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Large Synoptic Survey Telescope

www./sst.org

LSST Camera

* [arge-aperture, wide-field optical imager

* near ultraviolet to near infrared (0.3-1 um)

* 3.5-degree field of view; ~9.6 deg?

* 10 um pixels and 0.2” /pixel sampling

* optimized pixel sensitivity vs pixel resolution

* mosaic of 189 16-megapixel silicon detectors

» 21 "rafts" to provide a total of about 3.2 gigapixels
* Median delivered image quality ~0.7” FWHM

support electronics
and utilities

LSST day, 14 July 2016, Roma
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Large Synopz‘/c Survey Te/escope

www./sst.org

LSST Deep Sky

Area: 18,000 deg?
Single epoch: 50 pt. source detection limits u~23.9, g~25.0, r~24.7, i~24.0, z~23.3, y~22.1 AB
After 10 years: 50 pt. source detection limits u~26.3, g~27.5, r~27.7, i~27.0, 2~26.2, y~24.9 AB

e a total of >10° galaxies detected up to z~ 6 — and ~10%° stars

e >10° galaxies detected at z > 2

e >107 galaxies detected at z > 4.5

e structural measurements and ugrizy photometry for 4x10° galaxies at z< 1.5
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Large Synopz‘/c Survey Te/escope

www./sst.org

LSST Deep Sky

Area: 18,000 deg?
Single epoch: 50 pt. source detection limits u~23.9, g~25.0, r~24.7, i~24.0, z~23.3, y~22.1 AB
After 10 years: 50 pt. source detection limits u~26.3, g~27.5, r~27.7, i~27.0, 2~26.2, y~24.9 AB

e a total of >10° galaxies detected up to z~ 6 — and ~10%° stars

e >10° galaxies detected at z > 2

e >107 galaxies detected at z > 4.5

e structural measurements and ugrizy photometry for 4x10° galaxies at z< 1.5

A=500nm

1.6 Delivered Image Quality

* median seeing is 0.65“ -> 4 kpc at z= 0.5 ~ typical L. size. for L,=30m

Mean=0.67" FWHM
Median=0.59"

25" Percentile=0.44"

1.4

* parametric models will be able to discriminate between E 12 2o percenttem0 o,
bulge- or disk-dominated galaxies up to z~0.6, g 10 ,
E 0.8 ,‘\Raw DIMM
* the 25" percentile has FWHM=0.44"-> ~3.7 kpc at g
z~1.5!1 yet around the typical L. sizes. E
=z 04
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SB performed over a scale of
sub-arcsec to few arcsecs
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PSF convolved Sersic fit

2DPHOT main parameters (Roy et al., 2016, in preparation)
R., <u>., magnitudes, Sersic index n, b/a, PA, a

with typical expected accuracy of ~¥20% in R, and the Sersic
n-index.
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Primary mirror: 2.6m
e Secondary mirror: 0.9m

* Field corrector with 3 lenses (2 in the telescope
+ 1 in the camera)

* Field:1° x1°

* Shack-Hartmann wavefront sensor

e Active M1 shape control

* Active M2 positioning in 5 dof (hexapod)

* Autoguiding with probe in polar coordinates

* ADC with counter-rotating doublet of prisms,

exchangeable with 2 Lens corrector _ _ 3
median seeing 0.7” 3

* 0.27 Gpixel 1°x1° f.o0.v.

* 0.21 arcsec/pixel

e 32 scientific CCDs + 4 outer CCDs
* Image analysis curvature sensor
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VST SKY

~6500 deg? by 2021

ATLAS: 4500 deg?2 in ugriz (depth 23.5 in r-band — 5sigma 2” ap)

KiDS: 1500 deg2 in ugri (depth 25.5 in r-band — 5sigma 2” ap)

KABS: 1000 deg2 in gri(uY) (depth 24.5 in r-band — 5sigma 2” ap)
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Analysis tools

Galfit vs 2DPHOT

Galfit 2DPHOT

PSF modeling; isophotal analysis (a4,
PRO Fast; Popular b4); pixel integration convolution ->
optimized for subarcsec objects

