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context

• What is dark matter?

• answer will arise by observations selecting the correct hypothesis

• it’s important to precisely understand what info various 
instruments can provide on dark matter
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exec summary

• updated assessment of CTA to test 𝛾-ray signals of thermally 
produced, annihilating dark matter at TeV scale from the GC

• CTA will open a new window of discovery significantly extending 
the range of tested DM models

• this is due to CTA’s unprecedented sensitivity, angular and energy 
resolution, and the planned observational strategy
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“This article treats a range of rather different topics, from DM to 
conventional astrophysics and instrumental properties. While we 
put an effort in covering all relevant aspects, which makes a certain 
overall length unavoidable, we deliberately organised it in a way 
that allows to directly skip to the (mostly self-contained) sections of 
interest without the need to read all preceding parts.”
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intro

• thermally produced, annihilating dark matter at TeV scale ~ 
WIMP (weakly interacting massive particle - strong theory 
motivation)

• WIMP detection via 𝛾-rays from GC is promising (huge literature)

• CTA is exceptionally positioned to search for such a signal

• new in this study

– exploring a novel template fitting approach (vs. ‘ON’ and ‘OFF’ regions)

– realistic modelling of Galactic diffuse emission background (sys limited)

– varying assumptions of dark matter galactic distribution

– …
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while I have your full attention: 5.1 Expected dark matter limits
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baseline assumptions (used for main results)

• DM self-annihilates 100% into 𝑊+𝑊− (or 𝑏ത𝑏, 𝜏 ҧ𝜏) pair

• Galactic DM distribution: Einasto

• GC survey obs. strategy: masking bright sources (cf. Fig. 1.)

• diffuse background: Asimov mock data set based on CR 
background and IE Gamma model templates

• template fitting analysis: based on 0.1◦ × 0.1◦ spatial bins and 55 
energy bins between 30 GeV and 100 TeV (and a width 
corresponding to the energy resolution at the 2σ level)
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analysis of main results

• CTA can test ‘thermal’ annihilation for a wide range of DM mass

• this is the biggest deal for 𝑊+𝑊− final states with slightly harder 
𝛾-ray spectrum

• this makes CTA potentially the most promising instrument to test 
the WIMP paradigm for TeV DM masses

• grain of salt: benchmark treatment of systematic uncertainties of 
“an instrument yet to be built” (compare with stat only reach –
note that at high mass reach is stat limited duel too low 𝛾 flux)
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less DM model independent results

• main results could be used by phenomenologists for a DM 
candidate with given mass and annihilation rate, but

• actual DM spectra may not coincide with those shown above

• this paper gives bin-by-bin integrated flux sensitivities, obtained 
by applying the likelihood function

• this is extremely useful for a more sophisticated indirect 
detection analysis of a generic DM model (cf. GAMBIT)
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less DM model independent results

C Balázs | 2020 Apr 16 CTA-Au | page 10 of 128



analysis of less DM model independent results

• “To a reasonable approximation, this allows to constrain the 
signal normalisation, at 95% C.L., of an almost arbitrary smooth 
DM spectrum 𝑑𝑁𝛾/𝑑𝐸𝛾, where 𝑁𝛾 is the number of photons per 

annihilation process.”

• assumption: the photon flux from DM annihilation is described 

by a power-law  
𝑑Φ

𝑑𝑁
~𝐸−2 (checked that this has small effect)

• even for a DM spectrum very strongly varying with energy, 
integrating over the energy inside each bin would provide a 
reasonable estimate

• we need to add likelihood fn. to GAMBIT to be able to utilize it
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impact of assumed DM galactic distribution

• baseline study assumed Einasto distribution profile

• but no consensus on the Galactic DM distribution within the 
inner few kpc which is crucial for estimating the DM signal

• conservative case: 1 kpc inner core of constant DM density

• limits weaken because expected profile steepens

– a signal degenerate with the misidentified CR background constitutes a 
blind spot for morphological analyses

– J-factor somewhat decreases
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impact of assumed DM galactic distribution
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impact of assumed DM galactic distribution

• limit for the 𝑊+𝑊− channel worsen by about one order of 
magnitude when assuming cored DM distribution

• planned extended GC survey helps (see next slide for “extended”)

• note: for Einasto the effect of extending the survey is minimal 
(the template discrimination already good for standard survey)

• further improvement is possible using spectral correlations (thin 
magenta dash-dot)

• in summary: a large core in the DM distribution would worsen 
the CTA sensitivity to DM annihilation but much less severely 
than naively expected
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2.2 Observational strategy of the GC
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I skipped most of the paper including

• 6.1 Instrumental systematics

• 6.2 Uncertainties in astrophysical components

– IE template uncertainty

– Localised sources: Non-diffuse sources, Fermi bubbles

• A Phase 1 telescope configuration

• B Details of IE models

– B.1 Spectral differences in the Galactic Ridge region

– B.2 Morphological differences

– B.3 Effect of masking

• C Further analysis details
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conclusion: Phase 1 projection and comparison to HESS and Fermi
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bonus material
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fun fact: MSTs are most sensitive to DM
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fun fact: DM distribution might be more favorable for CTA
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generalized NFW 
profile

note: sensitivities are 
calculated for the 

extended survey, but 
without spectral 

information



the likelihood function

• an upper bound on the 𝛾-ray from DM annihilation is set based 
on the test statistics

• 𝜇 = number of photons predicted by the theory model, and          
𝑛 = (modeled) number of photons detected

• The likelihood function is Poisson (with Gaussian prior on the 
background variations Δ𝐵𝑘) in the spatial and energy bins 𝑘
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the likelihood function

• here the number of photons from the theoretical prediction

includes the backgrounds

• profiling over the nuisance parameters yields a likelihood 
function that only depends on the signal normalization 𝐴𝑘
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