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1:I-&If_ ma-ray

’ Space Telescape

Expected

from

luminous disk

10

: : R(kpc)
Comprises majority of mass in Galaxies M33 Rotation Curve

Missing mass on Galaxy Cluster scale
Zwicky (1937)

Large halos around Galaxies
Rotation Curves
Rubin+(1980)
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TT
5000 E I 4 \
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3000 F 4 :

7 Y i
2000 E Fs / N 7 At
= \

1(1+1)C,/2r [uK2]

1000 | “&

A —— Non-Baryonic

Almost collisionless Big-Bang Nucleosynthesis,
Bullet Cluster CMB Acoustic Oscillations
Clowe+(2006) WMAP(2010), Planck(2015)



s ermi ical Constraint Dark Matt
@, ermi Cosmological Constraints on Dark Matter
Gammaray
/ SpA(prleiropp
DM Candidates by Mass & Cross Section
10"; T T T T T T T T T T T T T T T T T T
10 Park+ (2007)
10" |
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10 "
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o 10 neutringf  WIMPs : o
2wt neutralino | @
= 107 KK photon 2
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10“ d
10:1
103+ axion 4 axino
107 | SuperWIMPs :
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10 F el KK graviton
10% :ll
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mass (GeV)

A
101071071010

* No Standard Model particle matches the known properties of dark matter
* Many candidate particles have been proposed:
* LAT searches (and my talk) focus on WIMPs

* LAT is also sensitive to signals from axion-like particles, primordial black holes and
gravitinos, not necessarily in the phase space where these could be candidates
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CIl_lTI ¥

amma-ray
{ Space Telescape

DM Density v. Temperature
1 10 100 1000

my =100 GeV

Small cross-section:
freeze out too early,

106 too many WIMPs
-8
10
ny
10—10
in—12 Freeze out Large cross-section:
— freeze out too late,
10— 14 too few WIMPs
Feng (2010)

10_16 |I L1 1 1 1

,  3x107%cm3s~!

T (GeV) e

* The calculation of the thermal-averaged cross-section <ocv> needed to
obtain the relic density is robust and gives <ocv> ~ 3 10-26 cms3s-

* At that cross-section we are probing the entire class of particle models
that would generate GeV-to-TeV dark matter



s, ermi Indirect Detection of WIMPs

\ Fermi-LAT

N .

/] Eam ma-rays

WIMP Dark
Matier Particles
Ecp—100GeV
F

IMP Dark

- Matter Particles
i N\ Ecn~100GeV T
= 2 Neultrinos -
WHIZ2/ig { Vi X s z.

+ a few p/p, did
Anti-matter

*  What we observe are stable final-state annihilation products
* Neutral particles (y; v, observed by lceCube) travel directly to us
* Charged particles (e+,e-,p,anti-p) diffuse in Galactic magnetic fields



Fermi Sky Galactic Point Sources  Isotropic

WIMP Dark

Matier Particles Fa V) WIMP Dark
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i Matter Particles

AN Ecm~100GaV
Neutrinos //{

r.

Erpa—100GaV

.\- 1

+ a few p/p, d/d
Anti-matter




AN, /dE, [MeV~1]

S ermi The Key Formula for WIMP Searches

Gamma-ray

Particle Physics Astrophysics (J-Factor)
dd., 1 < Oanall > de{

—_— B QY 200(1. 'V\dl 2
ag, Fr® 9 = | 4n amiy e ;dﬂr d [an,e) f:asp (rl, ¢) (r,qb)}

J-factor for the Galactic Center

1071 1024 ‘
_3 —
10 ‘T-—-1023,
1074 &
105} T
10 g 102 — NFW
i C% —— oNFW 1.2
10~ o} — gNFW 14
10_8’ ~ 102“ —_— Burkert
1079 Isothermal
" , Einasto
- : : : ! 20 I I I I I I I I
1075 103 107 10 10 10 20 30 40 50 60 70 %0 90

