
1

Astrometry 
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ALMA can detect nearby stars!588 J.-F. Lestrade

Spectral Number of stars Number of stars Number of stars Fraction
Type in the whole CNS3 in the CNS3 detectable of the

(mostly d ≤ 25 pc) at d ≤ 10 pc by ALMA CNS3
O 0 0 0 0 %
B 3 1 2 66 %
A 69 5 54 78 %
F 266 11 158 59 %
G 495 30 125 35 %
K 824 57 71 9 %
M 1804 291 36 2 %
Total 3461 395 446 13 %

Table 1 : Distribution of spectral type in the catalogue CNS3. Distribution of
stars detectable by ALMA above 0.1 milliJansky at 345 GHz. For some stars, the
catalogue provides only approximate spectral types that have been interpreted
in our analysis as the following : a-f=F0, f=F5, f-g=G0, g=G5, g-k=K0, k=K5,
k-m=M0, m=M2, m+=M6.

3. Thermal Emission of Stars Detectable by ALMA and Astrometric
Precision

ALMA can detect the thermal emission from the photospheres of some stars at
radio millimeter wavelengths. This provides a well-defined surface whose radio
centroid position can accurately track the reflex motion of an unseen companion.
Is a spotted photosphere a limiting factor? If star spots were present there
would be an additional position modulation with the known rotation period of
the star. If a G dwarf were covered by spots over 0.2% of its surface and the
differential temperature photosphere−spot be δT = 1000K, typical of the sun,
the astrometric modulation amplitude ξ would be ∼ 0.1 µarcsec at 10 pc, i.e.,
negligible. For an M dwarf covered over 70% and ∆ T=1000 K, the amplitude
ξ would be ∼ 35 µarcsec at 10 pc.

We have computed the thermal flux densities at 345 GHz for the photo-
spheres of all the stars of the CNS3. The frequency 345 GHz is the optimum
sensitivity of ALMA for this project. This calculation is based on the Planck
radiation law; the brightness is B(ν, T ) = 2hν3

c2
1

ehν/kT−1
; the unit of B(ν, T ) is

W m−2 Hz−1 Rd−2 with the proper constants. The spectral types from the cat-
alogue were used to derive the effective temperatures T and the linear diameters
of the stars. The distance was taken also from the catalogue to compute the
photospheric surface Ω in Rd2 and the flux density Fν = B(ν, T ) × Ω.

The sensitivity of ALMA yields a signal-to-noise SNR of 30 for the obser-
vation of a solar type star (Teff=6500 K and diameter = 2R") at 10 pc in
one-hour of integration at 345 GHz (λ = 0.87 mm).

The theoretical astrometric precision of ALMA is :

σα,δ =
1

2π

1

SNR

λ

B
= 0.1 milliarcsecond

Lestrade (2003)
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Astrometry Observations ?

Science Target for ALMA extended (BL≈ 300km) Array ?

 Astrometric Accuracy ≈ (λ/Dmax)/SNR ≈ 0.1 θbeam

 ALMA Specification: ≈ 0.01” = 10 mas 
 “ALMA Extended Array” (proposed by Kameno+)

 add ~6 antennas, up to ~300km Baseline 
 θbeam ~ 0.6 mas

 (Mass, Period) of the planet
 R (or ρ) may also be derived if the emission of the 
planet is detected ....
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Did you know ...

The SKA will be so sensitive 
that it will be able to detect 
an airport radar on a planet 
50 light years away.
(SKA Web Page) 5
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The SKA Science Case
 (in Design Reference Mission)
1. Probing Dark Ages and Epoch of Reionization

2. Galaxy Evolution, Cosmology and Dark Energy

3. The Origin and Evolution of Cosmic Magnetism

4. Strong Field Tests of Gravity using Pulsars and 
Black Holes

5. The Cradle of Life

6



The SKA Science Case
 (in Design Reference Mission)
1. Probing Dark Ages and Epoch of Reionization

2. Galaxy Evolution, Cosmology and Dark Energy

3. The Origin and Evolution of Cosmic Magnetism

4. Strong Field Tests of Gravity using Pulsars and 
Black Holes

5. The Cradle of Life

6



Pre-biotic Molecules in PP Disks 
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3. Pre-biotic Molecules in and around Protoplanetary Disks 
Principal Authors: M. Hoare, P. Caselli  

This Design Reference Mission component is motivated primarily by the Key Science Project “Cradle of 
Life/Astrobiology” (Lazio et al., 2004) and has the specific goal of searching for signatures of complex 
organic molecules in protoplanetary disks.  

