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Introduction



Large Synoptic Survey Telescope

Credit:  C. Claver, NOAO/LSST



Mission concept
1. Main surveys 

 (deep-wide-fast, 90%) 
a. Whole southern sky 
b. ~1000 visits over 10years  

(1 visit = 15 * 2) 
c. 10 billion stars and  

10 billion galaxies 

2. Mini Surveys (10%) 
a. Deep image 
b. Time series 

SDSS

LSST
http://www.sdss.org/

http://www.lsst.org/

Sky Coverage

http://www.sdss.org/


System characteristics

0.2 ’’/ pixel

LSST Science Book

4K x 4K x 189 CCD array 
http://www.astropilot.info/camera.htm

http://www.astropilot.info/camera.htm


System characteristics

LSST Science Book



Timeline



Data products

Final Image Archive 345 PB 

Final Catalog Archive 46 PB 
* SDSS DR7 = 17TB 



Science topics



Main science topics

1. Solar system 
2. The Milky Way 
3. The transient and variable Universe 
4. The evolution of galaxies 
5. DM and DE



Small bodies in the solar system
NEA (Near Earth Astroids) 
PHA (Potentially Hazardous Astroids) 
 
 

MBA (Main Belt Astroids) 

Jovian (Jovian Trojans) 

TNO (Trans-Neptunian Objects)  
SDO (Scattered disk object)

LSST Science Book Version 2.0



An inventory of the solar system

1. Dynamics, mass, size and color of many small bodies 

; Origin of solar system 

2. Monitoring hazardous astroids 

3. Detecting faint objects

SDSS moving objects in their color  
revealing inhomogeneity  
and distinctiveness of populations. 

sin(i)

a (AU)

LSST Science Book Version 2.0
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1.LSST will give us  

a.Map of the stellar number density 
to 100kpc over 20,000deg2 

b.Map of stellar metallicity using the 
photometry of near turn-off MS 
stars 

2.These data will enable us to study 

a.The overall smooth distribution of 
stars in the Milky Way and nearby 
galaxies  

b.Large scale chemical gradients in 
the Milky Way 

c.The distribution of mass and the 
potential of the Milky Way

7.2 Mapping the Galaxy – A Rosetta Stone for Galaxy Formation

Figure 7.1: LSST view of the inner Galaxy. A plane-parallel slice through a simulated three-dimensional map of
stellar number density (stars kpc�3, log scale) taken at Z = �2.1 kpc (south of the Galactic plane). The simulation
includes a full SDSS-like model of realistic instrumental and methodological uncertainties, and is directly comparable
to Figs. 12-14 of Jurić et al. (2008, hereafter J08). The projected positions of the Galactic center and the Sun are at
X = Y = 0 and X = 8kpc, Y = 0, respectively. The stars were distributed according to the J08 density law, with
the addition of an inner triaxial halo/bulge/bar component, and a nearly plane-parallel Monoceros-like tidal stream
in the outer regions. Only data at Galactic latitudes |b| > 10 are shown. The missing piece in the first quadrant is
due to the � < 34.5� limit of the survey. The small dotted circle centered at the position of the Sun denotes the reach
of the J08 SDSS study, and plotted within it are the actual J08 SDSS data from the Z = +2.1 kpc slice. Neither
the outer stream nor the triaxiality of the inner halo/bulge were detected by the SDSS. LSST will easily detect and
characterize both.
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Galactic 
Center

Sun

LSST view of inner galaxy (simulation) 
(LSST Science Book Version 2.0)

SDSS limit
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Mapping the Milky Way with LSST



The Transient and Variable Universe

Incredible diversity (L, P)

Chapter 8: The Transient and Variable Universe

beamed emission of gamma rays. The optical afterglow emission arises from the interaction of the
relativistic debris and the circumstellar medium. Due to decreasing relativistic beaming in the
decelerating flow, the light curve will show a characteristic break to a steeper decline at tjet ⇠ 1–10
days after the burst (Rhoads 1999; Sari et al. 1999). An observer outside the cone of the jet misses
the burst of gamma-ray emission, but can still detect the subsequent afterglow emission (Rhoads
1997). The light curve will first rise steeply and then fade by ⇠1 mag over a timescale of roughly
�t ⇠ 1.5tjet (days to weeks). We will refer to these objects as “o↵-axis” orphan afterglows. The
“beaming fraction” (the fraction of sky lit by gamma-ray bursts) is estimated to be between 0.01
and 0.001, i.e., the true rate of GRBs is 100 to 1000 times the observed rate. Since a supernova
is not relativistic and is spherical, all observers can see the supernovae that accompany GRBs.
Finally, there may exist entire classes of explosive events which are not as relativistic as GRBs
(e.g., the so-called “X-ray Flashes” are argued to be one such category; one can imagine “UV
Flashes,” and so on). Provided the events have su�cient explosive yield, their afterglows will also
exhibit the behavior shown in Figure 8.7 (case B). We will call these “on-axis” afterglows with
unknown parentage.

