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Dark Matter Search: Targets and Strategies
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Little or no astrophysical uncertainties, 
but low sensitivity because of 
expected small branching ratio 
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(Another way to see it) 

Dark Matter Search: Targets and Strategies



Classical Dwarf spheroidal galaxies: 
promising targets for DM detection
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Dark Matter in the Milky Way (from simulations)

Springel et al. (Nature, 2005) 

Segue I 

LMC
SMC

Projected DM square density (constrained) simulations 
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First 3 years
• The principal target is the Galactic Center Halo (most intense diffuse emission regions removed)
• Best dSph as “cleaner” environment for cross-checks and verification (if hint of strong signal)

Next 7 years
•  If there is detection in GC halo data set (525h)

• Strong signal: continue with GC halo in parallel with best dSph to provide robust detection
• Weak signal: focus on GC focus to increase data set until systematic errors can be kept

under control
• If no detection in GC halo data set

• Focus observation on the best target at that time to produce legacy limits.

CTA DM Detection Strategy
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There are several of the newly discovered dSph that have a better case for 
being a promising target, 
Will choose most promising targets before observations with the latest 
knowledge.

Dwarf Spheroidal Galaxies: CTA Sensitivity

Sculptor with Systematics



Example:
Annihilation cross-
section points from 
a 19 dimensional 
pMSSM fit 

L.Roszkowski et al., JHEP 1502 (2015) 014  
[arXiv:1411.5214]

note:the “thermal” cross section is only a reference value. The real cross section              
can be higher or lower

Note that a strong 
enhancement of the 
annihilation cross section 
occurs for winos around 2-3 
TeV due to Sommerfeld
enhancement.
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HESS Galactic halo (254 h)
Fermi dSph stacking (15 dSphs, 5 yrs)
WMAP9
PLANCK
CTA Galactic halo, 500 h

Together Fermi and CTA will probe 

most of the space of WIMP models 

with thermal relic annihilation cross 

section 

The expectation for CTA is for the 

Einasto profile and is optimistic as 

includes only statistical errors.

The effect of the Galactic diffuse 

emission can affect the results

by ~ 50%

CTA, HESS, FERMI, PLANK  DM upper-limits 

Fermi

CTA Galactic Halo

HESS Galactic Halo

Planck

WMAP

Einasto, W+W-

bƃ
W+W- Einasto profile 
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Fermi

Together Fermi and CTA will probe most of the space of WIMP models with thermal relic annihilation cross section 

DM limit improvement estimate in 15 years (2008- 2023)

CTA GC Halo 500 h

Fermi 15 Years, 45 dwarfs
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Cahill-Rowley et al. arXiv:1305.6921

CTA
LHC

Direct Search
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Complementarity and Searches for 
Dark Matter in the pMSSM



Dark Matter Searches in Dwarf Spheroidal 
Galaxies with CTA

In-house calculation of the astrophysical 
factors for the dSph halos

— Selection of final sample of dSphs
— Derivation of input quantities for Jeans analysis
— Calculation of astrophysical factor profiles and 2D maps
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2020 May

• In-house calculation of 
astrophysical factors for DM 
annihilation and decay in dSphs
– Selection of optimal candidates for 

both CTA sites made on distance and 
minimum zenith angle:

D < 100 pc
ZAmin < 30º

– Selected sample:

10 Northern dSphs (BoöI, BoöII, 
BoöIII, CBe, DraI, Lae3, Seg1, Seg2, 
TriII, Wil1)
11 Southern dSphs (CetII, EriIII, GruII, 
HorI, IndI, PheII, RetII, SgrI, SgrII, Scl, 
Sex)
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2020 May

• In-house calculation of astrophysical 
factors for DM annihilation and decay 
in dSphs
– Exclusion of targets without or with too 

poor brightness/kinematic data available in 
the literature:

BoöII (only 5 member stars)
CetII (no kinematic data)
EriII (no kinematic data)
HorI (only 5 member stars)
IndI (no kinematic data)
Lae3 (no kinematic data)
PheII (no kinematic data)
Seg2 (no brightness data)

– Surviving sample:

7 Northern dSphs
6 Southern dSphs
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2020 May

• In-house calculation of astrophysical factors for DM annihilation and 
decay in dSphs — IN PROGRESS
– Jeans analysis with CLUMPY v3.0.1 (Hütten+ 2019)
– Input data: dSph surface brightness profile + kinematics of dSph member stars
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2020 May

• In-house calculation of astrophysical factors for DM annihilation and 
decay in dSphs — IN PROGRESS
– dSph surface brightness parameters computed for the whole selected sample

!*s (107 L⊙/kpc3) r*s (pc) #* $* %*

BoöI 0.287 ± 0.053 176.1 ± 5.3 0.6 3.2 0.6

BoöIII 0.23 ± 0.10 3.91 ± 0.17 0.4 1.0 3.6

CBe 1.53 ± 0.70 85.1 ± 7.7 0.4 3.4 1.2

DraI 102 ± 28 58.0 ± 4.6 0.6 2.6 0.0

GruII 0.190 ± 0.035 75.6 ± 7.1 0.6 2.8 0.6

RetII 2.98 ± 0.27 25.0 ± 1.6 0.6 3.0 1.0

Scl 770 ± 360 31.5 ± 2.2 0.2 2.4 1.0

Seg1 35 ± 26 5.92 ± 0.51 0.6 3.2 0.2

Sex 0.41 ± 0.19 255 ± 12 0.8 3.0 0.2

SgrI 6.6 ± 1.8 473 ± 36 0.2 3.0 1.6

SgrII 123 ± 11 7.97 ± 0.57 0.4 2.4 0.2

TriII 13.1 ± 6.0 30.8 ± 2.1 0.2 2.6 1.6

Wil1 73 ± 54 8.1 ± 1.5 0.4 2.8 0.2 18



2020 May

• In-house calculation of astrophysical factors for 
DM annihilation and decay in dSphs — IN 
PROGRESS
– J/D-factor profiles to be computed as a function of the 

integration angle up to 2º for both cuspy (Einasto) and 
cored (Burkert) DM density profiles

– 2D maps of J/D-factors to be computed up to 10º FoV 
for both DM density profiles
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Upper Limits 95% CL 
CTOOLS v1.5.1:



Upper Limits 95% CL 
CTOOLS v1.5.1:

Integrated values J(alpha_int = 10º)



Summary
• We will  include the limits for extended Sources in the paper

• We are calculating upper limits for all the selected targets

• Compatibility with gammapy is under study.

• Update to the last IRFs

• Study IRF systematics.

• We are updating the final draft of the document
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CTA CONTRIBUTION TO DM RESEARCH 

Gabrijela Zaharijas DMEP group Status Report May 21 2020
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• CTA has good prospects to probe for the first time WIMP models with thermal 

relic cross-section and masses above 200 GeV; 

• Together with Fermi CTA will be able to exclude thermal WIMPs within the mass 

range from a few GeV up to a few tens of TeV. 

• For heavy WIMPs (>TeV) CTA will provide unique observational data to probe 

parameter space not reachable by the other experiments. 

• CTA is complementary instrument to LHC and direct DM searches probing some 

non-overlapping regions of DM particle parameter space. 

• If DM is detected by CTA, it will also be possible to explore some properties of DM 

particle through the study of annihilation channels, etc. 

• Control of systematics in deep observations of GC halo and dSph(s) is critical for 

the success of these studies and will require full knowledge of the instrumentation 

(hence CTA KSP) 

• Better understanding of J factors is essential for interpretation of observational 

data and derivation of limits. 

CTA CONTRIBUTION TO DM RESEARCH 
(SUMMARY) 


