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Weakly interacting Massive Particles (WIMPs)

o Weakly interaction mass scale and standard gauge couplings give the right
relic dark matter density
o Masses of O(GeV) to O(TeV) make them cold dark matter

Early Universe Today

DM \ SM DM \ SM

DM SM DM SM
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Weakly interacting Massive Particles (WIMPS)

o Weakly interaction mass scale and standard gauge couplings give the right
relic dark matter density
o Masses of O(GeV) to O(TeV) make them cold dark matter

Early Universe Today

DM \ SM DM \ SM

DM SM DM SM

10~ 25¢cm3s—1
ov
2< > Provide a benchmark annihilation

(87 _ _ Ccross section for indir ion!
(av)wfv : ~ 10~25 cm3s—1 ect detectio

My

me
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Dark matter annihilation flux

\ ] |

| |
Particle Physics : Astrophysics
o Cross sections — modelling required for the

o Differential photon yield

o DM particle mass DM distribution in the object
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Dark matter annihilation flux

\ ] | }

| |
Particle Physics : Astrophysics
o Cross sections — modelling required for the

o Differential photon yield

o DM particle mass DM distribution in the object

g N §> ( O )
DM SM: b, W*, Z, 1+, ... '(*:?g my Y, €5, 0, V, ...
Primary channels Sg Final (S_’gates
DM SM:b, W, Z, 1, ... R - v, e, P, V, ...
\_ ) LT © )
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Spectral signatures

Bringmann & Weniger (2012) -

AEJE = 0.15
H) ...... AE/E = 0.02 .
Al yy
= 1
~ _
S |
S qG.ZZ.WW

-
-
—

0.01:

0.02

Continuum emission
(“Secondary photons”)
— from fragmentation of
quarks/massive gauge
bosons (via 11, decay)

Emmanuel Moulin
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x=E/[m, / \

Virtual Internal Bremsstrahlung Gamma-ray lines

(VIB) — from two-body annihilation

— radiative correction to into photons

processes with charged final states — forbidden at tree-level,

— generically suppressed by O(q) generically suppressed by
O(a?)



Dark matter signals : additional contributions

Lattanzi & Silk PRD79, 083523 (2009)

o Particle physics enhancements 10°F —107
— Sommerfeld effect (1931) 10°F Relative
— particularly effective in the ol velocity p
low-velocity regime ® 1000l
B <K as~1/30 100}
— resonant effect at 10F
Mz 2 l'l | N P I | | A 1T
mpM — — 1 1 2 5 0 20 50 100
a2 mpy (TeV)

— expected to be important for winos
Huge enhancement, TeV DM

masses required

Emmanuel Moulin



Dark matter signals : additional contributions

o Particle physics enhancements
—  Sommerfeld effect (1931)

— Internal bremsstrahlung when charged particles are present (W+*W-, ff, ...)

Bringmann et al, JHER, 01, 049 (2008)

Total BM4 _

— — — = Secondary gammas
------ Internal Bremsstrahlung

(a) (b)

:i 0.01¢ P E
— may enhance the gamma-ray - | T s
flux in some specific region of the | | - ]
MSSM parameter space T
0.2 0.4 0.6 0.8 1
x = FE,/m,
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Dark matter signals : additional contributions

o Particle physics enhancements
— Sommerfeld effect (1931)
— Internal bremsstrahlung Bergstrém et ai. PRL 95, 241307 (2005)

My — 10 M

o Astrophysics enhancements . :
.%..... ,'\f"hm g » 1() Ll

« Substructures (suhhalos) in the host halo
as predicted by N-body simulations of
CDM

Boost factor
—
o
~

* Inverse Compton scattering on CMB

E 1
0 *0.2 04 06 08 1

low E photon (CMB)

HESS ON region for point-like searches

''''''

inverse Compton scattering
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Dark matter halo profile

o FromACDM
N-body
simulations

o From rotation
curves

Emmanuel Moulin

Ps
r/rs(1+7/75)

— pNFw(T) =

v Via Lactea predicts a

—

- PEinasto(T) = Pse_% ((T/ a)a_l) cuspier profile: r1-2

Pe v" Aquarius predicts a

— PBuckert(T) = shallower than r1in
o (L +7/re)(1+ (r/rc)?) the innermost profile

pe
L+ (r/rc)?

