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direct detection
Dama,/Libra, Xenon, CDMS

production at colliders -
LH

from annihil in galactic center or halo
and from synchrotron emission

Fermi, HESS, radio telescopes

indirec from annihil in galactic halo or center
PAMELA, ATIC, Fermi
from annihil in galactic halo or center

from annihil in galactic halo or center
GAPS

from annihil in massive bodies
lcecube, KmoNet,
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Indirect Detection: basics

and from DM annihilations in halo

Salati, Chardonnay, Barrau,

Sspectrum Donato, Taillet, Fornengo
8f/ 8 8 Maurin’, Brun.j.‘90s,‘OOs |
—~ _K(E)-V* b(E O 2h6(2) s
5 (E) - V2f = 55 OE)f) + 5~ (Vef) = Qun; (2)span f

diffusion energy loss convective wind source spallations
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Indirect Detection: basics

and from DM annihilations in halo

What sets the overall expected flux?

fl ux ocn :;-,..;_: s ol
aStl‘Oy : reference cross section:
cosSmo ov =3 - 10_26Cm3/8ec




From N-body numerical simulations:

Halo model

Cored isothermal
Navarro, Frenk, White
Moore

Einasto | a=0.17 rs = 20kpc

N&
NEinasto

ME NF
=
2

Cuspy: : = 10:

mild: N

p—
=
[OV)

1

smooth:
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channels products

S | )
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Positron fraction
Anti—proton fraction

Energy in GeV Energy in GeV



S0 what are the
particle physics
parameters?

PV T - -

Positron fraction
Anti—proton fraction

Energy in GeV

1. Dark Matter ma.ss
&. primary channel(s)

&)
R —

primary ﬁna,l
channels products
— i | (=)
'W+727b77+,t,h... :|: =D .

Energy in GeV
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positron fraction

PAMELA 08
+ % %
NG

M)Boezio (PAMELA coll.) 2008

Positron Energy [GeV]

anti—proton flux [1 /(m2 sec sr GeV)]

antiprotons

TT’ [GeV]

PAMELA 08

electrons + positrons

FERMI 2009
HESS 2009
HESS 2008
ATIC 2008

E3 (e +eT )Gt‘:V2 /cm2 sec

energy in GeV



Positrons from PA MELAS

- steep e’ excess
above 10 GeV! -]  PAMELAO
- very large flux! '

c
@)
=
Q
<
e
g
@)
=]
o=
5]
@)
Ay

et

positron fraction:
et +e~

(9430 e collected)

(errors statistical only,
that’s why larger at high energy)

100

Positron Energy [GeV]
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Antiprotons from PANIEEAS

- consistent with
the background

PAMELA 08

Pamela Coll. 2008,
submitted to PRL

—
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9]
Q
0]
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Q]
S
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~
—
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=
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Q
-
o
—
o
=
S
<

(about 1000 p collected)




Electrons + positrons adding FERMI and HESS:

FERMI 2009
HESS 2009
HESS 2008
ATIC 2008

-no e’ + e~ excess
- spectrum ~ E 3%
- 8 (smooth) cutoff?

[E
5
\®]

Q
o
95}

~
£

2
N
>
)
Q
+
®
+
S
(q@)
83

102
energy in GeV
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positron fraction antiprotons

PAMELA 0}
L 3
®

PAMELA 08

Positron fraction
[1/(m2 sec sr GeV)]

anti—proton flux

100
Positron Energy [GeV] T3 [GeV]

Are these signals of Dark Matter?

electrons + positrons

FERMI 2009
HESS 2009
HESS 2008
ATIC 2008

3
o)
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~
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>
[
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&
+
v
+
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-
o
S

energy in GeV



positron fraction antiprotons electrons + positrons

30% PN
PAMELA 08

FERMI 2009
HESS 2008
ATIC 2008

GeV)]

Positron fraction

—
v
Q
Q
w2
o
N
—
~
=
=
X
=
=
=
]
°
—
o
z
=1
<

102 10°

Positron energy in GeV

Are these signals of Dark Matter?

few TeV, leptophilic DM
with huge (ov) ~ 1072° cm? /sec



positron fraction antiprotons electrons + positrons

FERMI 2009
HESS 2008
ATIC 2008

m? sec sr GeV)]

=
o
=
Q
<
H
g =
g =
=
= =
o
[a
o

1TeV, DM DM ! whp™
(ov) ~ 10724
sec

Einasto, MAX ‘
10 102 103 104

Positron energy in GeV

Are these signals of Dark Matter?

few TeV, leptophilic DM
with huge (ov) ~ 1072° cm? /sec

a formidable ‘background’ for future searches






Indirect Detection: constraints

v from DM annihilations in galactic center

Galactic Bulge Norma Arm -

Scutum Arm

Sagittarius Arm ' ' Local Arm

Sun

| )
DM: ,’W_,Z,b,T_,t,h...we$,(p),D... and 7y
DM \*WJF,Z,B,TJF,E,h...wei,(];),(l_)).