CONS Initial Condition Set-up | slower (*min/gal)




Sample of higher-z galaxies

KIDS_129.0_~0.5.r04_01 OBJ_000605.fits RESIDUALS.
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Cavuoti, Brescia, Tortora, Longo, et al. Cavuoti et al., METAPHOR: a new method ...MNRAS submitted;
Cavuoti et al., A cooperative approach among methods for photometric redshifts estimation (KIDS) MNRAS, submittec

Machine learning tools
for photo-z and
galaxy classification
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Strong lensing — web interface for visual inspection
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Analysis




Numbers

structural measurements and ugrizy photometry for 4x10°
galaxiesatz< 1.5

~2x10%0 galaxies to be analyzed!!

Expected process time for the 4B gals in 6 bands TODAY

~300 gal/FPU/hour = ~3x10°/FPU/yr =»

for ~2x10'° galaxies: ~7000 yr/FPU =»3.5yr with 2000 cores



Numbers

structural measurements and ugrizy photometry for 4x10°
galaxiesatz< 1.5

~2x10%0 galaxies to be analyzed!!

Expected process time for the 4B gals in 6 bands TODAY

~1000 gal/FPU/hour = ~1x105/FPU/yr =

for ~2x10%° galaxies: ~2000 yr/FPU =» 1yr with 2000 cores



We need large datasets of known strong
lenses in order to learn the classification N |
lens-no vs. lens (-10°-10%), but such a 7N

| biC)' output layer

“training set” is not still available!

Mock data is needed to train the network

input layer
hidden layer

1 -
Google's artificial neural network

KiDS real galaxy Simulated arc

Petrillo et al. in preparation



THE FRAMEWORK PROGRAMME FOR RESEARCH AND INNOVATION

SUNDIAL SUNDIAL

H2020 Innovative Training Network

GALAXY EVOLUTION and BIG DATA (2017-2021)

Gent (A)
Oulu (A)

Birmingham (C3) »

ESIEE (CS)

aples (Obs. + UNIV (A+ AICS))

IAC (A)



SUNDIAL SUNDIAL

H2020 Innova tive Training Network

GALAXY EVOLUTION and BIG DATA (2017-2021)

- IBM (Zurich) Cloud and Computing Infrastructure, and Cognitive Computing
and Computational Sciences.

- TARGET Holding (Groningen) Big Data systems for Business Applications
- ADCIS (Caen) Imaging applications
- VICOMTECH (San Sebastian) computer vision, computer graphics and interaction

- CLEVER-FRANKE (Utrecht) Data visualization, design and development



SUNDIAL SUNDIAL

H2020 Innova tive Training Network

GALAXY EVOLUTION and BIG DATA (2017-2021)

Interdisciplinary collaboration of astronomers and computer scientists to
determine novel algorithms to study galaxy evolution. In particular:

(1) Automatic detection of faint low surface brightness galaxy features
(2) Automated object recognition in Big Data sets

(3) Simulations of galaxy interaction, their characterisation and visualisation



SUNDIAL SUNDIAL

H2020 Innova tive Training Network

GALAXY EVOLUTION and BIG DATA (2017-2021)

- 14 PhD Students (2 in Naples) will work on the topics just mentioned
- Start date: 1 June 2017

- Number of students: Groningen (4), Birmingham (2), Gent (2), Naples (2),
Heidelberg (1), IAC (1), Oulu (1), ESIEE (1)

- Every student will have a secondment of 6 months at a partner university
or 3 months at a partner university and 3 months at a partner company.

- Yearly network meetings

- Training activities, at annual meetings, or in between



Conclusions

1)
2)

3)

4)

5)

LSST is an optical machine to use for galaxy evolution (up to z~1.5)

LSST can be used for Strong and Weak lensing studies

There are many other science topics related (Galaxy Cluster search,
AGN variability)

LSST needs strong investment in terms of technological developments
for automated tools for galaxy classification, pattern/feature
recognition etc.

LSST has strong capabilities for multi-instrument sinergies (astronomy),
multi-disciplinarity (academy), industrial spin-off (industrial

involvement)

PREMIALE LSST



