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Planck + LSS + WL + Ly-alpha
[+ MW satellite galaxies]
(image credit: Ethan Nadler & Alex Drlica-Wagner)
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Theia M5 proposal
arXiv:1707.01348



Premise

Bringmann et al. 2012
https://arxiv.org/abs/1110.2484
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Schneider et al. 2013
arXiv:1303.0839
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Buckley & Peter
arXiv:1712.06615
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Buckley & Peter
arXiv:1712.06615

Let’s focus our 
attention here for 
this LOI specifically

We are ~here

Next 5-10 years (?)



Premise
● Many orders of magnitude of discovery space for cosmic structure at small 

scales 

● dark matter microphysics ⨉ initial conditions (inflation) → observable results of 
structure formation at small scales

○ Generically sensitive to both dark matter microphysics AND inflation physics
○ “Problem” to disentangle the underlying physics
○ Thought experiment: how would measurement of small-scale structure cut-off scale (or other 

feature) compare to a detection of new dark matter candidate particle at a direct detection or 
collider experiment?



How small is small?
● Seems possible that multiple “established” methods will attain sensitivity to 

halo mass scales Mhalo ~ 107 MSolar  , wavenumbers  k ~ 100 h Mpc-1 within 
the next 5-10 years

○ ~1 order of magnitude improvement in halo mass
○ We should absolutely write Snowmass LOIs on this important work

● At scales smaller than this, halos likely contain too few stars to be recognized 
as “galaxies” in traditional sense

○ Qualitative jump in sense that these halos would be nearly baryon free



How small is small?

● Suggest we consider ambitious goal to reach scales several orders of 
magnitude smaller than current reach

○ Likely requires new methods that push precision, statistics, sensitivity, and theory frontiers
○ Suggest that we target sensitivity to halos in vanilla CDM scenario; ultra-compact minihalos 

and primordial black holes will be easier to detect

● Let’s not miss this opportunity to consider bold ideas
○ Consider a possible future in which dark energy looks like a cosmological constant, and 

collider and direct dark matter experiments have not found any new particles…
○ What could be done at the billion dollar / decade scale in terms of dedicated experiment?



What is our ask for the Snowmass process?
A few possibilities:

● Support for theory work?
● Support for simulation work?
● Support for dedicated analysis efforts for one or more current and/or planned 

experiments?
○ Also modified observing strategy or operations for current and/or planned experiment

● Support for R&D efforts in one or more novel experimental directions?



Possible Outline of Snowmass LOI (due 31 August)
● Science case for very small scales (Mhalo << 107 MSolar  , k >> 100 h Mpc-1)

○ Dark matter microphysics
○ Inflation

● Briefly describe up to three (?) techniques that might achieve orders of 
magnitude gains in sensitivity

● Briefly describe theoretical efforts needed to interpret those experiments



One Possible Path Forward
● Document for us to use as scratch space

○ Inventory of probes, with associated references and commentary

● Review methods that seem most promising to achieve transformational 
sensitivity to small-scale structure

○ Perhaps we split into small working groups for this task?
○ Perhaps we reach out to authors of relevant papers?

● Identify a few methods that seem particularly compelling for further 
investigation

○ One or two well understood approaches seem higher value than several less understood 
techniques (??)

https://docs.google.com/document/d/19oTnOKPhxloPhz5qA2h7EFCgKcv3X3odlFRe7PMn6LE/edit?usp=sharing


Theory + Numerical Aspects
● Mapping dark matter microphysics and inflation physics to cosmic structure
● Evolution of cosmic structure on very small scales

○ Sub-galactic scales (subhalos)
○ Extragalactic scales

● Phenomenology of various methods
○ Signal
○ Background



Details on specific approaches in the 
following slides...
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Van Tilburg et al. 2018
https://arxiv.org/abs/1804.01991



https://arxiv.org/abs/1908.01773

https://arxiv.org/abs/1804.03149

https://arxiv.org/abs/1502.03362

https://arxiv.org/abs/2005.03030

https://arxiv.org/abs/1911.11144

https://arxiv.org/abs/1908.01773
https://arxiv.org/abs/1804.03149
https://arxiv.org/abs/1502.03362
https://arxiv.org/abs/2005.03030
https://arxiv.org/abs/1911.11144


Substructure with lensing
https://iopscience.iop.org/article/10.1086/340303/pdf

https://iopscience.iop.org/article/10.1086/323695/pdf

https://iopscience.iop.org/article/10.1088/0004-637X/767/1/9/pdf

https://academic.oup.com/mnras/article/339/3/607/970924

https://iopscience.iop.org/article/10.1086/421436/pdf

https://iopscience.iop.org/article/10.1086/340303/pdf
https://iopscience.iop.org/article/10.1086/323695/pdf
https://iopscience.iop.org/article/10.1088/0004-637X/767/1/9/pdf
https://academic.oup.com/mnras/article/339/3/607/970924
https://iopscience.iop.org/article/10.1086/421436/pdf


Pulsar Timing Correlations




