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Gamma ray shower

generates Cherenkov

light.

Light is not only

collected but imaged:

angular information is y-ray
preserved.

Stereo: several

telescopes image the

same shower.

One single telescope is sensitive to a large y-

ray collection area >100,000 m?2.

* Image of the whole shower, not only the tail:
strong y/h discrimination and high sensitivity,
excellent angular and spectral resolutions.

+ Can only operate on dark nights: low duty
cycle (<15%).

+  Optics limits FOV: <50 arcdeg? (~103 of the

sky)




H.ES.S. (Namibia) MAGIC (La Paimal
4 x 108 m2 (since 2003) 2 X 236 m? (since 2003 / 2009)
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CTA South
- ESO, Chile
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The Aha Coﬁguration

CTAO Northern Array CTAO Southern Array
e 4LSTs+9 MSTs e 14 MSTs + 37 SSTs
* 0,25 km? footprint e 3 km?footprint
* focus on extra-Galactic science * focus on Galactic science

and a good news: INAF+INFN have secured funding for 2 LST in the South
)
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(more detailed ) y-ray detectors sensitivities (Cta
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Angular resolution
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Collection areas cta
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CTA LST Status talk by Federico Di Pierro

Sarah A. Brands, 2018

rvor 2y






The Science of CTA (cta

CTA will target major science questions in high-energy
astrophysics, through a large observational programme.

e Galactic and X-Gal Scan e PeVatrons
e Dark Matter Programme e Star-forming Systems
e Magellanic Clouds e Radio Galaxies & Clusters

Aldo Morselli CRIS 2022
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A Census of particle accelerators across all cosmic scales (Cta

KEY SCIENCE PROJECTS
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Key Science Project Targets related to Dark Matter search

e Galactic Center
high DM density but high astrophysical emissions

 Dwart Spheroidal Galaxies (dSph)

no background but low signal

e LMC

neaby & massive but astrophysical emissions

e galaxy cluster
very massive (best for decay )



Dark Matter Search: Targets and Strategies

i Galactic Center g
Satellites oo 1 =N Milky Way Halo
Howhackgroundand geod 00 : a |s-|cs, ut source Large statistics, but diffuse
source id, but low statistics confusion/diffuse background

background

Spectral Lines :
Little or no astrophysical uncertainties, good
source id, but low sensitivity because of
expected small branching ratio Galaxy Clusters
. .- Dark Matter simulation:
Low background, but low statistics Pieri+(2009) arXiv:0908.0195

Isotropic” contributions

Large statistics, but astrophysics,
galactic diffuse background

)
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Dark Matter Search: Targets and Strategies
(Another way to see it)

signal
strength
A
», cumulative extragalactic signal
dwarf satellites
Bt i
ol spectral line
)- ey ~ Sunn.'.«un'.s::szﬂ.ll.ﬁl‘a) o Y'io-'p‘;lcl(‘-e\' i
\\,‘,:‘ P 5] Prralee=0.96, x3, =22.1/22
clusters of galaxies :-|
robustness
>
)
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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 )

e The 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
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V.Vitale, A.Morselli, Fermi Coll. 2009 arXiv:0912.3828 Fermi Symposium eConf Proceedings C091122
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The GeV excess
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Classical Dwarf spheroidal galaxies:
promising targets for DM detection

Com

Segue | -
Leo | s LeoII

7 b ~ “Leo IV

cvn ll

SDSSJ1049+5103

<LUMa{~

BINEAE NN

=
<

Sexténs / // / /

//////

/77 ///fH_;

" - o "-.
A IR L

o it
R | NS
R

. .
e | — -

\\\\H

A ReaRaN e B

""vcar A\ \\H

SRR

S SMCS

Fo

Scl



s e 3 .° o
o .qu‘k Matter In 1

.
-

. .. .'..

[’\.
. . e . o
. . . .
. ® el . o ‘.
X . ) .:. -
B » ¢

N R : .
- . o] *. & °
i pecaln - .

