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1. IPP Theory Community 


2. Dawn of the Dark Sectors


3. The Mass Frontiers of DM


4. Synergy Across IPP Experiments
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IPP Theorists

British Columbia:  
UBC:


Joanna Karczmarek, Moshe Rozali, G. 
Semenoff, Kris Sigurdson, Mark Van 

Raamsdonk, A. Zhitnitsky


U Fraser Valley: 

Derek Harnett


U Victoria:

Kristan Jensen, Pavel Kovtun, Adam Ritz


Simon Fraser U: 

Levon Pogosian


TRIUMF: 

David McKeen, David Morrissey


Alberta: 
U Alberta: 


Alberta Center for Particle Physics

Nassim Bozorgnia, A. Czarnecki, Saeed 
Rastgoo; Augustana Campus: Blokland, 

Bouchard, de Montigny


U Calgary: 

Rachid Ouyed


Saskatchewan: 
U Sask:


Rainer Dick, Tom Steele


Regina: 

Nikolay Kolev, Nader Mobed 


Manitoba: 
Winnipeg Inst. Theoretical Physics


U Winnipeg: 

Andrew Frey, G. Kunstatter, Evan 

McDonough


Brandon:

Margaret Carrington


WEST-COAST PRAIRIES SOUTH-EAST

MEGATROPOLIS ATLANTIC

Ontario: 
Carleton:  Bruce Campbell, Steve 

Godfrey, Thomas Gregoire, Seyda Ipek, 
Heather Logan, Daniel Stolarski,


 Yue Zhang

McMaster: Cliff Burgess


Perimeter: Jaume Gomis, Rob Myers

Queen’s: Aaron Vincent, Joe Bramante


U of T: David Curtin, Bob Holdom, 
Michael Luke, John Moffat, AW Peet, 

Erich Poppitz

York:  Randy Lewis, Kim Maltman, Sean 

Tulin

Waterloo: Achim Kempf, R. Mann

Western: Alex Buchel, V. Miransky


 
Quebec: 
Laval: Helmut Kroeger, Luc Marleau, 

Pierre Mathieu

McGill: Robert Brandenberger, Simon 

Caron-Huot, James Cline, Keshav 
Dasgupta, Alex Maloney,  Katelin Schutz

U de Montreal: David London, Richard 

MacKenzie, Manu B. Paranjape

UQAM: Gilles Couture
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New Brunswick: 
Mohammad Ahmady 

Nova Scotia: 
Ruben Sandapen


Newfoundland:  
Aleksander Aleksejevs, Svetlana 

Barkanova




Research Themes 
• Precision SM predictions for experiment


• Quantum Gravity & String Theory


• Dark Sectors

• dark photon; dark QCD;

• Multicomponent DM


• complementarity of light and heavy DM components of dark sector


• Tests of the wide possible range of DM mass

• Synergy of indirect (astro) signals + direct detection

• Connecting DM origin (production mechanism) with observables


*Note all of this done in the framework  
of effective field theory
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Atlantic Particle Theory Group Evan McDonough
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•Ruben Sandapen (Acadia)


•Mohammad Ahmady (Mount Allison)


•Svetlana Barkanova, Aleks Aleksejevs (MUN-Grenfell)

Particle Theory From Pheno to Formal
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The Prairie Powerhouse*:

Winnipeg Institute for Theoretical Physics
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Winnipeg

• Executive: Evan McDonough (Director), Andrew Frey (Past-Director), Kyle 
Shiells (Director-Elect)


• Membership: 27 faculty across Manitoba, across theory subfields 

• Scholarly output 2018-2022: 294 published papers

• Big events in 2023: summer school, public lecture

WITP
Winnipeg Institute for Theoretical Physics

WITP 2023 Theoretical Physics 
Summer School and Symposium 

Aug 14-16, 2023

Lectures Include: 

Michael Toomey (Brown & MIT) 
 Machine Learning for Physics & Astronomy 

Hermie Monterde (Manitoba)  
Quantum Walks 

Alex May (Stanford & Perimeter Inst.)  
Quantum Information and Holography 

+ Symposium talks by all interested student participants 

Funding is available to subsidize student expenses 

For more information contact Evan McDonough, Director, WITP

WITPhysics@gmail.com


*See also: 
Alberta Center for Particle Physics 
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Dawn of the Dark Sectors
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WEST-COAST

PRAIRIES
SOUTH-EAST


MEGATROPOLIS

Evan McDonough

WinnipegDark Sectors From Coast-to-Coast: 


From Pheno to Formal

Thesis by Shihau Wu,

Supervisors: Svetlana Barkanova, Aleksander Aleksejevs

[Just a few examples— more to come!]

