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DARK MATTER EVIDENCE

* Galactic rotational curves * CMB anisotropies * Galaxy Clusters

Observa tions
from starlight

Velocity
(km s-1)

20,000 30,000 40,000

Distance (light years)

+ strong, weak lensing...

 Different DM candidates, wide range of masses:

| keV | GeV | TeV 10" GeV

|o-ziev Axion-like - \ I | !’*

Fuzzy DM Sterile neutrinos 'WIMP's PBHs
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DARK MATTER IN ACDM COSMOLOGY

Component of

Dark Matter /\CDM C I
Observational Dark Matter OSmology — DM distribution in

evidences  Structure formation driven Halos and Subhalos
by DM
* Bottom-up scenario: smaller
structures form first

Dark Energy

* Different DM candidates: /Y//.
Y
1072 eV Axion-like lkeV 1 Gev ITeV 10" GeV X W7zlg ) ™
| / / h'* MVYtIM'IDDDr?ﬂI( Vi This y-ray emission
| L atier Farficies pera s allows to perform
- i Ecm~100GeV TS P
Fuzzy DM Sterile neutrinos | WIMP's PBHs : WHZR " o Indirect DM Searches
‘\n- .. Neutrinos with current telescopes
u
* Annihilation/Decay — Indirect detection u-t
. . . . v V
* The search for the WIMP < ¢« Collision » Direct detection ] -
*  Production > Colliders detection  +afewplp,did

Anti-matter
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GAMMA-RAY DM SEARCHES

* Optimal conditions for indirect DM searches:
« High DM density (¢ppm % ppm? for annihilation, ¢y < pppm for decay)
 Massive nearby objects (¢ppm X M/dg,,2)

* Low astrophysical background

Pieri+09
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GAMMA-RAY DM SEARCHES

* Optimal conditions for indirect DM searches:
« High DM density (¢ppm % ppm? for annihilation, ¢y < pppm for decay)
 Massive nearby objects (¢ppm X M/dg,,2)

* Low astrophysical background
Milky Way Halo

Dark satellites Nearby galaxies

Galactic Center

Galaxy Clusters

Dwarf satellites >
Pieri+09
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GAMMA-RAY EMISSION IN GALAXY CLUSTERS

Largest gravitationally bound structures formed by gravitational Chandra: NASA/CXCISAO/Bulbul+ | 4; XMM: ESA
collapse

Masses of order ~10'%-10'> M

* Components:

¢ Galaxies (~ 3% - 5% -
*  Baryonic Matter< . ICar/T)zfsl (5% - 17%) ) ﬁ
*  Dark Matter (~80%) i, <8

Even supposedly virialized objects, a lot of activity — Merger events

* Feedback from galaxies and AGNs

Acceleration mechanisms
* Magnetic fields NGC1275 in Perseus Galaxy Cluster

e  Turbulence

Cosmic-rays

Leptons %

Diffuse synchrotron emission Gamma- rays
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GAMMA-RAY EMISSION IN GALAXY CLUSTERS

Largest gravitationally bound structures formed by gravitational Chandra: NASA/CXCISAO/Bulbul+ | 4; XMM: ESA
collapse

Masses of order ~10'%-10'> M

* Components:

* Galaxies (~ 3% - 5% e
*  Baryonic Matter< . |Cap:)2fs| (5% - 17%) ) @
*  Dark Matter (~80%) W

Even supposedly virialized objects, a lot of activity — Merger events

* Feedback from galaxies and AGNs

Acceleration mechanisms
* Magnetic fields NGC1275 in Perseus Galaxy Cluster

e  Turbulence Gam ma-rays

eptons Cosmic-rays Hadron, No clear detection but

Ackermann+15 [Fermi-LAT Collab.], Xi+ 18, a
Adam+21

Diffuse synchrotron emission
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GAMMA-RAY DM SEARCHES IN CLUSTERS?