.. . 2" =W

_ Projeé?ed DM Square dqnéia‘y’(cons’rminéd_) simulati

'
ohs
Nt

| ) @ ~ satellite

- galaxies

. -
- . .
.. .
. .
.o
-
..
-
> % .
. "
- L .
.,
.‘.
. .
) ™ ... ‘
- - E .
- .

' ébﬁihg‘e'req al. (Ng‘u.ré,°2005)



Fermi LAT Dwarf Spheroidal Galaxies combined analysis

Upper limits, b6 channel 2 years of data

107'° ¢
i 3.10 2% — - Draco — Sextans
i — Bootes | — - Fornax — - Ursa Major |l

10°2° F - Carina —— Sculptor —— Ursa Minor .
i —  Coma Berenices — Segue 1 - Joint Likelihood, 10 dSphs

102t — —
1022
1023

10724

WIMP cross-section [cm® /s]

102>

102° | |

10t 10° 103
WIMP mass [GeV]
robust constraints including J-factor uncertainties from the stellar data statistical analysis
NFW. For cored dark matter profile, the J-factors for most of

the dSphs would either increase or not change much
. Fermi Lat Coll., PRL 107, 241302 (2011) [arXiv:1108.3546]
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Dwarf Spheroudal Galaxues upper- |Iml‘|'S (6 years )

10~ 22 _
C l E
— Pass 8 Combmed dSphs “‘ bb
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10~23}|-- H.E.S.S. GC Halo \ e
: MAGIC Segue 1 \ ]
o [|*©+ Abazajian et al. 2014 (10)
10724 Gordon & Macias 2013 (20)
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= : Calore et al. 2014 (20)
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S i
10-26| T Stetgman ot al. 2012) -
- bb
10—27 - e e —
10 10? 10° 10
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M.Ackermann et al., [Fermi Coll.] PRL 115, 231301 (2015) [arXiv:1503.02641]
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Dwarf Spheroudal Galaxues upper- Ilmu‘rs (6 year's )

10~ 22 _ l |
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M.Ackermann et al., [Fermi Coll.] PRL 115,231301 (2015) [arXiv:1503.02641]
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Combining all dSph observations

e Combination of the observation
results towards 20 dwarf spheroidal
galaxies (dSphs)

- Significant increase of the statistics
-> Increase the sensitivity to potential
dark matter signals

- Cover the widest energy range ever
investigated : 20 MeV — 80 TeV

« Common elements :

- Agreed model parameters
- Sharable likelihood table formats
- Joint likelihood test statistic

10-22
o Prel
10_26 1 » ;"::'.' —  Combination e F2rmI-LAT

g @000 | Ho median

» pom H; 68% containment
XX—;bb H; 95% containment :
. ==+ Thermal rzlic (ov)

10~ ; ; — —

10! 102 10~ 107

m, [GeV]

)
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Galactic center CTA Sensitivity

signal: Einasto,

signal: Einasto, bb W*W~ w/o EW corr.
'H':' 1072%4
oos ]
o
5
g g
/g\ 10—26; S
~ ] /// CTA GC projection ~ 1 GC projection,
] el HESS GC . HESS GC .
.- Fermi dSphs (6 years) + MAGIC Segue 1 Isignal: Einasto, Fermi dSphs (6 years) + MAGIC Segue 1 -
10274 Sienal: Binasto, - - Formi dSphs (18 years) + LSST, projection | 127 W!'W- w/o EW corr. -~ Formi dfphs (18 years) LSS, projection
10 102 103 104 10° 102 103 104 10°
m, [GeV] m,, [GeV]
* Einasto profile 520 h
a
_ alr 22 2/ S
oM = PsCXP [ = | — -1],J~7.1x10“GeV~*/cm
S
* Main source of background : sources, Fermi Bubble, interstellar y, residual CR
&> The CTA Consortium JCAP01(2021) 057 January 27,2021 [arXiv:2007.16129]
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Dwarf Spheroidal Galaxies: CTA Sensitivity
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Perseus Cluster : CTA Sensitivity