(see last 20 years of Ritz papers)
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Dark Photons Evan McDonough
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Note also:

• Displaced vertex: 
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Idea: Dark U(1) gauge boson kinetically coupled to  SM photon: 


Motivations: 
0. Calculable, predictive


 1. No global symmetries in quantum gravity; all U(1)’s local (dark photon) and/or broken (massive);

2. Unavoidable in string theory model building [always get U(N), not SU(N)]


Phenomenology: 
1. Rotate fields  mixing of DM & SM photons, SM millicharges for DM (and vice versa)


2. May explain anomalies at ATOMKI, others

3. Constrained by Belle-II, will be probed by DarkLight 

ϵ (FSM)μν (FDM)μν

⇒

[See talk by A Ritz]

DarkLight! 
see: Kate Pachal



Dark QCD Evan McDonough

Winnipeg[ Review: Cline 2021  “Dark atoms and composite dark matter” ]

Potential synergy with lattice QCD, holography: 

Dark Sector with  colours and  flavors, 

quark mass  , QCD scale 

Nc Nf
mq ΛdQCD

Lots of cool phenomena! e.g. Neutron Oscillations: 
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https://inspirehep.net/literature/1909261


Multicomponent Dark Matter
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Light and Heavy DM from Dark QCD Evan McDonough
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12/27

Portals to the  Standard Model

Spectrum: 
Dark Pions [stable]: neutral and charged Dark Baryons [stable], eta’, glueballs, ….

Production:

mb′￼
∼ Λ

DM is an admixture 

of superheavy and ultralight
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mq ΛdQCD

Idea: If , can have a hierarchy  between pions and baryonsmq ≪ ΛQCD



The Mass Frontier(s)
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Ultralight Middle ground DM-classic Superheavy

Credit A. Ritz



[2108.09405]

The Superheavy Frontier
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1998 2023

IceCUBE

KASCADE,

Pierre-Auger

Fermi-LAT

Theory Motivation: new heavy particles abundant in any BSM model!  

Historically neglected because both production and detection were challenges

Overproduction:

Just right:
Constraints on Decay of Superheavy DM

Direct Detection!
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DUNE:  
Modulation of  
mass splitting

 
Theory Motivation: accidental symmetries (Burgess & Quevedo); string theory axions; dark QCD 

mDM ≪ eV

Neutrino Portal:

Continued relevance to Strong CP: 

+ wealth of cosmological and astrophysical signals
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The  In-Between
sub-MeV:

(30 MeV- 1 TeV)
sub-GeV:
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Sub-GeV thermal DM landscape today

thermal
~10-22 eV ~30 M⦿

bosonic composite

~100 eV MeV ~100TeV Mpl

thermal
GeV MZ

non-thermal non-thermal

[Snowmass RF6, Krnjaic et al ’22]

• KEK (Belle II) 
• SLAC (LDMX) 
• CERN 
• FNAL 
• LANL 
• SNS 
• JLab 
• Mainz 
• …

Multiple expts/proposals at 
various developmental stages

Plus analyses of multiple Vector, 
Higgs, HNL, ALP portal mediators 
(PBC benchmarks)

[S. Longo, talk in W1-1]

[credit: A Ritz]
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Synergy Across IPP Experiments

Evan McDonough

Winnipeg

I. IPP Theory    II. Dark Sectors   III.  Mass Frontiers   IV. Synergy   V. Summary 



Evan McDonough

Winnipeg

DO!
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• 1980’s vision: triple-detection of DM particle


•2020’s vision: N-detection of dark sector, from 
detection(s) of each component

Evolution of the Discovery Strategy



1. Two energy scales

2. SM portal: photon kinetic mixing (millicharges)

SM

(Baryons, leptons, etc.)
dSM

mq, ε,mγ′

εe eQED

E
mq ! eV v,ΛdQCD

6/16

3. DM Production

Evan McDonough

WinnipegCase Study: A Dark Standard Model
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Synergy of IPP Experiments

Component:


sub-eV dark pions


Massive Dark Photon


Dark Leptons, Higgs


Superheavy Dark baryons 


Experimental Arena(s)


• Neutrino oscillations & CP violating 
phases, oscillating SM parameters,


• neutron EDM, …..


• Accelerator


• Accelerator


• Direct detection, indirect (cosmic 
rays) 


IPP Experiment


T2K, HyperK, DUNE,….


NA62, DarkLIGHT, Belle-II, …


ATLAS


DEAP-3600 , VERITAS, ICECUBE


Searching for 3 parameters: two mass scales, one coupling 



Summary

Evan McDonough

Winnipeg

I. IPP Theory    II. Dark Sectors   III.  Mass Frontiers   IV. Synergy   V. Summary 



Take-Home Messages
• IPP theory effort spans the country, covers SM pheno to 

quantum gravity


• Significant dark matter effort, moving towards “Dark Sector”
paradigm


• IPP experiments provide complementary windows into dark 
sectors across the DM mass range
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Thanks!
e.mcdonough@uwinnipeg.ca
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