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TeV DM talks at TeVPA 2018

I Dark Matter: 1 -

14:00 [115] Latest results on dark matter searches using the H E.S.S. telescopes
14:20 [17)] Dark Matter searches with the MAGIC telescopes

14:40 [327] The VERITAS Dark Matter and Astroparticle Physics Program

15.00 [75] Robust estimate of dark matter distribuions in the Galactic dwarf
spheroidals

15:15 [265] Model-independent constraints on dark matter annihilason in dwart
spheroidal galaxes

15:30 [11) Refined Dark Matter Spectra for Cherenkov Telescopes

I Dark Matter - -1

o
J11:30 [356] Indirect DM searches

l Dark Matter: 5 -

I1 5:15 [34] A Search for Dark Matter Annihilation in the Milky Way Halo
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I15230 [51] Probing the sensitivity of the Cherenkov Telescope Array to Dark Matter in Mr. ECKNER, Christopher
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2 Michele Doro - TeVPA 2018

CTA DARK MATTER
CONVENERS

Miguel Angel Sanchez
Conde
miguel.sanchezconde@
uam.es

Aldo Morselli
aldo.morselli@roma?.in

fn.it



mailto:miguel.sanchezconde@uam.es
mailto:aldo.morselli@roma2.infn.it

IACT Year Nr. tels & diameter Location

Current IACTs

“Whippte—1968 P 2-m Arizoma UoA—
p— H.E.S.S. 2003 4x12m+1x28 m  Gambserg, Namibia
MAGIC 2004 2x17 m La Palma, Spain
S ~ VERITAS | 2007 4x12m Arizona, USA
Y ~ » ~  Table 1: Current major operating ground-based Cherenkov telescopes. Given
e = _ are the starting year, the array multiplicity and dish diameter in the latest con-

: > f . figuration,

and the location.

MD NIMA742 (2014) 99-106

-
E -
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M.Gaug, MD, MNRAS accepted 10.1093/mnras/sty2188—> ® 15¢MST (12m)

® 4xLST(23m)

Two CTA arrays oo,

@@ THIRTY METER TEL.

LaPalma (Canary Islands )=
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. — - - . r 4 ” < /
- — " 2 :' /

/

//

. - 2 "*
.QJ,‘ > | 1150mto LST,
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4x LST (23m)

25x MST (12m)

70x SST (4m)

VERY LARGE TEL.
EXTREMELY LARGE TEL

15.7 km to LST
15.1 km to MST
> 14,6 km to SST
" 103kmtolsT : j‘
9.7 km to MT 4
9.3 km to SST

e
g

Gabriel Pérez Diaz, IAC, SMM M




Three telescope sizes

Large Size 2017 Begin Pre-Construction

-
\ 2022 Begin Operation
[

2022-25 Commissioning and

Medium Size
| Early Science

2025 Construction completion

Small Size

SST-2M GCT SST-2M ASTRI SST-M
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A sensitivity leap
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Four reasons for DM searches with gamma-rays

, | Gamma-rays
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Complementarity
PHYSICAL REVIEW D 91, 055011 (2015) s

I
* Where overlap: cross- [ [— ZSTexciuson, 10000ays _+Exchudedy 0 but not DD
107 | « Survives DD, ID, and LHC « Excludedby DD and ID -
validation pOSSIbIe | | + SunivesDDandIDbutnotLHC ExcludedbyDDbunTot.lD N

: . 1077
 Some regions uniquely

probed by CTA

—
=
[5=]

R - 051 (pb)
S

10°"

1071

e Excludedby ID but not DD
e Excludedby DD and ID
» Excluded by DD but not ID

10-17
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What influences the flux on Earth

No target dependences

(robust limits from less uncertain targets)
(straightforward stacking analysis)

 Hunting the
dP(AQ) _ highest J-
dE’ factor
e Left with huge
— S S, uncertainties
_______________ i Particle Physics factor: | in the particle
5 | JOPP . i | hysics
i Annihilation: i o — L {Gannv) AN | LA = / / p?(1,Q)dldS). PRy
! i dE'  4m 2m2 dE' | AQ Jlos |
Femmmmmeenne- =gyt B .
= i dPFP 1 ! !
! Decay: | o = T RSy / / p (1,Q)dldS. !
i i dE'’ 47 T, m dE’ i AQ Jlos i
D e L e e e e ————————— e e e ———————————————————
i Large uncertainties from Fund. Phys. i

. |
1
1
Large uncertainties from DM profiles :
1
I
I
1
I
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Different target classes