_ pcis(r) =
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Dark matter halo profile

o FromACDM
N-body
simulations

o From rotation
curves

— pNFw(T) =

—

- PEinasto (7‘)

Ps
r/rs(1+7/75)

= pse_% ((T/a)a_l)

v Via Lactea predicts a
cuspier profile: r1:2

v Agquarius predicts a

o Situation a bit unclear: effects of baryons?

o The DM density at small scale is poorly known
— need to take into account both class of

models

Emmanuel Moulin

shallower than r1in
the innermost profile

— PBuckert (T) — i
(L+7/re)(1+ (r/7)?)
L poss() = Ty

10" g

102 5

~ —— Moore

E  — lIsothermal

— NFW
Einasto
— Kravtsov

'
| I} II| | IIIIIII| L IIIlIII| | N | R LY

1073
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—

107
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High Energy Stereoscopic System (H.E.S.S.)

Phase 1 : 2003 -2012

Array of four Imaging Atmospheric Cherenkov Telescopes
located in Namibia (1800 m a.s.l.)

4 telescopes: @ 12 m,107 m? each
Stereoscopic reconstruction

960 PMTs/camera

Field of view : 5°

Observations : ~1000h/year

o Source position : ~ 10”

O O O O O

Emmanuel Moulin

v Angular resolution < 0.1°/y

v Energy threshold (zenith) :~100 GeV
v Energy resolution ~ 15%

v’ Sensitivity (50): 1% Crab in 25 h

12



High Energy Stereoscopic System (H.E.S.S.)
Phase 2 : first light on July 2012

Array of FIVE Imaging Atmospheric Cherenkov Telescopes
Located in Namibia (1800 m a.s.l.)

o 5th telescope:
- (J 28 m, 600 m? — Energy threshold (zenith) :~ 30 GeV
- 2048 PMTs — Sensitivity X 2 in the TeV range

o Field of view : 3.5°

Emmanuel Moulin 13



Dark matter targets

. e 5 Galaxy satellrtes of the Mrlky Way

Tl l\/Iahy of them wrthln the 100’ kpc from GC %
e % DM- demrnated ehvrror‘i_ment, e
o Poteﬁlally Iow astrop ySi

* - Substructures in
= the Galactic halo -
e | .__’O Lower Signal
L & Uor Cleaner signal
&t (Gneé found)

Galactm: Centre s
B Proxrmrty( 8kpo) i__ . Galactrc halo .
o .PosSibly hrgh DI\/I o Large siatrstlcs
' .concentratlon ‘ o Galactrc‘jrﬁuse
g i DI\/I proﬂle Core’? Cusp’? ‘_ ' backgr ound
o High astrophysmal i o e
| _bck / source COI’]fUSIOI’T

vvvvv

s T o T : Also galaxy:
Aquarius, Springel et.al. /\lature 2008‘."'_ T ST b . ' . clusters

DM density profile matters ...

astrophysical background matters as well

Emmanuel Moulin




Dwarf galaxies of the Milky Way

Sagittarius
Canis Major
Sculptor
Carina
Coma Be.

Fornax

Emmanuel Moulin

24

79

101

44

140

11 (90)
D O
11.8 O arves
14.8
3.0
0.1 -
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Dwarf galaxies of the Milky Way

Sagittarius 24 11 (90) H.E.S.S. Coll. Astropart. Phys. 29, 55 (2007)
Canis Major 8 10 H.E.S.S. Coll. Astrophys. J. 691, 175 (2009)
Sculptor 79 11.8 ]
_ H.E.S.S. Coall., Astropart. Phys 34 (2011) 608
Carina 101 14.8
Coma Be. 44 8.6
Fornax 140 6.1

New article about to be published with stacking analysis
including 90 hours of observation towards Sagittarius dwarf

Emmanuel Moulin 10



he example of Sculptor: halo dependence

o Halo modelling : NFW and core profiles
HESS coll. Astropart. Phys. 34, 608 (2011)

