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The Project Office in Tucson keeps busy managing techni-
cal aspects of the project and keeping LSST on track for a 
construction start. An AURA/LSST Design and Development 
proposal for the final design phase was officially submitted 
to the National Science Foundation (NSF) in January. This pro-
posed funding would support the project for 36 months or 
until construction funding begins, whichever comes first. We 
were pleased to see LSST included by name in the President’s 
FY13 budget request released in mid-February. LSST was 
given a proposed funding level of $7.5M in the NSF budget 
and the LSST camera is listed as a Major Item of Equipment 
in the DOE budget, meaning that a fabrication start is being 
requested. Of course, many things can happen between now 
and the time that the money is actually appropriated, but at 
least the starting position for LSST is extremely positive.

On January 9 and 10, NSF Director Dr. Subra Suresh, visited 
La Serena and the summits of Cerro Tololo and Cerro Pachón. 
The NSF group traveling with Dr. Suresh included Dr. Ed Seidel 
(Assistant Director of Mathematical and Physical Sciences 
Directorate) and Dr. Anne-Marie Schmoltner (Program 
Manager, Office of International Science and Engineering). 
LSST Deputy Project Manager Victor Krabbendam joined 
AURA President Dr. William Smith and NOAO Deputy Director 
Dr. Robert Blum in hosting the group as they toured the LSST 
site and existing telescopes on Pachón. In the image (left), 
V. Krabbendam describes the LSST facility as it will look 
when completed while the group stands on the site at Cerro 
Pachón. Left to right, S. Suresh, V. Krabbendam, R. Blum, and 
W. Smith. The Gemini (right) and SOAR (left) telescopes are in 
the background.

In 2011, LSST completed several milestones, each of which 
makes the LSST project more robust and moves us closer to a 
construction start. Highlights are listed below:

• LSST successfully completed the NSF Preliminary Design 
Review (PDR) in September, 2011. The review panel was 
“very impressed by the strength of the project team” and 
concluded that the LSST project met the requirements for 
PDR with a well advanced design and no design-related 
issues.

• LSST successfully completed the DOE Critical Decision 1 
(CD-1) Review in October, 2011, the crucial step toward 
“CD-1 Approval”, the formal decision by DOE to approve 
the development of the camera for LSST as the appropri-
ate alternative to meet the “mission need” for a Stage IV 
Dark Energy Experiment.

• Community participation in LSST continues to grow, 
with the number of Institutional Members up to 36 and 
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NOAO LSST Program Manager Victor Krabbendam describes the LSST 
facility as it will look when completed while the group stands on the site at 
Cerro Pachón. Left to right, NSF Director Dr. Subra Suresh, NOAO Deputy 
Director Dr. Robert Blum, and AURA President Dr. William Smith. The 
Gemini (right) and SOAR (left) telescopes are in the background. Image 
credit: Nicole van der Bliek & NOAO/AURA/NSF.

Continued on p. 2

In This Issue
Project Office Update Cover

Mario Juric Page 2

Selection of Deep Drilling Fields Page 3

Weak Lensing: Probing the Universe on All Scales Page 4

LSST Shows its Stuff in Austin Page 7

This issue of E-News includes a report on LSST at the January 

2012 meeting of the American Astronomical Society, an article 

on Weak Lensing from the Science Book, a staff profile of Data 

Management Project Scientist Mario Juric, and an announce-

ment of the first Deep Drilling fields selected by the LSST Science 

Council.



March 2012 • Volume 4, Number 4 2

Mario Juric, a self-described “data 
driven astrophysicist with interest 
in extracting knowledge from large 
survey datasets” has joined LSST as 
Project Scientist for Data Management. 
Growing up, Mario wanted to explore 
space and “boldly go where no one 
has gone before.” However, he soon 
realized that none of the world’s space 
agencies were interested in a 6’8” as-
tronaut and decided to become an as-
trophysicist. “Alas, somewhere along 
the way I got my first computer and 
caught the love-to-think-about-code-
and-algorithms bug,” Mario explained. 
“I’ve spent the rest of my career trying 
to reconcile my interests in computing 
and astronomy, until I got to my current 

position contributing to the astronomi-
cal data generating machine of the next 
decade – LSST”.

