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http://upload.wikimedia.org/wikipedia/commons/thumb/a/a5/WMAP.jpg/300px-WMAP.jpg

In 1933, theastronomerZwicky realizedthat themassof theluminousmatter

in theComa clusterwasmuchsmallerthanits total massimplied by the

motionof clustermembergalaxies.

Dark Matter EVIDENCE

Sincethen, evenmore evidence:

Rotationcurves of galaxies Gravitationallensing

Structureformationas deducedfrom CMB

Bullet cluster

WDmº26.8%

WMº4.9%

Data by Plank

imply: 

http://es.wikipedia.org/wiki/Archivo:WMAP.jpg
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Dark Matter



Aldo Morselli,                                                              INFN Roma Tor Vergata                                                   Workshop on Standard Model and Beyond   August 28 2024, Corfu 4

ÅKaluza - Klein DM in UED

ÅKaluza - Klein DM in RS 

ÅAxion

ÅAxino

ÅGravitino

ÅPhotino

ÅSM Neutrino

ÅSterile Neutrino

ÅSneutrino

ÅLight DM

ÅLittle Higgs DM

ÅWimpzillas

ÅQ- balls

ÅMirror Matter

ÅChamps (charged DM)

ÅD- matter

ÅCryptons

ÅSelf - interacting

ÅSuperweakly interacting

ÅBraneworld DM

ÅHeavy neutrino

ÅWIMP

ÅMessenger States in GMSB

ÅBranons

ÅChaplygin Gas

ÅSplit SUSY

ÅPrimordial Black Holes

Dark Matter Candidates

J. Conrad and O. Reimer Nature Physics 2017 



Aldo Morselli,                                                              INFN Roma Tor Vergata                                                   Workshop on Standard Model and Beyond   August 28 2024, Corfu 5

ÅKaluza - Klein DM inUED

ÅKaluza - Klein DM in RS 

ÅAxion

ÅAxino

ÅGravitino

ÅPhotino

ÅSM Neutrino

ÅSterile Neutrino

ÅSneutrino

ÅLight DM

ÅLittle Higgs DM

ÅWimpzillas

ÅQ- balls

ÅMirror Matter

ÅChamps (charged DM)

ÅD- matter

ÅCryptons

ÅSelf - interacting

ÅSuperweakly interacting

ÅBraneworls DM

ÅHeavy neutrino

ÅWIMP

ÅMessenger States in GMSB

ÅBranons

ÅChaplygin Gas

ÅSplit SUSY

ÅPrimordial Black Holes

Dark Matter Candidates

J. Conrad and O. Reimer Nature Physics 2017 



Aldo Morselli,                                                              INFN Roma Tor Vergata                                                   Workshop on Standard Model and Beyond   August 28 2024, Corfu 6



Aldo Morselli,                                                              INFN Roma Tor Vergata                                                   Workshop on Standard Model and Beyond   August 28 2024, Corfu 7

Annihilation channels
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Signal rate from  WIMP annihilation

governed by
particle physics 
(supersymmetric
 parameters .. etc )

governed by 
halo distribution

gamma-ray flux from 
WIMP annihilation

J(j):
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Differential 
yield for each 

annihilation 
channel

WIMP mass=200GeV

A.Cesarini, F.Fucito, A.Lionetto, A.Morselli, P.Ullio, Astroparticle Physics,  21, 267,  2004 [astro-ph/0305075]

dashed lines are 
components not due 
to 0̄ decay. 
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neutralino mass

Differential yield 
for b bar

A.Cesarini, F.Fucito, A.Lionetto, A.Morselli, P.Ullio, Astroparticle Physics,  21, 267-285,  2004 [astro-ph/0305075]
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Annihilation spectra for the continuum signal from the quark, lepton and 
gauge boson primary channels 

The line -like feature 
expected from the 
virtual internal 
Bremsstrahlung 
process contribution 
is particularly 
prominent for the 
W+Wī channel 

mc=2 TeV
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Dark Matter Search : Targets and Strategies
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(Another way to see it) 

Dark Matter Search : Targets and Strategies
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FERMI
Large Area Telescope
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Daily Gamma-ray Sky
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The sky in gamma-rays
E>10 GeV
7 yrs

M.Ackermann et al. [Fermi Coll.]  3FHL: The Third Catalog of Hard Fermi -LAT Sources  ApJS 2017  232   arXiv:1702.00664
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Happy 16 th Birthday Fermi !!

