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DUNES

- Herschel Open time Key Programme with the aim of 
studying cold dust disks around nearby solar-typestudying cold dust disks around nearby solar-type
stars

T l   PACS h t t   t 70  100  160 -Tools:  PACS photometry  at 70, 100, 160 µm
SPIRE photometry at 250, 350, 500 µm



DUNES PeopleDUNES People

Olivier Absil, David Ardila, Jean-Charles  Augereau, David  
Barrado, Amelia Bayo, Charles Beichman, Geoffrey Bryden, 
William Danchi  Carlos del Burgo  Carlos Eiroa  Davide Fedele  William Danchi, Carlos del Burgo, Carlos Eiroa, Davide Fedele, 
Malcolm Fridlund, Misato Fukagawa, Beatriz  M.  Gonzalez, 
Eberhard  Grun, Ana M. Heras, Inga Kamp, Alexander Krivov, g p
Ralf Launhardt, Jeremy Lebeton, Rene Liseau, Torsten Lohne, 
Rosario Lorente, Jesus Maldonado, Jonathan Marshall, Raquel 

 d  B   l   Martinez, David Montes, Benjamin Montesinos, Alcione Mora, 
Alessandro Morbidelli, Sebastian  Muller, Harald Mutschke, 
Takao Nakagawa  Goran Olofsson  Goran Pilbratt  Ignasi Ribas  Takao Nakagawa, Goran Olofsson, Goran Pilbratt, Ignasi Ribas, 
Aki Roberge, Jens Rodmann, Jorge Sanz , Steve Sertel, Enrique 
Solano, Karl Stapelfeldt, Philippe Thebault, Helen Walker, Glenn p pp
White, Sebastian Wolf



Background. Ig un .

IR  d MS t   IR excesses around MS stars was one
of the main IRAS discoveries

- Debris disks:  dust disks continuously
replenished by collisions of large bodies

- Second generation disks in the sense 
that dust grains in debris disks are not that dust grains in debris disks are not 
primordial since the lifetime of dust 

grains (against destructive collisions, 
P ti R b ts  d  di ti  Poynting- Robertson drag, radiation 
pressure) is much shorter than 
the age of the starsg



Background. IIg
Great impact of Spitzer, e.g.:  

D b is disks in id n  f m A t  M t p  - Debris disks incidence from A to M type 
stars

- Age distributionAge distribution
- Presence of planets
Spitzer  limitations:
- Poor spatial resolution some fundamental disk parameters  

are poorly constrained  (resolved images are required)
- Large beam (confusion) relatively bright disks  

Ldust/L*ذ several times 10-6 ሺ ∼ 10‐7 Solar System KBሻ
- Not sensitive to λ > 70 µm limit the detection of cold disksNot sensitive to λ > 70 µm limit the detection of cold disks

Herschel overcomes those limitations: 
- small beamsmall beam
- sensitive to  λ  70 µm 



DUNES: Herschel OTKP
-Main Goal: detect and characterize faint exo-solar 

l  t  th  Ed th K i  b lt (EKB)

DUNES: Herschel OTKP
analogues to the Edgeworth-Kuiper belt (EKB)

- PACS 100 µm: best for faint PACS 100 µm: best for faint 
disks in the range ∼ 20–100 K
Optimal: 30 – 40 K

- Ldust/Lstar ∼ few times 10-7

EKB:   Ldust/Lٖ∼ 10-7

Detection limits for a  G5V star at Detection limits for a  G5V star at 
20 pc versus dust temperatures



Further Objectivesj

i. dependence of planetesimal formation on stellar mass
ii. collisional and dynamical evolution of exo-EKBs
iii. presence of exo-EKBs versus presence of planets
iv. dust properties and size distribution in exo-EKBs.

Formation and evolution of planetary systems

Data analysis and interpretation by using a variety of
modelling tools/codes including:

- radiative 
- collisional

d n mic l - dynamical 
(Augereau/Krivov’s talk, this meeting)



Sample +observing strategyp g gy
Sample: 133 FGK stars  

d  20 - d < 20 pc
- stars with known planets  (d<25 pc)
- Spitzer faint debris disks (d<25 pc)- Spitzer faint debris disks (d<25 pc)
+ 106 stars shared with DEBRIS

Volume limited sample

Strategy: to integrate as long as needed to reach 

Volume limited sample

the 100 µm photospheric flux, only constrained by 
background confusion 

- F* (100 µm)  ذ 4 mJy
- EKB analogue at 10 pc, 100 µm: ∼ 7 – 10 mJy 



DUNES SDP 

Several critical points:  e g  sensitivity   PSF   faint emissionSeveral critical points:  e.g. sensitivity,  PSF,  faint emission
in the presence of a “bright” point source,  resolution of 
extended emission

Task Target Obs. Mode Photospheric
flux [mJy]flux [mJy]