+ Maximum

Galactic Centre

expected flux

Galaxy clusters Galactic
Center Halo
Robust

predictions

- + >

Large
0‘.3

Baryon feedback
Tidal stripping and heating
Merging

l Dwarf galaxies

uncertainties




IACTs: tested several target classes

—
Target Year Time Experiment Target Year Time Experiment . .
Globular Clusters N Galaxy Clusters B ] g tl me-
M15 2002 0.2 Whipple Abell 2029 2003 — 2004 6 Whipple
2006 — 2007 152 HESS. Perseus 2004 — 2005  13.5  Whipple l
TSenls : 3.8 pple
M33 2002 — 2004 7.9 Whipple 2008 24.4 MAQGCIC I nveSt m e nt
\1‘2 2004 6.9 \\.lli[)pl(‘ 2000 — 201 7 202 ‘\h\(;l(‘
NGC 6388 2008 — 2009 27.2 H.E.S.S. Fornax 2005 14.5 H.ESS.
Dwarf Satellite Galaxies Coma 2008 18.6  VERITAS
Draco 2003 74 Whipple The Milky Way central region
2007 8 MAGIC MW Center 2004 187 H.ESS.
2007 184 VERITAS MW Center Halo 2004 —2008 112 H.ES.S.
Ursa Minor 2003 7.9 Whipple 2004 — 2014 254 HESS.
2007 189  VERITAS :
3 ; e e Line searches
Dsgittarius 2006 1 gf:: Lines 2004 — 2008 112 H.ES.S.
A DD 9 - : - M/ : -i
Canis Major 2006 96 HE.SS. 58(1)(: » f:;:: ;;ﬁ l\il é(qlg
Willman 1 2007 — 2008 13.7  VERITAS Otl:er searciws —_—
2008 155 MAGIC ‘ — — éEditedfrom MD, NIM
Carina 2008 — 2009 148 HESS, : 2000:-=2008 T MGG _ ( _ ), to dppear
2008 — 2012 23  HES.S. UFOs 1\\_‘ é\él'f\s in Mukherjee, Zanin ,, The
Segue 1 2008 — 2009 294  MAGIC ' i ;
= 2010 — 2011 48  VERITAS Particles searches SCI.ence Progra.m of the
2010 — 2013 158  MAGIC All-electron 20042007 239 HESS. Third Generation of IACTs
Bodtes 2009 143  VERITAS rx xx:  VERIIAS for exploring cosmic
Coma Berenices 2010 — 2013 8.6 H.E.S.S. 2009 — 2010 14 MAGIC amma ravs”
Fornax 20067 — 20127 6 H.E.S.S. Moon-shadow MAGIC g y
Ursa Major 2 2014 — 16 95  MAGIC
11
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Annihilation cross-section <o v> [cm? s 1]

Where are we now?

Compendium of exclusion curves for annihilating dark matter in gamma rays

Pt
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o

10—21 1

10-22 1
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10-25 1

=== Thermal cross-section

= MAGIC Sequel 160h

===+ VERITAS stacked

-« HESS. Galactic Halo 254 h
Fermi 6 yrs
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& Annihilation into bb

= Thermal cross-section

— MAGIC Seqguel 160h

—== VERITAS stacked

- = HESS. Galactic Halo 254 h
Fermi 6 yrs

< See also VERITAS limits on Galactic Halo,
Poster DM17
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CTA energy and angular resolution
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Energy Resolution

= CTA South
-== CTA North
— MAGIC

107 10° 10°
Energy [TeV]

—>spectral features
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www.cla-observatory.org/science/cta-performance/ (prod3b-v1)



Questions?

1. How to use this fist?

2. Where do we point CTA and for how
long?

3. Is there anything we can do to arrive
prepared?
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Why the choice is not straightforward

Need a GeV-TeV DM particle
somewhat interacting with SM

Annihilation cross-section <ov> [cm?®s~!]

10-20

10-21 4

10—22

10723 1

10—24

107251

10-26 4

Compendium of exclusion curves for annihilating dark matter in gamma rays

\ = Thermal cross-section
\ —— MAGIC Seguel 160h
\ -=- VERITAS stacked
‘\ - = HESS Galactic Halo 254 h
\ Fermi 6 yrs

Wino-DM _E

102

Are we close or tarr
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Strategy for observation #1: Galactic Center

p ’ b ) p

15:30 [51] Probing the sensitivity O
the Galactic Center
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Strategy for observation #2 dSph

MD, G. Rodriguez, MA Sanchez-Conde, F. Saturni++

S Q @ - Dark Matter
| . ‘. : ! .. . . : . . :
» - J i - 2 . "
beon s % Cuf ..v Y
S e R L e Not all subhalos
. i . . arenecessarily
' N ? - - . optically bright!
" |
o . » ’:. '
» 600 kpe

Garrison-Kimmel et al. 2018



More visible dSphs coming

——
ACDM Prediction (Hargis et al 2014)
e Confirmed
o Candidate
102 o MaglLiteS (Projected)
o DECam (Projected)
> LSST (Projected)
9
©
O
N
1| O *
10 5 ° L4
S : s
|
Alex Drlica-Wagner | Fermilab
10" :
1920 1940 1960 1980 2000 2020 2040
Alox Driica-Wagner | Fermilab Year

At the time of CTA, possibly all dSph will be discovered
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Need a high J-factor

]
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| Calore+ Phys.Rev. D96 (2017) no.6, 063009
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Need accurate J-factors!