- a,ndry
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Indirect Detection: constraints

(a.]y from DM annihilations in galactic center

Galactic Bulge Norma Arm

Scutum Arm

Sagittarius Arm ' ' Local Arm

Sun

| ) ()
e LW, Zb T ...~ €T, P D ... and7y
) _ =) (=)
DM \W+,Z,b,r+,t,h...wei,(p),D .

. a,ndry



DM annihilations in galactic center

Galactic Bulge Norma Arn

Scutum Arm \
\\ \ i Crux Arm

OQuter Arm N ; _ : / Carina Arm

-

\ , ]
¢

-

Perseus Arm

/

Sagittarius Arm
Sun

(=) (=)

s W=, Z bt ,t,h...~€e", D, D ... and 7y
S - o Ry e (__) (__)
DM SWT. Z, bt t,h...~e~, P, D ... a,ndry

typically sub-TeV energies o

dlogN, /dlogE



Indirect Detection: constraints

(b.]y from DM annihilations in Sagittarius Dwart

Galactic Bulge kf\ \ \“: Norma Arm

Sagittarius Arm ' ' Local Arm

Sun

| ) ()

e LW, Zb T ...~ €T, P D ... and7y
) _ =) (=)
DM \W+,Z,b,r+,t,h...wei,(p),D.

- a,ndry
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c.) radio-waves from synchro radiation of ¢ in GC




¢.) radio-waves from synchro radiation of ¢ in GC

Galactic Bulge Norma Arn

Scutum Arm
Crux Arm

OQuter Arm \ ' - { / Carina Arm

Perseus Arm

\...\....___Equipartiliun B (energy in B ~ kinetic energy)

Sagittarius Arm 10°

- compute the population of -
from DM annihilations in the GC |

- compute the synchrotron emitted power
for different configurations of galactic /5

(assuming ‘scrambled’ B; in principle, directionality
could focus emission, lift bounds by O(some))

constant B



Indirect Detection: constraints
in halo

[N Norma Arm
e

Crux Arm

Carina Arm

Perseus Arm

Sagittarius Arm °* . ' Local Arm
Sun :

- upscatter of CMB, infrared and starlight photons on energetic ¢~
- probes regions outside of Galactic Center
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\ 7 from outside the Galaxy

- isotropic flux of prompt and ICS gamma rays, integrated over z and r
- depends strongly on halo formation details and history
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HESS has detected 7y-ray
emission from Gal Center
and Gal Ridge. The DM signal

must not excede that.
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HESS has detected 7y-ray
emission from Gal Center
and Gal Ridge. The DM signal

must not excede that.

Galactic latitude b (deg)

Moreover: no detection from
Sgr dSph => upper bound. (1,

a) M = 10 TeV into W* W™, Galactic Center b) M =1 TeV into u~u*, Galactic Ridge
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DM DM — uu, Einasto profile
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What if a signal of DM is already hidden
i diffuse 7 data? e
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What if a signal of DM is already hidden
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DM particle
annihilations
produce

free electrons
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PAMELA+FERMI+HESS > 152eme
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free electrons




DM DM - 77, Einasto profile

DM particles that fit
PAMELA+FERMI+HESS
produce too many

free electrons:

bounds on optical depth

of the Universe violated
T =0.084 £+ 0.016 (WMAP-5yr)
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DM DM - 77, Einasto profile

DM particles that fit - -

PAMELA+FERMI+HESS R
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produce too many

free electrons: = T T2 10 K

bounds on optical depth

of the Universe violated
T =0.084 £+ 0.016 (WMAP-5yr)

Starts constraining
even thermal DM!
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- Decaying DM

: Super ,oppltz 0811 0399 Leptophlllc DM - C.Chen, FTakahashl
TTYanaglda 0811 04'?'7 Hldden-Gauge | ‘ I, . ] - Single V- , PXo, 0811.1646: U(1) Lmu-Ltau DM - I.Cholis, G.Dobler,
D. Flnkbelner L.Goodenough, NWemer, 11.3641: 700: 811.44% . _nent DM - M. Ibe I—I Muraya,ma TTYa,naglda 0812.0072: Brelt-

cold substructures - M.Pospelov, M.Trott, C&l ,. 3.

