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DARK MATTER IN THE UNIVERSE

üMilky Way

üExternalgalaxies

üClusters of galaxies

üCosmic web
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DARK MATTER SEARCHES

ÅProduction at collider (e.g. LHC)

ÅDirect detection

Detection in underground laboratories(e.g. LNGS)

ÅIndirect detection

Detection of messenger produced by annihilation o 

decay of DM particles:

Åɾ

Åʉ

ÅCosmic rays (Ὡ , Ӷὴ, Ὀ, antinuclei)
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GAMMA-RAY FLUX FROM DARK MATTER
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ANISOTROPIES

The Unresolved Gamma-Ray Background is given by the sum of 

independent astrophysical sources/DM)

ÅAt first approximation: isotropic

ÅAt deeper level: there are anisotropies

We can follow 3 ways:

ÅAnisotropies of a single EM signal : autocorrelation

ÅCross-correlation of the anisotropies of 2 different EM signals

ÅCross-correlation of an EM signal with a gravitational tracer
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ANISOTROPIES

The Unresolved Gamma-Ray Background is given by the sum of 

independent astrophysical sources/DM)

ÅAt first approximation: isotropic

ÅAt deeper level: there are anisotropies

We can follow 3 ways:

ÅAnisotropies of a single EM signal : autocorrelation

ÅCross-correlation of the anisotropies for 2 different EM signals

ÅCross-correlation of an EM signal with a gravitational tracer
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OBSERVABLES

Gravitational tracers

Galaxy catalogues

Clusters catalogues

Weak lensing cosmicshear

HI

EM signals

‎-rays

X-rays

IR emission

Radio waves

NEW!

Cross-correlation ‎-rays x HI
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Fornengo+, Frontiersin Physics, 2 (2014) 6
Camera+, JCAP 06 (2015) 029
Fornengo+, Ap. J. Lett. 802 (2015) 1 L1
Cuoco+, PRD 77 (2008 )123518
Ando+, PRD 90 (2014) 023514
Ando, JCAP 1410 (2014) 061
Shirasaki+, PRD 90 (2014) 063502
Xia+, APJS 217 (2015) 15
Shirasaki+, PRD 92 (2015) 123540
Regis+, ApJS221 (2015) 29
Shirasaki+, PRD 94 (2016) 063522
Troester+, MNRAS 467 (2017) 2706
Branchini+, ApJS228 (2017) 1
Ammazzalorso+, PRD98 (2018) 103007
Colavincenzo+, arXiv:1907.05264
Ammazzalorso+, arXiv:1907.13484
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GAMMA-RAYS

Å Dark Matter

Å BL Lacertae

Å Flat-SpectrumRadio Quasar

Å MisalignedActive Galactic

Nuclei

Å Star-FormingGalaxies
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INTENSITY MAPPING
Discoveringthe 

unknown

9
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IM is a mapping of the intensity fluctuations 
of a tracer of the haloes mass 

It allows to map the large-scale structure of 
the Universe with a measure of the intensity 
of the redshifted 21 cm line of HI.

Advantages:

ὺ

ὺ
ρ ᾀ

Not necessary to resolve galaxies 
individually

10

INTENSITY MAPPING
Discoveringthe unknown
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POWER SPECTRA
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Window Functions

Non-Linear Power Spectrum

AngularPower Spectrum
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CROSS-CORRELATION HI X‎-RAYS NEW!



Elena Pinetti
UNITO/INFN 13

WINDOW FUNCTIONS

E = 5 GeV
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VALIDATION NEW!

Measure: Martin et al. (2012) Measure: Ackermann et al. (2018)



Elena Pinetti
UNITO/INFN 15

EXPERIMENTS

Fermi-LAT
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EXPERIMENTAL CONFIGURATIONS
Bin Ἇἵἱἶ

ἑἭἤ
ἏἵἩὀ
ἑἭἤ

Ἒ

Ἣἵ Ἳ ἻἺ

ἮἻἳὁ
ἬἭἯ

1 0.5 1.0 ρȢπυφɇρπ 0.134 0.9

2 1.0 1.7 σȢυτψɇρπ 0.184 0.5

3 1.7 2.8 ρȢσχυɇρπ 0.398 0.3

4 2.8 4.8 ψȢσςτɇρπ 0.482 0.2

5 4.8 8.3 σȢωπτɇρπ 0.594 0.2

6 8.3 14.5 ρȢχφψɇρπ 0.574 0.1

7 14.5 22.9 φȢψωωɇρπ 0.574 0.09

8 22.9 39.8 σȢψωυɇρπ 0.574 0.07

9 39.8 69.2 ρȢυχφɇρπ 0.574 0.07

10 69.2 120.2 φȢςπυɇρπ 0.574 0.06

11 120.2 331.1 σȢςψχɇρπ 0.597 0.06

12 331.1 1000 υȢπωτɇρπ 0.597 0.06

MeerKAT SKA1

S [ἬἭἯ] 4000 15000

ἮἻἳὁ 0.097 0.36

t 4000 hr 1 yr

ἚἬ 64 133 + 64

ἎἬἱἻἰἵ 13.5 14.5

ἎἱἶἼἭἺἮἳἵ 1 10

[ὂἵἱἶȟὂἵἩὀ] Band A: [0.0, 0.58]

