The Dark Matter Programme of the
Cherenko[ Telescope Ar'r'ay

 Aldo Morselli
INFN Roma Tor Vergata
in collaboration with M.Doro, G. Rodriguez-Ferndandez and

F. 6. Saturni




Dark Matter Search: Targets and Strategie t

i Galactic Center i
Satellites o 2 Milky Way Halo
Low background and good 0 .tatlsflcs, MESgtien Large statistics, but diffuse
source id, but low statistics confusion/diffuse background

background

Spectral Lines Isotropic” contributions

Little or no astrophysical uncertainties, Large statistics, but astrophysics,
but low sensitivity because of galactic diffuse background
expected small branching ratio Galaxy Clusters

— Dark Matter simulation:
Low background, but low statistics Pieri+(2009) arXiv:0908.0195



Dark Matter Search: Targets and Strategie

(Another way to see it)
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Classical Dwarf spheroidal galaxies:
promising targets for DM detection
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CTA DM Detection Strategy

Year 1 2 < 4 5 6 Fd 8 9 10
Galactichalo 175h 175h 175h
Best dSph 100h 100h 100 h
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 100h
in case of detection at GC, small ov
Galactic halo 100h 100h 100h 100h 100h 100h 100h
in case of no detection at GC
Best Target 100h 100h 100h 100h 100h 100h 100h

First 3 years

* 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

e |f 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 focus to increase data set until systematic errors can be kept
under control

¢ |f no detection in GC halo data set

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



Dwarf Spheroidal Galaxies: CTA Sensitivity
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There are several of the newly discovered dSph that have a better case for
being a promising target,
Will choose most promising targets before observations with the latest
knowledge.




note:the "thermal” cross section is only a reference value. The real cross section
can be higher or lower

-20 .
hy BayesFITS (2014) Example..
Annihilation cross-
. section points from
. a 19 dimensional
pPMSSM fit
7 —2Af
~— 1 ”
) B
g ______________ _| “thermal” cross-section
~— _26| 3x10 2% cm3s?
- Note that a strong
b‘ﬁ‘ . enhancement of the
S 28 annihilation cross section
— i occurs for winos around 2-3
“|  TeV due to Sommerfeld
enhancement.
-30
pMSSM

L.Roszkowski et al., JHEP 1502 (2015) 014
[arXiv:1411.5214]



CTA, HESS, FERMI, PLANK DM upper-limits

Together Fermi and CTA will probe
most of the space of WIMP models
with thermal relic annihilation cross
section

The expectation for CTA is for the
Einasto profile and is optimistic as
includes only statistical errors.

The effect of the Galactic diffuse
emission can affect the results

by ~ 50%
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(ov) (cm3s

DM limit improvement estimate in 15 years (2008- 2023)
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15 dSphs, 6 Years \
15 dSphs, 15 Years \
45 dSphs, 15 Years \
Pass 8 Combined dSphs (15 dSphs, 6 Years)
H.E.S.S. GC Halo

Abazajian et al. 2014 (1o)
Gordon & Macias 2013 (20)
Daylan et al. 2014 (20)

Calore et al. 2015 (20) “ é g
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Together Fermi and CTA will probe most of the space of WIMP models with thermal relic annihilation cross section



Complementarity and Searches for
Dark Matter in the pMSSM (S—ta

. XENON1T
1072~ | « Surives DD, ID, and LHC

e Survives DD and ID but not LHC
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cherenkov
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Dark Matter Searches in Dwarf Spheroidal
Galaxies with CTA

In-house calculation of the astrophysical
factors for the dSph halos

— Selection of final sample of dSphs
— Derivation of input quantities for Jeans analysis
— Calculation of astrophysical factor profiles and 2D maps



2020 May

* In-house calculation of
astrophysical factors for DM
annihilation and decay in dSphs

— Selection of optimal candidates for
both CTA sites made on distance and
minimum zenith angle:

D <100 pc
ZAmin < 309

— Selected sample:

