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The HARPS - N Tale 
 

Once upon a time ...  
Before GAPS 
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May/June 2010 

July 2010 

November 2011 

February 2012 

March 2012 
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May/June 2010 

July 2010 

November 2011 

February 2012 

March 2012 
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May/June 2010 

July 2010 

November 2011 

February 2012 

March 2012 And  
Roma Meeting 

Padova 



6

May/June 2010 

July 2010 

November 2011 

February 2012 

March 2012 

Catania Kick Off Meeting 

70 people are involved in 
the GAPS mob …



53 Italians


17 the rest of the world
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- Wide collaboration, many expertise, many ideas, 
Efficiency in operation, Tools sharing 

- Quality in Results 

- Many small - size program, no optimal scheduling 

- To be competitive, Coordination is needed 
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GAPS is  a structured 
multi layered, largely 

synergetic italian project 
designed to maximize the 

scientific return in 
exoplanetary 
astrophysics



Taking advantage of the  
unique capabilities of 

HARPS-N @ TNG
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Radial Velocity Technique

Technique:  
The radial velocity of a star orbiting the barycenter of the planet – 
star system changes as function of time with a semiamplitude K 
given by: 
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Wavelength Range: 383 nm - 690 nm 
Spectral resolution: 115000 

1ms-1@SNR=60 

Vacuum 
Operation 
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Frequency of 
Habitable lMP 
to low-mass 

stars 
AIMS: 

✦ Frequency of Super Earths in HZ of Mdwarfs 
✦ Dependence of PS architecture on stellar mass 
✦ to provide benchmark systems for atmospheric 
characterization  

SAMPLE: 
120 M Stars M0≤M≤M2.5 
evenly distributed 
V<12 mag 

30% in GAIA 
Fields with >100 
Transits  
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Test of Migration 
and P formation 
searching for new 

low mass 
companion in 

known planetary 
systems 

AIMS: 
✦ Rate of long Period companions 
in transiting systems 
✦ Fraction of LMP (≤1MNeptune) in 
close orbits 
✦ Role of additional companion 
in alignment between orbits and 
stellar rotation  

SAMPLE 
80 Known Planetary systems 
with different architecture 
and alignment status 
V≤12 mag 



Frequency of 
Neptune-Mass 

companion around 
Low [Fe/H] srtars  

AIMS: 
✦ Frequency of Neptunes and 
Super Earths 
✦ To compare results with data 
for Solar Metallicity stars 

SAMPLE 
Sub sample of 60 out of 200 stars 
with -2.0≤[Fe/H]≤-0.5 observed at 
KECK/HIRES. HARPS-N Sample has 
-1.0≤ [Fe/H]≤-0.5. All 
Chromospherically quiet and V<11.0 

Mordasini et al., 2012 
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Rate of GP in 
dense 

environment 

AIMS: 
✦ To find Hot Jupiters in nearby 
open clusters (NGC752 andM44) 

SAMPLE 
64 MS stars (>F5) 

NGC752 M44 

m-M 8.4 6.3 

[Fe/H] 0.08 0.16 

Age 2Gyr 0.8Gyr 
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Planet-Disk 
Planet-Planet 
Interaction 
through RML 

effect 
AIMS: 
✦ To Characterize the degree of 
spin/orbit alignment 
✦ To measure spin/orbit angle 
✦ to gather evidence pro/con 
proposed mechanisms for orbital 
evolution in close-in planets 

SAMPLE 
Targets between 
several Known 
transiting systems 
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Asteroseismology 
and SPI 

AIMS: 
✦ Characterization of the tidal interaction between planets and 
host stars 
✦ To study the impact of SPI on Stellar Activity 
✦ Improvement of physical parameters of host stars 

SAMPLE: 
Stars whose monitoring is useful also for other 
purpose (nu And; tau Boo; k CrB) 
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236 nights (6 semesters) from 
August 2012 to September 2015



5448 spectra of  
273 objects 



Communitarian Results and Outreach...

•  Consolidation of National Community
•  Education and Training (7 PhD; 3 Lauree 

Magistrali; 1 Laurea Triennale)
•  Several Exoplanetary Courses in Palermo, 

Roma (the 3 Universities) and Padova



Uno, nessuno centomila… 

Sistemi Solari 




Web: http://altrimondi.inaf.it/   Facebook: https://www.facebook.com/GAPSaltrimondi?fref=ts  

Twitter: https://twitter.com/exoplanetsit  Slide Share: http://www.slideshare.net/Altrimondi




Scientific Results... 
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Killing	
  Planet	
  (KP)	
  program	
  
Early	
  results:	
  HIP	
  11952	
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A Planetary System For XO-2S 



A Planetary System For XO-2S 

XO-2 Nb
M=0.597 MJ
P=2.616 d
a=0.037 AU

XO-2 S b XO-2S c
Msini=0.259 MJ Msini=1.370 MJ

P=18.157 d P=120.80
a=0.134 AU a=0.476
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XO2 System Differential Analysis

Biazzo et al. 2015



XO2 System Differential Analysis
Linear Fit

Average of Volatiles Refractory Trends

Biazzo et al. 2015
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One more Planet in KELT 6 System ….

Damasso et al 2015 A&A

Kelt 6 b Kelt 6 c

M=0.442 Msini=3.71

P=7.845 d P=1276d

a=0.080 AU a=2.39 AU

KELT-6 b moves in a pro- grade orbit and 
is slightly misaligned with respect to the 
stellar spin axis, with a projected spin-

orbit angle λ=−36◦ ± 11◦. 



Furthermore ….

Affer et al. in preparation Maldonado et al. 2015, A&A, 57
7, 132 Two Candidates in Metal Poor sample

Neptune -like

Jupiter-like

Candidates in crowded 
enivironment

Already Known Hot 
Jupiter

New GAPS 
Candidate 

orbiting the same 
star
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Just Published... 
-- A HARPS-N investigation of the τ Boo system to jointly study asteroseismology,  
the planetary orbit, and star-planet magnetic interactions.   
 
-- Empirical relationships to derive accurate stellar parameters for early M dwarfs 
 
-- RML  measurements and spectroscopic characterization of the transiting  
planetary systems HAT-P-36 and WASP-11/HAT-P-10 
 
-- Differen>al	
  abundances	
  of	
  the	
  XO-­‐2	
  binary	
  system 

... And Many More To Come: 
-­‐-­‐	
  Sta>s>cs	
  of	
  eccentrici>es	
  in	
  transi>ng	
  systems	
  
-­‐-­‐	
  Correla>on	
  between	
  Ac>vity	
  of	
  the	
  host	
  stars	
  and	
  planetary	
  characteris>cs	
  
-­‐-­‐	
  RML	
  measurements	
  for	
  10	
  more	
  systems	
  
-­‐-­‐	
  Survey	
  sensi>vity	
  limits	
  and	
  ensemble	
  chemical	
  abundance	
  determina>ons	
  
	
  
And	
  naturally,	
  new	
  planet	
  discoveries!	
  



Towards GAPS 2 ... 

Short Term
<2yr up to 2017

Intensive monitoring (det. 
small planets)

Lot of visits (>100)
reduction of n. target

Medium Term
2-4 yr up to 2017-

2019

Preparation an Follow up 
CHEOPS and TESS

Long Term
>4yr later than

2019

Preparation PLATO and ARIEL 
(?) follow up GAIA

ARIEL: 
M4 ESA 
MISSIO

N


