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CTAO sensitivity for realistic dark matter 
models



What we know and don’t know



What we know and don’t know

Need beyond-
Standard Model 
(BSM) physics...



The Standard Model in full detail



The “WIMP miracle”

  Note: Need to measure σv  to rule out WIMP hypothesis

  Get correct thermal relic abundance for DM with weak annihilation cross-section and mass ~100 GeV

 



How does CTA see WIMPs?



Making a WIMP theory
 Many theoretical options exist

 Bottom up approach: simply add particles to SM by hand, stabilise with a Z2 symmetry

e.g. Scalar singlet DM 

 Top down approach: take a BSM model and exploit particles with the right properties

e.g. supersymmetric models, universal extra dimensions, little Higgs, some composite      
                     Higgs theories, etc

See e.g. 
1907.06485,
1808.10465, 
1705.07931, 
1512.06458 

See e.g. 
2309.05709,
2303.09082,
1809.02097, 
1705.07917, 
1705.07935



A very general approach to DM

 Assume Dirac fermion gauge-singlet 
DM, write all allowed operators that 
connect DM with SM fields – Effective 
Field Theory (EFT)

 Note EFTs differ below and above EW 
scale, and are matched at that scale

 Ignore dim-6 operators with lepton 
interactions, also ignore operators 
with products of DM and Higgs 
currents above EW scale

 Drop additional dim-7 operators with 
derivatives (redundant information)



GAMBIT scan

https://arxiv.org/abs/2106.02056



Beyond DM EFT: simplified models

Eur.Phys.J.C 83 (2023) 8, 692

Eur.Phys.J.C 83 (2023) 3, 249



DM reach at CTA  DM EFTs and simplified models were 
previously explored in a CTA context by 
Csaba and collaborators in 2017

 Lots of things have changed in the last 7 
years
 - changes to the CTA analysis
 - changes to the astrophysical background   

  models
 - new knowledge of DM spatial and velocity 

  distributions from Fire-II numerical              
  simulations

 - LHC and direct search limits have                 
  changed

 It’s a good time to revisit the CTA reach for DM 
effective field theories and simplified models...



EFT (notation changed to match Csaba)

 These operators cover a range of interesting behaviour 
at CTA



EFT annihilation cross-sections



Photon flux



J factors
 Leading source of uncertainty on gamma ray 

yields

 Recent hydrodynamical simulations 
incorporating the effects of baryonic 
feedback have led to new predictions of the 
DM density profile and 3D velocity dispersion

 Can perform a correct treatment of the J 
factors for s-wave and p-wave annihilation 
processes

https://arxiv.org/abs/2111.03076



CTA analysis
 Focus on 5° region around the Galactic Centre (GC)

 500 hour observation time

 Divide into regions of interest (concentric annuli of 0.1° width around GC)

 Residual background taken from IRFs of CTA southern hemisphere site

 Masks applied for a variety of known sources, plus ±0.3° covering galactic plane

Effective area
Energy resolution

Total observation 
time



EFT flux and backgrounds (1 TeV WIMP)



Statistical treatment for limits



Preliminary results



Summary
 We’re in the process of updating the CTA reach for realistic dark matter theories 

(effective field theory and simplified models)

 Have shown EFT results today – these are complementary to LHC and direct 
detection constraints, and can probe different regions

 The new J factors from the FIRE II simulations have a significant impact on the results

 Note: there is a nice follow up study here using GammaBayes – need to chat to/share 
code with Liam, Csaba and Eric!
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