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Two distinct problems

|. Classification

e estimation of best discrete class (generally, class probabilities)

e e.g. star/galaxy/QSO discrimination using Gaia BP/RP and
astrometry

2. Parametrization

e estimation of best continuous parameters (generally, probability
distribution over the parameters)

e e.g. stellar astrophysical parameter (AP) estimation using Gaia BP/
RP, RVS, parallax T

remember this!
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Methods of AP estimation (from spectra)

|. Physically-motivated metrics (equiv. widths, line indices etc.)
* isolate specific features sensitive to phenomena of interest

e generally restricted to narrow part of AP space

2. Global pattern recognition
e attempt to make use of all information in spectrum

* infer (learn) what is relevant for which APs

In all cases we must fit/calibrate/train the models
on physical models to give physical parameters!
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Methods of pattern recognition

|. direct, global inverse mapping: APs = g(spectrum)

2. template matching (k nearest neigbours)

3. forward modelling: spectrum = f(APs)

templates

/ \

inverse
model

forward model
spectral simulation
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Methods of pattern recognition

|. direct inverse mapping, APs = g(spectrum)

e flexible; off-the-shelf methods (e.g. ANN, SYM); fast

e complex; non-unique; must learn sensitivity of APs to data; no
natural uncertainty estimates or goodness-of-fit (GoF)

2. template matching (k nearest neigbours)

e direct;“ideal” method

* need a large grid: curse of dimensionality; slow; insensitive to
weak APs — need adaptive kernel size, appropriate distance
metric

3. forward modelling, spectrum = f(APs)

 model is unique; error/GoF estimates

e difficult to simultaneously fit strong and weak APs; need scheme
to invert to get APs
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Gaia data
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Gaia BP/RP spectra (GOG simulations)

N Av=0, [Fe/H]=0,
; | Je=s [/Fe]=0, logg=4
iz A Teff/ K =

o oa 4000, 5000,

> 6000, 7000,

S - 8500, 10000,

o 15000

400 500 600 700 800 900 1000

wavelength / nm

* Basel and Marcs stellar libraries
* 34 pixels in each of BP and RP retained
* Nominal sampling, LSF included, noise added, but no CTI etc.
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AP estimation algorithm based on forward modelling:

ILIUM

lliac crest
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Further reading:
CBJ-042,-043,-046, 048
on Livelink
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Some definitions

pi countsin i band | bands
(spectral pixel)

b jhAP ] APs
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Forward modelling

* Forward model for band i, pi = fi(¢) (multiple APs)
* sensitivities are its derivatives w.r.t @;, sij = dpi/ 0P
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AP update algorithm

|. find nearest neighbour:
forward model gives first AP estimate

p——— 2. calculate residual, Op
3. calculate sensitivity

generative function 4 make AP u pdate

5. predict flux
® =templates 6 jterate steps 2-5

(

AP, 0
p(n+1) = ¢

&%
S
S

|

(n) — dp(n)
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Generalization to multiple bands and APs

| bands, | APs (I > ))
S is the | x ] sensitivity matrix

with elements sij = 0pi/ 0},

op = S00
5 = (S'S)" 'S ip

This can be written (for AP j) as:
¢j(n+1) = ¢;(n)—m;op(n)

i.e. the update is a sensitivity-weighted sum over the bands
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Form and fit of the forward models

fi(d) for each band (separately)

given a template grid of spectra with known APs

fit Pi

Task:
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flux

Form and fit of the forward models
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Applying the forward model

Given the APs (stong, gpweak)

|. Evaluate fstrong(gpstrone)
2. Select weak component: find it nearest neighbour in grid to ¢strons
3. Evaluate fived(pweak)

4. f(¢strong’ ¢weak) — fstrong(cbstrong) + fkweal<(¢weal<)

20

15

In current implementation,
smoothing splines are used.
Derivatives by first differences.
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Applications
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Application |: Ter/logg estimation
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Evolution of APs during fitting
for 5 stars (logg left, Tes right)
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Application 2: Ten/[Fe/H] estimation

feh / dex
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Performance on Tes/[Fe/H] problem
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True [Fe/H]

ILIUM uncertainty estimation
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Application 3: Tes-Av/logg estimation
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Performance on Te-Av/logg problem

ig oo | : Mean absolute errors:
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Correlated residuals
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Teff - Av degeneracy

® Degeneracy: single spectrum corresponds to multiple AP
solutions (spectra the same to within the noise)

e Can systematically map the degeneracy

® next page: each panel shows inverse distance squared between
some noise-free spectrum (black point) and every other (noisy)
spectrum in Tef/Av grid, on a colour scale (white close, red far)

D?* = p'C.lop

=1 Di — N 2
Z< Op; >

1=1
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Full probabilistic extension

e Given forward model, define a likelihood function
¢ eg. P(D? x e P/?

e sample this (e.g. MCMC) to get a probability density function
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Conclusions

forward modelling brings significant advantages
® avoid inverse problem

® sensitivity weighting, uncertainty and GoF estimation, model
strong and weak APs separately

ILIUM: sensitivity-based, local, iterative method

good Tes, Ay performance to G=18.5; [Fe/H] and logg good
to at least G=15

but strong and ubiquitous Tes-Av degeneracy in BP/RP
® no unique solution
® can map in advance: ILIUM etc. to locate the degeneracy ridge

e use additional information where possible to reduce it
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