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* Imaging Cherenkov Technique

* Indirect DM searches with Cherenkov
telescopes

* Current results with MAGIC, HESS
and VERITAS

* Future prospects with the Cherenkov
Telescope Array (CTA)

* Conclusions
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Imaging Cherenkov Technique
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* Image intensity = Energy of primary

* Image orientation = Direction of primary

* Image shape = Kind of primary
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* Better determine
+ Energy
+ Arrival direction

+ Particle Id
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* Gamma-ray flux drops exponentially with
energy
— for E>100 GeV large collection areas
needed

— Cherenkov telescopes L]

Canary lIslands

-

* Intense CR background MAGIC -

— Imaging technique
* Energy range ~100 GeV - ~100 TeV
* Energy resolution 10-15%
* Angular resolution ~0.1° at 1 TeV
* Field of view 3-5°

* Pointed observations, systematic scans
of limited regions

* Several telescopes for better performance 50 - HESS & Namibia
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Indirect DM searches with
Cherenkov telescopes
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Indirect dark matter searches
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* Gamma-rays do not suffer from

Bringmann & Wemniger (2012)
T T i

propagation effects: o

: 10;’ ceeweee- AE/E=002
+ Can determine DM abundance and |
distribution in the Universe 5 U

o S [q7.zZ.WW
*x Can present characteristic ™ ol
spectral features: o
+ Good separation from background L S

+ Can measure basic physical properties:
mass, cross-section / lifetime
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* Expected differential gamma-ray

flux:
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dcb(Aﬂ) 1 (0v) J(AQ) dN Pk
dE dr 2md,, dE.

* The astrophysical or J-factor
depends on the DM distribution:
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Geringer-Sameth et al ApJ801(2015)74

Fit to stellar surface density and s

velocity dispersion profiles '
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Targets for DM searches
| » Maximum
Galactic Centre expected flux
Galaxy clusters Galactic

Center Halo
“ Robust

predictions

>

<
Large
uncertainties

* Relevant parameters:

+ DM quantity, concentration
and distance +

Dwarf galaxies

+ Uncertainties
+ Astrophysical background
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Current results with HESS,
MAGIC, and VERITAS
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Observed targets

Target Year Time Experiment Target Year Time Experiment

Globular Clusters Galaxy Clusters

M15 2002 0.2 Whipple Abell 2029 2003-2004 6 Whipple
2006-2007 15.2 H.E.S.S. Perseus 2004-2005 13.5 Whipple

M33 2002-2004 7.9 Whipple 2008 244 MAGIC

M32 2004 6.9 Whipple Fornax 2005 14.5 H.E.S.S.

NGC 6388 2008-2009 27.2 H.E.S.S. Coma 2008 18.6 VERITAS

Dwarf Satellite Galaxies The Milky Way central region

Draco 2003 7.4 Whipple MW Center 2004 48.7 H.E.S.S.
2007 7.8 MAGIC MW Center Halo 2004-2008 112 H.E.S.S.
2007 18.4 VERITAS

Ursa Minor 2003 7.9 Vhipple Other searches
2007 18.9 VERITAS IMBH 2004-2007 400 H.E.S.S.

Sagittarius 2006 1 H.E.S.S. _ 2006-2007 25 MAGIC

Canis Major 2006 96 HESS. Lines 2004-2008 112 H.E.S.S.

Willman 1 2007-2008 13.7 VERITAS 2010-2013 158 MAGIC
2008 15.5 MAGIC UFOs - - MAGIC

Sculptor 2008 11.8 H.E.S.S. - - VERITAS

Carina 2008-2009 14.8 H.E.S.S. All-electron 2004-2007 239 H.E.S.S.