* Optimal conditions for indirect Dark Matter (DM) searches:
* High DM density
* Massive nearby objects

* Low astrophysical background (Cosmic Rays - CR)
(. J

Y
é

: : —~ Sanchez-Conde+1 |
¢ Most massive known objects s 18 T
* Located in the local Univers Y pov
. . \\ === == Ophiuchus .. .
* 80% of its mass is DM E 17E ™ — wmn | Competitive compared to other prime
= 160 == S o] targets (e.g. dSphs) considering:
% """":\l‘.:‘_‘:_"m—m--.._;__;__________‘ *  Smooth DM halo component
E 15} e e T +
3 2, » Halo substructure
Best possible targets to .
consider 213 :
-

0 02 04 06 08 1.0 1.2 14
Y, (deg) °
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PREVIOUS GAMMA-RAY DM SEARCHES IN GALAXY CLUSTERS

Fermi-LAT - Annihilation

10—

T T
E — DM-I
F [0 WMAP models

- DM-II

T B 5
B 10 T T T T T T T T T T T TTT

disk-like --- Median Expected

10-20 ;

N - b d limit at alt. TEM models DM-I ]
F P . T == OLserved L 1072 Vi B alt. IEM models DMI
10-2 E L o 68% Containment - i Irgo ﬁ

|1 All SUSY models

T T T

T
Lk

E
S
/g\ £ 10° 95% Containment
= 10-28 — o= = © 3
g E 3 =y T ~ e ]
H — Fornax 3 E ] ,3 10 E T _1-§ 2 L ) :
725:_ NGC4636 Z; a 102 E_ Fornax 3 g C ] [ thermal WIMP ]
10%f — Gonauns . S f ] SR Coma B 26 :
E::ﬁ‘yy7 %tl‘e,. ] -} 10-25 Ll | . [
26 |y ol L . s 10 102 108 108 - 1 1 A | 1 1 I | ) 27 _—
10 100 1000 10 10° 10* 107 & E— ey
WIMP Mass [GeV] Dark Matter Mass [GeV] Energy (MeV) 10 10 v 10
Ackermann+10 [Fermi-LAT Collab.] Ando&Nagail 2 Ackermann+ 16 [Fermi-LAT Collab.] Ackermann+15 [Fermi-LAT Collab.]
¢ Last word about gamma-ray searches in a big a5 10°F
=3 E bb Perseus (202h) - MAGIC
sample of galaxy clusters: CR focused £ 107 Sogue | (1561) - MAGIC
. @ E Segue | (48h) - VERITAS
(Ackermann+ 14 [Fermi-LAT Collab.]) 10 FamiLAT 2012

>

[:gpj100 D19V 8 | +14DDDY

MAGIC - Decay [

Best constraints so far!

1 024

1 023

IIHWI| HHHH] TT Hl“ HH\W

Perseus

1 \\\IH‘ 1 1 I\HH‘ | | \lHIIl
10° 10* 10°
mpy [GeV]
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THE CHERENKOV TELESCOPE ARRAY (CTA)

* Future of ground-based Very High Energy (VHE) gamma-ray astronomy

* 2 arrays: Northern Array (La Palma, Spain) and Southern Array (Paranal, Chile)

CTA North
Spain, La Palma

1.350

DESY Campus, |
members =

| Zeuthen

------------------------

Headquarters
INAF Campus,
Bologna

SST MST LST

https://www.cta-observatory.org/ 1-300TeV 100 GeV—10TeV 20-200 GeV



https://www.cta-observatory.org/
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E? x Flux Sensitivity (erg cm? s

CTA PERFORMANCE

Preliminary Performance Capabilities

https://www.cta-observatory.org/

s o N L I = 0.25 T IT 1T T T T T T T T T T T TTTTT T

1010 = —eo— CTAO Northern Array —s L |

= —s— CTAO Southern Array =K : —— CTAQ Northern Array ]

R a g 0.2 — -

10" . -z < [ B, Z
— —— 3 43 c VB

— k3 g I o - - _

N —— X e B = 0.15— : ]

| KS ‘:;.;&l\ ] % el - _

=C= "S o e P b. % - _

1012 = —— e " _“_,-"—‘- ——— § 0 B ]