As Data Management Project Scientist, 
Mario’s primary responsibility is to en-
sure that LSST software, infrastructure, 
and data products are capable of deliv-
ering the science envisioned for LSST. 
One of the biggest challenges in his new 
role will be to design a data analysis 
system that can robustly and automati-
cally operate on orders of magnitude 
more data than experienced by current 
surveys.

“I always try to take up projects that 
I’ll be excited about every single day, 
and that push the boundaries of what 

is currently possible. To become a part 
of this extremely talented team that 
is hard at work creating a modern, ef-
ficient, data processing stack for LSST 
was hard to say no to – so much so that 
I’ve cut short my stay as a Hubble Fellow 
at Harvard University to join LSST this 
January.”

A native of Croatia, Mario earned a B.Sc. 
in Physics at the University of Zagreb, 
followed by a Ph.D. in astrophysical sci-
ences from Princeton University. Prior 
to his two years at Harvard, Mario spent 
three years as a postdoctoral fellow at 
the Institute for Advanced Study at 
Princeton. Most recently, he has worked 
on understanding Milky Way structure 
using SDSS and PanSTARRS PS1 surveys. 
The LSST, he says, will enlarge by two 
orders of magnitude the volume of the 
Galaxy able to be explored. For exam-
ple, “by enabling researchers to trace 
the structure of the Galactic stellar halo 
out to the virial radius, including stellar 
streams and dwarf galaxies, the LSST 
promises to reveal much about how the 
Galaxy formed and evolved to its pres-
ent state.”

Mario’s research lives at the intersection 
of computationally intensive and obser-
vational astrophysics. “I’m especially 
intrigued by the problem (and prom-
ise!) of the extraction of knowledge, 
of learning, from large datasets. In my 
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…to Seek oUt New data aNd New algorithmS – mario jUric

LSST Data Management Project Scientist Mario Juric at the Grand Canyon
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more than 400 (unique) members of science collaboration 
teams.

• The LSST Science Council has selected the first four Deep 
Drilling Fields to be observed with deeper coverage and 
more frequent temporal sampling than the main survey.

• The initial excavation of the El Peñón site has been com-
pleted (with private funding), creating level platforms for 
the main LSST telescope and calibration telescope, while 
also verifying the high structural strength of the rock.

• The LSST mirrors are well advanced. M1/M3 is undergo-
ing final abrasive grinding and metrology equipment has 
been developed to support the upcoming  polishing. This 
work, and the already completed M2 substrate were ac-
complished with private funding.

• Two vendors have fabricated fully-operable prototype 
sensors, and the major specifications for flatness, sensitiv-
ity, and noise performance have been met. The project has 
also received explicit filter coating performance curves 
that are consistent with LSST requirements.

• Data Management will invest in the Santiago, Chile – 
Miami, US Research and Education Network (REN) to 
achieve data transmission bandwidths sufficient to lower 
operations costs through reduced annual lease costs.

• The Image Simulator and Operations Simulator are fully 
functioning, providing end to end simulation of the LSST 
system to support development and validation of hard-
ware and software.
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The LSST Science Council has selected four distant extraga-
lactic survey fields that the project guarantees to observe 
as Deep Drilling Fields with deeper coverage and more fre-
quent temporal sampling than provided by the standard 
LSST observing pattern. These four fields are only the first 
chosen for deep-drilling observations; more such fields will 
be chosen later.

In addition to executing its 18,000 deg2 main survey via its 
“universal cadence”, the LSST will also intensively observe 
a set of Deep Drilling Fields. Deeper coverage and more 
frequent temporal sampling (in at least some of the LSST’s 
ugrizy filters) will be obtained for the Deep Drilling Fields 
than for typical points on the sky. The full Deep Drilling 
Field program will address a broad range of science topics, 
including Solar System, Galactic, and extragalactic stud-
ies. Up to about 10% of the LSST time will be devoted to 
Deep Drilling Fields and other cadence programs outside 
the universal cadence. Chapter 2 of the LSST Science book 
provides additional details.

Science possibilities for the LSST Deep Drilling Fields are 
currently being investigated by the LSST Deep Drilling 
Interest Group and the LSST Science Council. The LSST 
Deep Drilling Interest Group includes more than 60 mem-
bers of the astronomy and physics communities who are 

members of LSST Science Collaborations and the LSST 
Project. Additional members are welcome; those interest-
ed should first join one of the LSST Science Collaborations 
via the proposal process operated by NOAO.