Figure 8.6: Discovery space for cosmic transients. Peak absolute r-band magnitude is plotted vs. decay timescale
(typically the time to fade from peak by ⇠ 2 mag) for luminous optical transients and variables. Filled boxes
mark well-studied classes with a large number of known members (classical novae, SNe Ia, core-collapse supernovae,
luminous blue variables (LBVs)). Vertically hatched boxes show classes for which only a few candidate members
have been suggested so far (luminous red novae, tidal disruption flares, luminous supernovae). Horizontally hatched
boxes are classes which are believed to exist, but have not yet been detected (orphan afterglows of short and long
GRBs). The positions of theoretically predicted events (fall back supernovae, macronovae, 0.Ia supernovae (.Ia))
are indicated by empty boxes. The brightest transients (on-axis afterglows of GRBs) extend to MR ⇠ �37.0. The
color of each box corresponds to the mean g � r color at peak (blue, g � r < 0mag; green, 0 < g � r < 1mag; red,
g � r > 1mag). LSST will be sensitive to transients with a wide range of time scales and will open for exploration
new parts of the parameter space (question mark). Figure adapted from Rau (2008).

Pending SKA3, the most e�cient way to detect all three types of events discussed above is via
synoptic imaging of the optical sky. Statistics of o↵-axis afterglows, when compared to GRBs, will

3Square Kilometer Array, planned for the next decade, is designed to cover an instantaneous field of view of 200
deg2 at radio frequencies below 1 GHz.
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Discovery of new class

Checking theory

LSST Science Book Version 2.0



The evolution of galaxies

1. Demographics of Galaxy Population 
a. Passively evolving galaxies 

• Early-type galaxies, with little or no star formation 
• LSST will be sensitive to L∗ early-type galaxies 

out to z ∼ 2 for the wide area surveys and to z ∼ 3 
for the deep-drilling fields 

b. High-z star forming galaxies 
• Photometric sample sizes have grown to > 104 

galaxies at z ∼ 3 and > 103 galaxies at z > 5 
• LSST will provide data for roughly 109 galaxies at 

z > 2, of which ∼ 107 will be at z > 4.5



1. Demographics of Galaxy Population 
c. Dwarf galaxies (dE & dSph) 

• A dwarf galaxy with MV = −6 will   
be visible and distinguishable  
from the background out to  
∼ 4 Mpc 

Fig 9.6 of LSST Science Book Version 2.0
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The evolution of galaxies



The evolution of galaxies
2. Galaxy Mergers and Merger Rates 

a. The importance of galaxy mergers to galaxy 
assembly, star formation, bulge formation, 
and supermassive black hole growth 

b. LSST has the depth, volume, and 
wavelength coverage needed to perform a 
uniform study of L∗ mergers out to z ∼ 2, and 
a statistical study of bright galaxy mergers 
out to z ∼ 5

���19



The evolution of galaxies

2. Galaxy Mergers and Merger Rates 
c. A variety of approaches to identify mergers in the LSST 

data 
• Short-lived strong morphological disturbances (z < 0.2) 
• Longer-lived but lower surface brightness extended tidal 

tails (z<1) 
• Residual fine structures detected in smooth model 

subtracted images  
• Galaxy pairs with projected separations enough to give 

a high probability for merging within a few hundred Myr  
d. The galaxy merger rate as a function of redshift, stellar 

mass, color, and environment



(Strong) Lenses & Dark Matter
Advantage of LSST 
: Excellent image quality  
  (spatial resolution) 

SDSS J1332+0347 (Morokuma et al. 2007)	

 Suprime-Cam on Subaru	



median seeing of 1.4’’	

 median seeing of 0.7’’	



Images of gravitationally lensed quasars. 

Galaxy lens ~10
Group lens ~10
Cluster lens ~50

Lensed quassar ~10
Lensed SN ~300

1. Distribution of DM 
2. DM properties (the self-interaction 

cross-section, interplay with the 
baryon)

the Bullet cluster 1E065756	



X-ray NASA/CXC/CfA Optical: NASA/STScI; Magellan/U.Arizona; Clowe et al. (2006); Bradaˇc et al. (2006)	



Expected number of lenses



SNe & Dark Energy

1. Constraint on DE (w0,σ8,Ωm) 
2. Probe of large-scale homogeneity and isotropy 
3. Measuring baryon acoustic oscillations
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Current studies LSST

# of SNe 10 >10m (over 10yrs) 
>10

Hubble 
diagram

various telescopes, instruments, 
and passbands 

 
systematic-error dominated

one instrument 
 

statistical-error dominated



Thank you