— models fitted from luminosity =107
profile and velocity dispersion &
data (Battaglia ‘s thesis, A " i _ o
Battaglia et al. ApJ 681, 13 (2008) - 95% C.L. exclusion limit
102 =
o Various DM halo profile studied - shae of
— ' NN e e
helps tQ Qstlmate the C A\ e, halo modiels
uncertainties due to the 102
halo modeling - T NFW (const, 20
I NFW @, 20)
. . : o NRW G
o Complementary limits to Fermi 102 1s0 ;gonsg.,o 005
= Y amaas S0 , 0.
- Iso (cgrlst., 0.5)
7 Iso (Bou' 0.5)
B Fermi limits for NFW
----- HESS limits for Fermi’'s NFW profile]
10-24 1 1 lllllll 1 1 lllllll 1 1 | I I
1
10 1 10 Moy (TeV)

Emmanuel Moulin 17



o Resonant exclusion limits
with Sommerfeld effect

o More than one order of
magnitude effect outside
resonances above 1 TeV

o Internal Bremmstrahlung

only significant in the low
Mmass region

Emmanuel Moulin

‘.\1 0-19
(7}
51 0
> 10—21
v
102
1 0-23
10
1 0—25
1 0'26

10%

102

he example of Sculptor: additional contributions

HESS coll. Astropart. Phys. 34, 608 (2011)

IIlIIIII| I IIIIIII[ I IIIIIIII TTTT II| IIIIIIII| lIIIIIII| I/.h'llllli I IIIIIII| [IRLL

NFW proflle

NFW proflle with Sommerfeld effect
-------- NFW proflle with IB
NFW proflle with Sommerfeld effect and IB
Theoretical Wino
Thermally produced DM

1 10

2
mDM(Te\W
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Galaxy clusters

Largest gravitationally bound objects 10’4 - 10" M,

o Most recent structures to form

o N-body simulations predict unmerged substructures in the DM host halo
— may potentially boost the expected gamma-ray flux

Pinzke, Pirommer, Bergstrém 2011

10 " Gt Bato,
[ wem Cluster NFW, B =1 L*° ]

10°E Cluster NFW,B =06 o’ -
. F === B_, Cluster '¢’
I e . - dependence on the assumed
N = - — - B, Dwa R 7T 3 :
N R e : smooth halo profile
. 0 A e — v
5 0% —— - dependence on the limiting
T 107 ' substructure mass

102" EUPUR

10_3; R lim — 10 |v'sun?

0.01 0.10 1.00

Emmanuel Moulin 19



Galaxy clusters

Largest gravitationally bound objects 1014 — 107> M

o Most recent structures to form

o N-body simulations predict unmerged substructures in the DM host halo
— may potentially boost the expected gamma-ray flux

Sun

o Further distances w.r.t. dwarf galaxies but higher annihilation luminosities

Emmanuel Moulin
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Galaxy clusters: the case for Fornax

Distance = 19 Mpc

Virial mass = 10'* Mg,

Not detection so far in VHE
Hints for an extended
emission with Fermi data

(arXiV:1201.1003)

“Fornax Galaxy-Clustér ~~.. “'.-NG_CAB_s.o" St

O O O O m

INGG 1388 7. -
: . . .. . " ‘.. n.-.’. :
- NGC 1381, ~ . .

Do AR '.NGC 1390~ % i e 1379 .

: - S 2 B
.. NGC1387

" 1" . "-NGC 14277&- o

NG PNGC 108 | e

ol |_arge opening integration
Bl angle allows to probe a

gangdle. NGC 1389. SR significant fraction of the DM

B — Sensitivity to DM
e substructure contribution

Emmanuel Moulin
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he Fornax galaxy cluster

Several tracers HESS coll., Apd (2012), 750, 123

~10" T T T T T I B B B | [ R N I
= _
used for The halo o 100% b |
modeling S . oEY e Different
10 \ \\ . e —
. Hydrqgen gas (X-rays) e AN e halo_
« Satellite galaxies SO NN\ N NG L T profiles
* Globular clusters 10 o
« Stars : -
10—21 B )

Two hypotheses
of halo profile
» Cuspy: NFW profile 10%

M1 IIIIII|

| | IIIIII|

— NFW, Burkert SR10 a 0
m— NFW SR10 a,

. , - Burkert SR10 a -
« (Cored: Burkert profile = \ e —  NFWRB02 =
- (((\ NFW RS08 7
102 = ?6 —— NFW DWO1 _
= o EmEss Fermi limits for NFW =
10-24 i | I I | | | I I I | | | | I I |
107 1 10 10°

mp,,(TeV)

o Choice of the tracer samples induces uncertainties up to one order of magnitude
o Complementary to Fermi limits