E — e LR e - —— g % E 0.1 |

a == i 38 o - i

- =.=I' — 8 (- - —

B ———— — — - g < L i

i ——1_g—t—0— —— z B . ]

10 = | Sensitivity EE 0.051 . -

: IDifflerelntliaJ T||U|X| SenSiEiVit\{ (5|0|h|) rl 1 Lol 1 Lol 1 : : AngUIar reSOIUtion :

1072 1071 1 10 102 O_ 1 1 IIIIIII 1 1 IIIIIII 1 1 IIIIII| 1 1 IIIIIII 1 ]

Reconstructed Gamma-ray Energy ER (TeV) 102 107" 1 10 10

Reconstructed Gamma-ray Energy ER (TeV)

CTA has superb capabilities for DM gamma-ray searches

https://www.cta-observatory.org/science/cta-performance (prod5, v0.1)
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KEY SCIENCE PROJECT: PERSEUS GALAXY CLUSTER WITH CTA

* Among local clusters, Perseus is the X Optimal conditions for observation from the northern array
brightest in X-ray sky.
= CST(-:) :e:\:fcvs :rlz::r Decay B i radio constraints 1
* Cool-cored, relaxed cluster 107 = Sratistical errors only I ?
; MAGIC Perseus (2016)
Object | [ [deg] | b [deg] | dz, [Mpc] o ) \ l
Perseus | 150.57 | -13.26 | 75.01 R T Acharya+17 = '°: Fermi-LAT Q014) =
N [CTA Cons] = | \ l ]
* Host two AGNs, the BCG NGCI1275 1o SO CTA Perseus 300h |
and IC310, both variable g —cTA . , N\
Object | 1 [deg] | b [deg] o o e 01l ]
NGC1275 | 150.58 | -13.26 - v Fermi, bb P o S o o ]
1C310 150.18 | -13.74 T e LR 1 2 3 4 5
DM mass (TeV) B [nG]
BCG aligned with X-rays center

/

Our goal: State-of-the-art study of the sensitivity of CTA to Dark Matter and Cosmic-Ray signals in

Perseus cluster

We use the lastest version of the CTA science tools with the latest Instrument Response Functions (IRFs) to perform
the analysis
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KEY SCIENCE PROJECT: PERSEUS GALAXY CLUSTER WITH CTA

* Among local clusters, Perseus is the X Optimal conditions for observation from the northern array
brightest in X-ray sky.
E CST(-)':; :e:\f,icvs;lz::r Decay B E\ radio constraints E
* Cool-cored. relaxed cluster 107 it e 1. 1
MAGIC Perseus (2016)
Object ) )
Persous Our goal today: Focus on the Dark Matter modelling and analysis emiAAT QO
(CR modelling and analysis performed by R. Adam & collaborators) 1
*  Host tw CTA Perseus 300h |
and IC3 1, ceat variaco S v \l\
Object | 1 [deg] | b [deg] / o e 01 i
NGC1275 | 150.58 | -13.26 S o S o o ]
1C310 150.18 | -13.74 T e LR 1 2 3 4 5
DM mass (TeV) B [nG]
BCG aligned with X-rays center

/

Our goal: State-of-the-art study of the sensitivity of CTA to Dark Matter and Cosmic-Ray signals in

Perseus cluster
Use lastest version of CTA science tools with latest Instrument Response Functions (IRFs) to perform the analysis
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DARK MATTER MODELLING

o

d@ D M d¢ . /m\‘o Charbonnier+ 12,
E. l.o.s, AQ,z X Astrophysical factor ©QCLUMPY Bonnivard+1 5, Hiitten+ 18
dE ~a\” ks \ /4 ’
0, O https://clumpy.gitlab.io/CLUMPY/
DM-induced y-ray flux from Particle
an astrophysical object Physics Model

Cirelli+12 (EW corrections)

X SM
Annihilation J(l 0.s, A}, Z / / ‘ d?“ ) ] X M2(2)00200 >(
AQ Jl.o.s DEarth X

