New era in TeV dark matter gamma-ray search

(what we learned from the Fermi LAT and prospects for the CTA)
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The status of DM search

EFT assumed

Thermal Relic Cross Section |
(Steigman+ 2012) ]

—— LAT dSphs: Ackermann+ (2015)
—— HESS, MW Halo: Lefranc+ (2015)
—— Direct: LUX (2012), XENON100 (2012), COUPP (2012) 1

LHC: ATLAS (2013), CMS (2012)
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Cherenkov Telescope Array (CTA)

= one of the biggest projects in high energy astrophysics
Holds promise of exploring the thermal WIMP TeV+ region.

A few large telescopes ¥

to cover the range ~km? array of medium- =
20 - 200 GeV sized telescopes for the |
100 GeV to 10 TeV domain

15 MSTs [N]
25 MSTs [S] (+ 24 SCTs)

4 LSTs [N & S]

~4km2 array of small-
size telescopes,
sensitive above a few
TeV up to 300 TeV

70 SSTs [S]

~ Adapted from W. Hofmann
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Slide courtesy of L. Tibaldo

8° CTA FoV
The brightest point

B Fermi PSF CTAPEF on the dark matter
(50 GeV) (3 TeV)
O gamma-ray sky

DM template

%
&

VLA + Spitzer + Chandra

: Wang+ 2010 MNRAS 492 895
Spitzer

Credit: NASA/JPL Caltech

= wealth of VHE diffuse emission & sources, & e
including the only known PeVatron HESS localisaion', 3
g y uncertainty’ - - CTA%callsatlon

= giant particle outflow (Fermi bubbles) .- uncertainty
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CTA Galactic halo

Einasto profile, bb

—— 100 h, Stat. only
100 h, 0.3 % Syst.
100 h, 3 % Syst.
—— 500 h, Stat. only
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500 h, 1 % Syst.
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CTA Morph. analysis (3% syst.)
CTA Morph. analysis (0.3% syst.)
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Lefranc et al., Phys. Rev. Y91, 122003 CTA Galactic halo T 183 : g.tgt;/:)glyst.

= 100 h, 3 % Syst.
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Input:

— CR backgrounds: 500h GC survey observation, prod3IRFs and CTOOLs

— GDE
— DM
— point sources, Fermi bubbles...
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Input:
— CR backgrounds: 500h GC survey observation, prod3IRFs and CTOOLs
— GDE: based on Gaggero, D. +, PRL(2017), 'gamma-' and 'base-' models

—

DM

— point sources, Fermi bubbles...
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Input:

— CR backgrounds: 500h GC survey observation, prod3IRFs and CTOOLs
— GDE: based on Gaggero, D. +, PRL(2017), 'gamma-' and 'base-' models
— DM: spectrum (PPPC4DMID) and morphology (CLUMPY)

— point sources, Fermi bubbles... (ongoing)

pec r en r i i “] l

o y—ray flux as in arXiv:1502.05064 (Eilylasto.‘ 0 =5° Mpy =2TeV, (ov) = 3 x 1072 cm? /s‘ ° E | 4] smooT hed W' '|' h 500 pc core

—  bb prompt-y

+r= 1

— 77 prompt-y . .

— WHW- prompt-y with EW corr. ' - f actror Radial J—factor profile comparison
0.0 0.2

offset distance r [kpc]

~| Harder spectrum, increased CTA sensitivity

“251]

bbar >

DM halo | a 75 lkpe] ps [GeV/cm?]

NFW — 24.42 0.184
Einasto 0.17 28.44 0.033

E2d®/dE, [GeVem

; i ; : 0
: offset angle 6 [°
Photon Energy E, [GeV] 2 . 50 s §




Analysis:
— Morphological

— ON/OFF: hard in presence of bright diffuse emission

TRMERN N

N
ON/OFF

7
Galactic longitude / )

Likelihood function (including systematics — o B.)

HET (12700 8;)™ .
L(p,a,Bn) = e b8 o e g
(ke m) H\/ﬁag 1;[\/27T0a°n7;j!
(energy bins) (spatial bins)

— using mock data n (Asimov data set)

Galactic Diffuse Emission (GDE)| [Dark Matter (DM) Signal

Residual Instrumental
Background (CR)

Syst uncertainty in
the 'default’ approach
- each pixel&en bin
can independently
fluctuate by a (~1%).