Energy [GeV] Angular Sep. [deg]

Note: J-factor includes distance, i.e., J-factor would decrease by four if a
point-like source were twice as far away

Note: the key factor of 1/m. 2 is b/c we express the J-factor as a function
of mass density (which we can measure), not number density



Astrophysical Backgrounds (GeV)

* Diffuse Backgrounds: * Source Backgrounds:
* Cosmic-ray interactions with * Pulsars
interstellar matter and radiation * Blazars and Active Galactic
fields Nuclei

* Supernova Remnants
* Galaxies (starburst galaxies)

 Unresolved Sources



' Galactic Center :
Satellites ot Milky Way Halo
ood statistics, but source - :
Low background and good . Large statistics, but diffuse
source id, but low statistics confusion/diffuse background

background

Spectral Lines

_ , . Isotropic contributions
Little or no astrophysical uncertainties, good

Large statistics, but astrophysics,

. I I ¢
source id, but low sensitivity because o galactic diffuse background

expected small branching ratio Galaxy Clusters
Low background, but low statistics LAT 7 Year Sky > 1 GeV
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Satellites Milky Way Halo

Low background and good Large statistics, but diffuse

source id, but low statistics
background

Spectral Lines

_ , . Isotropic contributions
Little or no astrophysical uncertainties, good

Large statistics, but astrophysics,

. I I ¢
source id, but low sensitivity because o galactic diffuse background

expected small branching ratio Galaxy Clusters
Low background, but low statistics LAT 7 Year Sky > 1 GeV



Observing the Inner Galaxy
G Fermi-LAT collaboration arxiv 1511.02938 in press to ApJ

LAT Intensity: 7 years, > 1 GeV, 15°x15°

1.09e-06 T.05e-06 3.08e-03 1.25e-04 a.01e-04

* Observations of the inner Galaxy include strong astrophysical foreground
and backgrounds along the line of sight

* Inthe 1-100 GeV energy band these account for ~85% of the y-rays in
a 15°x15° box around the Galactic center
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s crms Observing the Inner Galaxy 12
o Fermi-LAT collaboration arxiv 1511.02938 in press to ApJ

* Use 4 GALPROP models tuned to large scale, excluding IG, then fit inner
ring HI/CO component and IC, together with an ab initio and self-consistent
source extraction and fitting

* InIG, IC higher and piO lower than baseline models

— incomplete gas census, and artifacts present when transforming from
survey data to the ring column density maps.

* Different Xco factor and/or CR nuclei intensities (true for CMZ anyway)
— Incomplete knowledge of ISRF, electron intensity underestimated

* An extended GC residual persists in all
cases, but its spectrum depends on
the IEM used in the analysis —9»

* lIts spatial extension can be modeled E’ ) |
with a centrally peaked profile, however im .
there are other positive (and negative) £ [NFW snaliation ectrat i
residuals also over the region with g =R 1
similar magnitude. A simple centrally = | . EBE’tii’i;‘i‘ﬁ % l |
peaked profile model is not a complete  10|-¢ g;*;;;f:gg;-;f;gg,ﬁ{;ﬁ'; " _ .

description for the residual emissions!
Energy (MeV)
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s, ermi The Galactic Center (GC) excess
Gamma-ray
/ Space Telescope
Excess emission
:}::_: 11y, I ' 1 IT'EF_ ‘-:','.'u-"'{.\'_-l-:; = w i A * :1 "
1,1-::{: ”k” . ::}ﬂam;a;: - wli, + | Ell
E : : Gflmu llllmtmr :Jn Calore et al I:I ’ peitmen .-- BRI

Goodenough & 1~ | Gordon& anviv:1409.004

Hooper ’ Macias d |

anxiv:1010.2752 : culwstw arivi1306.5725 2 ¢ Ajello et al.
Abazajian & Hooper & arxiv:1511.02938
Kaplinghat Silye Daylan etal.
anvI20T64T a0 e arxiv.1402.6703 and |

counting

Dark matter annihilation, unresolved sources, CR electrons?

