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LSST Community & Project Workshop
August 16 2017

Scribe Needed

Session Objectives
• Engage the LSST dark matter community beyond just the Dark Energy
Science Collaboration
• Provide the community with a summary of current DESC efforts
• Provide some examples of current work ongoing in various LSST Science
Collaborations
• Have an open discussion

• Identify the next step

Agenda
• Introductory Remarks and Summary of DESC Effort; Will Dawson (10
min)
• Strong Lensing Constraints on Dark Matter; Nicola Napolitano (10
min)
• Milky and Local Volume Constraints on Dark Matter; Keith Bechtol (10
min)
• Transients/Variable Constraints on Dark Matter; Will Dawson (10 min)
• Discussion (50 minutes)

Probing the Nature of
Dark Matter with LSST
With (relevant) annotations
by Will Dawson

Alex Drlica-Wagner
LSST DESC Meeting
July 12, 2017
1

The Dark Matter Problem
Plank Collaboration (2016)

How DESC usually thinks
about dark matter

DARK MATTER
DARK ENERGY
ORDINARY MATTER
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The Dark Matter Problem

Tim Tait

How particle physicists
think about dark matter
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The Dark Matter Search
Snowmass: Cosmic Frontier Report

D. Bauer et al. / Physics of the Dark Universe 7–8 (2015) 16–23
Bauer et al. [arXiv:1305.1605]

may have non-gravitational interactions with one or more of four categories of particles: nuclear matter, leptons, photons and oth
interactions may then be probed by four complementary approaches: direct detection, indirect detection, particle colliders, and
e experimental approaches with the categories of particles that they most stringently probe (additional lines can be drawn in spec
xample reactions of dark matter (DM) with standard model particles (SM) for each experimental approach.
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The Dark Matter Search
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Dark Matter: Micro to Macro
Dark Matter Micro-Physics
Halo scale on which “weirdness” shows up

Dark Matter Macro-Physics
Matt Buckley & Annika Peter, in prep

Coupling w/SM

Primordial
Black Holes
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Although Not much dark matter fundamental
science mentioned in their Roadmap

Small Scale
Structure
The Observatory for Multi-Epoch Gravitational Lens Astrophysics

Galaxies SC
The OMEGA Explorer Science & Mission Design Book, Summer 2010
Stars, MW, & Local Volume SC
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Figure xx. Kris Sigurdson suggested plot captions: OMEGA is a unique probe of
multiple dark matter models. This means that when combined with other constraints
Deviations
Cold
Dark Matter
would
be detected
inbythe
(from directfrom
detection
and colliders)
the "gravitational
detection"
of dark matter
OMEGA can provide orthogonal/complementary microphysical constraints to other
abundance of the smallest structures.
detection platforms (indirect detection, direct detection, colliders).

Image Credit: Massey & Moustakas
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Small Scale Structure:
Galaxies SC
Local Volume Stars, MW, & Local Volume SC
Informatics & Statistics SC
2014)
LSST (Projected)

?

DECam Installed

?
SDSS Begins

Keith is going to talk about this much more…
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Galaxies SC
Stars, MW, & Local Volume SC

Gaps in Stellar Streams

Belokurov, Erkal, and Koposov 2016

Galaxy formation is expected to turn off for halo masses <108 M ;
gaps in stellar streams may allow us to probe lower masses.
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Small Scale Structure:
Strong Lensing SC
Strong Lensing
DESC
Nierenberg et al. (2017) [1701.05188]

Vegetti et al. (2012) [1201.3643]
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Figure 1. Demonstration of the forward modelling method used to infer spe
altered between images to highlight diﬀerent features. Panel i) Drizzled F
G141W grism image, with light dispersed along the x-axis of the F140W im
spectra from the ring, the main deflector (G) and the spiral galaxy (G1). B
5007 Å emission which are partially blended at this resolution. Column iii) M
labelled in panel i. Each of the QSO images A-D has a separate model spect
Column iv) Model direct images for each separate spectral component, des
in the ring model to account for noisy PSF subtraction in this region. Colum
generated from convolving the model spectra in column iii with the model d
model direct image and model grism image, generated from the sum of colum
not shown). Colours are the same as in columns iii, iv and v. The goodness
model 2D G141 images.

