
1

Expectation	from	the	gamma-ray	sky	of	
the	next	decade
Michele	Doro	
University	and	INFN	Padova michele.doro@pd.infn.it



2

https://www.darkmatterwines.com/
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Introduction



Our heads	in	the	clouds
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?
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1/	Universality of	Dark	Matter Spectra
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2/	Dark	Matter mass	(cutoff position)	&	Dark	matter branching	
ratios (spectral shape)
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A. Charbonnier, et al., Monthly Notices of the Royal Astronomical Society 418 
(2011) 1526. 



Golden	channel

• Important to	look	where
DM	is

• Gamma-rays can	do	it
(Neutrinos too)
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What other probe	can	give us that?
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S.	Lombardi	(INAF-OAR	&	ASDC),	Dark	Side	of	the	Universe	2016,	Bergen,	25-29	July	2016

If you need to	point,	where to	point?
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Zechlin+



Complementarity
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M.	Cahill-Rawley 1411.3353
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Do gamma-rays
provide a good
path toward DM 

discovery?
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Let’s first briefly
see what we’ve
accomplished



Techniques

12

Compton
(in	space)
10	MeVà

Pair-production
(in	space)

100	MeV—100	GeV

Cherenkov
(ground)

10	GeV—100	TeV

Shower front
(ground)

1	TeV—100TeV+

Bad	angular	pos.
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Modified from:	Hofmann	2012



Comparing	experiments

Sensitivity	is	not	the	only	thing	that	matters
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Plot	from	https://arxiv.org/abs/1611.02232
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Ingredients	to	discovery

• Compton:	10	deg
• Lat/MeV:	>1	deg
• Lat/GeV:	0.5	deg
• IACT:	<0.1	deg
• EAS:	0.5-1deg
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• Compton:	
• Lat/MeV:	
• Lat/GeV:
• IACT:	10-20%
• EAS:	100%

• Similar	information	than	
sensitivity	for	non-transient	
sources

• Do	not	take	constant	eff.	
area	

And	also	FOV	&	Duty	cycle



Steady	or	not
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Performance	limitations	in	IACTs
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Hofmann	2012

You	can	use	some	
brute	force

You	need	to	use	
your	brain

You	are	not	(a)	God



Fermi/LAT	(&	AGILE)
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• Fermi	is	always	
looking	at	DM



Compilation	of	Fermi	Dark	Matter UL

• dSphs stacking
provide strongest
constraints
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Funk



IACTs (FOV	<5x5)
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HESS,	MAGIC	and	VERITAS	(in	2012)



IACTs:	tested several target	classes
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MD,	NIM	A	742	(2014)
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Time	devoted
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About 1000	h	in	a	decade	ç
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MD	XXV	ECRS	2016	Proceedings



We learnt some	things
JCAP	06	(2011)	035
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JCAP 1602 (2016) no.02, 039



Are	we	close	or	far?

• If	we	find	a	dSph with	J=10x	
J_Segue,	in	500h	we	barely	
start	to	enter	the	holy	region

• Useless?	I	believe	as	
experimentalist	we	need	to	
provide	those	limits	

• Some	intrinsic	boost		cannot	be	
excluded
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MD	XXV	ECRS	2016	Proceedings



Shower front	detectors
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if m=10	TeV

HAWC	(left)
à 2015

LHAASO	(right)	
à in	construction (2019?)
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HAWC
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A	look	ahead:	
CTA,	HAWC	and	

CONDORs,	e-Astrogam
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The	Cherenkov	Telescope	Array	
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Dark	Matter	on	CTA	television
Featuring:

Improved	sensitivity
Better	energy	and	angular	resolution
Two	hemispheres	for	hunt
Open	observatory

Plot:

500h	on	the	GC	region	(first	year(s))
100h/dSph/year?

LMC

Can	CTA	make	a	change?



CTA	with	in	survey mode	(divergent pointing)

30 Michele	Doro	- Expectation	from	the	gamma-ray	sky	of	the	next	decade	- Barolo	Astroparticle	Meeting	2017



Particle Shower Detectors	@	Southern	Hemisphere
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arXiv:1607.03051



e-Astrogam

32

http://astrogam.iaps.inaf.it,	https://arxiv.org/abs/1611.02232
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Machete	(Meridian	Atmospheric CHErenkov TElescope)

• Fixed (no	steering)
• Elongated:	45m	x	
17m

• FOV:	strip	of	60	
square deg

• Energy	threshold
and	sensitivity
similar to	MAGIC	
(<100	GeV)
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Astropart.Phys.	72	(2016)	46-54
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Sensitivity
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• Current design,	a	
source	in	the	FOV	
for	20min/day.	

• 1500	h	on	target	
reached in	5y…
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Is there a better
(or dedicated) 

gamma-ray
instrument for 

dark matter?
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What	one	should	remember



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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Gamma	rays	are	a	powerful	probe,	
but	so	far	nothing

Still	one	of	best,	maybe	unique,	
messenger	toward	dark	matter	
discovery	and	identification

We	need	to	orientate	this	future,	
with	CTA	and	other	instruments

Thanks