Segue 1 2008-2009 29.4 MAGIC 2009-2010 14 MAGIC
2010-2011 48 VERITAS Moon-shadow - - MAGIC
2010-2013 158 MAGIC

Bootes 2009 14.3 VERITAS

Doro, NIM A742 (2014) 99

* About 10% dedication in terms of observation time
* | try to summarise the most relevant/recent results
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* Highest J-factor from Earth (~1021 GeV? g5 Cefcted positon m
. S
— obvious target £osf + pointing postr

* Observed by HESS for 10 years

~ G0.9+0.1 @
oF ' Y Sgr A*

: S
(2004-2014), 254 hours o S | E
Af Excluded regions :
* Crowded central part and Galactic plane ash =2FNF;1°: §
excluded due to intense astrophysical b ]
2 15 1 05 0 -05 4 45 -2
b ackg roun d Galactic Longitude (deg.) E|
10
g 254h, DM DM — W'W | 0=
* 2D (Energy+radial distance) maximum ; Einasto profile c
= = = 1028 ()
likelihood analysis i <
=
* Improved analysis + deeper observations - 2
— 4-5 times better sensitivity s
; 10%°
* No Signal deteCtEd ) — Ob d. thi K Thermal relic density
— upper limits to <ov>~10-25 cm3 s-! for A I
XX—)VV+VV_ . f_ El islz/scgr;t?gr:n(:g: 1)
R R N S ¥ TR T
Mpy (TeV)
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analysis

* Sensitive to the choice of DM R o
density profile e T — corsanw
* For very deep observations, both ;‘Ews? S
statistical and systematic S
uncertainties on background N
estimation become important mf_
(more complex analysis needed) |
10" 10

1
Angular Distance (deg)

Abramowski et al. PRL114(2015)081301

254h, DM DM — W'W 18
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Galaxy clusters

* Largest structures in the
Universe:

+ Mass: 1014-1015 Mo
+ Size: few Mpc

RS S . . X “. 3 ..0. 3 I 2 » :
Perseus cluster.of galaxies . » .* -,
. . .‘ .. ” % . : . . " ,"A'. ,‘..' '. ,'.‘ e
.a (.. ,.. '..:,

* DM makes ~80% of their mass

* Contain substructure
— boost to DM annihilation signal

(by factors 10-100)
— big uncertainties due to

i ] i Source Telescope T [h] Jann [GeVZ/cmS5]
extrapolation from simulations
Fornax HESS 2005 15 1018
* DM decay signal intensity
Coma VERITAS 2008 19 1018
depends only on total mass (huge)
and therefore can set strong and Perseus MAGIC 2008 24 1017
* Extended sources for IACTs Perseus MAGIC 2009-2017 200 1019

— more difficult analysis

SUSY 2018 J. Rico - DM searches with Cherenkov telescopes Barcelona, July 23,2018 16



== EXCELENCIA S
BEBR =) 95 @ me,
IS °

=4

Limits on decay lifetime from Perseus

L /mpm; v D)
NGC1265
W0.40+058 (A) * Nsampes
» = 1_[ K (kilKkobs,i» Ox,i)
h .wo.40+1s7 (A) i=1
" ®wo.26+108 (8) Noni
° Nbins .. + b+ f:: H
0.26 y [(gl](TDM) sz fl]) e—(gij(TDM)+bij+ﬁj)
IC310 i1 Non,ij!
*
g OFF NOFF,ij
% (K’b’] T 8i (TD'M)) e—<Kibij+88~FF(TDM)) ,
W0.40+238 (A) NoF,ij!
W0.26+288 (B)
% 107E
:l: E W+W' H, 68% containment E
5 1029;_ % containmen =
* Complex analysis: 5 F A B -
10285_ ................ Homedian a
+ Very deep MAGIC observations (200 h), demanding: = 8
1027|§—"
<+ merge data taken under very different conditions N °_'.
1 026 = ' """"""" (]
+ consider systematic uncertainties on background SIEEER” 0 o
. Lo i 1025? ................... e
+ Gamma-ray source (NGC1275) coinciding with center of DM S “ §
halo 102 GIC <
+ Signal “contamination” of background 10;?  Perseus (202h)
* DM lifetime > 1025 (1026) s for 1 (10) TeV WIMPS ol
Mpy [GeV]
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Dwarf satellite galaxies