10 Northern dSphs (Bodl, Bodll,
Bodlll, CBe, Dral, Lae3, Segl, Seg2,
Trill, Wil1)

11 Southern dSphs (Cetll, Erilll, Grull,
Horl, Indl, Phell, Retll, Sgrl, Sgrll, Scl,
Sex)

Table 2: Basse properties of the dSphs belonging to the MW subgroup and those of the
order. The dSphs from the M31 subgroup are not included. Objects indicated with “cls” are “classical” dSphs, wh

nol associated to major galaxies, ranked in alphabetical
as “ull” stands lor “ultra

fzinl”. Dashes 1n the culminabion columns indicate objects that do nol nse above the borzon m the relevant bemisphere. The names of targets

wilhin ~ 100 kpe with culmanation

th angles ZA < 307 are hig

hemisphere respectively, for a total of 10 Northern and 11 Southern dSphs

lighted in boldface for the Northern hemasphere and i étalic Tor the Southern

Name Abbr  Type RA (hhmmss) dec (ddmmss) Distance (kpe) ZA,, N(deg) ZA, S(degl Month Ref
Andromeda XVIIT  AndX VI uft 0002145 +4505 20 1330 £ 104 14.62 70.00
Aguarius Agr uft 2046518 -125053 1030 = 57 4154 1154
Bootes 1 Boal uft 1400060 +14 3000 65+3 13.85 1846
Bootes 11 Boall uft 1358 00.0 +125100 9£2 16.15 36.92
Bootes 111 Boolll uft 1357120 +26 4800 46+2 154 40.77
Canes Venatici [ CVal uft 13280315 +333321 216=8 462 57.69
Canes Venatici IT Cvull uft 1257 100 +34 1915 6.15 59.23
Carina Car cls 06 41 367 ~50 57 58 $0.00 26.92
Cetus 1 Cetl uft 0026110 110240 39.23 1385
Cerus II Cell uft 0117528 -172512 45.38 691
Columba | Coll uft 0531 26,4 -2801 48 56.15 108
Coma Berenices CBe uft 1226 59.0 +2154 15 5.38 47.69
Draca 1 Dral cls 1720124 +57 54 55 29.23 R3.08
Draco [1 Drall uft 1552476 +64 33 55 3462 8846
Ersdanus 11 Enll uft 0344215 —413148 72.31 1846
Endanus 111 = uft 0222455 -51 1648 80.77 27.69
Fornax cls 0239593 -34 26 57 63.08 10.00
Grus 1 uft 2156424 -5009 48 78.46 2538
Grus 1 uft 2204048 4626 24 75.38 n3
Hercules uft 1631020 +1247 30 16.15 36.92
Horologium | uft 0155289 —54.06 36 R3.08 .13
Hy: uft 1221421 -315907 13410 .77 692
Indus 1 uft 2108 48.1 -5109 36 69+ 16 $0.00 26.92
Indus IT uft 2038528 =46 09 36 214+ 16 75.38 23
Laevens 3 uft 2106543 +14 5848 67T+3 13.85 31923
Leol cls 1008 28.1 +121823 27210 16.15 3538
Leoll cls 1113288 +220906 240=9 6.92 46.92
Leo IV uft 1131570 =00 3200 15124 29.23 1385
Leo V uft 1131096 21312 26.15 216.92
LeoT uft 0934534 +170205 12.31 4231
Phoenix I uft a1 51063 —44 2641 73.85 20.00
Phoenix Il uft 2139576 -5424 36 £3.08 30.00
Pictor 1 uft 0443480 =50 16 48 T8.46 26.15
Pisces 1 uft 2158310 +05 5709 23.08 3077
Reticvlur 1 uft 0335409 540200 83.08 23
culum I uft 03 45263 —6027 00 88.46 538
rarius { uft 18 55 19.5 -303243 59.23 615
rarius I uft 1952405 -224 05 51.54 231
s ’ cls aLonos4 -334233 63.08 923 Oct L7
Segue 1 uft 1007040 +16 04 55 12.31 40.77 Feb 1,18
Segue 2 uft 0219160 +20 1031 846 4462 Oct 119
Sextans cls 101303.0 -013653 0.7 307 Feb 113
Triangulum 1T uft 0213174 +36 1042 6.92 60.77 Oct pi3
Tucama [ uft 2241 496 -6425 10 40.00 Sep 1.7
Tucama [1 uft 2252167 —58 31 36 86.92 3385 Sep 5
Tucana [1 uft 23156359 -59 3600 1.69 462 Sep n
Tucana [V uft 0002553 —60 5100 89.23 3538 Sep n
Ursa Major | UMal uft 1034528 +515512 23.08 76.15 Mar 1,20
Ursa Major 11 UMall uft 08 51 300 +6107 48 3462 87.69 Feb 1,21
Ursa Minar UMi cls 1509085 +67 1321 38.46 May 1.2
Willman 1 wall uft 1049210 +5102 00 231 75.38 Mar 118
Referesces: (1, commbimatcn cmly) [ |, (2-22, distances usly) (4,5, 6, 7,8,9, M0 11, 12, 13, 04, 1516, 17, 18, 19, 20, 21, 22, 23, 24], (232K both data) [25. 26, 27, 287 ¥ |