11 June 2008
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The sky in gamma-rays  4 th  source catalog
50MeV-1TeV
12 yrs

6658 sources
galactic coordinates

Incremental Fermi Fouth Source Catalog,  ApJS 260, 53 (2022) arXiv: 2201.11184
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The GeV excess  7° x7 ° region centered  on the Galactic Center

11 months of data, E >400 MeV, front -converting events  
analyzed with binned likelihood analysis )

ÅThe systematic uncertainty of the effective area (blue area) of the LAT is ~10%   

at 100 MeV, decreasing to 5% at 560 MeV and increasing to 20% at 10  GeV

V.Vitale, A.Morselli, Fermi Coll. 2009  arXiv:0912.3828  Fermi Symposium  eConf Proceedings C091122
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The Galactic Center as a Dark Matter Gamma - Ray Source
A.Morselli, A. Lionetto, A. Cesarini, F. Fucito,  P. Ullio,  Nuclear Physics B 113B  (2002) 213 -220 [astro -ph/0211327]
A.Cesarini, F.Fucito, A.Lionetto, A.Morselli, P.Ullio  Astroparticle Physics 21, 267 -285,  2004  [ astro -ph/0305075]

Possible Evidence For Dark Matter Annihilation In The Inner Milky Way From The Fermi Gamma Ray Space Telescope 
Lisa Goodenough, Dan Hooper   arXiv:0910.2998

Indirect Search for Dark Matter from the center of the Milky Way with the Fermi - Large Area Telescope 
Vincenzo Vitale, Aldo Morselli, the Fermi/LAT Collaboration
Proceedings of the 2009 Fermi Symposium, 2 -5 November 2009, eConf Proceedings C091122  arXiv:0912.3828     21 Dec 2009

Search for Dark Matter with Fermi Large Area Telescope: the Galactic Center
V.Vitale, A.Morselli, the Fermi -LAT Collaboration  NIM A 630 (2011) 147 ð150 (Available online 23 June 2010)  

Dark Matter Annihilation in The Galactic Center As Seen by the Fermi Gamma Ray Space Telescope
 Dan Hooper, Lisa Goodenough. (21 March 2011 ). 21 pp. Phys.Lett. B697 (2011) 412 - 428 
........

Background model systematics for the Fermi GeV excess
F.Calore, I. Cholis, C. Weniger  JCAP03(2015)038 arXiv:1409.0042v1

FermiðLAT observations of high -energy ǿ- ray emission toward the galactic centre 
M. Ajello et al .[  Fermi -LAT Coll.]  Apj 819:44 2016 arXiv:1511.02938

The Fermi galactic center GeV excess and implications for dark matter 
M. Ajello et al .[  Fermi -LAT Coll.]  Apj 819:44 2016 arXiv:1511.02938

Revisiting the Gamma - Ray Galactic Center Excess with Multi - Messenger Observations
IC, Zhong, McDermott, Surdutovich, PRD 105, 103023 (2022)

the GALACTIC CENTER : any hints of Dark Matter?  
the beginning of the history : 
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Fermi -LAT Collaboration Apj  840:43 2017 May 1 arXiv:1704.03910

following uncertainties have relatively small effect on the excess spectrum 
ð Variation of GALPROP models    ð Distribution of gas along the line of sight 

Å Most significant sources of uncertainty are: 
ð Fermi bubbles morphology at low latitude  ð Sources of CR electrons near the GC  

The GeV excess  (Pass8 analysis) 
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The GeV excess

Calore et al., arXiv:1409.0042
Cholis et al., Phys. Rev. D 105, 103023 (2022) arXiv:2112.09706

A lot of activity outside the Fermi collaboration with claims of evidence for dark 
matter in the Galactic Center
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The GeV excess : Other explanations exist
Å past activity of the Galactic center
(e.g.  Petrovic  et al., arXiv:1405.7928,  Carlson & Profumo arXiv:1405.7685)

Å Series of Leptonic  Cosmic-Ray Outbursts
Cholis et al. arXiv:1506.05119

Å Stellar population of the X -bulge and the nuclear bulge 
Macias et al. arXiv:1611.06644

Å Population of pulsars in the Galactic bulge 
e.g. , Yuan and Zhang arXiv:1404.2318v1,  Lee et al. arXiv:1506.05124, Bartels et.al . 

1506.05104

M.Ajello  et al. [Fermi -LAT Coll.] Phys. Rev. D 95, 082007 (2017)    [arXiv:1704.07195]

ééééé.

How to discriminate between different hypothesis ?
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eROSITA
Modeling of the Fermi bubbles
Look for correlated features near the Galactic center

HESS, MAGIC, CTA
Fermi bubbles near the GC are much brighter
Possible to see with Cherenkov telescopes?

Radio observations, MeerKAT , SKA
Search for individual pulsars in the halo around the GC

Radio surveys, Planck
Look for correlated synchrotron emission near the GC

More Fermi LAT analysis
Diffuse emission modeling
Analysis of point sources near the GC

But ultimately We need a new experiment with better 

angular resolution below 100 MeV

How to discriminate between different hypothesis ?
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Galactic Center Region 0.5 -2 GeV 
Fermi PSF  Pass7 rep v15 source

Sources from two years Fermi catalog , template ring model for diffuse 
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Classical Dwarf spheroidal galaxies: 
promising targets for DM detection