- Mirabal (arxiv:1309.3428), Petrovic et al. (arxiv:1411.2980), Cholis et al. (arxiv:1506.05119), Lee
et al. (arxiv:1506.05124), Bartels et al. (arxiv:1506.05104), Brandt & Kocsis (arxiv:1507.05616),

Carlson et al. (arXiv:1510.04698) etc.
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A Sample of Published Results from Indirect DM 14

Searches with LAT Data

Representative Results for Different Search Targets for the b-quark Channel

—_
-
|

b

o

|

—

-
%

MW Halo: Ackermann+ (2013)
MW Center: Gomez-Vargas+ (2013)
dSphs: Ackermann+ (2015)

Unid. Sat.: Bertoni+ (2015)

Virgo: Ackermann+ (2015)
I[sotropic: Ackermann+ (2015)
X-Correl.: Cuoco+ (2015)
APS: Gomez-Vargas+ (2013)

Thermal Relic Cross Section
(Steigman+ 2012)

Daylan+ (2014)

1 0_27 GC excess —— Gordon & Macias (2013)
i as DM Calore+ (2014) ;
bb Abazajian+ (2014)
1028 L L . o .
10" 107 10° 10

my |GeV]
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A Sample of Published Results from Indirect DM

15

Searches with LAT Data

Projections as computed for a recently submitted white paper

10 22—

1 I I

1 1 1 1 1 I I 1 I I 1 1 1 I 1 1 1 i IE

- dSphs (proj. 10 yrs 60 dpshs) /
- Isotropic: (Proj. 10 years, syst/2) -~ g™ 3

i -~

= . . C S -~ -
Clusters: (Proj. 10 years) P L ~ 7

- Unid. Sat.: (Proj. 10 years) e, . - . ;

- - il

— MW Center: (Proj. 10 years 2% syst) — ~ T 8]
- - -— -

e - _—//’ 3

- e W
-— 53 — e - — = -
—_ - - DT -
-— = — s - iy -
- P o - o - |
— == W i —/___/___ — _ - 3
e T T - -_, =
e -——""_/ - -
......... -."....).ﬁ..__g_..;.,/.../.............-,..,_..-.ﬁ...................................------
2 _ = _ - Thermal Relic Cross Section |
= s B (Steigman—+ 2012) 13
e = Daylan+ (2014)
_ _ _GC excess -
— Gordon & Macias (2013) .
: as DM Calore+ (2014)
I bz_) Abazajian+ (2014)

10!

i

it
m, |GeV]
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A Sample of Published Results from Indirect DM 16

Searches with LAT Data

Representative Results for Different Search Targets for the b-quark Channel

—_
-
|

b

o

|

—

-
%

MW Halo: Ackermann+ (2013)
MW Center: Gomez-Vargas+ (2013)
dSphs: Ackermann+ (2015) D
Unid. Sat.: Bertoni+ (2015)

Virgo: Ackermann+ (2015)

[sotropic: Ackermann+ (2015) <€———
X-Correl.: Cuoco+ (2015)
APS: Gomez-Vargas+ (2013)

Thermal Relic Cross Section
(Steigman+ 2012)

Daylan+ (2014)

1 0_27 GC excess —— Gordon & Macias (2013)
i as DM Calore+ (2014) ;
bb Abazajian+ (2014)
1028 L L . o .
10" 107 10° 10

my |GeV]
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1:I-&If_ ma-ray

’ Space Telescape

* Take all halo/subhalo DM contribution at all z
dp _ (ov) c(Qpmpc)” / - 2)3(:(2)@
dE(} 37 TTLQDM dE E=FEy(1l+z

——

WIMP annihilation EBL attenuation WIMP-induced

(Dominguez+11)

cross-section “Flux multiplier” spectrum

- “flux multiplier” : encodes the clumpiness of the DM in the Universe;
large uncertainties at small masses (extrapolations to simulations)

