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Abundance of evidence for DM gives few clues for its origin

● A particle origin is a very reasonable assumption, as is some coupling to SM matter

­ dark matter must somehow be produced in the early universe
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Lots of options for dark matter

● Primordial black holes

● Weakly Interacting Massive Particles (WIMPs)

● Sterile Neutrinos

● Asymmetric dark matter

● Axions

●  Wimpzillas!
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The visible sector is very complicated

 We should probably expect the dark sector to be very complicated

● We should aim to determine how much DM is represented by each component

● This requires:

1) distinct experimental handles on different DM sources

2) sophisticated ways of combining measurements from many different sources
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One example: WIMP dark matter

● There is no shortage of WIMP theories

- can either take a top-down or bottom up approach 
- we all have our favourites

● Any WIMP theory could show up in lots of places

- Higgs and supersymmetry searches at the LHC and its predecessors
- low-energy accelerators
- measurements of the magnetic moment of the muon
- beam dump/fixed target
- electroweak precision tests
- dark matter direct detection experiments
- searches for antimatter in cosmic rays
- nuclear cosmic ray ratios
- radio data
- effects of dark matter on reionisation, recombination and helioseismology
- the observed dark matter cosmological abundance
- neutrino masses and mixings
- gamma ray searches (e.g. FERMI-LAT, HESS, CTA, etc)
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To confirm or refute a given WIMP theory

● Need to perform a global statistical fit

- i.e. map out likelihood (Frequentist) or posterior PDF (Bayesian) in the model space
- can repeat for different models for model comparison
- many examples exist in particle physics, astrophysics and cosmology

● Require:

- efficient exploration of large parameter spaces
- fast predictions of experimental signatures
- accurate likelihood calculations (including systematic effects)
- a model independent framework that can cope with new ideas
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GAMBIT: General tool for new physics exploration

● Not just WIMP DM (axions coming soon), not just particle physics, not just astrophysics!
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To confirm or refute the WIMP hypothesis

● WIMP miracle rests on the fact:

- relic density for dark matter magically pops out for thermal relic with weak annihilation      
         cross-section

 

We need to measure this to rule out the WIMP 
hypothesis   need indirect detection experiments→

­ LHC only probes interactions with quarks
­ same applies for direct detection experiments

● For m
X
 ~ 100 GeV and typical couplings, get correct relic abundance

● Need to measure σv  to rule out WIMP hypothesis
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CTA
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Australian CTA involvement
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Summary

● GAMBIT is a new, open source tool for exploring generic models of dark matter

­ lots of WIMP calculations in place
­ axion calculations coming soon
­ cosmology offshoot is in the planning stage
­ we would love to hear from users interested in other studies

● The Cherenkov Telescope Array now has Australian involvement

­ we are starting to become involved in dark matter searches
­ nascent effort involving Australian gamma ray community plus particle experimentalists    

         and theorists, plus astrophysics theorists
­ exciting physics to come, starting in ~2019
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Lots of options for dark matter

● Primordial black holes

­ lots of mechanisms for creation / most of the mass range is ruled out (grav. lensing)

● Weakly Interacting Massive Particles (WIMPs)

­ expected in many BSM physics theories / small scale structure might be difficult to obtain

● Sterile Neutrinos

­ favoured way to get neutrino masses? / minimal model is disfavoured

● Asymmetric dark matter

­ improved structure formation  / potentially reduced observational options 

● Axions

­ very strong theoretical motivation (strong CP problem) / minimal model is ruled out

●  Wimpzillas!
­ lots of theoretical options / strong constraints from e.g. Pierre Auger (UHECR) 
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These categories are not always mutually exclusive

t

Tim Tai
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CTA
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CTA timeline
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CTA sites
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CTA Australian involvement
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