Indlrect dark -matter searches with gamma -rays experlments
status and future plans from 300 KeV-to 100 TeV




Dark Matter EVIDENCE

In 1933,theastronomeZwicky realizedthatthe massof theluminousmatter
in the Comaclusterwasmuchsmallerthanits total massamplied by the
motionof clustermembergalaxies
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Dark Matter Candidates
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Some dark matter candidate particles
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Annihilation channels
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Signal rate from WIMP annihilation

gammaray flux from
WIMP annihilation

H(E, AQ) 1)dlds)

I 0.8 d!?
governed by
particle physics governed by
(supersymmetric J(J ): halo distribution

parameters .. etc )
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Annihilation spectra for the continuum signal from the quark, lepton and

The line -like feature
expected from the
virtual internal
Bremsstrahlung
process contribution
Is particularly
prominent for the
W*WT' channel
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gauge boson primary channels

_10°¢
= -
((b) B
g |
= - e
:Q |
S L2 N
NLIJ 10 E—

— 7

| AN

10
i | —bb
, — 1t
e —ww

- m.=2 TeV e'e

- —

| TT

-1 | | | | ||||||
10 | | | | I I | - | | | | -
107 10" 1
E (TeV)

INFN Rom&&gata Workshop on Standard Model and Beyoidigust 28 2024, Corfu 11



Dark Matter Search: Targets and Strategies

i Galactic Center i
=dtellites SR T Milky Way Halo
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Large statistics, but astrophysics,
galactic diffuse background

Galaxy Clusters
Low background, but low statistics
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Dark Matter Search: Targets and Strategies

(Another way to see it)
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FERMI

Large Area Telescope

Aldo Morselli, INFN Rom&&gata Workshop on Standard Model and Beyoidigust 28 2024, Corfu









Daily Gamma-ray Sky
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The sky In gamma-rays
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The sky in gammarays 4™ source catalog
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The sky in gammarays 4" source catalog

Description Identified Associated

Designator Number Designator Number

Galactic center GC 1
Young pulsars, identified by pulsations PSR 135
Young pulsars, no pulsations seen in LAT yet cee cee psr 2
Millisecond pulsars, identified by pulsations MSP 120
Millisecond pulsars, no pulsations seen in LAT yet cee cee msp 35
Pulsar wind nebula PWN 11 pwn 8
Supernova remnant SNR 24 snr 19
Supernova remnant / Pulsar wind nebula SPP 0 sSpp 114
Globular cluster GLC 0 gle 35
Star-forming region SFR 3 sfr 2
High-mass binary HMB 8 hmb 3
Low-mass binary LMB 2 Imb 6
Binary BIN 1 bin 6
Nova NOV 4 nov 0
BL Lac type of blazar BLL 22 bll 1435
FSRQ type of blazar FSRQ 44 fsrq 750
Radio galaxy RDG 6 rdg 39
Nonblazar active galaxy AGN 1 agn 8
Steep spectrum radio quasar SSRQ 0 ssrq 2
Compact steep spectrum radio source CSS 0 css 5
Blazar candidate of uncertain type BCU 1 bcu 1491
Narrow-line Seyfert 1 NLSY1 4 nlsyl 4
d  Seyfert galaxy SEY 0 sey 2
Starburst galaxy SBG 0 sbg 8
Normal galaxy (or part) GAL 2 gal 4
Unknown UNK 0 unk 134
Total e 389 s 4112
H NO ASSO(  Unassociated ce- ce ce 2157 GN

* PUISar NoTe—The designation ‘spp’ indicates potential association with SNR or PWN. ‘Unknown’ are WN
= B|nary |b] < 10° sources solely associated with the likelihood-ratio method from large radio and X-ray Qvg
surveys. Designations shown in capital letters are firm identifications; lower-case letters indicate

X Star-fom associations.
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What has Fermi found: The LAT two-year catalog

Supernova

Bilars  ToTIBANE Globular clusters,
4% high-mass binaries,

i \ ‘/ normal galaxies
Non-blazar \ and more

active galaxies - 1%

1095
589
Unknown Blazars
31% 579%



The GeV excess 7 xr region centered on the Galactic Center

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

A The systematic uncertainty of the effective area (blue area) of the LAT is
at 100 MeV, decreasing to 5% at 560 MeV and increasing to 20% at 10 (
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the GALACTIC CENTER : any hints of Dark Matter?
the beginning of the history :

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 6150 (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

Fermi dLAT observations of high -e n e r gray edission toward the galactic centre
M. Ajello etal .[ Fermi-LAT Coll.] Apj 819:44 2016 arXiv:1511.02938

The Fermi galactic center GeV excess and implications for dark matter
M. Ajello etal .[ 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)
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The GeV excess (PassS analy5|s)

Ajello et al (201 6) (flt mtensnty) ® o Gordon & Macnas (2013)
Ajello et al (2016) (fit index) ¢ ¢ Calore et al (2015)
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following uncertainties have relatively small effect on the excess spectrum

d Variation of GALPROP models

A Most significant sources of uncertainty are:

d Fermi bubbles morphology at low latitude

d Distribution of gas along the line of sight

0 Sources of CR electrons near the GC

Fermi-LAT Collaboration Apj 840:43 2017 May 1 arXiv:1704.03910
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The GeV excess
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The GeV excess : Other explanations exist

A past activity of the Galactic
(e.g. Petrovic et al., arXiv:1405.7928, Carlson & Profumo arXiv:1405.7685)

A Ser iLepmoniomGosmic-Ray Outbursts
Cholis et al. arXiv:1506.05119

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

A Popul ation of pulsars in the G

e.g., Yuan and Zhang arXiv:1404.2318v1, Lee etal. arXiv:1506.05124, Bartels et.al.
1506.05104
M.Ajello et al. [Fermi -LAT Coll.] Phys. Rev. D 95, 082007 (2017) [arXiv:1704.07195]

V4 V4 V4 7 V4

eeeee.
How to discriminate between different hypothesis ?
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How to discriminate between different hypothesis ?

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
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Galactic Center Region 0.5 -2 GeV
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Classical Dwarf spheroidal galaxies:
promising targets for DM detection
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