SM

DM density profile

Decay D(l.0.s,AQ, z) = /AQ /Z.O.Sr)dr — ) lj)\fofh cdees



https://clumpy.gitlab.io/CLUMPY/
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o

/ﬁ\\;’o

OCLUMP

O

J(l.0.5, A0, z) = /AQ/l r)dr

DM density profile
D(l.0.s,AQ, z) = / / r)d'r
AQ Jl.o.s

Decay

I

MIN —

Annihilation o\

(]

Main halo without
substructure

(‘

<

DARK MATTER MODELLING (I): MAIN HALO

State-of-the-art parametrization of the DM in galaxy clusters:
Assume density profile 0

o) (1) = Psm(r) + (Osubs (1) —————— p(/r) — (ZH[1+

Navarro — Frenk —White (NFW)
Navarro+96, Navarro+97

T

Ts

T

2
Ts ]

* To build the DM profile, we assume a concentration-mass

relation (CZOO — Mzao):

Sanchez-Conde&Prada | 4

2.0

Logio Ca00

o Anderhalden & Diemand 13
. Diemand+05

0.5

10

-5 0

Logyo Mago [h™"' Me]
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DARK MATTER MODELLING (II): SUBSTRUCTURE

* Galaxy clusters are the most massive objects today, large amount of substructure expected

* Inclusion through ppm using state-of-the-art subhalo models o

BN d d /@O
Pro)(1) = Psm(F) + (Psups (1) T——— ) — — Ntot Py (”) & (M) - O@M\Pp

dVdMdc dM o
=5

DM subhalo profile: NFW

o

pr) = vz

Subhalo Radial Distribution Subhalo Mass Function Subhalo Concentration-Mass relation
(SRD) (SHMF) (200M300)
virr gy _ Pt (B)(R/Ra)  dN/dm = A/M(m/M)~* =5 o=z, Dependence on
psub  (R) = R ¢ s the subhalo
( + R_a> a= 1.9 > MED -----.----"‘--- B % . | POSitiOﬂ
. § I 200 (M200, Tsub)
Via Lactea - Il Springel+08 ol M4 i Tsub = Rsub/RA
Anti-biased relation : evs
Diemand+08 a= 20 — MAX I14+VLII+ELVIS+BB: i Moliné+ 17

Diemand+08 6

Mago [hMo]
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EXPECTED DM SIGNAL

General parameters

Hitomi Coll. 18

Urban+14

Sanchez-Conde &
Prada 14

z 0.017284 [,b | 150.58 deg, -13.26 deg
Mooy | 7.52x10 My | Rano 1865.0 kpc
€200 5.03 0200 1.42 deg

T 370.82 kpc 0, 0.28 deg

Flat ACDM

dy, 75.01 Mpc

s 299581 M, /kpc?

Apply modelling formalism

Annihilation | log,q J [GeVZcm™?]
MIN iy 1
MED 18.43
MAX 19.20

Decay log;o D [GeV cm™?]
19.20

J (aim) [GeV? cm™]

Annihilation flux profile

0, 00

— MIN e
104 —.- MED = Accumulated = .7

..... MAX
108 -
1017 4

0.01 0.1 1
Qint [deg]




MORPHOLOGY OF DM SIGNAL

<
O\o Skymaps of the differential J-factor Skymap of the differential

o
D-factor
Annihilation Decay
MIN MED MAX 03
~12.0 1 ~12.0 1 ~-12.0 1 ~1201
1022 102
~12.5 ~12.5 - —12.5 125
o0 271 =
g —13.0 1 ~13.0 1 ~13.0 1 10 7 g 130 T
> L%
5 —13.5 4 —13.5 1 —13.5 A 1020 Ng 5 —135 %
> <
~14.0 1 ~14.0 1 ~14.0 3 140 1018 S
1019 — ’
3
—14.5 1 —14.5 1 —14.5 1 as
152 151 150 152 151 150 152 151 150 e 1550 1505 1500 1505 1500 1495 106
GLON [deg] GLON [deg] GLON [deg] GLON [deg]
1017 :