- Use 2 different modeling of the halo distributions to investigate
theoretical uncertainties

Ackermann+15, JCAP09(2015)008 [astro--ph/1501.05464]
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1:I-&If_ ma-ray

’ Space Telescape

Take

—
L=
(o8]

|| T ||||||\| T T T T TTTT T T T T TTTT T T T T TTTT
o o~
o
iz orn g M|
=

S This guy
ot doesn't change

—-6— Total EGB

E2 dN/JE [MeV cm™? s1sr]
>
iy

IGRB

—_
O
[4,]

This one does!
Resolved sources, |b|>20° (time-dependent)

| IGRB-Abdoetal. 2010

1 L L1 11 I\l 1 1 11 11 II| 1 1 | .| III| 1 1 L1
10° 10° 10* 10°
Ackermann+14

10°®

Energy [MeV]

and remove

Galactic Diffuse

Sources
(and isotropic
contribution of CR...)

could there

be a DM signal lurking
in this isotropic diffuse
emission?
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CI-EI'_ ma-ray

;/ Space Telescape
2 extremes (taken from Sanchez-Conde, Fermi Symposium 2015):

Conservative limits Sensitivity reach

Only DM. No astrophysical contributions to Total astrophysical contribution fully
the measured IGRB. explains the measured IGRB at all energies.

Not preferred Galactic diffuse model among We can entirely rely on a Galactic diffuse
those tested in IGRB measurement paper. model to derive the IGRB.

Ackermann+1s, JCAPog(2015)008 [astro-ph/1501.05464]

Extragalactic 1 r bbb, 10 GeV Extragalactic
..... - Galactic substructure { 2L .---.- Galactic substructure ]
— Sum E SR & Power Law + Exp cut—off?]
— Sum ]

s

2

E .

_I,:_
L
5 |
= =
_Q _-J
IW lU"'
- -
(5 (3
= =)
=H A
o
e

Sensitivity

Conservative
reach

102

Examples of DM-produced gamma-ray spectra which are at the border of
being excluded at 20 level in our two procedures to set DM limits
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@, ermi And a more realistic estimate
G-EI'-_H'IB"EI'
/ Spacprlea::'opp
Comparison of Extragalactic Gamma-ray Background to Contributions from Sources
I~ ] EGB Spectrum (Ackermann et al., 2014b) ™| :
— B Sum of components 7 Ajello et, PRL
"7, 10 B -’M 2 All Blazars - this work = 2015
" e = arXiv:1501.05301
“.I s - - ettt :
E ettty
T 10_7 ooooooooooo ¥,
> .‘...:.:. ........
[«})
g - ".‘...9.... ... ......
17 —
T 10% & DM (10 TeV bb) =
% = —— — DM + Astro components =
W auuast Radio Galaxies (Inoue 2011) -
9 Star-forming Gal. (Ackermann et al. 2012)
10°000 ¢ oo & %6 s 2
8 1.8 & Sum of Components/EGB =
m 16 E Foreground Modeling Uncertainty =
Y 14 =
2 12 E =
1 = -
g 08 E -3
8§ 06 FE =
o 0.4 B -5
02 = I 1 ' ' '2 Ts
10° 1 10 10 10

Energy [GeV]
* Estimating the contribution from unresolved sources requires deriving the

cumulative luminosity function N(Flux > Threshold) as a function of the
threshold (log N — log S in astronomy parlance)