Fornax dSph'
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* Dark matter clumps in the
Galaxy with stellar activity

* O(30) known so far:

+ 8 classical

Deepest published

+ ~12 ultra-faint discovered by observations by IACTS

|

SDSS
Source Telescope T[h] J[GeVZcm3]

+ ++ by DES, Pan-STARRs... Sagittarius HESS 2006-2012 90 2.2x1018

» DM distribution fitted to Sculptor HESS 2008-2009 12 2.3x1018
reproduce observed stellar Carina HESS 2008-2009 23 7.2x1017
kinematiCS Coma Berenics HESS 2010-2013 11 3.3x101°
N Up to O (1 OOO) M/L ratios Draco VERITAS 2007-2013 50 2.0x1018
Ursa Minor VERITAS 2007-2013 60 7.9x1018

* Most robust astrophysical Segue 1 VERITAS 2010-2013 92 1.1x1019
probe into nature of dark Segue 1 MAGIC 2010-2013 160 1.1x1019
matter Ursa Major I MAGIC 2014-2016 100 2.6x101°
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Limits from dSph
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* Most constraining limits for leptonic (hadronic) channels and masses above 1 (10) TeV

* Comparison between results sometimes difficult due

to different assumptions/conventions used during ) )
analysis &= 4 Combined analysis!

* Sensitivity improves when considering all observations
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* Joint-likelihood depending on one free 1o
parameter (proportional to gamma-ray =

intensity), one term per target:

—_
<
n

Ntarget 1072 o
L{ov)v|D)= [ Lillov):Ji, i | Ds) - T(J; | Jobs,i, 01) e S
1=1 : g e Formi-LAT+MAGIC Segue 1 S
* Can include target-wise uncertainties B Mg amtcontiment —  pait %
on J-factor 10_28'5__I__'_*9_9_5_"_’/_°_?_‘?i'1tf"‘.‘.r‘.'.‘?‘?.".‘..._-_:..'l__'__Ih_e_rl_r?ze!_r_e'_is:[s:_r_fes_s__s_e_cl_til?l_n__ E
10 10 10 10 <
myy, [GeV]) @)
T (J | Jobs; o) = — Jl — X ¢ (10810(7) ~Tog10( Tobs)) /207 o , =
IO o2 Eper masens ]
* For each target, one term per : 3
" . . V0Bl S il c
instrument having observed it: 5 <
Ninstrument ‘\,_ ,«i' ------------------
Li{ov); Jpi| D)= 1] Li((ov): Ji iy | Dyy) e o
io1 B S

m—— Fermi-LAT+MAGIC Segue 1

-+~ H, median - === MAGIC Segue 1
H, 68% containment == = Formj-LAT

* Combined analysis can be done by just
sharing likelihood vales vs free parameter

H, 95% containment — . —. Thermal relic cross section

SUSY 2018 J. Rico - DM searches with Cherenkov telescopes Barcelona, July 23,2018 20



» OCHOA

: combining all IACTs

* Aim: Produce a global DM result Comblnlng aII dSph observations by HESS,
MAGIC and VERITAS
Also exploring including Fermi-LAT and HAWC

* First meeting in Berlin past June, many decisions taken: working group, targets,
analysis, inputs (spectra, J-factors), treatment of systematic uncertainties (J-factor,
background estimation), sharable likelihood table formats, publication policies...
(some TBC by governing boards of the participating collaborations)

* Stay tuned: Estimated time of completion: ~1 year

E n ’ % EXCELENCIA Barcelona Institute of
‘ e'.f SEVERO Science an
Ees

Insti
d Technology
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Future prospects with CTA
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CTA: a World Wide effort

CTA science goals and design 1s being developed by the CTA Consortium:
> 1.400 scientists and engineers from about 200 institutes in 31 countries.
http://www.cta-observatory.org/
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Different telescope sizes for different energy ranges.
Slightly different technologies.