3.1. Motivation 
Recent observations have identified increasing numbers of complex organic species in interstellar clouds 
including glycolaldehyde (CH2OHCHO), formic acid (HCOOH) and acetic acid (CH3COOH). These 
species have mainly been detected towards the high mass star forming region Sgr B2(N) (Hollis et al., 
2004b,a, 2006b,a; Lovas et al., 2006; Snyder et al., 2006; Belloche et al., 2008, 2009) where they are 
likely produced in high temperature and high density regions associated with the hot cores heated by 
young massive stars. One of the reasons for interest in these species is that they may be precursors to 
biologically important molecules thatcould seed protoplanetary disks around the young stars, and indeed 
the planets whichform within these disks. The chemical composition of the dense core in which a star 
forms might therefore have a direct impact on the evolution of biological systems on planets. In addition 
to possible “external” seeding of disks and planets, the wide range of conditions in protoplanetary disks 
themselves are likely to be conducive to the formation of complex species. Although these complex 
organics species are yet to be detected in a protoplanetary disk, the range of conditions within a disk 
mimics those through which material in hot cores, where these species have been detected, have evolved. 
In the shielded, cold, dense disk mid-plane, ice mantles form on dust grains. These mantles being 
irradiated by UV and X-ray photons at the disk surface and then evaporated, releasing the complex 
species formed in them back in to the gas, where they can be directly detected. 

3.2. Observational Summary 
There are a number of star-forming regions in the solar neighbourhood, including the low-mass star 
forming regions in Ophiuchus, Taurus, and Chamaeleon and the well-known high-mass star forming 
region in Orion. We anticipate that nearly complete censuses of star-forming regions in the solar 
neighbourhood will be conducted by a combination of at least Spitzer, Herschel, the EVLA, eMERLIN, 
and initial observations with ALMA. Thus, the objective of the SKA will be to conduct deep observations 
on these systems.  

Tables 3.1 and 3.2 list some of the recently detected species which have transitions at frequencies of less 
than 10 GHz and between 10 and 15 GHz, respectively. The column densities of these species towards 
Sgr B2 vary from 0.5 × 1016 cmí2 to 1017 cmí2, with fractional abundances from about 10í10 to 10í9. 

Table 3.1.  Examples of Detected Transitions of Complex Organic Species at Frequencies Below 10 GHz 

Species Transition Frequency 
(MHz) 

Reference 

Formamide HCONH2 312-313(= 4 – 4) 9237.03 Hollis et al. (2006b) 
Acetamide CH3CONH2 220-211 A 9254.42 Hollis et al. (2006b) 
Acetaldehyde CH3CHO 110-111E...  1849.63 Hollis et al. (2006a) 
  111-202A… 8243.46  
Cyanoformaldehyde CNCHO 515-606 2078.068 Remijan et al. (2008) 
  707-616 8574.116  
Cyclopropenone c-H2C3O 725-726 8373.74 Hollis et al. (2004a) 
  312-313 9263.46  
Ketenimine CH2CNH 91,8-100,10 (= 9-10) 4929.92 Lovas et al. (2006) 
  91,8 -100,10 (= 10-11) 4930.49  
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Molecular Transitions recently detected toward Sgr B*
N = (0.5-10)× 1017 cm-2

Relative Abundance ~ 10-10 - 10-9

Not easy even for SKA; require ~12-hr integ. at 0.5” ??