* Knowledge of the log N — log S can also constrain the DM emission from

local DM halos
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1::IEI'I'-"I'I'IE"E
Spacp Tele&iop-e
1| — HM, SS-REF " weee PS (min—max), SS-REF ] _1[ ___ HM, SS-REF "~ PS (min—»max), SS-REF ]
107" L X = 107"k 4
...... HM, SS—MIN PS (min-max), SS—MIN ] - HM,SS-MIN PS (min->max), SS—MIN ]
10—22 | é 10_22% ]
— Segue 1, MAGIC ____,..-""”E — Segue 1, MAGIC
71075 " T, 107
§ g 15 10
E C Halo, HESS ] !:;)
~ 1073} IR
______________________________ tacked dSph, LAT FE’F_)_ffc;e_z_c_—_qu_t_E Stacked dSph, LAT {OV)freeze—out 3
10726} ] |
Conservative bb : ensitivity reach
10—2?. | 'R R B B AN | L1 L 1 [ A N | 1 1 10—27. I L L1 1 i1 I [ B 1 1 L1111l 1 1
10! 10 10° 104 10! 10 10° 10*
my [GeV] n, [GeV]
102" o This work ISl
= ceeeeee- Conservative limits (Ackermann et al. 2014¢) bb 1
10_225 _____ Sensitivity reach (Ackermann et al. 2014¢) J
— _ dSph, LAT 1
il [
R IR

10-26 = ==

realistic

—2Ti| i i [T |
B 101 102 10%

m, [GeV]

104
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Projected Sensitivity from Studies of the EGB &

S ermil
B Lol IGRB
Projected Upper Limits From for 15 Years of data, in the realistic case
102! E — S50m limits bB E
N 15Syr + optimized astro, syst/2+stat/2 IGRB error .
10-22L -—--- - 15yr + optimized astro, syst/10+stat/2 IGRB error ]
f .---.... DM clustering uncertainty ]
107y
E F ]
= 10724,
= g §
S B i
1072°L .
107261 1
10—27_. . . T R B ! . Lo |
10! 102 10° 104
m, [GeV]

* These limits are calculated by comparing the sum of contributions form
the known y-ray emitting source classes to the measured IRGB

* To make projections we must estimate how the IGRB measurement will
improve with additional data (including Planck microwave data)

22
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Galactic Center
Good statistics, but source

Milky Way Halo

Large statistics, but diffuse

confusion/diffuse background

background

Spectral Lines

_ , . Isotropic contributions
Little or no astrophysical uncertainties, good

Large statistics, but astrophysics,

source id, but low sensitivity because of L
I ut tow HVIty . galactic diffuse background

expected small branching ratio Galaxy Clusters
Low background, but low statistics LAT 7 Year Sky > 1 GeV



The Milky Way is
surrounded by small
satellite galaxies

Close to Earth
(25 kpc to 250 kpc)

Ursa Minor
- Diraco

Wi Here % Optical Luminosities
T range from 103 to 107 L,

Seguel - |

| |'Ummr

IMilky Wayjesatsls

i,
"E":Q 5§
vy AL TR gy

. | Most dark matter

- dominated objects

. ' : Carina known

D, Malin . : Sculpton

Astrophysically inactive

-

= Foimax




Searches for DM in MW Satellites

Coma
Canes Venatici O
- : _ L4
Ursa Major I i i Bﬂmjés I :

: ¢ : Bootes 11 ? : LED¢IV Segue 1

. 4 ) : ¥ ‘ e

Ursa Major IT rsa¢m|':|r . E oF
-4 3 : Xotaﬂs
Draco A Herciles

B 4 ' .3 ;

LMC

Sculptor \'g
o

* Roughly two dozen Dwarf spheroidal (dSph) satellite galaxies of the Milky Way
known up to the DES era
* Negligible astrophysical y-ray production expected

25
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s, ermi Joint Likelihood Analysis

* Assume same dark matter particle present in all
dwarf spheroidal galaxies (same spectrum)

* Use all dwarf galaxies with well-determined %(Ej $,0) = % t;:;“) > dé\;f By
J-factors in non-overlapping regions (N=15) DM
* Perform a combined likelihood analysis: X
— Predicted flux for each dwarf will depend on
individual dark matter content (J-factor) [/ dﬂ’f P2 (r(l,¢"))dl(r, t;S'))
— Include statistical uncertainties from stellar 2900 o8

kinematic data.
— Fit backgrounds independently

* Joint likelihood function:

