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WP3 is meant to gather all the efforts 
and interests that SWG-TH members 
have on dark matter and, more 
generically, astroparticle physics.
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WP3 
A particle physicist’s perspective
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[Buckley & Peter 2017]
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FIG. 1. Estimates for the range of particle physics and astrophysics figures of merit (⇤�1 and M
halo

) for

a variety of dark matter models. The range of M
halo

covered by “evolutionary” and “primordial” self-

interacting dark matter models (SIDM) are overlapping. The former covers the range 106 � 1015 M�, and

the latter the range below 1011 M�. See text for further details.

approaches: laboratory-based particle physics searches for interactions with the Standard Model,

and the astronomical searches for interactions within a dark sector and also (as we will see) with

the Standard Model. To organize these searches, we need a compact space in which to classify

models in terms of their observability in the laboratory and in the sky. Our goal with this section

is to motivate a specific choice for this space, and to show how particle dark matter models inhabit

it. The space is designed to be well-matched to the ways particle physicists and astronomers think

about dark matter, making the mapping between the particle and astronomical spaces transparent

and straight-forward, and compact but informative enough so that one might define “figures of

merit” to quantify how well future experiments and observations will constrain dark matter models.

We classify dark matter models by their interaction strength with the Standard Model, ⇤�1,

Interaction strength with SM [GeV–1]
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• Telecons (˜30 active participants) 

• Work on Parameter Definition Document 

• Suggestions for SWG-TH paper on extended models 

• Focus on key science cases (as requested @ EC Meeting ’17)

Stefano Camera Euclid SWG-TH WP3 – Dark matter & particle cosmology 28 · II · 2019



WP3: PDD
UNIVERSIT
Department of Physics

UNIVERSITÀ 
DEGLI STUDI 
DI TORINO 

ALMA UNIVERSITAS 
TAURINENSIS

UNIVERSITÀ 
DEGLI STUDI 

DI TORINO 
ALMA UNIVERSITAS 

TAURINENSIS

• Short paragraph(s) describing a specific model 

• List of model parameter(s) constrainable by Euclid
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• CMD/WIMPs: mass, cross-section, decay rate 

• WDM: mass, free-streaming length/scale 

• Interacting DM: mass, total cross-section, elastic cross-section, … 

• Generalised DM: EoS, sound speed, viscosity 

• Quartessence: sound speed 

• Mimetic DM: disformal transformation (free function) 

• Decaying DM (dark sector): decay rate, decaying DM fraction 

• Fuzzy DM: mass, self-interactoin cross-section? 

• PBHs: —
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• 1st brainstorming w/ ‘eligibility conditions’ for a model: 

• Forecast and Boltzmann codes (at least partly owned by Euclideans) 

• Already in SWG-TH review and/or PDD (preferably) 

• Existence of LCDM limit (preferably) 

• Theoretically viable (e.g. no ghosts) 

• Compatibility w/ current data sets (including Solar System and GWs)

Stefano Camera Euclid SWG-TH WP3 – Dark matter & particle cosmology 28 · II · 2019



WP3: extended models
UNIVERSIT
Department of Physics

UNIVERSITÀ 
DEGLI STUDI 
DI TORINO 

ALMA UNIVERSITAS 
TAURINENSIS

UNIVERSITÀ 
DEGLI STUDI 

DI TORINO 
ALMA UNIVERSITAS 

TAURINENSIS

• WP3-related proposed extended models: 

1. Fuzzy DM (D. Marsh) 

2. Quartessence (D. Bertacca, S. Camera) 

3. Generalised DM (I. Tutusaus) 

4. Unified DM w/ fast transition (I. Tereno, in contact with #2) 

5. Mimetic gravity (S. Matarrese) [not sure if for DM] 

6. D-material universe (M. Sakellariadou)
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• Definition of sub-WPs based on specific models: 

• CDM/WIMPs (S. Camera) 

• Neutrinos (M. Archidiacono) 

• WDM/Axions/Fuzzy DM (M. Sahlen, D. Marsh) 

• Interacting/Decaying/Self-interacting DM (M. Baldi, J. Lesgourgues) 

• Generalised DM (D. Bertacca, C. Skordis) 

• PBHs (S. Clesse, J. Garcia-Bellido, A. Raccanelli) 

• Modified gravity DM (D. Mota, C. Skordis)
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