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Current major IACTs

Several smaller
installations:
• FACT
• TACTIC
• In LHAASO
• In TAIGA
• …
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MD NIMA742 (2014) 99-106 



Two CTA arrays
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M.Gaug, MD, MNRAS 10.1093/mnras/sty2188à
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CTA: three telescope sizes

2017 Begin Pre-Construction
2022 Begin Operation
2022-25 Commissioning and 

Early Science
2025 Construction completion
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Large Size

Medium Size

Small Size
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A sensitivity leap

LOWER 
ENERGY 

THRESHOLD
HIGHER ENERGY 

REACH



Four reasons for DM searches with gamma-rays

g

Point where DM 
is expected

Interaction
with SM

Features in 
spectra, and 
not distorted

Universality of 
spectra
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5th: Complementarity

• Where overlap: cross-
validation possible

• Some regions uniquely
probed by CTA
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Credit: Nina McCurdy and Joel R. Primack/UC-HiPACC
Figure of merits of current

generation:
• FOV 5x5 deg

• 50 GeV- 100 TeV

• Eff.Area ~ 105-106 m2

• Dark time: ~1000 h/year

• ~10-50 h source for 

detection

• ~0.1 angular resolution

• ~10-20% energy resolution



Astrophysical factor: Particle Physics factor:

Annihilation:

Decay:

Large uncertainties from Fund. Phys.
No target dependences
(straightforward stacking analysis)

Large uncertainties from DM profiles
(robust limits from less uncertain targets)

dec
1
tc

S. Lombardi (INAF-OAR & ASDC), Dark Side of the Universe 2016, Bergen, 25-29 July 2016

What influences the flux on Earth
• Hunting the 

highest J-
factor

• Left with huge
uncertainties
in the particle
physics
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Different target classes
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Baryon feedback
Tidal stripping and heating

Merging

(for annihilating DM 
case)



What ground gamma-
ray telescopes have 
accomplished
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CACTUS claim

• CACTUS (Converted Atmospheric
Cherenkov Telescope Using Solar-2) was a 
ACT located in California.

• It was originally a solar power plant called
Solar Two, converted to an observatory in 
2001, installing a 6 meter secondary that
imaged the field onto an array of 80 PMTs.
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Bergstrom Hooper 2005



1,2,..,20dSphs

13
MD, NIM A 742 (2014)

• All instruments
launched in the 
search!...but
investing few
hours
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MAGIC + Fermi combined

• MAGIC: Segue 1 (158 h) and 
Fermi-LAT: 15 dwarfs (6 years, 
Pass8) 

• Effective combination (2x 
stronger constraints) in the 
range 300-500 GeV
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JCAP 02 (2016) 039
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Segue + Fermi  statistical treatment
• In all DM searches, we try to 

measure the same universal
parameter, e.g. <!">  through
gamma-ray flux:

– Different observations of 
different targets differ in the 
astrophysical or J-factor

• Aim: combine measurements of 
<!"> from different targets and 
instruments
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Different experiments can be combined through ad-
hoc likelihood:

The instrument response functions do not need to be 
combined, but can be used on individual factor of the 
likelihoodàGREAT ADVANTAGE

RESULTS FROM DIFFERENT INSTRUMENTS AND 
DIFFERENT TARGETS CAN BE NOW COMBINED TO 
IMPROVE SENSITIVITY
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See Aleksic+ JCAP 1210 (2012) 032



«Gather them all»

• A project between MAGIC, 
VERITAS, HESS and Fermi 
started to gather them all
– 300+ h MAGIC
– 300+ h VERITAS
– 100+ h HESS
– Fermi-dSph

• Great expectations!
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Galactic Center

Michele Doro - Dark Ghosts 2018 - Bruxelles, November 201817



Michele Doro - Dark Ghosts 2018 - Bruxelles, November 201818

Rinchiuso+ Rencontres de Moriond - VHEPU, March 2017



Strong limits: 254h  observation
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Rinchiuso+ Rencontres de Moriond - VHEPU, March 2017



Uncertainties

• Ordinary matter strongly influence
GC dynamics

• Baryon infall can cause contraction
à increase DM density

• Baryon feedback can central
depletion à decrease DM density

• Interaction with central BH hole
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See e.g. discussion in JCAP10(2013)029



Decaying (dark) matter in the Perseus (Galaxy cluster)
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Complex observing region: decay DM case
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Decaying DM
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Lines ↓

Continuumà



Then, so far, a big effort from IACTs

Big time-
investment
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ß Edited from MD, NIM 
A 742 (2014), to appear 
in Mukherjee, Zanin „The 
Science Program of the 
Third Generation of IACTs 
for exploring cosmic 
gamma rays“
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Where are we now? Where to go?
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HOLY DARK MATTER REGION

GALACTIC CENTER

DSPH GALAXIES

FERMI-LAT DSPHS

ß Annihilation into !"!
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The Cherenkov Telescope Array 
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CTA DM strategy outlined

Michele Doro - Dark Ghosts 2018 - Bruxelles, November 201827

500h



Galactic Center: sytematics
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Systematics matter
Over long observations



Diffuse components

Michele Doro - Dark Ghosts 2018 - Bruxelles, November 201829



DM profile
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Summary:
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Enter the 
parameter
space < 30 TeV



More visible dSphs coming

At the time of CTA, possibly all dSph will be discovered
32 Michele Doro - Dark Ghosts 2018 - Bruxelles, November 2018



Need a high J-factor
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Segue 1

Super-Segue 1

Calore+ Phys.Rev. D96 (2017) no.6, 063009



Need accurate J-factors!
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Bonnivard+ MNRAS 453 (2015) 849-867
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Assessing J-factors
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Remove
foreground

stars with GAIAà

Advanced 
spectroscopy

follow-ups
of LSST targetsà

Close interaction between communities needed!

ß ↓ F.G. Saturni



dSph
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Not all subhalos
are necessarily
optically bright!



Dark subhaloes?
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Room for 1-20 g-ray bright, optically dark subhalos!
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• It would be even better if somebody
told us where dark subhalos could be…

• Fermi-LAT follow ups?



Guest and pipelines program

• Guest observation time >50%

• Public photon list
• Public analysis pipeline!
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CTA consortium
tim

e à



Dark Matter Array

Did this make sense? 
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Phys.Rev.D83:045024,2011
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Before their death…

Use MAGIC VERITAS and HESS
for dSph deep field?



Conclusions
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• CTA will dedicate important
fraction of time for dark 
matter searches

• Galactic center obvious
target + extragalactic scan

• Where else to point? One or 
many dSphs? How to 
improve chances?



Announcements
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• Starting from this year external 
scientists can apply for observation 
time with MAGIC. Deadline for the 

call is set on November 2017: 

https://magic.mpp.mpg.de/outsiders

/magicop/ 

• Some MAGIC groups accepts PhD 
“affiliation”: If you interested in 

MAGIC data, phd can JOIN OUR 

SCIENCE PROGRAM without fees
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Thanks!