13
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* In-house calculation of
astrophysical factors for DM
annihilation and decay in dSphs

— Selection of optimal candidates for
both CTA sites made on distance and
minimum zenith angle:

D <100 pc
ZAnmin < 309

— Selected sample:

10 Northern dSphs (Bodl, Bodll,
Bodlll, CBe, Dral, Lae3, Segl, Seg2,
Trill, Wil1)

11 Southern dSphs (Cetll, Erilll, Grull,

Horl, Indl, Phell, Retll, Sgrl, Sgrll, Scl,
Sex)

Table 2: Basse properties of the dSphs belonging 1o the MW subgroup and those of the LG nol associated to mapor galaxies, ranked in alphabetical
arder. The dSphs from the M3 1 subgroup are not included. Objects indicated with “cls” are “classical” dSphs, whereas “ull” stands for “ultra-
fzint”. Dashes 1n the culmination columns indicate objects that do nol nse sbove the borzon m the relevant bemisphere. The names of largets
within ~ 100 kpe with culmination zenith angles ZA < 30 are highlighted in boldface for the Northern hemssphere and in italic lor the Southern

hemasphere respectively, for a tolal of 10 Northern and 11 Southern dSphs.

Name Abbe.  Type

R.A_(hh mm ss)

dec. (dd mm ss)

Distance (kpc)

ZA o, N (deg)

ZA S (deg)

Month  Ref.

Mmdﬂ XVl AndXVII

1330 & l(l-l

1462

57.69

Canes Venatici [ CVal
Canes Venatici [T CVall llﬂ
Carina Car cls

co T u
End:uvns 11 Enll uft

1328035
1257 100
06 41 367
00 26

5 3

0344215

+333321
4341915
-50 5758
— 0

333148

216=8
1598
0621
748 +

rUES
330+ 16

7231

5§9.23
26.92
385

i‘ﬁi ii 2 541 4 iﬁ 120 + l7 T8 46 i i ii i

Hercules uft

16 31 020

+1247 30

137+ 11

16.15

36.92

Leol Leel cls
Leo Il Leoll cls
Lea IV LeclV uft
Lea V LeaV uft
LeoT LeoT uft
Phoenix Phel uft

ucana [ u

Tucana [1 Tucll uft
Tucana [ Tucll uft
Tucana IV TuclV uft
Ursa Major 1 UMal uft
Ursa Majoe 11 UMall  uft

1008 28.1
1113288
1132570
1131096
0934534
0l 51063

1034528
08 51 30.0

+121823
+220906
-0 3200
+021312
+1T0305
—44 2641

+)5 57 09

i

~58 3136
~59 3600
605100
+515512
+6307 48

212+10
240=9
15124
16925
3T+28
427 + 31

26+ L
182+ 13

-

55+ 15
58+ 6
252
EEER )
0522
35+2

1231
73.85

$6.92
$7.69
£9.23
23.08
3462

3385
462
3538
76.15
87.69

Sep
Sep
Sep
far
Feb
Ma

EErLLE

Ursa Minar UMi cls 1509 08.5 +67 1321 68+ 2 38.46 i

Refereaces: (1, coonbimates valy) [ ]; (222, distances valy) [4,5,6,7,8,9, 1011, 12,13, 04, 15,16, 17, 18, 19, 20, 21, 22, 23, 4], (23-2K both datay [25. 26, 2