B Annihilation
//
Nary
i
mCIJ
=
S,
g
—24 .
v 10 $ o ully o tr-
—— PS, Case 2 107 —— PS, Case 2
o0-»%{ Extended, Case 2 A Extended, Case 2
<ov>y 1023 --------------- MAGIC, Acciari+ 18, bb
0.1 1 10 100 0.1 1 10 100
m, [TeV] m, [TeV]
CTA Consortium in preparation
)
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CTA DM Detection Strategy

( from the CTA science book, numbers can change )

Year 1 2 3 4 5 6 7 8 9 10
Galactichalo 175h 175h 175h
Best dSph 100h 100h 100h

in case of detection at GC, large ov

Best dSph 150h 150h 150h 150h 150h 150h 150h
Galactic halo 100h 100h 100h 100h 100h 100h 100 h
in case of detection at GC, small ov
Galactic halo 100h 100h 100h 100h 100h 100h 100 h
in case of no detection at GC
Best Target 100h 100h 100h 100h 100h 100h 100h

First 3 years

e The principal target is the Galactic Center Halo (most intense diffuse emission regions removed)
e Best dSph as “cleaner” environment for cross-checks and verification (if hint of strong signal)

Next 7 years
¢ If there is detection in GC halo data set (525h)
e Strong signal: continue with GC halo in parallel with best dSph to provide robust detection
e Weak signal: focus on GC halo to increase data set until systematic errors can be kept
under control
¢ If no detection in GC halo data set

e Focus observation on the best target at that time to produce legacy limits.

n)
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CTA Search for Dark Matter beyond WIMP

Axion Like Particle (ALP) search prospects
Simulated spectra of the radio galaxy NGC 1275

T

T T TTTTI

m,=30.0neV,

=== Fit w/o ALPs
C 4 CTA simulation
|

B I

INC]}C 1275 uiescentI .
Tobs =300 hours

| | [ P I B |

Fit w/ ALPs,

8y =0.4x10"" GeV-!

Lol

| | |

| |
T ! LI

Lol Lol (I

107! 10°

Yy+B->a+B->y+ .. -
v oot

conversion probability (E > E_;,) 5
81071

P, ~ sin® (ga;Bl>, §
E_ ~ 2.5 GeV :é‘ :

im—wul \"/ B\ 8ay B g

x( IneV ) (1MG) (W) .
T, 10-10

the observation is simulated without an ALP effect (Tg
and is modeled both without ALPs and with a fixed E: "

set of magnetic-field realization and ALP §
parameters that are excluded at 95 % confidence A 01
level by the flaring state simulation g 4
2 0
M4

The CTA Consortium, JCAP 02 (2021) 048, 2021 [arXiv:2010.01349]
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CTA Search for Dark Matter beyond WIMP

Axion Like Particle search prospects

e Observation of a

flaring state of the radio

galaxy NGC 1275
inside the Perseus
cluster

e Observations of
several AGN can
be combined to
further improve

the CTA
sensitivity.

10—10

CAST

SN1987A
y-ray burst

ALPS II

TTTTTT]

CTA
—11 NGC 127
1 O Fermi LAT
NGC 1275
—
vr "’V TIAXO
% | =
~ 1012 = <1 I
5 = =1 B >~
S0 . al B <
] <] B as
- WD cooling hint %
| Fermi LAT Galactic Sly/ a
] é}oq
10713 9
> &

Q
i

I T TTTTT

T DT T T T T T T I T T [

10-12 1071 101 10 10°®% 107 10°® 10 107
mq (V)

The CTA Consortium, JCAP 02 (2021) 048, 2021 [arXiv:2010.01349]
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Combined one-year LHAASO sensitivities