MIN MED MAX
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CTA DM ANALYSIS ROADMAP

Total DM-induced y-rays Total CR-induced y-rays Total AGNs y-rays
) [Using both )
-125 o s
* Different gamma-ray g -130 i 5o
= £ 102 c
sources in Perseus . “ | ; ‘
regi on: o 38 10 o 200 to IS
1%1 1;0 “ “ ® DECS([’ng] 2 : 56 1495 150.0 . L](s)(})\.ls[dwllsl.o 1515 1520 0 cherenkov telescope array
GLON [deg] : \/v )
Our signal Use as BKG Use as BKG )

: i 1 Annihil
: ddpi™ K ov >dN

_ Y Constraints on DM models

=3 —— x J
| f no sgnal iE  Shiiy|dE
] T Observation & '
o I Simulation

D
o found d(I)Di\f_,ay _ 1 dN « D
§ o CTA IRFs dE dmpyTpm dE
o BKG

0 T T T
107! 10° 10*
Energy [TeV]
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CTA ANALYSIS CONFIGURATION (1): ON/OFF ANALYSIS

* First analysis approach

* Only includes gamma-ray emission from DM and background from IRFs .
Lowest level of complexity,

o more constraining results
* Assumes Perseus as a point-like source &

* Historically used in Imaging Air Cherenkov Telescopes (IACTs) as MAGIC =mmmm=p  Direct comparisons

* Different set-ups tested, best results for:

Regions 1 ON_ 3 OFL
Regions radius [deg] 0.5
Pointing (I, b) [deg ] | (150.57, -13.26)
Offset [deg] 0.5
Nobs 50
1 [h 300
IRFs North z20_50h, prod3b-v2
Energy range [TeV] 0.03 - 100 FoV:3 deg
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CTA ANALYSIS CONFIGURATION (I1): TEMPLATE FITTING

On-going (in collab. with R. Adam)
* Final analysis goal:

* Includes all possible gamma-ray sources: DM + CRs + AGNs + BKG IFRs )

—12.0

—12.5

—13.0 1

GLAT [deg]

—13.5

> More realistic physical
scenario

—14.0

—14.5

149.5 1500 1505 151.0 151.5 152.0
GLON [deg]

DM

0 1505 151
GLON [deg]

* Considers the different morphologies of each emission J

* Allows to check correlations between components

State-of-the-art analysis
* Historically used in Fermi-LAT analysis and in a recent CTA analysis pipeline

(Acharyya+20 [CTA Cons.])
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Limits for Perseus for MED annihilation model and decay
(point-like morphology & no J/D-factor uncertainties)

Annihilation

ON/OFF:1/3, 00z=0.5 deg

Decay

ran4lfFe\/]

bb

Tttt

Wtw-

MAGIC, Acciari+ 18, bb

0.1

| 0 band from 50 realizations

ran4[fFe\/]

10 100
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D
= Competitive with other targets' limits, yet
N |.5 orders of magnitude above thermal
5 107 -
vV — bb
tte~
10-25 — WtW-
<OV > thermal i
0.1 1 10 100

Limits for Perseus for MED annihilation model and decay
(point-like morphology & no J/D-factor uncertainties)

Annihilation

ON/OFF:1/3, 00z=0.5 deg

Decay

v

Best decay limits up-to-date,
x10 improvement wrt state-of-the-art
MAGIC results

— bb

ttr~

—_ WtWw-

......... MAGIC, Acciari+ 18, bb

0.1

1 10 100

mpm [T@V]

| 0 band from 50 realizations

WUm4[Tb\q
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SUMMARY

Galaxy clusters are excellent target for indirect DM searches (massive, closeby)

Still no clear gamma-ray signal from clusters detected

CTA is the future for VHE gamma-ray astronomy, with superb capabilities for WIMP searches
Perseus Galaxy Cluster has optimal conditions for observation with CTA-North
State-of-the-art DM modelling for Perseus including halo substructure