14



2020 May

. . Table 2: Basse properties of the dSphs belonging 1o the MW subgroup and those of the LG nol associated to major galaxies, ranked in alphabetical
[ ] I n - h 0 u Se Ca I C u I at I O n Of a St ro p h ySI C a I arder. The dSphs from the M31 subgroup are not included. Objects indicated with “cls” are “classical” dSphs. whereas “ull” stands for “ultra-
fzint”. Dashes 1n the culmination columns indicate objects that do nol nse sbove the borzon m the relevant bemisphere. The names of largets
within ~100 kpe with culmination zenith angles ZA < 30° are highlighted in boldface for the Northern hemssphere and in ifalic lor the Southern

factors for DM annihilation and decay s e s s
in dsphs Name Abbr.  Type RA (hhmmss) dec (ddmmss) Distance (kpel ZA, N(degl ZA, Sideg) Manth Ref

Andromeda XVIIT AndXVIT  uft 0002145 +450520 1330+ 104 1462 70.00 Sep 1.2

— Exclusion of targets without or with too ‘ :
poor brightness/kinematic data available in Sssm Mo senm )

h I . Canes Venatici [T CVnll uft - +34 1915 1598
. Carina C 1 06 41 367 ~50 57 58 06=1
the literature: = x g suwr  oms e

Booll (only 5 member stars)

Cetll (no kinematic data) m

uft 2256424 — 48 120 + 17 T8 46

EriII (no kinematic data) Hercules Her uft 16 31 020 +1247 30 137+ 11 16.15 36.92 May 110
Horl (only 5 member stars)
Indl (no kinematic data)

Leol Leol  <ls 1008281 +121s21 M1+ 1615 3538 Feb 111
. . Leoll Leoll cls 1113288 +220906 240=9 6.92 46.92 Mar 1,12

Lae3 (nO klnematlc data) LealV LelV  uft 1132570 003200 15124 2023 2385 Mar 113
LeoV LeaV  wit 1131096 21312 16925 26,15 2692 Mar 113

Phell (no kinematic data) Phoenis 1 Bl Oisles  adaea iy T W O Lis
Seg2 (no brightness data) S = S e S ‘

-

— Surviving sample:

b &
'

uc] u! 21 I 23 3 £ 15 1
7 N o rt h e rn d S p h s Tucana I1 Tucll uft 2152167 -583136 58+6 $6.92 3385 Sep b
Tucana [11 Tuclll uft 23156359 —59 36 00 25%2 $7.69 462 Sep n
Tucama [V TuclV uft an 021553 —60 51 00 484 %9.23 3538 Sep n
6 Southern dsphs Ursa Major 1 UMal uft 1034528 +515512 10522 23.08 76.15 far 1,20
Ursa Major 11 UMall uft 08 51 30.0 +63107 48 35+2 3462 87.69 Feb 1,21
Ma 1.22

Ursa Minar UMi cls 1509 08.5 +67 1321 68+ 2 38.46 i

Refereaces: (1, coonbimates valy) [T ], (2-22, distances ualy) [4,5,6,7,8,9, 1011, 02, 13, 04, 15,16, 17, 18, 19,20, 21, 22, 23, 4], (23-2K. both data) [25. 26, 27, 247 ¥ |

15



2020 May

In-house calculation of astrophysical
factors for DM annihilation and decay
in dSphs

— Exclusion of targets without or with too
poor brightness/kinematic data available in
the literature:

Booll (only 5 member stars)
Cetll (no kinematic data)
Erill (no kinematic data)
Horl (only 5 member stars)
Indl (no kinematic data)
Lae3 (no kinematic data)
Phell (no kinematic data)
Seg2 (no brightness data)