Emmanuel Moulin 22



he Fornax galaxy cluster

Fa\V/aYdaya)
R

B

Compton

~10"g M E e e o T T .1-(;10'185 LA B B T VG
T o oo T
210t L 5201, HiGH baos E Al
v - = 0 =1.0, MED boost = v =
- 0 = 1.0, HIGH boost - -
10% = = 10% =
10 ;_ ".:1:::::3'.'.:"-"............-----:'.-_::'.'-'-"""":: :::: E 10%" ;— ''''' =
O\ S : N z
10-22? = 10.22;_ ...... :_."'.’ e _;
: ; : = ;
102 = = 10—23;_ :- wix-+|3 _;
1-24_-1 | | I]I]II‘ | | ll[llll | | IIIIII_ 10_24: | IIIIII| | IIII||| ||||||:
10 1 10 mDM(Te\})oz 107 1 10 _ (Te\1l)02
:qu = ] HESS coll., Apd (2012), 750, 123
£ - ]
e L= =
R E |\ T rweseencuswmsememdenes e E :
O S N o Extended analysis allows
ol E — significant improvement on the limits
-l ] o Thermally produced DM can be
probed for some specific masses
102 = = g YA I
o Competitive limits to dwarf galaxies
“E E limits
107 E
o= Thermally_produced DM _ o ccecscssmssssalfanamssssmssssssnsnassanannnnnnn .E
102 I Lol Ll I
10" 1 10 1
Emmanuel Moulin mou(TeV)

23



Galactic halo

Galactic center obvious target for DM

searches, but crowded region

o Galactic halo at relatively short distance
from GC is well-defined

Search Region

Excluded

HESS Coll. PRL 106 (2011)

—10°E
£ ~
S ~
Z . Source region
O10°E
a F
oL 2l Backeround region
10°E L R faaaas
=T Einasto R
10 o
= -----Isothermal
. E_ .......................
10-1 1 |11|111|1 L 11
102 102

— Avoid sky regions with strong astrophysical gamma ray signals
— Focus at the same time on regions with an expectedly large DM density

Search region : 45-150 pc around GC, Galactic plane excluded

Emmanuel Moulin
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Galactic halo: continuum signal

HESS Coll. PRL 106 (2011)

o 112 h live time of 10%
HESS observations .
(2004-2008) 10~

— Best limits so %, -
farintheTev 5 107 ¢
mass range for -
NFW/Einasto ;

PrOflleS 10 mmmmm Einasto (this work)
mmm NFW (this work)

28 = = Ser Dwarf

) Willman 1
— ~1 Order Of 10 == = rsa Minor

' e = )

magnitude 102 raco
above thermal L L
relic cross m, [TeV]

section at ~1TeV

Emmanuel Moulin



Galactic halo: line-like signal

~10°F
Search for line signatures in the LA :EEZ(";:’ simulated line (€, =2 TeV
Galactic halo and extragalactic field E it
e | <
— Gaussian fit on top of background s | ST *
R s
B /
- /
5 /
/
I A
/
10° LA 1] | L
1 10 g Tew

Emmanuel Moulin



Galactic halo: line-like signal

=107
Search for line signatures in the L - EEZ‘%’) R
Galactic halo and extragalactic field : N bt
e | .
— (Gaussian fit on top of background s | e *
oL e
N / >
- /
.—.;-:10'35 = //
'.'m - B /S T
o 104 2N /
S [N R e BT
N NS YA o
§ ; "‘\\i;__,//_\\. W 10-25E
= 10° S = 77N = HESS Elnasto HESS Coll. PRL 110 (2013)
= Meeam- g - o  Ferml-LAT Elnasto !
107 oty N TRUL
10'8§— i ::Gt:;:ﬁ?m:ooamm E i III I I
| b srnpovisng oL i !
10°E el : L vl : , - fii !
1 10 m, (Tev) C 33 11 1
10-28:_
Best limits so far " TI
for DM masses > 500 GeV S I S o L
102 107 1 10 m, (TeV)
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A 135 GeV gamma-ray line in Fermi-LAT data ?

