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Selection of examples reflect my 
own limited familiarity. Please 
excuse many topics not explicitly 
mentioned and the rich literature 
not explicitly cited.
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Theory Frontier / Cosmic Frontier relationship
A slogan for the CF as viewed by TF (via Raman)

Raman Sundrum’s talk (pheno overview) 2



@ f l i p . t a n e d o SNOWMASS TF CONFERENCE 24

Take away message

The cosmic frontier embodies the 
vibrancy of theory 
and the many ways in which 
theory is inextricable from discovery science.

3

Cosmic frontier is rapidly growing.  
Theory & theorists are an essential part of this growth.
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Since the last Snowmass…
Some highlights

B. P. Abbott et al., Observation of Gravitational Waves from a Binary Black Hole Merger, Phys. Rev. Lett. 116, 061102 4

• New telescopes, 
experiments, 
facilities…


• Discrepancies 
that may be hints 
of new physics


• Big umbrella for 
“cosmic frontier”

Outputs from previous P5: 
Dark Matter New Initiatives Program
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On the rapid development of the TF/CF connection

Contrast with the talks during this workshop! 5

Until recently, string cosmology was 
the union of a field with no data and 
one with no predictions. 
Shamit Kachru, ~2005 
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Cosmic Frontier: Snowmass 1990

6

• Signals from cosmic ray sources: statistical issues

• Examination of 1-60 TeV gamma-ray interactions

• Particle astrophysics

(This one is cross listed with astro)
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Cosmic Frontier: Snowmass 2001

• Cosmology and the early Universe


• Dark matter and dark energy


• High-energy particle astronomy


• Gravitational waves 

• The search for nucleon instability 
and the problem of why the 
Universe is made of matter

snowmass2001.org 7
How many people in this room 
were in Snomass Young in 2001?

http://snowmass2001.org
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Cosmic Frontier: Snowmass 2013

+ 27 contributed papers classified by

slac.stanford.edu/econf/C1307292 8

• General


• Cosmic probes of new physics


• Dark energy and CMB


• Dark matter complementarity


• non-WIMP dark matter


• WIMP direct detection


• WIMP indirect detection
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Cosmic Frontier: 
Snowmass 2021

9

dark matter

dark energy

beyond
Neutrinos, relativity, emergent spacetime,

Black hole information, Hubble tension,

Nuclear matter, extreme environments, …

CF1 particle-like

CF2 wave-like
CF3 cosmic probes

CF4 modern universe

CF4 (pre-) cosmic dawn

CF6 complementarity

CF7 fundamental physics

dark matter complementarity
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Convenors: theory

Photos from public webpages 10

CF1 particle-like

CF2 wave-like
CF3 cosmic probes

CF4 modern universe

CF4 (pre-) cosmic dawn

CF6 complementarity

CF7 fundamental physics

Tongyan Lin Tracy Slatyer

Joerg Jaeckel
TIM TAIT (cF convener)

HAI-BO YU CHANDA

PRESCOD-WEINSTEIN

Anže Slosar

Deirdre Shoemaker

Vivian Miranda

Ke Fang B.S. Sathyaprakash

Liaison: Flip Tanedo, contact me to 
facilitate cross-frontier coordination
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(Cosmic/Theory Frontier edition)

Image: Logopedia 11

Theory ________ experiment. 
( VERB) (& observation)(& simulation)
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(Cosmic/Theory Frontier edition)

12

Theory ________ experiment. 
( VERB)

Raman Sundrum’s talk

Raman: 
(pheno 
overview)

Develop

Capitalize on

Inspire
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(Cosmic/Theory Frontier edition)

13

Theory ________ experiment. 

Yoni Kahn’s talk (quantum sensors)
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(Cosmic/Theory Frontier edition)

14

Theory ________ experiment. 
( VERB)

motivates interprets contextualizes instigates empowers
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Snowmass 2013 CF1 report (Fig. 26) 1310.8327 15

Theory ___________ experiment. motivates

Going beyond  
theory = models to test


Nothing wrong with this, 
especially when our priors 
favor those models. But 
the role theory is more 
than a target on a plot.

2013
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Image: Rosetta Stone, The British Museum blog 16

Theory ___________ experiment. interprets

Snowmass 2013, Cosmic Frontier: “Complementarity” report 1310.8621

2013
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Images: Natalia Toro, Dark Sectors 2016 (1608.08632) 17

Theory ___________ experiment. contextualizes Fradette, Pospelov, Pradler, Ritz 1407.0993

beam dumps

(g-2) meson  decays

supernovae

cosmology

fixed 
target

long decay length

displaced

resonance

multimessenger 
multiwavelength

Astro/cosmo/particle“ “”
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See talk by Felix Kling; CF07 “Far Forward Physics” white paper; image: sci-news.com 18

Theory ___________ experiment. instigates

Editors: Jonathan Feng & Felix Kling 
(BSM and DM), Halsey Reno 
(neutrinos), Juan Rojo (QCD), and 
Dennis Soldin (astroparticle).
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See Yoni Kahn’s talk; White Paper: “Theory Meets the Lab” (TF09). See also work by Natalia Toro, Philip Schuster, and 
Rouven started (APEX); Yoni Kahn, Gordan Krnjaic, e tal. (M3 muon beam dump proposal, quantum sensing); Masha 
Baryakhtar, Robert Lasenby, and Junwu Huang (dark photon haloscopes); Mina Arvanitaki, Ken van Tilburg, Marianna 
Safranova et a. (ultralight scalar DM using atomic probes)

19

Theory ___________ experiment. instigates

√ 2021 New Horizons 
in Physics Prize 
For advances in the detection of 
sub-GeV dark matter especially in 
regards to the SENSEI 
experiment
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Slide from Kevin Zhang, HKUST IAS HEP program (2021); Review: Yoni Kahn & Tongyan Lin (2108.03239) 20

Theory ___________ experiment. empowers

“EFT of  crystal 
responses”

Killer app: 
light dark matter
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(Cosmic/Theory Frontier edition)

21

Theory ________ experiment. 
( VERB)

motivates interprets contextualizes instigates empowers
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Dark Matter Complementarity 2021
A call to action: Cosmic Frontier complementarity group 

• Need a simple message. e.g. we’ve made progress 
and have clear goals for the decade


• Need a simple picture that works across frontiers.

• NO EXCLUSION PLOTS :)

• Qualitative plots okay, something for colloquia.


• High level summary of the field vs. technical details


• #dark_matter_complementarity_discussions

Slide courtesy of Lindley Winslow (adapted by Flip, with apologies for trimming) 22

?
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Dark Matter Complementarity 2021
Goal: concrete requests

• How do we maximize data from different souces?


• Continue Dark Matter New Initiatives process


• Support for new demonstrations


• R&D towards transformative technologies


• Progress on targets, detector response, …


• Vision: every frontier intersects with dark matter. Can 
be one of the unifying questions across Snowmass.

Slide courtesy of Lindley Winslow (adapted by Flip, with apologies for trimming) 23

Tim
 Tait’s talk

• #dark_matter_complementarity_discussions
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(Cosmic/Theory Frontier edition)

24

Theory ________ experiment. 
motivates interprets instigates empowers

The cosmic frontier embodies the 
vibrancy of theory 
and the many ways in which 
theory is inextricable from discovery science.

your verb here

contextualizes