— Surviving sample:

7 Northern dSphs
6 Southern dSphs

Table 2: Bassc properties of the dSphs belonging 1o the MW subgroup and those of the LG not associated to majoe galaxies, ranked in alphsbetical
arder. The dSphs from the M3 1 subgroup are not included. Objects indicated with “cls” are “classical” dSphs, whereas “ull” stands for “ultra-
fzint”. Dashes i the culmination columns indicate objects that do nol rise above the borzzon m the relevant bernisphere. The names of targets
within ~ 100 kpe with culmination zenith angles ZA < 30° are highlighted in boldface for the Northern hemnisphere and in italic lor the Southern
hemisphere respectively, for a total of 10 Northern and 11 Southern dSphs.

Name Abbr.  Type RA (hhmmss) dec (ddmmss) Distance (kpe) ZAy, Nidegl ZA, S(deg) Month Ref
Andromeda XV AndXVIL  uft 0002145 +450520 1330 + 104 1462 70.00 Sep 12
2 5 —]2 5051 5 3

CVal uft 03.5 +333321 216=8
Cvull uft 100 +34 1915 1598
Car cls 06 41 367 —50 57 58 106=1

Cetl uft 00 26 110 —1 140240 748 + 31

135503 —34765 3 3 X cl K
Cirs 1 Grul uft 2156424 —50 09 48 120 + 17 T8 46 2538 Se 26 '
Hercules Her uft 16 31 020 +1247 30 137+ 11 16.15 36.92 May 110

Leol Leol <ls 1008 28.1 +121823 22+10 16.15 3538 Feb 111
Leo Il Leoll <ls 1113288 +220906 240=9 692 46.92 Mar L2
Lea IV LeolV uft 1132570 -0 3200 15124 29.23 1385 Mar 113
Lea V LeaV uft 1131096 +021312 16925 26.15 2692 Mar 113
LeoT LeoT uft 0934534 +1T0305 NT7+28 1231 4231 Feb 1,14

Phoenix Phel uft 0l 51063 —44 2641 427 + 31 73.85 20.00 Oct 1,14

LELY : 26+ L
2158 31.0 +)5 57 09 182 + 13

s i 55+ 15 1 B,
Tucana [1 Tucll uft -583136 58+ 6 $6.92 3385 Sep 3
Tucana [ Tuclll uft —59 36 00 B5:2 $7.69 462 Sep n
Tucama [V TuclV uft —60 51 00 484 £9.23 3538 Sep n
Ursa Major 1 UMal uft +515512 10522 23.08 76.15 Mar 1,20
Ursa Major 11 UMall uft 08 51 30.0 +63107 48 35+2 3462 87.69 Feb 1,21
Ursa Minar UMi cls 1506 08.5 +67 1321 68+ 2 38.46 Ma: 1,22

Relereaces: (1, coonbimates caly) [T ], (2-22, distances uely) [4,5,6,7,8,9, 1011, 02,13, 04, 15,16, 17, 18, 19,20, 21, 22, 23, 24, (23-2K hoth datay [25. 26, 27, 247 7 |
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2020 May Cta

* In-house calculation of astrophysical factors for DM annihilation and
decay in dSphs — IN PROGRESS

— Jeans analysis with CLUMPY v3.0.1 (Hitten+ 2019)
— Input data: dSph surface brightness profile + kinematics of dSph member stars

O n;(r) { % [ (r)v_,?]} N ; 8 (yoE = — EMou () + M. ()]

YV o o
OCLUMPY) "o

)4 a* a
7 © &) [ )]
Ts T
exp {— l [(vi — (Umem))z + (VVL — <Wmem>)2]}

o c 2| ofem + 0f AW em + AW

Pmem (vir Wi) =

on J (0Zem + 02) (AWZer + AW?)
17



2020 May Cta

* In-house calculation of astrophysical factors for DM annihilation and
decay in dSphs — IN PROGRESS

— dSph surface brightness parameters computed for the whole selected sample

p’s (107 Lo/kpc?)