Large Size Telescbpes (LSTs)
23 m diameter. FoV 4.5°.
- 20-150 GeV. Low energies.

&

Mid Size Telescopes (MSTs)
12 m diameter. FoV 8°. o /
0.15-5TeV. Sensitivity. W opFitSeas .

Y Rt SN,
‘,7",‘;‘, N

e
S

Small Size Telescopes (SSTs) \f
4 m diameter. FoV 9-10°. L
5-300 TeV. High energies. ™

z s
\)\/ N\
o
\\ UK\ TSRS S, p
SR | RV, VAN SRV NN e 4V
/TN V"—‘[. 20
1

SN X TANN -
& \ S : AR\ e 5
R & = BV 2o\ -2 1
: P 3 R S At T
< AR N PSS NS AR T ot TR R L AR ST £
: i e LAl S S R R R e ek S
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CTA: Full-sky coverage
Palma (Ca(ng_gf{‘lslandsl Spain)

- South: 99 telescopes Gabriel Pérez Diaz, IAC, SMM
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CTA: under construction!

Palma (Canary Islands

LST prototype at ORM,
La Palma, Spain
Inauguration 2018 Oct
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CTA performance

CTA sensitivity: a factor 5-20 better than current facilities (energy dependent).
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www.cta-observatory.org/science/cta-performance/ (prod3b-v1)

H.E.S.S.'50 h E
107° = —
u Differential flux sensitivity u
[ 1 1 Illllll 1 1 llllllI 1 1 IIlIIlI 1 1 lIIllll 1 1
1072 107" 1 10 102
Energy ER (TeV)

Angular resolution: down to 0.03 deg. or 2 arcmin.

Energy resolution: 5-10% above 100 GeV.

Acharya et al arXiv:1809.07997
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www.cta-observatory.org/science/cta-performance/ (prod3b-v1)
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CTA DM search

|
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Year 1 2 3 4 5 6 74 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

: .. Ach | arXiv:1809.07
* High priority program for 10 years charya et al arAlv 997

* First 3 years:
+ Deep observations of the Galactic Center Halo (~500 h)
+ Complemented by observations of best dSph (~300 h)

* Follow-up observations:

+ In case of detection at GC halo:
<+ <ov> high enough: check DM signal towards best dSph
<+ otherwise deep observations of GC region

+ In case of no detection:
<+ focus on best target to produce most robust limits
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CTA DM sensitivity

* CTA will be sensitive to the -
thermal relic density for o
10 =7 &
WIMP masses above ~ZOOGeV E
*» Results from dwarfs are less ~_..[
constraining but depend less - =
on systematic uncertainties £ 0
10_25 L HESS Galactic Halo
o
26 | CTAGalacticHal/é
10 7
~ —— H.E.S.S. GC halo 254 h W*W" Einasto profile
~ —— Fermi dSph stacking bb
. —— CTA Galactic Halo 500 h W*W- Einasto profile
—— CTA Sculptor dwarf 500 h W*W- NFW profile
1077 = —— CTALMC 340 h b NFW profile |
: 005 o7 0z T bt sase q0 a030
0" T o s00h T DM mass (TeV)
o z::uajeremces Asa:;;:if\e’r:::zs:r:'yd Acharya et al arXiv:1809.07997

DM mass (TeV)
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Conclusions

* Current Cherenkov telescopes HESS, MAGIC and VERITAS
have devoted significant part or their observation time to look for
DM (WIMP) annihilation and decay signals from the local Universe

* Multiple targets:
+ Galactic Center (halo) high flux but high uncertainties
+ Dwarf satellite galaxies low flux and lower uncertainties
+ Galaxy clusters good especially for decay signal

+ More: globular clusters, unidentified Fermi objects, e*e- spectrum,...

* No positive signal found
— set most constraining limits for DM mass in the TeV range

* In the near future, the CTA will explore the region below the
thermal relic cross-section for DM mass in the TeV range
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