thﬁ()l R(‘Fl F' |"fl‘((‘.o\

i 'ugmd counts: 57 (I (4. l)ﬁal S0.5 ll()l (-1\ 1
p-value=046, x2,=22.1/22

% ¢
&0~
20} }'
5k

10 -

Counts
- 2 =
j
b—o—t"-‘_‘il
- “ 1 ;
.._ ——y
.b-'-o—d

: 3 [ II II IIII‘I;i;
100 s 150 20
Two lines ?
Global significance: ~40
(Su&Finkbeiner 2012)

Emmanuel Moulin

Global significance: 3.20
(Weniger 2012)

annihilation cross-section
(OV)XX —VY ~ 1.3 x 1027 cm3s™

GC spectrum (y < 5°, |b| > 0.5°)

200
GC spectrum (8 > 40°)
T continuum model
"é 150 | eemenresunarrens 111,120 GeV
> i Expected LSF
<
= 100
w
U -
o |
0
20

28



A 135 GeV gamma-ray line in Fermi-LAT data ?

GC spectrum (y < 5°, |b] > 0.5°)

thﬁm R(‘Fn F‘ —l"{l'((‘.o\ 200
wl s.gnmmmm n(l|4l)3m '\I)» 2101 GeV | GC spectrum (0 > 40°)
p-value=046, x2,=22.1/22 B | memeee- continuum model £ 3 .
s R 111 | 111.129 GeV P ]
30 — EXpﬁCted LSF !
s P 1 e
§ , T. - .
< Ar | - --{ l w
15 ™ o b 1 Q
o} 1 o 4 <
_ o} : ;
z 0 - R
z I 20 50 100 200
; of [ 1iIII H{I H;Iihix E [GeV)
5 l(l ‘
mo 150 200
B 1GeV1 S —
P7_REP_CLEAN R3 2D E =133.0 GeV

Ng, =17.8 evis n, =276. 2 evts
Sicat =330 Iy, =276

Events/ 5.0 GeV

Fermi Coll. (Ackerman 2013)

- Global significance: 2o after trial factor

- Signal also in the Earth limb control
sample

N .

Resid. (o)
Abormsro
][
i :: |
Rt
o
=

60 80 100 120 140 160 180 200 220
Energy (GeV)
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A 135 GeV gamma-ray line in Fermi-LAT data ?

_ Rt:;ﬂ |§f)l RCE), F' —IZ{I:{ GoV _ . GC SpeCtrum (w < 50’ Ibl > 0.50)
ol s.gmu counts: 57.0 |4h3¢1| 805 - 2101 C..» | 200 T3 ¥
- pvalue=046, y2,=22.1/22 ! — GC spectrum (6 > 40°)
' T continuum model
a0 - E 50| emeeereeneens 111,129 GeV
2 ol 35 Expected LSF
- S
-5 = I
5l T 100 :
10} 2
v A
it 35 50
. O - w b
J“ 0| I I 0 B =1
= : P N .
s °F{ HII Hﬂhiil 20 50 100 200
5 ok F [Ge\N
¥ & - . P7CLEAN V6, Reg3
100 150 200 7 R -
B [GeV1 E 6l Wenlger 2013 e
70 T T T T T T T 7] ’
% 60 P7_REP_CLEAN R3 2D Ev = 133.0 GeV g
= 50 ng, = 17.8 evts n,,,=276.2 evis g T Jimre il
2 40 E_ S'(X:a' B 3.3 [¢) rbkg = 2.76 g S .\A .T. S
£ = @
g 30 E_ 'g T~ N -
W 20 o : -
- - K Tt
10 =3 e :E,
g g n + 0 '.-. 1 1 1 A 1
o |+#||+$l|$|| t * ’+‘++ HH #‘ 0 10 20 30 40 50 60 70 80
o ﬁ: ++ ++ i Time [months]

60 80 100 120 140 160 180 200 220  Significance is decreasing with time

. Energy (GeV) and improved analysis
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A 135 GeV gamma-ray line in Fermi-LA

o Fermi-LAT will collect more
data optimized for viewing
the GC

Emmanuel Moulin

10%

107

<ov>, ... (95% CL) (cm’/s)

102

10-29 R

data 7/

: HESS Einasto L 1ESS PRI 110, 041301 (2013)
: © Fermi-LAT Einasto I
|Line cross : II !
- section !
: \*ﬁ 1, .11
- Sy
- ]
; i !
T
SN
10% 10" 1 10 m, (TeV)
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A 135 GeV gamma-ray line in Fermi-LA

data ?

o Fermi-LAT will collect more
data optimized for viewing
the GC — Fermi Symp.2014

o H.E.S.S. 2 has a golden
opportunity to either
conclusively make a statement
or rule out the effect: first

results by end of the year, stay
tuned !

