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● Can’t wait for the LSST DR1?
○ Prepare for the survey
○ Test Pipelines
○ Optimize cadence/survey strategy

● Generate all-sky bright-LSST survey to 
accompany the main survey

● provide a longer/extended baseline for the 
combined Gaia+LSST photometry (~15yrs)

Gaia-LSST synergy



Gaia XP spectra 

●

● 2 photometers
● 330-680 nm
● 640-1050 nm
● 2 fields of view
● 7 CCDs/photometer

● 2 windowing strategies
● 5 gate configurations
● time-dependent
● a total of >25k effective 

instruments
● DR3: 220M (G<17.65 mag) mean spectra
● all sky coverage
● published data depend on quality…
● represented as a continuous function defined by an 

array of coeff. applied to a set of basis functions

2D spectrum, binning in AC 
& AL

De Angeli +22,  Montegriffo +22

https://ui.adsabs.harvard.edu/abs/2022arXiv220606143D/abstract
https://ui.adsabs.harvard.edu/abs/2022arXiv220606215G/abstract


● gaiaxpy: 
○ converter -> to sampled spectrum
○ calibrator -> to absolute system 
○ generator -> synthetic photometry

● only for systems covered by XP range:
○ SDSS, DES, PanSTARRS, Hipparcos,  HST, 

JWST, Skymapper … LSST …

● synth. phot. also available in the Gaia 
Archive
○ gaiadr3.synthetic_photometry_gspc

gaiaxpy

https://gaia-dpci.github.io/GaiaXPy-website/


XP caveats

● underestimated errors in internally 
calibrated spectra, particularly affecting 
bright sources (G<11.5 mag)

● correlation between coefficients/samples: 
wavy patterns in sampled spectra

● crowding effects/blending
● magnitude terms

○ <400 nm
○  around 500-600 nm
○  >950 nm

● color term (λ<400nm), result of structured 
BP TC  

● wiggles in externally calibrated spectra…
● …due to the fact that the mission is ongoing 

and the data are not final
Z. Kostrzewa-Rutkowska



XP caveats

● underestimated errors in internally 
calibrated spectra, particularly affecting 
bright sources (G<11.5 mag)

● correlation between coefficients/samples: 
wavy patterns in sampled spectra

● crowding effects/blending/extended objects
● magnitude terms ( λ~580nm)

○ <400 nm
○  around 500-600 nm
○  >950 nm

● color term (λ<400nm), result of structured 
BP TC  

● wiggles in externally calibrated spectra
● …due to the fact that the mission is ongoing 

and the data are not final
● Montegriffo +22

https://ui.adsabs.harvard.edu/abs/2022arXiv220606215G/abstract


● gaiaxpy convolves XP spectra 
with throughputs

● residuals wrt. SDSS are corrected 
through addition of a background 
term and filter TC tweaking (or 
poly transformation in the UV 
bands)

● process known as standardization

Synthetic photometry



XP spectra and LSST
● LSST ugrizy (& SDSS ugriz) bands not covered completely 

(330 < λ<1050 nm)
● obviously, no LSST photometry (yet), standardization not 

an option if we want to reduce the residuals



● SDSS S82 (Thanjavur +21) 
standards as the reference 
○ random errors ~< 0.01 mag
○ ~130k stars in total with XP spectra 

& passing quality cuts)
● gaiaxpy -> absolute spectra from 

the  internally-calibrated 
continuously-represented mean 
spectra 

● extend/replace XP spectra 
short/long of ~350 & 1020 nm 
with extincted model spectra
○ GSPphot/GSPspec as input

● we correct abs. XP spectra w. 
equidistantly placed gaussians

How?

https://ui.adsabs.harvard.edu/abs/2021MNRAS.505.5941T/abstract


Validation

● extensions
○ λ<400 nm
○ λ>1020 nm

● same stars in each panel
● ~130k stars
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● extensions
○ λ<400 nm
○ λ>1020 nm

● same stars in each panel
● ~130k stars
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Validation

Original SDSS S82

Blue MS, BHB, 
RRL, DSCT, Blue 
Sttragglers

WD



● work with basis functions instead 
of absolute spectra

● use more appropriate stellar atm. 
models 

● include the underestimation of the 
nominal errors on XP fluxes

● extend the sample to sources 
brighter than r~14.5
○ should work even if “mixing” surveys

● more validation!

ToDo list

Andrae ‘23 priv. comm.



Thanks and check out the interactive XP spectrum HRD! 

gaiaxp.irb.hr

https://www.cosmos.esa.int/web/gaia/iow_20220609
https://gaiaxp.irb.hr/


http://lssteu5.eu


● corrected XP flux

● Taylor exp.:

● Find functions C that minimize the difference between the SDSS & synth. mags
● we choose Gaussians:

○ 𝜎 = 100 nm
○ 300 < λ [nm]<1200 every 50 nm

Correction of extended spectra

background noise

spectrum corrected by an unknown function

multiplicative. correction