Informed by feedback from the LSST Deep Drilling Interest 
Group, the LSST Science Council has selected for prompt an-
nouncement four distant extragalactic survey fields, each 

career, I’ve worked on asteroid surveys, 
with the Sloan Digital Sky Survey, and 
most recently with PanSTARRS. LSST 
has the potential to leave an even great-
er mark on astronomy than these sur-
veys had. This brings with it a number of 
extremely exciting challenges, the most 
basic being: how do we convert all this 
wonderful data to useful information? 
Also, how do we create a code-base on 

which both LSST and future surveys will 
be able to stand? And how do we trans-
form the community from the usual 
theorist/observer mental frame of ref-
erence, to one of computer-assisted 
knowledge discoverers?”

To facilitate that transformation, Mario 
advises the current and upcoming gen-
eration of students and future scientists 
to “be broad in your interests. Learn 

information theory. Use Python. Know 
C++,” because “while LSST will be a gi-
ant leap forward in all the key science 
areas used to design it, it is the unex-
pected discoveries that will prove most 
fascinating. Only time will tell what 
those will be.”

Article written by Robert McKercher and 
Mario Juric

Mario Juric... (Cont.)

SelectioN of foUr deeP drilliNg fieldS for the lSSt
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LSST sky coverage map showing four Deep Drilling Fields.
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Mass bends light. As light from distant 
galaxies and stars travels to us, mass 
in its path acts as a lens, bending the 
light, so we see a distorted image of 
the object. Strong lensing creates arcs 
or multiple images, but it is very rare. 
Weak lensing reveals the background 
mass by a systematic alignment of the 
background sources around the lensing 
mass. Weak lensing studies with LSST 
will provide a detailed map of half of the 
sky – a map that will detail the struc-
ture of the Universe for scientists and 
the public, a map that will reveal not 
only what we can observe but the dark 
matter and energy that underlie the 

structure and evolution of the Universe. 
Bhuvnesh Jain, co-chair of LSST’s Weak 
Lensing Science Collaboration enthuses, 
“LSST weak lensing will produce a gor-
geous map of the Universe as well as 
exquisite statistical descriptions of its 
deepest mysteries.”

a Brief review of lensing
Massive structures lying between the 
most distant galaxies and Earth form 
gravitational lenses, which deflect the 
light of the ancient galaxies as it travels 

to the observer. Three types of lens-
ing provide information about distant 
sources: strong, weak, and micro. The 
type of lensing depends on the distance 
to the light source and the mass of the 
lens.

Strong lensing occurs when massive 
lenses produce multiple images or arcs 
as seen by the observer (see Strong 
Gravitational Lensing – LSST Investigates 
Cosmology, Distant Galaxies and Dark 
Matter, LSST E-News July 2011, Volume 

covering approximately 9.6 deg2, which the LSST Project 
will commit to observing as Deep Drilling Fields. These are 
four well-studied survey fields with substantial existing 
multiwavelength coverage and other positive attributes. In 
addition to enabling their primary distant extragalactic sci-
ence, these fields will enable Solar System and Galactic sci-
ence as well. The four fields, listed in the table, are just part 
of the broader LSST Deep Drilling Field program. There will 
be additional fields chosen in the future for Solar System, 
Galactic, and extragalactic studies. In total there may plau-
sibly be 20-40 Deep Drilling Fields to cover all the science 
topics. The aim will be to have these well distributed across 
the sky to enable efficient LSST observing.

The LSST Science Council’s motivation for prompt selec-
tion of these four distant extragalactic Deep Drilling Fields 
is one of community service. For example, the Science 
Council recognizes that space-based multiwavelength 
observatories have limited lifetimes, and thus it is im-
portant to declare a few fields promptly so they can be 

appropriately observed over the needed approximately 
9.6 deg2. Similarly, extensive ground-based efforts will be 
needed to acquire requisite supporting data (e.g., in the 
near-infrared and with narrow-band filters).

While the locations of these fields have been chosen, 
many observational details, such as for the best choices 
of cadence, filter balance, and total time investment, re-
main to be determined and may vary from field to field. 
These issues will be considered by the LSST Deep Drilling 
Interest Group, the LSST Project, and the broader sci-
entific community over the coming years. Constructive 
feedback on observational details may be sent to  
lsst-deepdrill@lsstcorp.org.