2020 May

* In-house calculation of astrophysical factors for
DM annihilation and decay in dSphs — IN
PROGRESS

J/D-factor profiles to be computed as a function of the
integration angle up to 22 for both cuspy (Einasto) and
cored (Burkert) DM density profiles

2D maps of J/D-factors to be computed up to 102 FoV
for both DM density profiles

1.83e+15 4.29e+15 9.16e+15 1.90e+16 3.84e+16 7.71e+16 1.55e+1]

CLUMPY v3.0 (http://lpsc.in2p3.fr/clumpy, CLUMPY v3.0 (http://lpsc.in2p3.fr/clumpy,
T T 1T T T T T T LI I T T T 17T T T T T T T

" F | ] & F | | .
§ 107 = g 10 e s
> B . > -
8 107 = & 10
,?5 20 ; /\E 19 :_
5 10 E - 10 -
= " = & 8
10° E 10"
1018 LE.—“_.. g 1017 :?“
10" = = 10% k=
1016k - 10" ;
E 1 1 1 1 111 | 1 | E E 11 I 1 I
1072 107 1 1072 10 1
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<OannV> [cM3s71]

Upper Limits 95% CL

CTOOLS v1.5.1:

Reticulum Il, t=300h
—— Einasto, bb
—— Burkert, bb

10—21 10—21
Reticulum II, Einasto, channels
bb
— TtT"”
-22 +,,— -22 |
10 — utu 10
o
|
10-23 mV) 10-23
S
A
>
10-24 % 10-24 4
e}
\
10-25 | 10-25 4
10726 T T T 1026 T
102 103 10* 10° 102

mMpy (GeV)

10°

Mpy (GeV)

10*

10°



Upper Limits 95% CL
CTOOLS v1.5.1:

Integrated values J(alpha_int = 109)

Name Einasto Burkert
L0-21 Draco 1 8.73e20 8.84e20
Einasto, channel=bb SC“lPlor 7.96el8 6.62el8
—— Reticulum I Reticulum II 3.27e19 8.99¢19
—— Sculptor Coma Berentices 5.17el9 6.64el9
1077 —— Draco |
Coma Berenices
T
D 1023
-
S
A
N
% 10-24
o)
\'
10—25 4
10726 : : .
102 103 104 10°

mMpm (GeV)



Summary

We will include the limits for extended Sources 1n the paper
We are calculating upper limits for all the selected targets
Compatibility with gammapy 1s under study.

Update to the last IRFs

Study IRF systematics.

We are updating the final draft of the document



CTA CONTRIBUTION TO DM RESEARCH

Summer 2020 2021

Cosmologocal Line-feature

: Perseus Cluster
GRPropa search

(led by AGN group)

Galaxy Clusters

L dSph lysi
GC DM sensitivity bt L as DM targets

(category still discussed
GC DM Wino gory

sensitivity

DM sub halos

Final stages of IR
Shared with the DMEP group/coordinators
Draft writing stage

30 Work in progress

Gabrijela Zaharijas DMEP group Status Report May 21 2020 o



CTA CONTRIBUTION TO DM RESEARCH
(SUMMARY)

e CTA has good prospects to probe for the first time WIMP models with thermal
relic cross-section and masses above 200 GeV;

e Together with Fermi CTA will be able to exclude thermal WIMPs within the mass
range from a few GeV up to a few tens of TeV.

e For heavy WIMPs (>TeV) CTA will provide unique observational data to probe
parameter space not reachable by the other experiments.

e CTA is complementary instrument to LHC and direct DM searches probing some
non-overlapping regions of DM particle parameter space.

e |f DM is detected by CTA, it will also be possible to explore some properties of DM

particle through the study of annihilation channels, etc.

e Control of systematics in deep observations of GC halo and dSph(s) is critical for
the success of these studies and will require full knowledge of the instrumentation
(hence CTA KSP)

e Better understanding of J factors is essential for interpretation of observational
data and derivation of limits.
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