- )

Zhu, 0812.0964: DMnu from GC - M.Pohl, 0812.1174: electrons fisal Kawasaki, ohm K. Na.kayama 0812.0219: DMnu from GC - RAllahverdl
B.Dutta, K.Richardson-McDaniel, Y.Santoso, 06 : : Tams R TYanaglda 0812.2374: Hidden-Fermion DM decays - D.Hooper,
A .Stebbins, K.Zurek, 0812.3202: Nearby DM Y L); “from Barth - Park, Shu, 0901.0720: Split-UED DM - .Gogoladze,

R.Khalid, @.Shafi, H.Yuksel, 0901.0923: CMSSM DM %_sy -0901 1334: Dark Matter: the leptonic connection - E.Nezri, M.Tytgat,
G.Vertongen 0901 2556: Inert Doublet DM - - dJ : U 2 0€ 9-26-. Cascade annihilations (light non-abelian new bosons) - P.Meade,
M.Papucci, T.Volansky, 0901.2925: DM sees the light en, 'ew._I-Iea,vy. Lepton - T.Banks, J.-F.Fortin, 0901.3578: Pyrma baryons -

K.Bae, J.-H. Huh, J.Kim, B. Kyae R Vlolher 0812 S > n fli 9 U( h extra spontaneously broken symmetries and a two component DM
with Zg parity - .. 2 il = Fak


http://www-spires.dur.ac.uk/spires/find/wwwhepau/wwwscan?rawcmd=fin+%22Gogoladze%2C%20Ilia%22
http://www-spires.dur.ac.uk/spires/find/wwwhepau/wwwscan?rawcmd=fin+%22Gogoladze%2C%20Ilia%22
http://www-spires.dur.ac.uk/spires/find/wwwhepau/wwwscan?rawcmd=fin+%22Khalid%2C%20Rizwan%22
http://www-spires.dur.ac.uk/spires/find/wwwhepau/wwwscan?rawcmd=fin+%22Khalid%2C%20Rizwan%22
http://www-spires.dur.ac.uk/spires/find/wwwhepau/wwwscan?rawcmd=fin+%22Shafi%2C%20Qaisar%22
http://www-spires.dur.ac.uk/spires/find/wwwhepau/wwwscan?rawcmd=fin+%22Shafi%2C%20Qaisar%22
http://www-spires.dur.ac.uk/spires/find/wwwhepau/wwwscan?rawcmd=fin+%22Yuksel%2C%20Hasan%22
http://www-spires.dur.ac.uk/spires/find/wwwhepau/wwwscan?rawcmd=fin+%22Yuksel%2C%20Hasan%22

DM need not be absolutely stable,
JU-St' TDM 2 Tuniverse = 4.3 101786(3 Y

The current CR anomalies can be due to decay with:

Tdecay & 10%sec

Motivations from theory®?
- dim 6 suppressed operator in GUT

1 TeV ; MGUT >4
~ 3 - 10%
g i < MDM > (2 . 1016 GeV

- or in TechniColor
- gravitino in SuSy with broken R-parity...



Indirect Detection
and from DM decay in halo
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What sets the overall expected flux?
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Which DM spectra can fit the data®?
B.g. a fermionic DM — g @ v with Mpy = 3.5TeV :
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Beware of gamma ray constraints
(but no radio, neutrino constraints)

DM - uu, Einasto profile

DM - ee, Einasto profile
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- Decaying DM

: Super ,oppltz 0811 0399 Leptophlllc DM - C.Chen, FTakahashl
TTYanaglda 0811 04'?'7 Hldden-Gauge | ‘ I, . ] - Single V- , PXo, 0811.1646: U(1) Lmu-Ltau DM - I.Cholis, G.Dobler,
D. Flnkbelner L.Goodenough, NWemer, 11.3641: 700: 811.44% . _nent DM - M. Ibe I—I Muraya,ma TTYa,naglda 0812.0072: Brelt-

cold substructures - M.Pospelov, M.Trott, C&l ,. 3.

