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LSST mission and goals

e LSST is a dedicated 10-year all-sky survey using an 8.4m-
class ground based telescope with three novel features:

- extremely wide field of view (10 sq. deg)
- fast cadence (new image every 30s)

- active optics for tight control of image quality (angular resolution limited
by atmosphere)

e The main science mission of LSST is the physics of dark
energy using a suite of techniques, primarily gravitational
weak lensing.

e The publicly-available LSST database will also enable a
variety of astrophysical investigations:
- Milky Way mapping
- transient object discovery
- solar system inventory
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Weak lensing tomography

Observed galaxy shapes are subtly distorted
(sheared tangentially) by the inhomogeneous
gravitational field of mass concentrations along
the line-of-sight between the galaxy and our
telescope.




Figure of merit for a survey telescope
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Comparison with Keck 10m
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LSST Dataset will have:
4 billion galaxies > low statistical uncertainty on cosmic shear
2000 exposures/field =» suppress spurious correlations due to atmosphere + optics

six filters -> accurate redshift determination to z=3



The LSST 3.2 Gpixel

camera

LENSES

TOWER:
» 3x3 sub-mosaic of CCDs
* front end electronics
 thermal management
components

e Tower is an autonomous,

fully-testable 144 Mpixel

camera.

« A BNL deliverable.
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LSST project organization

LSST Corp.
| |
Telescope/Site Camera Mangata ,
NOAO SLAC gemen
NSF/Private DOE/Int’| LosTC
' NSF/DOE

BNL is responsible for BNL/RACF participates in
sensor and front-end simulation and analysis.
electronics development. Weak lensing science.

Collaborating institutions (* = part of Camera Team)

Brookhaven National Laboratory* Pennsylvania State University

California Institute of Technology Princeton University

Columbia University Research Corporation

Google, Inc. Stanford Linear Accelerator Center*
Harvard University* University of Arizona
Harvard-Smithsonian Center for Astrophysics* University of California at Davis

Johns Hopkins University University of lllinois at Urbana-Champaign
IN2P3* University of Pennsylvania*

Lawrence Livermore National Laboratory* University of California at Santa Cruz*
National Center for Supercomputing Applications University of Tennessee*

Oak Ridge National Laboratory* University of Washington 9
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We have made a detailed model of the
dependence of Quantum Efficiency and Point
Spread Function on:

— thickness

— wavelength

— temperature

— resistivity

— bias voltage

— flatness
Experimental verification is in progress on study
devices provided by vendors

A thick, high-resistivity CCD with high
Internal electric field is critical to achieve
LSST goals for high near-IR QE and small
PSF.

 This technology beyond the present
commercial state of the art.

« LSST has contracted with several vendors
to develop a custom CCD.




CCD characterization lab 50
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Results on first LSST prototype
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Precision mechanical design of raft/tower

» Raft assembly requirements:
— All 9 CCDs coplanar to 6.5um (peak-valley)
— Minimum dead area
— 180K operating temperature

24 raft/towers will be integrated and cold-tested at BNL before installation
in camera

Integration tooling I Thermal FEA I

Belleville force =42 Ibs at

0.4 mm defl. (3 springs per
stack)

Expected differential thermal

contraction of stud, relative to spacer
& raft: = 0.05 mm

Expected force increase = 6 Ibs. (14%)

S. Plate, BNL



Current and planned level of effort

e Instrumentation (detector development):

3 scientists, 1.5 FTE + 1FTE engineering/tech support
$392K cumulative total funding since FY04

e Physics (science and detector development):

2 scientists, one postdoc, 3 FTE (1.4 from core)
recruiting one senior scientist + junior position to lead Astro-cosmo group
$100K since FY05

e Scenario:

$2.3M R&D proposal submitted to DOE-OHEP 2/27/07 in response to
“Discovery of the Nature of Dark Energy” announcement. ($200K to BNL).

Summer ’07: issue RFP for prototype sensors
CD-1 in FY08; CD-2 in FYQ9; construction start in FY10

FY10-FY12: sensor procurement; commission tower assembly facility;
ramp to 8 FTE for tower integration and test.

2015: LSST first light
Survey 2015 - 2025
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LSST Science

e Computing effort in Physics Department centered around a small
but significant cluster of 16 machines and about 20 TB of disk
managed by RACF

e Computing projects underway are:
- Operation of prototype LSST pipelines by collaborators at University
of Arizona
- Calibration simulation in collaboration with SLAC and Harvard
- Image processing and weak lensing analysis of ESSENCE data in
collaboration with Stubbs group at Harvard
- Simulation projects

e Collaboration with Harvard group has given us access to data and
expertise in image processing and analysis; research associate
resident at Harvard for a semester has provided a direct
connection so that we have moved some of the data to our local
cluster and are beginning an attempt to carry out a weak lensing
analysis of a nearby cluster in the ESSENCE survey (Abell 168) as
a test bed for LSST. This was a supernovae survey, it presents
many of the same challenges as LSST—many images have to be
co-added without biasing the PSF, the exposures are taken over
a relatively long period of time over which the quality of the
data varies considerably

