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Block 2 – The ESP-UCD module in detail: Principles and performance 

Block 1 – Gaia Context: Instruments → DPAC → CU8/Apsis → ESP-UCD

Block 3 – Estimates of the expected number of UCDs 
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Block 1 - Context: The instruments 



  

Block 1 - Context: DPAC



  

Block 1 - Context: Apsis



  

Block 2 - ESP-UCD: Architecture

DPAC processes 10  sources⁹

Modules do not have direct access to the 
database

Data are made available via so-called façades

ESP-UCD is divided in two blocks:
● Select decides if a source is a UCD candidate 

based on 
I. Parallax &  proper motions 
II. apparent G magnitude 
III. BP-RP colour index

• Process estimates physical parameters (T
eff

 
and log(g)) from RP spectrum



  

Block 2  ESP-UCD: BT-Settl library–

We need a consistent framework as  basis for the modelling of the relationship 
between RP spectra and physical magnitudes → BTSettl models
 

log(age) Gyrs



  

Block 2 - ESP-UCD: Process Module

● BP spectra will probably contain 
nothing but noise

● Sensitivity to gravity limited to certain 
ranges of temperature



  

Block 2  ESP-UCD: – Internal estimate of the 
prediction errors at G=20

Procedure:

I. Use a fixed-step grid of values in Teff/logg and corresponding BT Settl spectra
II. Add noise to the grid for different values of G 
III. Build models of the map  (RP → Teff/logg) with various algorithms, and algorithm parameters
IV. Decide best model/parameters by computing the prediction error for a set of 10000 noisy (G=20) 

spectra with random parameters not used in the training phase.    



  

Block 2  ESP: – Expected performance as assessed on 
independent real data sets

Background reasoning: We cannot do better with RP than we would with better resolution spectra in 
the same wavelength range

We compute estimates of Teff and logg from (possibly completed) real spectra of UCDs using χ²

We have used Stephens, Leggett, Cushing 
et al. (2009) to convert spectral types to T

eff



  

Block 2  ESP-UCD: Estimates of the prediction errors –

χ² on real spectra

kNN G=15kNN G=15

kNN G=20



  

Block 2  ESP/UCD: Estimates of the prediction errors–

GP G=15

GP G=20



  

Block 2  ESP-UCD: Summary of errors–

RMSE – χ² – full resolution spectra

RMSE – kNN/GP – RP



  

Block II  ESP-UCD: Prediction errors for logg–



  

Block III  The Gaia UCD sample–

Procedure: 
I. Asume local density as a function of spectral type (Caballero et al. 2008)
II. Asume a map between spectral types and temperatures (Stephens et al. 

2009)
III. Asume a map between effective temperatures and absolute magnitudes
IV. For each spectral type compute the distance r at which a source would 

have G=20.
V. E[counts]=Density x Volume(r) 



  

RVS?

Jordi et al. (2010)

Expected range for UCDs according to BT 
Settl models

RVS limit at G
RVS

=16

So, depending on V-I, this translates 
into G

lim
 (18.1,17.75)



  

RVS?

End-of-mission S/N per spectral element



  

What known UCDs will we see 
with Gaia?

Cross match of Dwarf Archives 
with SDSS and UCAC

● 1281 sources in Dwarf Archives
● 948 with cross matches in 

SDSS/UCAC4
● 587 below 2 arcsec
● 484 below 1 arcsec
● 227 below 0.2 arcsec



  

What known UCDs will we see 
with Gaia?

CHARACTERIZATION OF M, L, AND T 
DWARFS IN THE SDSS
S.L. HAWLEY et al. (2002)



  

What known UCDs will we see 
with Gaia?



  

What known UCDs will we see 
with Gaia?



  

What known UCDs will we see 
with Gaia?

sources 
@ 
Dwarf 
Archives Estimate from

 local densities

Corrected for the fraction of sources 
without counterparts.



  

sources  Dwarf Archives@

1- Compute expected apparent G from i-z 
and filter G > 21 

(i, z needed)

2- Compute spectral type from i-J and 
calibration from Hawley et al (2003) 

(J needed)

3- Histogram results



  

Clusters



  

Context III: Data processing 
cycles

● DR1: L+22M   – RA, Dec, G, HTPM (Hipparcos), 90% single sources 
● DR2: L+28M – DR1 + PPM & parallax (90% sky), BP & RP, APs, V

rad
 (90% bright 

stars)
● DR3: L+40M – DR2 + binaries + Class & APs + RVS 
● DR4: L+65    – DR3 + Variability + SSO + non-single
● FR: End-of-mission + 3 years
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