Complete and comprehensive study of the different expected emissions: DM+CR+AGNs

ON/OFF analysis for annihilation and decay main results:
* Annihilation upper limits of ~O(10-23) cm3 s°!
* Decay upper limits of ~O(10%) s : will be the best limits
*  Most optimistic limits

On-going template fitting analysis and inclusion of J/D-factor uncertainties for more realistic predictions




Cl

Thanks for your attention!
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Back-up material
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OBTENTION OF DM MODEL PARAMETERS

* State-of-the-art parametrization of the DM in galaxy clusters: (0w)(r) = Psm(r) + {Osubs (1)

0 Assume a DM profile ,0(7”) e )[fi T2 | NFW

Ts Ts

5 7
. . , / P M>00
@ Assume a concentration-mass relation (cp9 — Mygp): Sanchez-Conde&Pradal4  c200(Mzon,z =0) =) ¢ [hl ( MG )]

1=0

__ 3Mbsng

€ Assume spherical collapse from an overdensity A = 200 over the critical density Aggp = Tn Rooo ey

9 Compute remaining parameters

Scale density Scale radius Angular extension
2A200pcrit €200
{ R — Rao0
Po 3F (c200) C200 = T Oa00 = tan (731)
with

F(Cgoo) = %(ln (1 + 6200) — IL—i—QcO;O(;)
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DIFFERENTIAL ANNIHILATION FLUX PROFILE

0
o@n@ .
A\

(4]

Differential

0 0200
102 4 2 0.017284 [,b | 150.58 deg, -13.26 deg
: Moo | 7.52x10™ Mg, | Rago 1865.0 kpc
"T 102! C200 5.03 9200 1.42 deg
f’ I 370.82 kpc 0, 0.28 deg
% o dr, 75.01 Mpc s 299581 M, /kpc?
S

s
o)

1019—;

1018—;

1017 -

0 [deg]
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CTA ANALYSIS ELEMENTS

* Likelihood ratio test:

ON/OFF analysis: Poisson likelihood for signal and background, Wstat statistics
) (XSpec manual)

»

L
fRer — ’
n[,

(&;

Q

NON

NOFF

D
D

D

) W = 2(psig+(147) tokg—non —norr—non (In(sig+7 k) —In non ) —nopr(In pprg—Innopr)) 7

. TS <95 No signal Template fitting: Poisson likelihood for each component, Cash statistics (Cash 79)

C=2(u—nlny)

* Uncertainties in the |/D-factor enter through:

Urban+14
X-rays Mass modelling and . . 1 e
E— it m) | (M) = M scatter wmmmp J7(J|Jowm.05) = o Xe
measurements extrapolations . ~0(0.3) dex for
* Masses from other methods Sanchez-Conde & Gaussian prior
¢ Other X-rays measurements Prada 14
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* One example simulation:

* Annihilation
e |0TeV
* b channel

SED + ULs
Counts
] . ——— Best fit model
107 - ] i
[ 1 Predicted Signal (S) l . . -+ Flux points
1 Predicted Background (B) 107 5 l l
10° 1 | ] Predicted S+B ]
107!
103 4 _
§ 1o
* 10! A :
[
‘Ei: 107!
107! 1 ﬁ|_
107!
10—3 i
— ] 10718
0.1 1 10 100 - . . .
Energy [TeV] 0.1 1 10 100

Energy [TeV]
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DM CONSTRAINTS: o BAND

Limits for Perseus for MED annihilation model
(point-like morphology & no J-factor uncertainties)

bb
/”\
e AN
0.200 - ! N
1
[]
[]
0.1751
i —oo= -
A :,'\ \ / 4:‘—':: :’i_’:_’_"’"_‘_—_‘:;:'_:_:_:_:_:_:_;:’.’-"'
8 0.150{ N\ S fEEET
\% M \ e 3
9 :"\\\\\\/’/” 'f'/’/
o0 |,':\\ So ’/Izl
o125 N
I [T \\ ///
Sy I"'l‘\ <%
S .”’, N 4
A 0.100 i s
% ,.__’/—"
\Y% ,/'"
=0.075 1&
5 0.
[©)
— !
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0.050
0.025 A