105

)
8

LI lllllll

=)
8

LI lllllll

<ov>, ... (95% CL) (cm’/s)

=)
8

LBLLLLL

LA

* HESS Einasto
©  Fermi-LAT Einasto

Line cross

section
\*ﬁ

HESS PRL 110, 041301 (2013)

!

1

!
iiiiﬁﬁ Pratt
i 27
- ’I 6'6
| P e
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Strongest gamma-ray constraints to date

Nearby (~100kpc) dwarf galaxies Inner Galactic halo

'n II ® Com
: CVvnl O _Bool Leo I1®
o® Wil 1 Boo III ®Boo II Leo
UMa I @ Loo

UMall oYUM

\f

Scg 1
equ I
]

7o Search Region
Sax

.

Excluded

[ Mocimum Lkalhood | 10'““%
o - Bayesian C
[|—= Moedian Expected 23
~22 : ) 107
T o e 15-dpsh stacking =
100% tautau 102
10-2 — -
o mg 10'255—
= -2 = = =
i 10 />\ F o - -. .
: turdl s g ned M
102 ural s¢ s =,
10 - ‘l L " s Einasto (this work)
& .r.. !.: - mmm NEW (this work)
107% 8 ? — = Sgr Dwarf
10 Wlllmap |
Fermi coll. PRD 2014 ) 7 s Minor
. . . 02 H.E.S.S"Coll. PRL 2011
10! 102 10° 10¢ L A iy
mpn (GeV) 107! 1 10
mx [TCV] 33
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Gamma-ray status and outlook

o The most stringent constraints are obtained from dwarf galaxies (Fermi)
and the inner region of the Galactic Center (H.E.S.S.)

o Afactor 10 better in sensitivity than current instruments
o Wider energy range coverage, wider field of view,
substantially better angular and energy resolution

Emmanuel Moulin 34



Gamma-ray status and outlook

o The most stringent constraints are obtained from dwarf galaxies (Fermi)
and the inner region of the Galactic Center (H.E.S.S.)

Fermi/CTA will be
able to exclude
thermal WIMPs

from a few GeV up to

(o, v)[em® s

a few tens of TeV

(~2020) 27 AT 10 years, 3x more Dwarls . ) - i
10 CTA GC Halo (500 hrs)
” : lCourtesy from M. Wood
10' 1 L L L1 1 11 1 1 1 I . . 1 1 1 L 1 11
10 10° 10° 10*
My [GeV]
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Summary

o Gamma-rays are the golden channel for indirect detection of dark matter
— most stringent constraints to date from the dwarf galaxies (Fermi)

and Galactic halo (HESS)

o H.E.S.S.-1 dark matter program :

Dwarf galaxies: Sagittarius (2008), Canis Major (2009), Sculptor (2010),
Carina (2010), Fornax, Coma Berenices

DM substructures: IMBH (2008), Galactic subhalos (2012)

Galaxy clusters: Fornax (2012)

Globular clusters: M 15 (2012), NGC 6388 (2012)

Galactic halo : continuum (2011), line (2013) signals

o Dwarf galaxies / Galaxy clusters: among the best and robust constraints so far
with IACTs

o Galactic Centre region: best constraints so far for DM masses above 500 GeV

Emmanuel Moulin
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Outlook

o H.E.S.S. 2 prospects in Astroparticle Physics:
- Galactic halo
- Line search
- (Cosmic ray electrons: anisotropy studies)
- (Opacity of the universe and axion-like particle searches)

o The 130 GeV gamma-ray line : excess still exists but significance is decreasing
with time
— Fermi with optimized GC observations and H.E.S.S. 2 by the end of the year

o The Galactic center: 90h taken with H.E.S.S. 2 in 2013, observations continue
in Spring/Summer 2014