dence for variations in the broad Fe velocities between images, and so kept them fixed for our final analysis, however
we allowed the Fe amplitudes to vary independently from
https://github.com/LSSTDESC/LSSTDarkMatter/blob/master/stronglens/SubstructureLikelihood.ipynb

dredt
1999)
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Galaxy Clusters

Galaxies SC
DESC

Non-Interacting Dark Matter

Self-Interacting Dark Matter

W. Dawson

D. Wittman
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Galaxies
SC
Work in progress - Merging clusters
Galaxy Clusters
DESC

ervations

(Clowe et al. 2006)

(Jee et al. 2012)

(Bradac et al. 2008)

(Dawson et al. 2012)

(Rocha et al. 2012)

W. Dawson
Dissociative clusters studied by scientists involved in this proposal (“Sample 1”). The pin
ap the X-ray emitting gas in the clusters, and the blue regions denote the mass (mostly dar
istribution in the clusters as inferred from strong and weak lensing. The rightmost panel show
-space density of a merging cluster in a SIDM simulation with DM = 1 cm2 g 1 . Sources fro
ht: Clowe, Bradač et al. (2006); Jee et al. (2012a); Bradač et al. (2008); Dawson et al. (2011
al. (2011); Rocha et al. (2012). Baby Bullet is also known as MACS J0025.4-1222 and Pandora
also known as Abell 2744.

ue to gravity and eventually come into equilibrium with the other components, but th
W. Dawson
e the time window of interest here.) To a first approximation the position
of the DM, a
M. Rocha
rom gravitational lensing, matches that of the galaxies, which constrains
the collision
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Galaxy Clusters

Galaxies SC
Strong Lensing SC
DESC
Merger directions

• Many probes related to
the galaxy cluster
mass profile
• Wobbling BCGs
• Splash back radius
• Core/Cusp
• Follow up
(spectroscopic, spacebased, and multiwavelength, etc.) will
be important
Image Credit: Annika Peters

X-ray Profile

BCG

Kim, AP, Wittman 2016 13

Axions

Stars, MW, & Local Volume

• Photon-axion
conversion can happen
in the vicinity of charged
particles and magnetic
fields
• Axions offer an
alternative (and faster)
mechanism for cooling
the interiors of stars.

𝛄
Z, e+/-

a
Z, e+/-

Credit: George Raffelt 14

Axions

Stars, MW, & Local Volume

Axion cooling increasing white dwarf cooling
rate shifting the white dwarf luminosity
function
8

ma cos2
2

ma cos
ma cos2

= 0 meV

Ratio of Number of Stars in Red Giant
Branch vs Horizontal Branch (Helium
Burning)
Georg G. Raﬀelt

M3 Globular Cluster

= 5 meV
= 10 meV

Isern
et al. (2008)
[0812.3043]
2006 [0611350]
Fig. 1. Color-magnitude
diagram
for the globular cluster M3, based on
hite dwarf
luminosity
functions
for diﬀerent axion masses:
ma cos2 βRaffelt
= 0 (solid
stars [50]. Vertically is the brightness in the visual (V) band, horizontally t
d line) and 10 (dotted line) meV.

ference between B (blue) and V brightness, i.e. a measure of the color an
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surface temperature, where blue (hot) stars lie toward the left. The classifi
for the evolutionary phases is as follows [51]. MS (main sequence): core hy