25

50

75 100
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125

150

175

200

m=100 GeV
m=250 GeV
m=500 GeV
m=750 GeV
m=1000 GeV
m=2500 GeV
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m=10000 GeV
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m=50000 GeV
m=75000 GeV

m=100000 GeV

0.200

0.175

o o
I~ &
W (=}

logip <ov>" —logjp<ov>
(=}

=)
j=) (=]
N ~
(=} w

0.025

25

50

75

100 125 150 175 200
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WHw-

0.200

0.1754

0.150

logio<ov>

=3
=}
G

)
0.100 3"

logio<ov>"

g
o
N}
G

0.050 1

0.025 1

25

50

75

100 125 150 175 200
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T
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m=>500 GeV
m=750 GeV
m=1000 GeV
m=2500 GeV
m=>5000 GeV
m=7500 GeV
m=10000 GeV
m=25000 GeV
m=>50000 GeV
m=75000 GeV
m=100000 GeV
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DM CONSTRAINTS: ON/OFF SET-UPS

Limits for Perseus for 777~ annihilation and decay models
(point-like morphology & no J/-D-factor uncertainties)

+ - _
T 7 T + T
|
B2 10—23 _
5 B
— —— 6oy=0 deg, ON/OFF:1/3 =
%\ 10-24. — 0oy=0.5 deg, ON/OFF:1/3 S —— 0py=0 deg, ON/OFF:1/3
v Oor=1.5 deg, ON/OFF:1/3 1026__ —— 6py=0.5 deg, ON/OFF:1/3
— 0op=1deg, ON/OFF:1/3 : ), —— Ooy=1 deg, ON/OFF:1/3
— Oop=1deg, ON/OFF:1/5 ’ Oor=1.5 deg, ON/OFF:1/3
10~25. — 0Ooy=0 deg, ON/OFF:1/5 —— 0o5=0 deg, ON/OFF:1/5
—— Gop=1 deg, ON/OFF:1/5
<OV > thermal
0.1 1 10 100 0.1 1 10 100
mpy [TeV] mpy [TeV]
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DM CONSTRAINTS: MIN-MED-MAX

Limits for Perseus for 777- annihilation model (point-like morphology & no |-factor uncertainties
P P gy

mpm [TGV]
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DM CONSTRAINTS: DECAY INSIGHT

Limits for Perseus for decay ON/OFF analysis (point-like morphology & no D-factor uncertainties)

: —— bb/3
........ KSP, Acharya+ 17[CTACons. ], bb
........ MAGIC, Acciari+ 18, bb

0.1 i 10 100
mpm [TCV]
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DM CONSTRAINTS: CTOOLS

Limits for Perseus for MED annihilation model and decay, assuming point-like morphology and no J/D-factor uncertainties

10—20 1 1025 :
1 Annihilation ]
THT™
07y bb 1077 -
—_— WW- ]
T 10722 4
T 1\
mln ] R 1026-E
S %
S, 5
2 PS, Boffset =1.5, a =3 102 -
LS Obs time: 100 h :
- PSI GOffset= 1'51 a= 3
102 Obs time: 100 h
10—25_: E
% o1 (0 Lo ] -
1071 10° 10! cherenkov telescope array 100 101 102
Mass (TeV) Mass (TeV)

General agreement with gammapy results accounting for statistical errors and different configurations




BEYOND KSP: SAMPLE OF GALAXY CLUSTERS

Search in catalogues for other interesting galaxy clusters to study in a DM context

Natural extension of the KSP: why just focus on Perseus for DM searches?
Built up of “gold” cluster sample for DM studies

Will follow similar procedure than KSP, just applied to few other galaxy clusters and DM focused:

* Well-known M, : from observations in X-rays using Schellenberger&Reiprich | 7

(4]
(@9
* State-of-the-art parametrization of ppy Oﬁpo
=
. O
1

* Local clusters: z < 0.1 (Ando&Nagai| 2) wem—) ] pE
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BEYOND KSP: TARGET SELECTION

I |dentification of best targets I

75°

4 R

Separation of at
least 2deg to
account for
cluster extension,
except for M49 +
Virgo

- a

Mask |b|] < 20deg,
except Perseus, to
avoid GDE

-75°

= Sample based on extended HIFLUGCS catalogue (Reiprich&Borhinger02), Ackermann+10 [Fermi-LAT
Coll.] and Ackermann+ 14 [Fermi-LAT Coll.].