L(D|pm:{px}) = HL%AT(D;: | Pm> Pk)
k

v :

Shared by all dwarfs < o— (10810 (Jr)—logyo(Jk))* /20,
(dark matter particle In(10)Jp /270y
parameters)

Fit for each dwarf

(background sources)
Uncertainty in J-factor
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J Space Telescape

10721,

1022/

Pass 8 15 dwarf LAT analysis

— 4d-year Pass 7 Limit Ackermann et al. 2015 [1503.02641] | |

— G-year Pass 8 Limit

--  Median Expected
68% Containment

05% Containment

DM Mass (GeV/c?)
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7 Combined LAT + MAGIC

Gaml‘l‘la-'a}'
/ Space Telescope
E-”] 21E :
ke = - H
E E bbb "+ Alldwarfs
5 IUEEE__.................‘.‘ ................. e e - B f
-~ = i
= = .
= -
A
] =
B E
(=] —
E
E.
- - - Hy median | === MAGIC Segue 1
H, 68% contaimmend- -+ = * Fermi-LAT ---.ovvvenoannann

H, 95% containment

=« = Thermal relic cross section

1023 IIIIIII ] ] IIIIII| 1 ] IIIIII| 1 ] 1 1 1 11]
10° 10* 10* 10°
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— 10
2 E , 7
E — T All dwarfs C S
S 10— e SRR ARERRREERES "
4 — :
5 |
o 10 2 =—--
5 =
o —
o=
10 % -
Ium ----- :
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107 H,JESS%-wmalr'rmemi---— tFermi-LAT - - oo
H, 95% contalnment — - = Thermal rellc cross section
IUEB 1 1 IIIIIII 1 1 IIIIII| L 1 IIIIII| 1 1 L1 0 11l
107 10° 10¢

1
My, [GeV]

(Segue 1) analysis
J. Rico et al. arXiv:1508.05827

-
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)

95% <o v> UL [em’/s]
=]
i

-
o
4

95% <o vy [em/g]
=]
R
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"'I} ﬁ-E-%'Duntai'm‘n&ni' LR Fermi-LAT "= e
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no J uncertainty
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Fermi-LAT """ T
= Thermal relic cross section
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s, ermi Growing Number of Known Dwarf Galaxies
B Lol
5(I;’rogression[of the Numlber of Disch)vered Dwa]rf Galaxies DE.S Year 2 Data:
=0 Drlica-Wagner+,
arXiv:1508.03622
40t
40l | DECam Installed DES Year 1 Data:
E Bechtol+:
g 30! | arXiv:1503.02584
=
g 30k Koposov+:
© arXiv:1503.02079
> 20} . 1
% 2015 Jan 1 2015 Jul 1 2016 Jan 1
@)
SDSS Begins
10}
e Confirmed
; o Candidate
10920 1§4O 19|60 19|80 20|00 2020
Year

* Advent of deep, digital survey era in optical astronomy has led to the
discovery of numerous new Milky Way-satellite dwarf galaxies

* LSST & other surveys will continue to find new dwarf galaxies after the

Fermi mission

29



L] L]
. Discovery Volume for DM Signals from Dwarf
s erml .
Garern Galaxies
/ Space Telescape
Blue = Known prior to 2015
Stellar density field from Red triangles = DES Y2Q1 candidates
SDSS and DES Red circles = DES Y1A1 candidates

e Green = Other new candidates

Bt b

Drlica-Wagner et al. 2015
arXiv:1508.03622

DES footprint in Galactic coordinates (~5000 deg?) 12

* Optical surveys are quickly improving in both sky-coverage and depth,
potentially giving us even better dSph targets

* Assuming dSph J-factor scaling with distance we could currently expect a 56
signal for 100 GeV DM at the thermal relic cross section in the b-quark channel
for any new dSph within 8 kpc (a volume of 2100 kpc?)