MACHOs

Transients/variable stars
Li et al.
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10. Constraints on MACHO dark matter following the
holesthe(discarding
some
and Figure
Eri II is possibly
least massive dwarf
galaxy
prescription of Brandt (2016), assuming that the Eri II star cluster
known to have
an
extended
star
formation
history
is located at the center of the Eri II dark matter potential. Coladding
others)
ored curves mark exclusion regions for the maximum fraction of
herefore its density profile may also be a↵ected by
dark matter (fDM ) in MACHOs for a given MACHO mass. The
ns. The star cluster of Eri II may o↵er potential
solid yellow curve corresponds to the limits derived from the obnstrain the dark matter profile of Eri II through
served 3D velocity dispersion of 3D = 12 km s 1 and implied
ability arguments (see, e.g., Cole et al. 2012) and
central dark matter density of ⇢ = 0.15 M pc 3 . As a compari- 16
provide an independent probe of the dark matter
son, the limit derived from 3D = 8 km s 1 and ⇢ = 0.02 M pc 3

Will is going to talk about this much more…
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Fermi-LAT & DES

Ackermann et al. (2015)
Nominal sample
Median Expected
68% Containment
95% Containment

FIG. 1. Residual maps in the CFHTLenS W1, W2, W3, and W4 fields, where residual is defined

Shirasaki et al. (2014) [1404.5503]

Thermal Relic Cross Section
(Steigman et al. 2012)

as the fluctuation in the EGB photon count map from its mean value. In each panel, the color-scale
bar shows both the positive and negative diﬀerence between the EGB count map and the mean

Also se Troester et al [1611.03554]

of each field indicated above the panels: 0.66, 0.70, 0.86, and 0.20 in W1, W2, W3 and W4 fields,
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respectively. Overlaid by thick lines are the average ellipticities of source galaxies over 1 deg2

+

with arbitrary scaling. The circles represent the point-source masked regions. For visualization
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purposes, a Gaussian smoothing is performed on the map with a width of 0.6 deg.

Albert et al. (2016) [1611.03184]

annihilation cross section derived from a combined analysis of the nominal
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Local Dark Matter Density

Stars, MW, & Local Volume

Read (2014) [1404.1938]
Understanding the dark
matter distribution in our
Galaxy is essential for
interpreting results from
direct detection experiments

2

Mao et al.

Mao et al. (2012) [1210.2721]

scatter from the uncertain position of the Earth within a
given halo. We further identify the largest uncertainties
that currently exist in our understanding of the VDF
at the location of the Earth in our Galaxy, and quantify their relevance for inferences from direct detection
experiments.
2. UNIVERSAL VELOCITY DISTRIBUTION IN

SIMULATIONS
To identify the relevant physical quantities which affect the VDF and to quantify scatter in the distributions among diﬀerent halos in cosmological simulations,
we must examine a large number of halos across a wide
Figure 2:
A century
of measurements
⇢dm . high
In all resolution
cases, I assume
same matter density
range
of mass.
We also of
need
tothe
reduce
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Dark Matter in DESC?
According to the SRM, the goal of DESC is to:
“use of LSST to study observable signatures
of ‘dark sector’ physics, including dark energy,
dark matter, neutrinos, and signatures of
inflation”
However, many of the topics discussed today
have significant overlap with other LSST
science collaborations

DOE P5 Report: “Elucidate the nature of dark matter
interactions using cosmic surveys (2016–2025).”

Does dark matter science benefit from having a
single home, and should DESC be that home?
19

How to Integrate with DESC?
• One example: Many dark matter studies
will analyze point-like sources (local group,
MACHOs etc.)
• Model and examine stars in DC1/DC2
• Star/Galaxy separation
• Deblending in crowded fields
• Photometric calibration (SLR, ubercal,
etc.)

Will has a longer list in his to talk; topic for discussion…
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How to Integrate with DESC?
A concrete example (and some dirty
laundry from DES)…
Stars: a canary in a coal mine
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Some Resources
Slack Channel:
#desc-dark-matter
Email List:
<lsst-desc-darkmatter@slac.stanford.edu>
Github Repo:
https://github.com/LSSTDESC/LSSTDarkMatter
Living Bibliography:
https://www.overleaf.com/10295894rskjrcqgwntz
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