Emmanuel Moulin 37



High energy neutrinos: WIMPs from the Sun

\\'vln( ity distribution

o WIMPs gravitationanly captured by the Sun
o Accumulate in the core and annihilate

o Hydrogen-dominated target
— Excellent sensitivity to SD cross section

. 1nteractions
L . Earth
SR v oscillations

. I//I

Detector
Spin-Independent interaction Spin-Dependent interaction
38 'l I ' Y Y T T T T Y T T ' T I T T T T T T 7 I T ¥
MSSM Incl. XENON (2012) ATLAS « CMS (2012) " MSSM Incl. XENON {2012) ATLAS + CMS (2012
. DAMA no chanreling (2008) 35— DAMA no channeling 20408)
39+ | ' — = COMS (2010) \ - - COUFP (2012
. . = == COMS 2kaV reanalyzed (2011 - Simple {2011)
* — COGENT (2010 — - PICASSO (2012
-com XENON100 2012) - 36 SUPER-K (2011) (bB)
,.-" r SUPER-K (2011) (W'W)
— e - ' \
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Becosmanhansnns . . \ ’ e”

f_’ * / -0 '3;_\ 2 \ _/// r~“ -
a > 3 //. o el o e
3 e { B8 —tn e o= -?

3 //4 A o] S . . P - % ™

2 ey R S a A e S o /

g e g e /

44— \ s ' i 26 | \ /
., » \
«sdiens foolCubo 2012 ch E - = P ® ICECUDE e :36: s /
9 —e— keCube 2012 (W'W)" 40 :— lceCube 2012 (W'W)* \. —’—’/
® (¢7¢ for me<myy = 80.4GeV/C’) T for My, « 00 4Ge'/c’)
" Fa L l ' 'S ’ ’s J 1 l
40 1 2 3 - L 1 1 3

log10 (m GeV ¢?)

Emmanuel Moulin

lceCube, PRL (2

s
log10(m | GeV ¢?)

013)

38



High energy neutrinos: other targets

= |C22 Ha'o = |C79 Halo :
R i — 1C79 GCLE seneitivity o Hard to compete with
«-= |C59 Dwarf ga axy stacking -+ |C79 GC HE sensitivity IACTS
e— |C59 Virgo cluster (subhalo) »—= Fermi Dwarf galaxy o I\/Iaybe at 0(1 O) TeV DM
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The case for Sagittarius dwartf

o Discovered by lbata, Gilmore,
lrwin (1994)

o Distance 24 kpc

o Closest dwarf for the Southern
hemisphere observatories

o Has been claimed to be among the
best target

Clear tidal streams

— Difficult halo modeling . 100 (zobé;w
. Majewski et. al, Apj 599 '

Dark matter halo modelling:

o NFW profile :
- Thightly bound dark matter cusp is more resilient to tidal disruption
- The kinematics of stars that locate the central regions of the dwarf
are not influenced by external tidal field
o Cored isothermal profile : J. Penarrubia, et al. (2010). MNRAS, 408, L26
- Fitting the visible streams to simulations allows to recover the actual DM halo profile
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The case for Sagittarius dwarf : updated limits

A. Viana et al., Astrophys. J. 746, 77 (2012)

~102
) =
- —
£ n
=
A 107
> =
© —
v B
10% =
10 23 . AT ===
Eold limits
1024 N oo UL, NFW, 11 h
= —— — UL, ISO,11h
- projected UL, NFW, 50 h
25 B = projected UL, ISO, 50 h
10 = — 1+ sensitivity, NFW, 50 h
- mmam sensitivity, 1ISO, 50 h
- B I 1 1 1 1 1 11 I 1 1 1 1 111 II
10 26 [ 11
0.1 1 10
m (TeV)

» Update of former HESS limits (2008) with more realistic halos models
* Old limits (2008) overestimate the DM gamma-ray flux, due to lack of accurate
modelling of SgrDw at that time

* Projected upper limits and sensitivity for 50h with H.E.S.S.
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Are globular clusters better targets than dwarfs?

Wood, et al., ApJ, 678, 594 (2008)

o Whipple sinlge dish @ 10m, 1.2 hr =102
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Are globular clusters better targets than dwarfs?

o Whipple, single dish g 10m, 1.2 hr
— limits quite constraining on M15... optimistic halo from DM adiabatic contraction

o HESS observations: 15 hr
v halo modelling
— — HESS, initial NFW

g0 HESS coll. ApJ 735, 12 (2011)
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Caveat: limits assume GC to be

] .. 1024
formed in DM minihalos
— no consensus on the GC oL
formation scenario yet .
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