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O u tlin e

• E x opla nets  a nd ra dia l v e loc ity  m ethod.
• Wha t is  H AR PS ?
• R ecent contributions
• S um m a ry  



3 7 9 1
c o n f ir m e d  p la n e ts

W h y  w e  s t i l l  n e e d  
r a d ia l  v e lo c ity ?

F rom : N A S A  E x op la n et 
A rch iv e



Period:  0.853 d

R S :  
0.698R ⊙

R P~  1.2R J

Teff~  3658±162K
S tella r Pa ra m eters :

V~  16.6 M 
dwa rf

Pla net Pa ra m eters  
( raw) :
D uration tim e:  1.156±0.089 hrs

A hot J upiter? 
A brown dwa rf?
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Tra ns it Proba bility

L ong  period 
ev ents

F rom : N A S A  E x op la n et 
A rch iv e

a :  s epa ra tion  d is ta n ce
e:  eccentric ity



Radial velocity of Sun:

12 m/s Jupiter

9 cm/s Earth

What is radial velocity?



if C ircu la r O rbit,  if Mp< < Ms :

K : ra dia l v elocity  s em i-
a m plitude
e: eccentric ity
i: orbit inclination
a *: s eperation dis ta nce
ω:argument of pericentre



H ig h Accura cy  R a dia l v elocity  Pla net S ea rcher

H A R PS  is  a  h ig h - prec is ion  
ech elle  p la n et fin d in g  
s pectrog ra ph in s ta lled  in  
2 0 0 2  on  th e  E S O 's  3 . 6 m  
te les cope a t L a  S illa  
O bs erv a tory  in  C h ile .

I t h a s  d is cov ered  ov er 
1 3 0 ex opla n ets  to da te ,  
w ith  th e  firs t on e in  
2 0 0 4 .

H AR PS



Ba s ic  p a r a m e te r s
Geog ra phica l 
L ocation

70� 43' 54.1" W , - 29� 15' 39.5" S

S pectra l R a ng e 378nm - 691nm
Zenith  D is ta nce < 70°
R es olution 115,000
Guiding  Accura cy <  0.1 a rcs ec ( rm s )
L im it in  hour a ng le 
H A

- 5 h  30 m  <  H A <  5 h  30 m

L im iting  m a g nitude V< 16
L im it in  declination δ<+29.5�
Accura cy < =1m /s

H AR PS : Brief introdu ction



Why ca n H APR S deliv er s uch incredible h ig h 
precis ion?

①E x tra -ordina ry  ins trum enta l 
s ta bility

1.T he ins trum ent is  operated in  v a cuum  in  order to av oid 
drifts  of the s pectrum  on the C C D  due to cha ng es  in  
atm os pheric  pres s ure.

2.T he tem perature of the s pectrog ra ph is  kept s ta ble. 



Am bient pres s ure v a riations  would  
hav e produced hug e drifts   
( ty pica lly  100 m /s  per m ba r) . 

T he operating  pres s ure is  a lway s  
kept below 0.01 m ba r a nd the drifts  
will nev er exceed the equiv a lent of 1 
m /s  per day.  

a tm os pheric  pres s ure



T he s ta bility  during  one day  is  of the order of 0.001 K ,  while 
the y ea rly  s ta bility  is  better tha n 0.01 K .

Tem pera ture



T hAr R eference 
Method

1 . prec is e  wa v elen g th  ca libra tion
2 .tra ck in s trum enta l drifts  

T he iodine 
a bs orption cell s e lf ca libra tion

②New calibration method



Nois e

T his  nois e is  introduced by  the C C D  whos e tem perature 
v a ries  by  �0.02 K  a nd produces  m icros copic  dila tation of 
the chip.



Periodic signal produced by the star�s 
pulsation.R V res u lts  of : α Centa uri B

Rupprecht, Mayor et a l.



Rupprecht, Mayor et a l.



T he firs t extra - s ola r pla net 
dis cov ered by  H AR PS  in  2004.

H D  330075b:  A hot J upiter

Pepe F. et a l., 2004, A &A , 423, 385



T hree s uper Ea rths orbit 
a round low m eta llic ity
( - 0.31±0.03)  K  dwa rf s ta r:  
H D  40307.

Mayor, M., Udry, S ., Lov is, C., et a l. 
2009a , A &A , 493, 639



Tuom i, M., A n gla da -E scudé, G., Gerla ch , E ., 
et a l. 2013, A &A , 549, A 48



A large planets' family is being built by HARPS

K2-263 b

Mortier et a l. 2018
HD 202772A  b

Wa n g et a l. 2018

GJ1132b, c , d

Bonfils et a l. 2018

More and more 
in the future!

GJ1265b

Luque et a l. 2018



Kinematics and chemical properties with HARPS?
850 FGK  s ola r neig hborhood long - liv ed dwa rfs  with  :
log  g  ≥ 4 dex,  5000 ≤ Teff ≤ 6500 K ,  a nd - 1.39 ≤ [Fe/H ] ≤ 0.55

bla ck:  
th ick d is k s ta rs
b lue:
h αm r s ta rs

red:
th in  d is k s ta rs
m a g enta :
h a lo s ta rs

A dibekya n  V. Z., et a l., 
2013, A &A , 554, A 44

α�average abundance of Mg, Si and Ti.

g reen :
th ick+h αm r s ta rs

[α/Fe]

[Fe/H]



A dibekya n  V. Z., et a l., 
2013, A &A , 554, A 44

Hαm r sta rs a re  m ore  m eta l-
rich  th a n  th e  th ick disk sta rs 
a n d th ey a re  a s m eta l-rich  
a s th e  bulge  sta rs.

Hαm r ste lla r fa m ily m ay 
h av e  origin a ted from  th e  
in n er Ga la ctic  bulge  a n d 
m igra ted up to sola r 
n e igh borh ood.



Possible  scientific researches

• T E S S  follow up
(Tra ns it E x opla net
S urv ey  S a te llite)

Hua n g, C. X., S h porer, A ., Dra gom ir, D., et a l. 
2018a , A rXiv  e -prints, a rXiv : 1807.11129

~ 104 exopla nets  
orbiting  a round brig ht 
s ta rs ( V< 13)
~ 3500 pla nets  with  
Neptune s ize a nd s m a ller



The Network of Robotic Echelle Spectrographs

p a r a m e te r
R es olution 53,000
S pectra l 
ra ng e

380- 860 nm

Accura cy 3m /s ( for 
V< 11)



S u mmary

• Com bin ing  tra ns it with  ra dia l m ethod, we ca n  
cons tra in  the p la net's  properties better.  

• H AR PS  ha s  a  ra dia l v e loc ity a ccura cy  a bout 1 m /s
due to its  ex tra -ordina ry  ins trum enta l s ta bility.

• H AR PS  ha s  b ig  contributions  in  p la nets  hunting ,  
kinem a tics a nd chem ica l properties .

• H AR PS  ca n  p lay  a n  im porta nt role  in  T E S S  follow-
up.    