Sensitivity 51 Peg PACS100 PS 10.8 

Sensitivity HR 8501     PACS100 SM 10.9

PSF δ Pav PACS100 SM 68.7
PACS70 SM

Spitzer 70µm excess ζ2 Ret PACS100 PS             12 1Spitzer 70µm excess ζ2 Ret PACS100 PS             12.1
(PACS70+100 SM)                :: routine phase

Extended disk q1 Eri PACS100 PS+SM        7.5
PACS70 PS
SPIRE SM         



δ Pav, 51 Peg, HR 8501g
G5V, d=6.11 pc,
Age ∼ 6.5 Gyr

G5V, d=15.6 pc,
Age ∼ 4 Gyr

G5V, d=13.79 pc,
Age ∼ 5.5 Gyr

PACS100PACS100

F100 = 59.6±1.1 mJy F100 = 11.3±1.7 mJy F100 = 9.8±1.2 mJy
PACS100 PACS100

Ldust/Lstar x 10-7Ldust/Lstar 5 د x 10-7 3 د Ldust/Lstar x 10-7 3 د



q1 Eriq
- F8/9V, d=17.35 pc, 1.2 Lٖ,  Age ∼ 2 Gyr, 

0 9 M planet at 2 AU- 0.9 MJ planet at 2 AU

- F(Spitzer, 70 µm) = 863 mJy
R (870 ) 320 AU

870 µm

- RDisk (870 µm) ∼ 320 AU
- Ldust/L*  ∼ 10-4

- Poster P1.28, LiseauPoster P1.28, Liseau 
+ Augereau/Krivov’s talk



ζ2 Reticuli 

- G1V  d = 12 03 pc  0 97 L  Age ∼ 3 Gyr

Spitzer MIPS24

- G1V, d = 12.03 pc, 0.97 Lٖ, Age ∼ 3 Gyr

- F* (70 µm) = 24.7 mJy
F(Spitz r  70 µm)  45 4 mJ  F(Spitzer, 70 µm) = 45.4 mJy 

- F(predicted, 100 µm) =  12.1 mJy

PACS 100 :  Point PACS 100   Point 
Source  observing mode
(SDP data)



ζ2 Ret: PACS 



ζ2 Ret 
F(70)       F(100)    F(160)    

ζ2 R t           24 9       13 4ζ2 Ret           24.9       13.4
PS-E              8.9      13.5 
ζ2 Ret + PS-E                           19 4ζ Ret + PS E                           19.4
Total            44.5       40.4       42.6  

- Color Temperatures :- Color Temperatures :

(PS-E)  = 40 K  non-stellar

T(W)  ∼ 30 – 40 K

T l f l l-Total fractional luminosity:

Ldust/L*  ≈ 10-5
dust   



ζ2 Ret 
Interpretation: 

PS-E and W reveal dust at T ∼ 30 – 40 K surrounding
ζ2 Ret at ∼ 70 AU and ∼ 120 AU, respectively

c nsist nt ith BB r ins t 100 AU fr m th  st r- consistent with BB grains at ∼ 100 AU from the star
160 µm image suggests a flattened 
disk-like structuredisk like structure
70 and 100 µm suggest it is ring like

East-West asymmetry suggests an East West asymmetry suggests an 
eccentricity e ∼ 0.3

Asymmetry may indicate an unseen planety y y p

Detailed analysis to be carried out with the 
DUNES modelling toolbox  DUNES modelling toolbox  



ζ 2 Reticuli
comparison with similar systems

Sun

comparison with similar systems
ζ 2  RetFomalhaut

G2 V
1.0 Mٖ 1.0 Lٖ

G1 V
1.0 Mٖ 1.0 Lٖ

A3 V
2.1 Mٖ 16 L ٖ

STAR 1.0 Mٖ 1.0 Lٖ
4.5 Gyr old

Ldust/L* ~ 10
‐6

1.0 Mٖ 1.0 Lٖ
∼ 3 Gyr old

Ldust/L* ~ 10
‐5

2.1 Mٖ 16 L ٖ
~0.2 Gyr old

Ldust/L* ~ 10
‐4

dust/ * 
Tdust ~ 40 K

40‐55 AU

dust/ * 
Tdust ~ 30‐40 K

70‐120 AU

dust/ * 
Tdust ~ 75 K

135‐160 AU

DISK

Neptune
e = 0.01

???
e = 0.3 ?

Fomalhaut b
e = 0.1

PLANET



Additional Preliminary Results
(routine phase) (routine phase) 



Summary/Conclusions
(preliminary)(preliminary)

∼ 13 % of the sample observed

• 100% detections at 100 µm strategy is satisfactory
• ∼ 75%  detections at 160 µm (more than expected)

• ∼ 35%  100 µm excessesµ

• Few stars with excesses at 160 µm only:   
“unexpected”  very cold disks  T < 30 K unexpected   very cold disks, T < 30 K 

• 3 well resolved disks  

• ∼ Kuiper Belt flux levels achieved

DUNES bj ti  ill b  f lfill dDUNES objectives will be fulfilled



Herschel is a nice toy

Thank you