Some results:

— with Morphological analysis, CR+GDE +1 % systematics

0-23 Upper limits on annihilating DM (Einasto, W*W~ with EW corr., 500h pointing at GC, prod3b, 0.5° bin width)
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Some results:

— with Morphological analysis, CR+GDE +1 % systematics

— How do different annihilation channels compare?

bin width)
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Some results:

— with Morphological analysis, CR+GDE +1 % systematics

How do different DM density profiles compare?

Upper limits on annihilating DM (WW = with EW corr., 500h single pointing, prod3b, 0.5° bin width (spatial), 20 energy bins)

1072

CR+GDE+1%syst — NFW profi
—— Einasto profile
WW — cored Einasto, r. = 0.5 kpc

upper limit (ov) [cm3 s_l]
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background: CR + GDE and 1% systematics
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Some results:

— with Morphological analysis, CR+GDE +1 % systematics

— What is the effect of varying the level of pixel-to-pixel systematics?

10-23 Impact of systematics on DM limits (Einasto, W W~ with EW corr., 500h pointing at GC, prod3b, 0.5° bin width)

— background: CR + GDE ("perfect model”)
------- adding: 0.3% pixel-to-pixel systematics

- -+ adding: 1% pixel-to-pixel systematics

Underlying assumption: ---+ adding: 3% pixel-to-pixel systematics
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Some results:

— with Morphological analysis, CR+GDE +1 % systematics

— What is the effect of varying the level of pixel-to-pixel systematics?

10-23 Impact of systematics on DM limits (Einasto, W W~ with EW corr., 500h pointing at GC, prod3b, 0.5° bin width)
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Some results:

— with Morphological analysis, CR+GDE +1 % systematics

— Exploring systematics correlations with the Swordfish tool (Edwards&Weniger, JCAP (2018))

Syst of 1% on CR
background, but
correlated with 2&3
deg correlation length

Ww

upper limit (ov) [cm3 s_l]

Swordfish upper limits on annihilating DM — Impact of CR and GDE systematics
(Einasto, WHW~ with EWC, 500h pointing at GC, prod3b, 0.5° bin width)
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adding energy bin-to-energy bin correlation: o = 0.071 dex at 1% at exposure = 500.0h
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Some results:

— with Morphological analysis, CR+GDE +1 % systematics

— Exploring systematics correlations with the Swordfish tool (Edwards&Weniger, JCAP (2018))

Assumes that we know
CR backgrounds
perfectly and have
20% syst on GDE,
correlated at 2 and 3
deg length.

Swordfish upper limits on annihilating DM — Impact of GDE systematics
(Spatial Correlation, Einasto, WW ™~ with EWC, 500h pointing at GC, prod3b, 0.5° bin width)

————— SF: GDE with spatial correlation length: ocorr = 3.0° at 20% at exposure = 500.0h
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Some results:

— with Morphological analysis, CR+GDE +1 % systematics

— Exploring systematics correlations with the Swordfish tool (Edwards&Weniger, JCAP (2018))

Assumes that we know
CR backgrounds
perfectly and have
20% syst on GDE,
correlated at 2 and 3
deg length.
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We use updated models of astrophysical emission at the GC (Fermi LAT + HESS)
to study the realistic sensitivity of CTA to extended dark matter signals.

The goal is to define:

* most promising analysis strategy,

- level and types of systematic uncertainties,

needed to reach thermal cross-section sensitivity.

TeV DM reachable with CTA, for a set of realistic assumptions.



We use updated models of astrophysical emission at the GC (Fermi LAT + HESS)
to study the realistic sensitivity of CTA to extended dark matter signals.

The goal is to define:

* most promising analysis strategy,

- level and types of systematic uncertainties,

needed to reach thermal cross-section sensitivity.

TeV DM reachable with CTA, for a set of realistic assumptions.

Stay Tuned!
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Some results:

— with Morphological analysis, CR+GDE +1 % systematics
— Exploring correlations with the Swordfish tool (Edwards&Weniger, JCAP (2018))

bb

Syst of 1% on CR
background, but
correlated with 1, 2,
3 deg correlation length

10723

10—2—1 |

upper limit {(ov) [cn13 51

10—26 i
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Some results:

— with Morphological analysis, CR+GDE +1 % systematics
— Exploring correlations with the Swordfish tool (Edwards&Weniger, JCAP (2018))

Assumes that we know
CR backgrounds
perfectly and have
20% syst on GDE,
correlated at 2 and 3
deg length.

bb
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Swordfish upper limits on annihilating DM — Impact of GDE systematics
(Spatial Correlation, Einasto, bb, 500h pointing at GC, prod3b, 0.5° bin width)
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