The table lists the four selected fields with approximate 
field center positions. Each field is approximately circular 
with diameter 3.5 degrees. Some observational dithering 
will likely be used (both in position angle and boresight lo-
cation) to fill in CCD gaps, aid with artifact removal, etc. 
The details of the dithering are yet to be determined.

Article written by Niel Brandt

Figure 1: A spectacular example of strong gravitational lensing is the nearby galaxy cluster Abell 2218, 
in which the visible distortion of individual background galaxies can be used to measure the mass of the 
lensing structure. Image credit: NASA/ESA.

Selection of Four Deep Drilling... (Cont.)

weak leNSiNg: ProBiNg the UNiverSe oN all ScaleS
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4, Number 2). Strong lensing occurs only 
along the densest lines of sight in the 
Universe, and it can tell us a lot about 
those particular systems.

To study typical lines of sight which 
are only slightly distorted, we need to 
average over many sources near that 
line of sight and statistically calculate 
the distortion. This is weak lensing 
[Figure 2], which we can use to study 
the Universe in general because all lines 
of sight are at least weakly affected by 
overdensities and underdensities near 
the line of sight. Weak lensing can also 
complement strong lensing, by pin-
ning down information about the mass 
distribution outside strongly-lensed 
areas. Measurements of weak lensing 
on different scales, from galaxy halos 
to large-scale structure, allow scientists 
to constrain models of dark matter, dark 
energy, and cosmology to reveal the 
details of these fundamental aspects of 
the Universe.

“Because lensing probes the evolution 
of structure in the Universe in many 
complementary ways, it has unmatched 
statistical power in probing dark en-
ergy, which causes the Universe to ex-
pand faster, thereby slowing the growth 
of structure. LSST will offer a variety of 
opportunities for inquisitive scientists 
to understand the earliest times and 
evolution of the Universe in which we 
live,” says Jain.

galaxy-galaxy lensing
Weak lensing around galaxies, termed 
galaxy-galaxy lensing, provides a direct 
probe of dark matter surrounding galax-
ies. Although individual galaxies induce 
a small stretching distortion called 
shear, scientists can average all fore-
ground galaxies within a given subsam-
ple to obtain a high signal-to-noise ra-
tio. If they know the redshifts, they can 
relate the shear signal to the projected 

mass density as a function of the proper 
distance from the galaxy and observe 
the averaged dark matter distribution 
around any given galaxy sample.

Galaxy-galaxy lensing is useful to ex-
plore many other properties of galaxies 
and relate them to the underlying host 
dark matter halo. For example, after 
estimating the mass of stars in galaxies, 
scientists can use the lensing properties 
to estimate the total mass and thus pro-
vide important information about the 
connection between the visible stellar 
component and the dark matter halo. 
This relationship constrains theories 
about galaxy formation and evolution.

Weak lensing can reveal dark matter 
halo ellipticity, which is predicted by 
the current standard model of cosmol-
ogy (and can invalidate some alternate 
theories of gravity). The depth of LSST 
observations will allow exploration of 
the ellipticity of dark matter halos as a 
function of galaxy type and redshift to 
unprecedented precision. 

Weak Lensing... (Cont.)

Figure 2: Download a lensing simulation [MPEG 0.8MB] (or Full resolution version [MPEG 7.3MB] 
LENS0.mpg [0.8 MB] Full resolution version [10.4 MB] at http://www.lsst.org/lsst/science/scientist_
dark_matter.

Figure 3: Strong gravitational lensing bends light from a distant source to create distorted or multiple 
images. Credit: Tony Tyson, Greg Kochanski and Ian Dell’Antonio; Frank O’Connell and Jim McManus, 
adopted from The New York Times

Continued on p. 6
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galaxy cluster lensing
Galaxy clusters are the largest structures in dynamic equi-
librium in the Universe. Scientists use them as cosmological 
probes and as astrophysical laboratories. Because they rep-
resent the greatest overdensities (areas greater than normal 
density), scientists can use them to probe the growth of 
structure. Weak lensing can measure total cluster mass with-
out regard to gas content, star formation history or dynami-
cal state.

LSST will generate the largest and most uniform sample to 
date of galaxy clusters with gravitational lensing measure-
ments. The cluster weak lensing measurements of shapes, 
magnitudes, and colors for about 40 galaxies/arcmin2 behind 
the clusters can be combined to constrain mass profiles of 
clusters and mass distribution in clusters.