R -21
10 21 3 10 .
b B tt
10_22 10—22 a
10'23-\"‘~-____\<—‘/ 102
-—‘n 'T:n
o o

g g
S10%F | 5107} ]
:
9 v

105} | 102 |

1 0-26 | i 10—26 L

— = Thermal Relic DM - = HAWC w/o Trill ]
LHAASO 95% Containment - —= HAWC w/ Trill - = Thermal Relic DM VERITAS Combined
LHAASO 68% Containment HESS Seguet LHAASO 95% Containment = = HAWC w/o Trill
—— LHAASO Combined MAGIC Seguet LHAASO 68% Containment - = HAWC w/ Trill
]0_27 Fermi Combined 1 VERITAS Combined 27 ——— LHAASO Combined )
1
I 10 100 0 10 100
mp) [TeV] mp [TeV]

The LHAASO median combined sensitivities (red solid lines) and related two-sided 68%
(yellow bands) and 95% (green bands) containment bands of one year for the bb, t't

for 19 dSphs within the LHAASO FOV
Dong-Ze He et al., Phys. Rev. D 100, 083003 (2019)
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SWGO sensitivities

1028

-
-
3

-
-
-
-
——————
-
o= -

<ov> [cm?s!]
=
o
N
£~y

14 dSph Comb HAWC (1.4yr, no Tri ll)
30 dSph Comb SGSO (5yr)
105 | - = VERITAS Combined 5 dSph (100 hr) | 100P f e e m e oo o === 14 dSph Comb HAWC (1.4 yr, no Tri Il)|4

HESS Sgr (100 hr) B 30 dSph Comb SGSO (5 yr)
= = Fermi LAT Combined 15 dSph (6 yr) - VERITAS Segue | (48 hr)

MAGIC Segue | (160 hr) Fermi LAT Combined 19 dSph (6 yr)

T = = CTA Ursa Major 2 (500 hr) ™ = = IceCube (2018)
107° n 102 ‘
10° 10! 102 10° 10! 102
Mass,,, [TeV] Mass,,, [TeV]

Assumed new dSph discovery and

J-factor and D-factor distributions of the new dSphs matches that of the previously known
dSphs

SWGO White paper arXiv:1902.08429
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Astrogam Performance

‘_‘/N
'wn -9
o 10 SPL coMPTEL
= y,
ot 107" EGRET
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S IBIS-PICsIT AALIC
,? 10 -115_ HAWC
= : Fermi-LAT \
ZEE | \ HESS/VERITAS
510 ASTROGAM =
N - IBIS/ISGRI HiSCORE
10 = CTA South
E JEM-X —
0 14 LHAASO
| ;||||||I 2l IlllIl|l i Illllul L llIlII|l [ Illlll|l 2I Illlll|,| 3I IIIIIIII 4l' llllll|l 5I lIIlIl|] 6I IIllluI 7I llllll|,| 8[ lIIIIl|] 9I lIlllu} 10
10~ 10 1 10 10 10 10 10 10 10 10 100 10

Energy (MeV)

Astrogam sensitivity for an effective exposure of two years at high galactic latitude
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Galactic Center Region 0.5-2 GeV

wwvaaw

500 MeV - 2000 MeV

Log scale I
ASTROGAM Fermi-LAT 200.5

- 100.5

- 49.9

24.9

12.3

5.9

2.8

1.2

20 15 10 5 O 355 350 345 340 20 15 10 5 O 355 350 345 340

to see unresolved pulsars you need better angular resolution at GeV scale

n)
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Astrogam Sensitivity for Dark Matter

10—25

T T 1 T LB I T T T LI I T
i xx = vy (GC) CMB (Planck) ]
10726 =" xx = 7Y (dSphs) — — - Boddy & Kumar (2015) -

IIII

0 diffuse
e Boddy & K (2015)
_o7 | 0,0 (Y  sssnns oddy umar
1027 - xx — 7 m (GC) Draco

73
e

=

10—28 :

P
.
.
.
.
.
.
.
.
.
Y

i L L Lo aal ] L A | L L A |
100 101 102 103
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ASTROGAM detectability of sub-GeV DM-induced gamma-ray signals from the GC and dSphs
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