- )

Zhu, 0812.0964: DMnu from GC - M.Pohl, 0812.1174: electrons fisal Kawasaki, ohm K. Na.kayama 0812.0219: DMnu from GC - RAllahverdl
B.Dutta, K.Richardson-McDaniel, Y.Santoso, 06 : : Tams R TYanaglda 0812.2374: Hidden-Fermion DM decays - D.Hooper,
A .Stebbins, K.Zurek, 0812.3202: Nearby DM Y L); “from Barth - Park, Shu, 0901.0720: Split-UED DM - .Gogoladze,

R.Khalid, @.Shafi, H.Yuksel, 0901.0923: CMSSM DM %_sy -0901 1334: Dark Matter: the leptonic connection - E.Nezri, M.Tytgat,
G.Vertongen 0901 2556: Inert Doublet DM - - dJ : U 2 0€ 9-26-. Cascade annihilations (light non-abelian new bosons) - P.Meade,
M.Papucci, T.Volansky, 0901.2925: DM sees the light en, 'ew._I-Iea,vy. Lepton - T.Banks, J.-F.Fortin, 0901.3578: Pyrma baryons -

K.Bae, J.-H. Huh, J.Kim, B. Kyae R Vlolher 0812 S > n fli 9 U( h extra spontaneously broken symmetries and a two component DM
with Zg parity - .. 2 il = Fak


http://www-spires.dur.ac.uk/spires/find/wwwhepau/wwwscan?rawcmd=fin+%22Gogoladze%2C%20Ilia%22
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- Minimal extensions of the SM:
heavy WIMPS (Minimal DM, Inert Doublet)

- More drastic extensions:
New models with a rich Dark sector

- TeV mass DM

- new forces (that Sommerfeld enhance)

- leptophilic because: - Kinematics (light mediator)
- DM carries lepton

- Decaying DM



http://www-spires.dur.ac.uk/spires/find/wwwhepau/wwwscan?rawcmd=fin+%22Khalid%2C%20Rizwan%22
http://www-spires.dur.ac.uk/spires/find/wwwhepau/wwwscan?rawcmd=fin+%22Khalid%2C%20Rizwan%22
http://www-spires.dur.ac.uk/spires/find/wwwhepau/wwwscan?rawcmd=fin+%22Shafi%2C%20Qaisar%22
http://www-spires.dur.ac.uk/spires/find/wwwhepau/wwwscan?rawcmd=fin+%22Shafi%2C%20Qaisar%22

Basic ingredients:

X Dark Matter particle, decoupled from SM, mass M ~ 700+ GeV

¢ new gauge boson (“Dark photon™),
couples only to DM, with typical gauge strength, m, ~ few GeV
- mediates Sommerifeld enhancement of xXx annihilation:
aM/my =1 fulfilled
- decays only into ete” or puu~
for kinemastical limit




Basic ingredients:

X Dark Matter particle, decoupled from SM, mass M ~ 700+ GeV

¢ new gauge boson (“Dark photon™),
couples only to DM, with typical gauge strength, m, ~ few GeV
- mediates Sommerifeld enhancement of xXx annihilation:
aM/my =1 fulfilled
- decays only into efte  or b g/
for kinemastical limit

BExtras:

X isa multiplet of states and gb 1S non-abelian gauge boson:
splitting oM ~ 200 KeV (wvia loops of non-abelian bosons)
- inelastic scattering explains DAMA
- eXcited state decay xx — xX explains INTEGRAL

e e



Phenomenology:  Direatou'y” (NFW)

FPAMELA Positrons
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--- GR.

SgrdSph (NEW) | /7
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* pioneering: Secluded DM, U(1) Stuckelberg extension of SM

* Axion Portal: ¢ is pseudoscalar axion-like

W singlet-extended UED: X is KK RNnu, ¢ is an extra bulk singlet

* split UED: X annihilates only to leptons because quarks are on another brane

* DM carrying lepton number: X charged under U(1)r,_1.,, ¢ gauge boson
(mg ~ tens GeV)

* New Heavy Lepton: X annihilates into = that carries lepton number and
decays weakly  (~TeV) (~ 100s GeV)




You need a quick reference for formulee and methods
to compute indirect detection signals?

You want to compute all signatures of your DM model in
positrons, electrons, neutrinos, gamma, rays...
but you don’t want to mess around with astrophysics?



