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Dark	Matter	in	the	Universe

M.	Cirelli,	2406.01705	

~𝟐𝟔%

DM	constitutes	about	84%	of	the	total	matter	content

~𝟓%~𝟔𝟗%
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Dark	Matter	Candidates

M.	Cirelli,	2406.01705	

Possible	range	for	Dark	Matter	particles

90	orders	of	magnitude
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Dark	Matter	Candidates

M.	Cirelli,	2406.01705	

Possible	range	for	Dark	Matter	particles

We	will	consider	only	candidates	with	weak	interactions	with	the	Standard	Model
⟹WIMPS
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Dark	Matter	Candidates

WIMPS

Colliders
Indirect	
Detection

Direct	
Detection
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Dark	Matter	Candidates

WIMPS

Indirect	
Detection
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Dark	Matter	Indirect	Detection

Charged 
Cosmic Rays

Photon (γ)

Dark	Matter	
Annihilation

• Antimatter
• e+

• 𝑝̅
• 𝑑̅
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Dark	Matter	Indirect	Detection

Space-based

POLAR-BESS
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Dark	Matter	Indirect	Detection
Ground-based

Credit:	Max	Planck	Institute	for	Physics	/	R.	Wagner
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Dark	Matter	Indirect	Detection

Charged 
Cosmic Rays

Dark	Matter	
Annihilation

• Antimatter
• e+

• 𝑝̅
• 𝑑̅
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Indirect	Detection:	Charged	CRs

AMS	12.5	years	preliminary	data	
Refer	to	the	upcoming	AMS	publication		

The	positron	flux	is	the	sum	of	a	low-energy	part	from	cosmic	ray	collisions	
plus	a	high-energy	part	from	a	primary	source	with	a	cutoff	at	~ 800	GeV

Interpretations	include	Dark	Matter	and	pulsars	as	primary	sources	to	
explain	the	positron	excess
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Indirect	Detection:	Charged	CRs

The	positron	excess	could	be	explained	by	a	Dark	Matter	scenario
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Indirect	Detection:	Charged	CRs

The	antiproton	flux	exhibits	an	unexpected	energy	dependence.	This	
dependence	is	distinctly	different	from	antiprotons	from	collision	of	cosmic	rays

Positron	and	antiproton	fluxes	have	nearly	identical	energy	dependence

AMS	12.5	years	preliminary	data	
Refer	to	the	upcoming	AMS	publication		
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Indirect	Detection:	Charged	CRs
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Dark	Matter	Models

Antiprotons	cannot	be	produced	by	pulsars
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Indirect	Detection:	Charged	CRs

The	electron	flux	is	well	described	with	two	power	laws	(a,	b)	and	a	
source	term	like	positrons

Dark	Matter	source	produces	equal	amount	of	positrons	and	electrons

AMS	12.5	years	preliminary	data	
Refer	to	the	upcoming	AMS	publication		
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Indirect	Detection:	Charged	CRs

Y.	Chai,	PhD	LMU	Munchen,	DOI:	10.5282/edoc.32865

The	electron+positron flux	can	be	also	measured	by	space-based	
calorimeters	and	ground-based	detectors

N.B:	MAGIC	data	on	the	𝑒-+	𝑒. flux	will	be	published	soon

This	channel	provides	additional	information	to	understand	and	
constrain	models	from	the	previous	observations	

Break	at	~	1	TeV

Preliminary	MAGIC	data
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Indirect	Detection:	Charged	CRs

M.	Korsmeier et	al.,	Phys.	Rev.	D	97	(2018)	103011.

Anti-deuterons	are	believed	to	be	a	clean	channel	for	indirect	dark	matter	searches

Anti-deuterons	secondary	production	is	very	suppressed	at	low	energies	
and	can	be	efficiently	produced	by	dark	matter	annihilation

[original	idea	published	in	F.	Donato	et	al.,	Phys.	Rev.	D	62	(1999)	043003]

POLAR-BESS
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Dark	Matter	Indirect	Detection

Photon (γ)

Dark	Matter	
Annihilation
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Indirect	Detection:	Gammas

Galactic	Center	(GC)	and	Halo Dwarf	spheroidal	galaxies	(dSphs)

Massive	and	nearby
High	DM	densities
High	bkg emission
Uncertainty	on	DM	profiles

No	bkg emission
Less	massive	and	further	away
Lower	DM	densities
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Indirect	Detection:	Gammas

Phys.	Rev.	Lett.	130,	061002

Galactic	Center

MAGIC

MAGIC	results	improve	the	sensitivity	above	20	TeV
by	a	factor	of	1.5	to	2

𝛾𝛾
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Indirect	Detection:	Gammas

arxiv:	2108.13646

N.B:	Paper	will	be	published	soon

Combined	observations	of	dSphs by	Fermi-LAT,	H.E.S.S.,	MAGIC,	VERITAS	and	HAWC

Combined	results	allows	the	derivation	of	up	to	2-3	times	more	constraining	
upper	limits	on	 σv than	the	individual	ones

Dwarf	Spheroidal
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Indirect	Detection:	Gammas

S.	Abe	et	al	JCAP07(2024)047
Galactic	Center

CTAO CTAO

dSphs

Cherenkov	Telescope	Array	will	be	the	most	sensitive	observatory	for	
Dark	Matter	line	searches	with	gamma	rays
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Conclusions

§ Dark	Matter	constitutes	around	84%	of	the	total	matter	content	and	
still	remains	unknown		

§ Cosmic	rays	represent	an	important	tool	for	indirect	searches	of	Dark	
Matter	in	the	TeV range:
o Charged	cosmic	rays:	antimatter	channels	show	unexpected	

features	in	the	fluxes
o Gamma	rays:	good	sensitivities	for	different	annihilation	

channels	up	to	100s	TeV

§ Prospects	in	Dark	Matter	searches	with	cosmic	rays:
o Charged	cosmic	rays:	Deeper	understanding	of	the	spectral	

features	will	be	improved	with	more	precise	measurements	by	
upgraded	or	new	detectors

o Gamma	rays:	current	limits	and	detection	prospects	for	dark	
matter	will	be	significantly	improved	in	the	CTA	era


