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Welcome to Chicago!



What have we done so far?
https://lsstdarkmatter.github.io/

https://lsstdarkmatter.github.io/


What have we done so far?

Drlica-Wagner+ 1902.01055

Bechtol+ 1903.04425

https://lsstdarkmatter.github.io/

https://lsstdarkmatter.github.io/


Why do we keep meeting like this?
Dark matter astrophysics is compelling, and the future is bright.

From Alex’s talk at 
DPF last week



Why do we keep meeting like this?
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Buckley & AP,
1712.06615

Low Interaction w/Standard Model  High Lab + astrophysics

Early-time effects
(warmness, large de 
Broglie wavelength)—
Halo abundance

Late-time effects
(decays, self-
interactions)—
Halo shape



LSST + theory + synergy w/facilities = power

…and coming soon!



LSST + theory + synergy w/facilities = power

Keith’s talk @NOAO 
Decadal Survey meeting



LSST + theory + synergy w/facilities = power
E.g., Milky Way satellite galaxies

Hargis, Willman, AP 2014

Kim, AP, Hargis 2018



Short intro to science cases



Pathways to 
detection

By measuring WHERE dark matter 
is, we measure WHAT it is.

Making stars act weird (i.e., 
anomalous cooling and/or 
destruction).

Discover individual macroscopic 
DM objects (e.g., primordial black 
holes)



By measuring where it is, we find out what it is
Rubin & Ford 1970

Andromeda Rubin w/Kent Ford’s imaging 
spectrograph, Kitt Peak, 1970

Courtesy, American Institute of Physics

13



By measuring where it is, we find out what it is

Via Keith



By measuring where it is, we find out what it is
Fuzzy DM: Schive+ 20144 M.-Y. Wang et al.

Figure 1. Large-scale DM clustering in CDM (left) and DDM withΓ−1 = 40 Gyr, Vk = 100 km/s (right) of a 10 h−1 Mpc slice in the 50 × 50 h−2 Mpc2

cosmological box at z=0. The color scheme indicates the line-of-sight projected square of the density. It is difficult to tell the difference by visible comparison.

Figure 2. Small scale structure in a Milky Way mass halo (Z12) in CDM (left) and DDM models with Γ−1 = 40 Gyr and Vk = 100 km/s (middle) and Γ−1 =

10 Gyr and Vk = 20 km/s (right) within 180 kpc of the halo centers at z=0. The color scheme indicates the line-of-sight projected square of the density. There

is no obvious difference in the host halo central density between the two upper panels, but the host halos in the two lower panels are more puffed up than the

CDM case. The abundance and structure of subhalos are affected significantly in all the DDM simulations presented here.

times to a few hundred times of the highest resolution particles,

allowing these particles to decay may not produce the correct en-

vironment for the simulated galactic halo. This choice isolates the

decay effects in the simulated halo and separates the effects of pos-

sible different merger histories. Even though some DM particles

have decayed by z∼ 1 and have received an excess kick velocity

where most of the merger events or halo formation processes peak,

we expect the effects from different merger histories to be mild. The

effect on merger histories can be examined using a high-resolution

cosmological simulation; studying these effects is out if the scope

of this present work.

3 SIMULATION RESULTS

We show the visual comparison of the CDM and DDM simulation

snapshots in Figure 1. The left panel is the line-of-sight projected

square density draw from the B50-CDM simulation, and the right

panel is from the B50-t40-v100 run with Γ−1 = 40 Gyr, Vk = 100

km/s. The plotting range is the size of the simulation box, 50 ×

50 h−2 Mpc2, with a 10 h−1 Mpc thickness along the z direction.

The lack of obvious visual difference indicates that on large-scales

these two models agree very well.

In Figure 2 we compare the Z12 CDM galactic halo simula-

tions with two other DDM scenarios (Γ−1 = 40 Gyr and Vk = 100

km/s; Γ−1 = 10 Gyr, Vk = 20 km/s). Although the host galactic

halos do not show obvious changes in density or shape, the effects

on substructure are significant and they show different behaviors

for the different choice of decay parameters. The common charac-

Decaying DM; Wang,Strigari, AP+ 2014



By measuring where it is, we find out what it is
Structure also affected by DM interactions w/baryons!
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By measuring where it is, we find out what it is

• Different probes

Anna Nierenberg,..,AP,+ 1701.05188 Carlberg & Johnston 2016

Segue I 
(image credit: M. Geha)



By measuring where it is, we find out what it is
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Pathways to 
detection

By measuring WHERE dark matter 
is, we measure WHAT it is.

Making stars act weird (i.e., 
anomalous cooling and/or 
destruction).

Discover individual macroscopic 
DM objects (e.g., primordial black 
holes)



Anomalous energy transport in/from stars

• This direction is only possible because of major advances by stellar 
astrophysicists, nuclear physicists, and observational facilities (e.g., 
Kepler)
• (We should keep this in mind---as astronomical objects are better 

understood, it shrinks or at least changes the morphology of new 
physics windows)



Axions and the Sun

From Drlica-Wagner+ LSST DM paper 1902.01055

Sikivie 1983

http://www.int.washington.edu/talks/WorkShops
/int_12_50W/People/Ruz_J/Ruz.pdf

See also: white dwarf cooling curves 
(LSST DM giant paper)

Supernova rates also constrain 
anomalous energy loss.

http://www.int.washington.edu/talks/WorkShops/int_12_50W/People/Ruz_J/Ruz.pdf


Plain old WIMPs: main-sequence stars



Plain old WIMPs: main-sequence stars
𝝌𝝌

1. It’s a trap!: capture by elastic scattering.
2. Energy injection (annihilation).
3. Extra source of heat conduction (can be non-local).



Plain old WIMPs: main-sequence stars
Everything old is new again.

Galactic Center Asymmetric DM+ Sun First stars

Scott+ 0809.1871

NASA/SDO

Lopes, Silk, Taoso, Zentner Freese, Bromm, Gondolo…

Stacy+ 2013



Pathways to 
detection

By measuring WHERE dark matter 
is, we measure WHAT it is.

Making stars act weird (i.e., 
anomalous cooling and/or 
destruction).

Discover individual macroscopic 
DM objects (e.g., primordial black 
holes)



Macroscopic dark matter
Alcock+ 1993, Augbourg+ 1993

https://www.nature.com/articles/d41586-018-07006-8#ref-CR5

MACHO, EROS, OGLE

https://www.nature.com/articles/d41586-018-07006-8


Macroscopic dark matter
Alcock+ 1993, Augbourg+ 1993

https://www.nature.com/articles/d41586-018-07006-8#ref-CR5

MACHO, EROS, OGLE

https://www.nature.com/articles/d41586-018-07006-8


Macroscopic dark matter

LIGO collaboration 2017



Macroscopic dark matter

LIGO collaboration 2017

Season 10/11 (after a LONG hiatus)



Limits/constraints
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What do we do and how do we do it?

• What kinds of science will be enabled by LSST?
• What planning work (theory, building synergies with other 

experiments, analysis tools) do we need to do to be ready?
• How do we fit within the LSST community?
• How do we get ourselves funded?
• How do we fit into the 2020 decadal survey and the next Snowmass?
• More broadly, how to raise visibility in the particle and astronomy 

communities? (like in the Basic Research Needs (BRN): Dark Matter 
Small Projects New Initiatives)



This week

• Hearing about the “whys” and the “hows” of doing dark-matter 
science w/LSST!
• Community organization!

https://lsstdarkmatter.github.io/

https://lsstdarkmatter.github.io/