Abell 168 in ESSENCE (P. Challis, CfA)
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LSST Science

e Development of hardware systems and analysis software, to augment
Instrumentation Division tests of CCD sensors being developed for the
LSST camera

e Brookhaven-Columbia collaboration

- How well will LSST determine cosmology? S. Wang et al., Constraining the
evolution of dark energy with a combination of galaxy cluster observables,
Phys. Rev. D 70, 123008 (2004), and S. Wang et al.,Weighing Neutrinos with
Galaxy Cluster Surveys PRL 95, 011302 (2005)

- In preparation:
« |s Modified Gravity Required by Observation? - An Empirical Consistency Test of Dark
Energy Models

» High Shear Regions in Weak Lensing Surveys Determine Cosmology

Foreground masses change the apparent shape of background galaxies through
gravitational lensing (shear). The fractional area of sky with high shear values can place
strong constraints on cosmological parameters, such as the evolution of dark energy.

e Journal Club and lectures in cosmology by participants and interested
local physicists; members of LSST Weak lensing Science Collaboration

e There is a search for a senior scientist with demonstrated expertise in
observational astrophysics
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P5 and DETF recommendations

P5 report to HEPAP, 2/22/07

The second group includes the near-term program in dark matter and dark
energy, as well as measurement of the third neutrino-mixing angle. This
grouping includes the three small experiments: DES, the 25 kg CDMS
experiment, and the Daya Bay reactor experiment. Also in this oroup 1s the
support for the LSST and SNAP, to bring these to the “Preliminary Design
Review Stage” in the case of the NSF and “CD2 Stage™ in the case of the DOE
over a two to three year time frame.

Dark Energy Task Force report to AAAC and HEPAP, 9/06

[V. We recommend that the dark energy program include a combination of
techniques from one or more Stage IV projects designed to achieve, in
combination, at least a factor of ten gain over Stage Il in the DETF figure
of merit, based on critical appraisals of likely statistical and systematic
uncertainties. Because JDEM, LST, and SKA all offer promising avenues
to ercatly improved understanding of dark eneregy. we recommend
continued research and development investments to optimize the programs
and to address remaining technical questions and systematic-error risks.
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A proposal for the construction of the LSST has just

been submitted to the NSF

P Largl?"s‘vnopn Survey TE/E’QLD}:}E"

CONSTRUCTION OF THE ;
LARGE SYNOPTIC SURVEY TELESCOPE -

Proposal submitted to the National Science Foundation "
by the Large Synoptic Survey Telescope Corporauon (LSSTC)
February 2007 ,

Unigue mission: Wide/Fast/Deep

survey

Location: Northern Chile

(Andean front range, 9200ft elev.)

Completion date: Sept, 2015

Total cost: $390M (2006USD)

Largest mirror: 8.4m diam
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e The largest digital camera ever constructed.:
- 3.2 billion pixels

- 1l.o6mx3m
- 2800 kilograms

e Sensor requirements push the frontiers of current
technology:
- High QE across the whole visible band
- 4-side buttable to efficiently fill focal plane
- Tight flatness tolerances to maintain focus
- Highly parallel to enable fast readout.

21



Sensors: Key Requirements

High QE to 1000nm
e Thick silicon (> 75 um)
- PSF << 0.7 arcseconds
» High internal field in the sensor
» High resistivity silicon substrate (> 5 kohm-cm)
» High applied voltages (40 - 50 Volts)
« Small pixel size (0.2 arcseconds = 10 um)
- Fast f/1.2 focal ratio
e Sensor flatness < 5um p-v
» Package with piston, tip, tilt adj. to ~1um
- Wide Field of View
e ~ 3200 square cm focal plane
e > 200-sensor mosaic (~16 square cm each)
» Industrialized production processes
- High throughput
e > 90% fill factor. 4-side buttable package, sub-mm gaps
- Fast readout (1 - 259)
 Segmented sensors (~3200 or 6400 total output ports )
e 150 connections per sensor
- Low read noise
e < only a few electrons

22



IR sensitivity
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—Present-generation CCDs are 15 — 40um thick
—Thicker silicon needed for high sensitivity in the IR 23



QE at A=1000nm
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Sensor thickness comparison

LSST SNAP
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Diffusion problem in thick CCDs

Partially depleted silicon Fully depleted silicon

\Lstar image
O

entrance

. window
star image

undepleted Si " * _
& depletion edge =5k

Vsub > Vdepl

Image of point source Small point spread function
broadened by diffusion

High electric field in silicon is critical — needs high resistivity substrate and
high voltage applied to entrance window 26




_high-field modifications to PSF estimate

The biggest contribution to PSF at short wavelengths comes from charge diffusion.

12
P KT
for low electric field: o {2 qevop]
loci ion for high fields gives: a(Vsy |, m(MET
velocity saturation for high fields gives: 4= 2quop 1+ "
H_}
15 - 35%
also, the diffusion coefficient is field dependent
which counteracts velocity saturation somewhat:
the bottom line is that we need higher substrate voltage
to achieve the target PSF at 100um thickness:
E=2kV/cm E=5kV/icm
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LSST site on Cerro Pachon
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The LSST camera
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Camera components

filter changer
and shutter

-,

corrector
lenses
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