Scientists will study the variation in the shear signal from clus-
ters as a function of redshift to measure the angular diameter 
distance to clusters. Because the exact shape of the shear 
versus redshift profile is a function of cosmological param-
eters, it can be used to study the geometry of the Universe.

Galaxy clusters are sensitive to dark energy and so the LSST 
sample of weak lensing clusters will be superb for study-
ing dark energy. Because clusters mark the locations of the 
highest density fluctuations in the early Universe, studies of 
clusters are complementary to studies of average parts of 
the Universe (see Large-scale Structure Lensing, below). The 
combination of cluster and large-scale structure informa-
tion will allow LSST to constrain cosmological models even 
more tightly. Furthermore, the number and mass of clusters 
in the LSST survey will constrain the non-Gaussianity of the 
primordial fluctuations (that is, the difference from the ex-
pected normal distribution), thus probing the physics of in-
flation. Jain points out, “The depth of LSST will enable vast 
numbers of clusters to be detected at higher redshift (earlier 
cosmic epochs) than any other dataset. Clusters are the larg-
est collapsed objects and are sensitive to some of the more 
intriguing properties of the early Universe, such as whether 
the fluctuations were Gaussian as expected in simple models 
of inflation.”

large-scale Structure lensing
Lensing by large-scale structure is termed “cosmic shear.” 
This causes subtle distortions everywhere on the sky, pro-
ducing images more akin to shower glass than to a magnify-
ing glass. Scientists quantify this by measuring the correlation 
between galaxy shapes: nearby neighbors (as seen in projec-
tion) tend to have similar shapes because of the lensing dis-
tortion, but more distant neighbors tend to be less similar. 
LSST will measure the correlations at different redshifts and 
across redshifts. The correlations are sensitive to the growth 

of structure and the expansion history of the Universe and so 
this work will be a powerful cosmological probe. Combined 
with baryon acoustic oscillations and type Ia supernovae, 
which explore expansion history, large scale structure lens-
ing will provide rigorous tests of dark energy and modified 
gravity models.

Article written by Anna H. Spitz, and David Wittman
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Continuing our annual tradition, LSST again had a strong pres-
ence at the winter meeting of the American Astronomical 
Society (AAS) in Austin, TX. Activities included a booth all 
week on the exhibit hall floor, an LSST poster session, and 
a well-attended splinter meeting to further engage science 
collaboration team members with the data management 
efforts.

The lineup of 10 LSST posters was available for viewing on 
opening day of the meeting. Poster topics included science, 
image and operations simulators, and developments in the 
subsystems: camera, telescope & site, and data management. 
The posters are available for online viewing or download.

Approximately 100 scientists gathered for a splinter meet-
ing organized by Mario Juric, LSST Project Scientist for Data 
Management, and NOAO Scientist Dick Shaw. This meeting 
was an opportunity for those involved in the LSST Science 
Collaborations to understand the current state of the project, 
gain experience accessing the simulated data and learn how 
to contribute to the software effort.

Our booth in the exhibit hall featured a fiber optic illuminated 
poster and a 24”-square 3D hologram of the LSST telescope, 
generated from engineering files by Zebra Imaging.

The exhibit booth was an active place in part because of our 
giveaway – the LSST pedometer. Those who recorded 20,000 
steps (about 10 miles) on the pedometer could enter a draw-
ing to win a piece of etched rock from the First Blast on Cerro 
Pachón, preparing the site for the telescope. We had over 80 
entrants and 16 winners:

Allison McGraw, Marshall McCall, Joel Berrier, Elijah 
Bernstein-Cooper, Sharon Montgomery, Kristie Shaw, Jordan 
Wheeler, Natalie Gandilo, Keenan Stone, Helen Yamamoto, 
Ned Wright, Carmen Austin, Vivien Raymond, Daniel Harbeck, 
Trevor Bower, and Dominic Benford.

Congratulations to our winners and we’ll see you all again in 
Long Beach for the January 2013 AAS meeting!

lSSt ShowS itS StUff iN aUStiN

3-D LSST Hologram, 24” on a side.

Natalie Gandilo, a graduate student at the University of Toronto, 
receives her winning LSST rock from Sidney Wolff at AAS 219. Photo by 
Kelley Knight Heins, (c) 2012 AAS
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