You want to compute all signatures of your DM model in
positrons, electrons, neutrinos, gamma, rays...
but you don’t want to mess around with astrophysics?

‘The Poor Particle Physicist Cookbook
for Dark Matter Indirect Direction’

PPPC 4 DM ID

We provide ingredients and recipes for computing signals of TeV-scale
Dark Matter annihilations and decays in the Galaxy and beyond.



http://www.marcocirelli.net/PPPC4DMID.html
http://www.marcocirelli.net/PPPC4DMID.html

You want to compute all signatures of your DM model in
positrons, electrons, neutrinos, gamma, rays...
but you don’t want to mess around with astrophysics?

Propagation functions for electrons and positrons everywhere in the Galaxy:

Energy loss coefficient function b[E, 1, z] for electrons and positrons in the Galaxy: Mathematica function b,m. refer to the notebook Sample.nb for usage.

Annihilation Decay
Positrons: The file ElecironHaloFunctGalaxyAnn.m provides the halo functions  Positrons: The file ElecironHaloFunctGalaxyDec.m provides the halo functions
I{x.E.r.z) at o point [r.z) in the Galaxy. I{x.E.r.z) at @ point [r.z) in the Galaxy

The notebook Sample.nb shows how to load and use it. The notebook Sample.nb shows how to load and use it.

Propagation functions for charged cosmic rays at the location of the Earth:

Annihilation Decay

Positrons. The file ElectronHaloFunctEarthAnn.m provides the halo functions Positrons:. The file ElectronHaloFunctEarthDec.m provides the halo functions
I(x.Eyrearm) ©f the location of the Earth. I(x.Eyreqrsn) Of the location of the Earth.
The notebook Sample.nb shows how to load and use it. The notebook Sample.nb shows how to load and use it.

-

Table of fit coefficients for the reduced halo function I{A) lable of fit coefficients for the reduced halo function IA)
(in the approximated formalism - see paper). (in the cpproximated formalism - see paper).

Antiprotons:  Table of fit coefficients for the propagation function R(T). Antiprotons:  Table of fit coefficients for the propagation function R(T).

Antideuterons: Tgble of fit coefficients for the propagation function R(T). Antideuterons: Table of fit coefficients for the propagation function R(T).

Fluxes of charged cosmic rays at the Earth, after propagation:

Annihilation Decay
Positrons: Mathematica function: the file ElecironFluxAnn.m provides the Positrons: Mathematica function: the file ElectronFi

-

«Dec m prOVI‘deS the

-



http://www.marcocirelli.net/PPPC4DMID.html
http://www.marcocirelli.net/PPPC4DMID.html
http://www.marcocirelli.net/PPPC4DMID.html

You want to compute all signatures of your DM model in
positrons, electrons, neutrinos, gamma, rays...
but you don’t want to mess around with astrophysics?

Main added value features:
compare different MCs

include EW corrections

improved e propagation

improved ICS ~y-ray computation


http://www.marcocirelli.net/PPPC4DMID.html
http://www.marcocirelli.net/PPPC4DMID.html
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Background rejection

Calibration Data

ZEPLIN II, III
XENON
WARP
ArDM

n

EDELWEISS
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N
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Q
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-
g
=
5
g

ZEPLIN 1

DAMA CRESST II

XMASS ROSEBUD
DEAP

Mini-CLEAN - 30 5 60

Recoil Energy (keV)

CRESST 1

measure two quantities to discriminate Sign & Bkgd,
on event-by-event basis
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2-4 keV
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An instrumental effect?

Summary of the results obtained in the additional
investigations of possible systematics or side reactions

Source

RADON
TEMPERATURE

NOISE

ENERGY SCALE
EFFICIENCIES
BACKGROUND

(DAMA/LIBRA - NIMA592(2008)297, EPJC56(2008)333)

Main comment Cautious upper
limit (90%C.L.)
Sealed Cu box in HP Nitrogen atmosphere, <2.5x10-¢ cpd/kg/keV
3-level of sealing, etc.

