy, Denmark, Finland, Iceland, Morway and Sweden may apply for reserved observing
time offered jointly on the TNG and MOT telescopes. Rules for applicants may be found here.

Accordingly, Italian scientists can now submit normal cbserving proposals to the MNOT, and vice versa. Nordic astronomers will
have access to 10 TNG nights; proposals will be evaluated by the INAF-TAC. Italian astronomers will have access to 20 nights

with the NOT telescope; proposals will be evaluated by the NOT-OPC. Applications must use the proposal form for the
telescope they requesting.

IMAF staff and Associates will benefit of the same FGG funding scheme as for TNG observations.