15

® 14

. chamonw etal. (20")
N: Adwtmam ot & (2013) :
v GemgeuSamem etal (201 5)

. (Ian:ml
D Ultrafairu

looS Lood Segt Ot LeoT Sext For Leot Car Led2 Hoe Om2 Boo! Sd UMat Seg2 UM Dra Wit Coma UMa2

Bonnivard+ MNRAS 453 (2015) 849-867
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o0l | ] Assessing J-factors
| < | F.G. Saturni
‘ Dral Advanced
i <0 iR spectroscopy
g I UMall l follow-ups
o 100 F - : 5 { of LSST targets—=>
J 2 . _ : —
3 Remove
O
foreground
L | | stars with GAIA—>
O uJJl T L S 0 :[[_[ . |'|.-‘.: P, B |:
-300 0 300 -150 0
K _1) v, (km s7!)
v (km s

21

Close interaction between communities needed!
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Strategy #3: dark subhaloes? Moritz Hittens mhuetten@mpp.mpg.de

10° ——— — 1 T + superclean targets Lake (1990), ..., Zechlin et al. (2012),
Dark substructure? ~ unknown location - Schoonenberg et al. (2016), ...
V<8 km/s . _ Hiitten et al, (JCAP, 2016)
? Fluxes, uncertainty | |
10? H cooling limit .
: V~15 km/s
'-% ks 10°
o 2 V~30 km/s
= 10° ™
A > a5 i
> All MW satfllites \ 7 10°
P 10° - ; ight, optically * bhalos"?
10 Classical MW lites ' A
I ST C e ,
‘ osition of
B dumpgis. observer
10 ; ‘l' Aln 19 :
| 1 i L [ | | | 10™ . " 10 10 A .
3 5 10 20 30 50 ;nany faint objects J-factor i(;"\'z"“’ few bright ob;ects:
v’umx (klll/S)
Garfison-Kimmel+2014 Room for 1-20 g-ray bright, optically dark subhalos!
22
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Does CTA have a chance to find them? ES ———

CTA Segue 1 (500h) 4
v CTA Gal. halo (500h, Einasto)

VERITAS, stacked dSph
. MAGIC, Segue 1 (158h)

H.E.S.S., Gal. halo (254h)
*'* Fermi-LAT, stacked dSph
. = CTA dark subhalos (HIGH)@%

4

4

4

B

 The CTA
extragalactic
survey key .
science project: [ iy o 4
1709.07997 NN

: \ .\" \ g("‘\' A"A"AV' 's
o o e TS \' ‘\%A\""’li A"

ey e .'~‘\'.5‘£3"'g\d ] Q\'- A\' \'.m\' v: 1aVs V' ‘
X 5 "'\O'.' s ) ’*\q' ‘\', .\'/‘\ k) ‘\'l .\' .',"’ ’

A AR L,

L A V ‘-.
t' t,'.' ‘3 " ‘\VJ.‘;"‘{'O‘\W.\'J‘\',‘\' ‘ V‘ e

¥ '.d “."o.\‘i‘\'c.@o.\'o.\ w.\'.; \' Vl 0 - 2 . ' ‘
¢ . ‘,\‘
-'3;'. AV ATATAT "’A'-'.\V"’ " e 25 A) Of the Sky o a® aat
.I |\.

Example: 2880 observationsa 10.4 min over 10 yrs g )
» Spacing Ay, = 2°

10? 10° 10 10°
23 Michele Doro - TeVPA 2018 WIMP mass m, GeV|



I/__--\\) -+ It would be even better if somebody

e Monitoring . told.us where dark subhalos could be...
4 telescopes

Sy |
~ Very deep field

@

. Fermi—LAT follow ups?

- Survey mode:
Full sky at current
sensitivity in ~1 year

SO0
MR

MPIE: 05 505 505 305,
Deep field :.‘:-,-:-:,}zl__-},j:-.,
~1/3 of telescopes i es el el i et

~~~~~~~~~~~~~~
- I ’

‘Survey programs:
- =» the Galactic plane
- a aquarter of the skv




As well as

340h planned '~VE'“F"SMLKXVCLU-“‘{F? - 300h planned
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Guest and pipelines program A

. . commissionjng

 Guest observation time >50% and
science
verification

* Public photons and analysis
pipeline!

---------

26 Michele Doro - TeVPA 2018



Conclusions

Year 1 2 3 4 5 6 7 8 o 10
Galactichalo 175h 175h 175h
BestdSph ~ 100h 100h 100 h -

in case of detection at GC, large av

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

* CTA will dedicate important fraction of time for dark matter searches
* Galactic center obvious target + extragalactic scan
* Where else to point? One or many dSphs? How to improve chances?
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Thanks!