Installation is air conditioned+

detectors in Cu housings directly in contact <10 cpd/kg/keV
with multi-ton shield— huge heat capacity

+ T continuously recorded

Effective full noise rejection near threshold <10 cpd/kg/keV
<1-2 x10* cpd/kg/keV
Regularly measured by dedicated calibrations <10 cpd/kg/keV

Routine + instrinsic calibrations

No modulation above 6 keV;
no modulation in the (2-6) keV
multiple-hits events;

this limit includes all possible
sources of background

<104 cpd/kg/keV

SIDE REACTIONS Muon flux variation measured by MACRO  <3x10-5 cpd/kg/keV

+ even if larger they cannot
satisfy all the requirements of
annual modulation signature

Thus, they can not mimic
the observed annual
modulation effect
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An instrumental effect?

Summary of the results obtained in the additional

investigations of possible systematics or side reactions
(DAMA/LIBRA - NIMA592(2008)297, EPJC56(2008)333)

Source Main comment Cautious upper
limit (90%C.L.)
RADON Sealed Cu box in HP Nitrogen atmosphere, <2.5x10-¢ cpd/kg/keV
3-level of sealing, etc.
TEMPERATURE  Installation is air conditioned+
detectors in Cu housings directly in contact <10 cpd/kg/keV
with multi-ton shield— huge heat capacity
+ T continuously recorded

NOISE Effective full noise rejection near threshold <10 cpd/kg/keV
ENERGY SCALE  Routine + instrinsic calibrations <1-2 x10-* cpd/kg/keV
EFFICIENCIES Regularly measured by dedicated calibrations <10 cpd/kg/keV

BACKGROUND No modulation above 6 keV;
no modulation in the (2-6) keV <104 cpd/kg/keV
multiple-hits events;
this limit includes all possible
sources of background

SIDE REACTIONS Muon flux variation measured by MACRO  <3x10-5 cpd/kg/keV

+ even if larger they cannot Thus, they can not mimic

satisfy all the requirements of the observed annual
annual modulation signature modulation effect

SAINT-GOBAIN

NalI(Tl) crystals might be activated
by cosmic muons (modulated!) and
release pulses minutes/days later.
IceDM will test perhaps.
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We lack a satisfactorily explanation [...].

It 1 1S temptmg to consider a cosmologlcal

origin [...]. Prudence and past experience

inrompt us to continue work to exhaust
ess exotic possibilities.
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A. Bottino, F. Donato, N, Fornengo, S. Scopel (2010)
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Unchanneled on,/ if recoiling nucleus is channelled,

: ‘no’ energy lost thermally i.e.
more scintillation (higher quenching),
smaller reconstructed mass
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A. Bottino, F. Donato, N. Fornengo, S. Scopel (2010)
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11.17 live days
Nno events seen
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Footnote:

XenonlO & CDMS w/o background
discrimination also impose limits

WIMP mass (GeV/cZ,)



A. Bottino, F. Donato, N. Fornengo, S. Scopel (2010)
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Manzur (2010)
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SM weak scale SI interactions
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SM weak scale SI interactions

otill viable under
which conditions?

DM
tree level,
vector
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- real particle
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SM weak scale SI interactions

otill viable under
which conditions?

DM
tree le vel,

VSGoor .
- real particle
(Majorana, fermion, real scalar)

- hypercharge Y = 0




SM weak scale SI interactions

DM
tree le vel,

Z A
AVAS{ 61K 0] &

N

DM\/DM tres level,

K calar

one loop

otill viable under
which conditions?

- real particle
(Majorana, fermion, real scalar)

- hypercharge Y = 0

- SD interactions only
- iInelastic scattering
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The jury is out. Anyyway: the parameter space iy infinite!
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1) galaxy rotation curves
UC(T) o \/QGNM(T‘)

NGC 6503
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“bullet cluster” - NASA
astro-ph/0608247

* {further developmerts]
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1) galaxy rotation curves
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Multipole ¢

: : (you need DM to gravitationally
(in particular: no DM => no 3@ peak!) “catalyse” structure formation)
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Boltzmann equation
in the Early Universe:
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Solar wind Modulation of cosmic rays:
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Solar polarity Modulation of cosmic rays:

solar magnetic polarity reverses at (the max of) each cycle;
during ‘- polarity’ state, positive particles are more deflected away
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Is Dark Matter around the corner?

In predictive models, a prediction can be given.
In general, generic statements are difficult.

Direct detection:

- experiments are digging into the relevant parameter space
- but the parameter space is huge

Indirect detection:

- need to understand ‘background’ astrophysics

- new DM models open new avenues with promising signals
- very promising if (Sommerfeld?) enhancement is at play