* With 15 years of data that increases to V > 4200 kpcs; i.e., doubles the
discovery volume.

* At higher masses, where the sensitivity is signal limited, doubling the data
increases the discovery volume by (15/6)1.5 ~ 4.0

30
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{ Space Telescape

Spectroscopic observations are
targeted and expensive

Expected J-factors can be predicted
assuming:

1. New systems are dwarf galaxies
2. All dwarf galaxies inhabit dark

matter halos of similar mass
(Strigari et al. 2008)

3. A characteristic uncertainty on the

accuracy of J-factor measurements
(taken to be 0.4 dex here)

4. The photometrically-determined
distance to each system

Candidates discovered in DES Y1
alone are expected to be sensitive to
the thermal relic cross section.

Analysis of all new systems
discovered in 2015 is ongoing.

o

=2

0~

_l}

T

CIm

1o

DES Y1 and LAT analysis

— DES J0222.7-5217

DES J0255.4-5406
F—— DES J0335.6-5403
DES J0344.3-4331
DES NH43.5-5017

— DES J2108.8-5109
DES J2251.2-5836
— DES J2E0.0-5424

= - Combined DES Candidate d5phs

— Combined Known dSphs

-
=
g -
1n-*
10—
=
10— T
DES N222.7-5217 DES J2108 8-510%
DES J0255.4-5406 DES J2251.2-5836
1073 | — DES J0335.6-5105 — DES J2330.0-5424
— DES Ji344.3-4331 =+ Combined DES Candidate dSphs
N DES NHM43.5-517 — {Cgmnbined Known dSphs
10~
—
|
o i
i [
=
=
10
-
=
— ar
10—
w0-sL
-

10

LAT & DES Collaborations [1503.02584]

10?
DM Mass (GeV/c?)

1o#
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J Space Telescape

15 dSphs, 6 Years 15 dSphs, 6 Years
][J‘“ —— 15 d5phs, 15 Years Py == 15dSphs, 15 Years A
E —= 45 dSphs, 15 Years PR _ == 45 dSphs, 15 Years R
= LAT Combined dSphs (15 dSphs, 6 Years) < o = LAT Combined dSphs {15 dSphs. 6 Years) ‘
— HESS. GC Halo [ = HESS. GC Halo
@@ Abamajian et al. 2014 (1) . == CTA GC 500h, No Syat. {Carr et al. 2015)
o Gordon & Macias 2013 (2a) == CTA GC 100k, 1% Syst. (Silverwood et al. 2014) -
— 0=t — Daylan et al. 2014 (2a) - - -7 -
in Calore et al. 2015 {24) ,,’, e
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« 45 dwarfs and 15 years of data (assuming same analysis)
« But 3FGL source list and current IEM and isotropic model....

« Take-away message : the dSphs, by their cumulative effect in the era of
large optical surveys, will remain a major DM targets!

« CTAwill have plenty of new dSph in the South, and the TeV community has
now taken the road to combined analyses.
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* Indirect detection is the only detection technique that searches for DM
in the distant astrophysical targets where it is known to exist.

* The LAT has reached sensitivity to DM annihilation at the thermal relic
cross section in the present-day universe.

— Mind the s-wave only assumption, among other subtleties...

 For dSphs, the LAT sensitivity scales as better than vt with more data.
With 15 years of data:

* The dSphs would allow us to exclude the thermal relic cross section
for masses up to > 400GeV for the b-quark channel,

* The dSphs would reach below 2 x 10-27cms s-1 for masses of ~ 50
GeV in the b-quark channel allowing us to confirm or rule out the DM
interpretation of the Galactic center excess

* Searches targeting “dark satellites” and the unresolved component of
the EGB will also scale better than vt with more data and will probe the
thermal relic cross section up to ~100 GeV.
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