Band B: [0.4, 1.45]

Band 1:  [0.35, 3.0]

Band 2:   [0.0, 0.5]

Configuration Single-dish

Interferometer

Single-dish

Interferometer

Ackermann et al. (2018)
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NOISE VS SIGNAL

1.7-2.8 GeV Interferometer
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FORECAST FOR 21 CM LINE X‎-RAYS NEW!

Band 2:

0 < z < 0.5

Interferometer

SKA1, 1.0-1.7 GeVMeerKAT , 1.0-1.7 GeV

Band A:

0 < z < 0.58

Interferometer
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SKA1MeerKAT
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SNR FOR ASTROPHYSICAL SOURCES 

ὛὔὙὲ„ὛὔὙ

ȟ

ὅ

Ўὅ

SKA 1 Single-dish Interferometer

Band 1 5.5ů 8.1ů

Band 2 6.2ů 6.6ů

Band 1: 0.35 < z < 3

Band 2: 0 < z < 0.5

MeerKAT Single-dish Interferometer

Band A 3.5ů 3.8ů

Band B 3.9ů 5.4ů

Band A: 0 < z < 0.58

Band B: 0.4 < z < 1.45

NEW!
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FORECAST FOR DARK MATTER BOUNDS

ɝ…„ὺ τ 95% CLЎ… … …

NEW!

SKA1MeerKAT
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SKA2 + FERMISSIMO NEW!

SKA2

S [ἬἭἯ] 30000

ἮἻἳὁ 0.72

t 1 yr

ἚἬ 70000

ἎἬἱἻἰἵ 3.1

ἎἱἶἼἭἺἮἳἵ 300

[ὂἵἱἶȟὂἵἩὀ] [0.0, 0.5]

Fermissimo

Exposure ςɇÅØÐ

Angular 

resolution
Conservative: πȢυɇʎ

Optimistic: πȢςɇʎ
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TAKE HOME MESSAGE

Å The cross-correlationHI × ɔ-raysis a verypromisingchannel

Å MeerKAT: SNR > 5ů

Å SKA1: SNR > 8ů

Å Competitive boundfor DM with SKA1 and SKA2+Fermissimo:

SKA2 + FermissimoSKA1 + Fermi
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BACKUP SLIDES
óCause younever

know!
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OTHER RESULTSAND 
ERROR ESTIMATION

Å Forecast for 21 cm line xɾ-rays

Å Forecast SKA1

Å Forecast SKA2 + Fermissimo

Å AngularPower Spectrum

Å Errorestimation

Å Noisevs signalfor SKA1 and MeerKAT

Å Noisevs signalfor Fermi and Fermissimo
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FORECAST FOR 21 CM LINE X‎-RAYS NEW!

Band 2:

0 < z < 0.5

Interferometer

ά ρππGeV
SKA1, 1.0-1.7 GeV SKA1, 1.7-2.8 GeV

MeerKAT , 1.0-1.7 GeV MeerKAT , 1.7-2.8 GeV

Band A:

0 < z < 0.58

Interferometer
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FORECAST SKA1 NEW!

Band 2:

0 < z < 0.5

ά ρππGeV
Band 2, single-dish Band 2, interferometer

SKA1, 1.0-1.7 GeV

Band 1, single-dish Band 1, interferometer

Band 1:

0.35 < z < 3.0
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FORECAST SKA2 + FERMISSIMO NEW!

Band 2:

0 < z < 0.5

ά ρππGeV

1.0-1.7 GeV

Interferometer

8.3-14.5 GeV
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ERROR ESTIMATION

Ўὅ ὅ Auto-correlation
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NOISE VS SIGNAL FOR SKA1 AND MEERKAT

Band 2:

0 < z < 0.5

Band 2, single-dish Band 2, interferometer

Band 1, single-dish Band 1, interferometer

Band 1:

0.35 < z < 3.0
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NOISE VS SIGNAL FOR FERMI AND FERMISSIMO

1.0-1.7 GeV 69.2-120.2GeV
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MODELLING THE 
ASTROPHYSICAL

SOURCES

Å GLF

Å Numbers

Å Bias

ÅWindow functionsatdifferent

energies
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GAMMA LUMINOSITY FUNCTIONS
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‰ : Ajello et al. (2014)

‰ : Ajello et al. (2012)

‰ : Di Mauro et al. (2018)

‰ : Gruppioniet al. (2012)
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BIAS
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