= 50 local clusters, f, = 1.7 10! erg s-! cm-2
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BEYOND KSP: DM MODELLING

B |-factor SHMF=1.9, Moline+17, VLI

J

0.00 0.02 0.04 0.06 0.08
*<— Virgo e  Without substructure 12 -
19.5 - * VL-Il, Moline+17, a=1.9
19.0 - NGC4636 10 A
— JF‘\./Hydra
£ 185- %% . & 8
O * Fornax C.oma )
21804 * . * £
O 3 6
— ° * (@]
£ 1759 - *oa * * .
S ° ° LR B *** ko
o)) . * % * o k¥ ¥ 4 -
© 17.0 A . o Kok d *
165 1 ) ° * o o0 o ° * e O | 2 T
: ° .o ° o ® ¢ . e
160 T ®oe ¢ ° °
T T T T T T T T T 0 -
0 50 100 150 200 250 300 350 400 17 17.5
d. [Mpc]
Object- Z N[Q()O [1014 1\[@] RQOO [kpC‘] H200 [deg] Jno—subs [1017Ge\/2cm_5] ']subs [1018GeV2cm_5]
Virgo 0.0036 5.600 1700 6.32 44.3 54.5
NGC3646 0.0040 0.534 77T 2.60 4.24 5.15
M49 0.0044 0.464 741 2.26 3.06 3.72
A1060/Hydra 0.0110 2.966 1376 1.70 2.69 3.23
NGC1399/Fornax | 0.0050 0.506 763 2.05 2.58 3.14
A3526/Centaurus | 0.0100 2.266 1258 1.70 2.55 3.10
A1656 /Coma 0.0230 13.158 2260 1.35 2.64 2.90
A0426/Perseus | 0.0183 7.714 1892 1.41 2.44 2.81

18 18.5 19
(Qint) [Gev? cm™3] '

19.5

= Two models:

=  Conservative: No substructure
= Baseline: Conservative inclusion of
substructure

= Substructure boosts O(10) for typical

cluster masses (Sanchez-Conde+1 |, Sanchez-
Conde+14, Moliné+17)
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DARK MATTER MODELLING: FORNAX

Object Mago [10M Mg] | c200 | Raoo [kpe] | Oa0o [deg] | vs [kpe] | 6, [deg]
Fornax/NGC1399 0.506 579 763 2.05 132 0.36 Integration angle | J,o_sups [10177GeVZiem™] | Jous [1017GeViem ™|
65 6200 9200 258 3140
1022 3 ~ e . R 1023
] T~ - Skymaps of the differential J-factor for Fornax
o 102t 5 -
i F 1072
L?E 1020 4 No subs With subs [
Y 21
o~ 10
% 1019 —-52 4
O, -
—_~ — l\_
3 1018 4 5% =531 1020 ©
= 5
. < 54 4 —54 v
10/ 4 o
1 = Without substructure 0% g
] == With substructure =55 1 =551 VFT%
1016 T T T T T T T T T T T T T
0.1 0.36 1 -56 1_ . . . . —56 1_ . . . . 1018
C] [deg] 239 238 237 236 235 239 238 237 236 235
T GLON [deg] GLON [deg]
| | =
= Effects of substructure: Annihilation Boost = [ 1.2 107
* |mportant in outskirts
= Adopt baseline DM model (substructure scenario) a=1.9 Conservative Baseline Lo

for the slope of the sub-halo mass function @



