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: : (you need DM to gravitationally
(in particular: no DM => no 3@ peak!) “catalyse” structure formation)
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Instead of adding matter, modify Newton or GR.
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a? GMm GMag— o

F=m—=—3 e U = — = y=(GMay)* = const
ao r r r
force balance tangential /
acceleration

fits rotation curves very well

pewmll can fit (bullet) cluster if
aisans adding & eV neutrinos...
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How would the power spectra be in MOND/ TéVeS, without DM ?

(here you can make it)

>no 3™ peakl!)

(in particular: no DM

2017) vz /D (1401
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What is the DM??

It consists of a particle.
Permeates galactic haloes.
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Boltzmann equation
in the Early Universe:
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Boltzmann equation
in the Early Universe:
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Boltzmann equation
in the Early Universe:

6 10 2"cm?>s—1

QD ~
o (Cannll

Relic Qpym >~ 0.23 for ;\«:v
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direct detection
Xenon, CDMs (Dama/Libra?)

production at colliders -
LH

Y 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

J from annihil in galactic halo or center
GAPS

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

rand - from DM annihilations in halo
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Indirect Detection: basics

and from DM annihilations in halo

Galactic Bulge Norma Arm
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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


keynote:/Users/mcirelli/Documents/talks%20and%20seminars/35.DM%20pheno%20review/03.DMphenoreview.IDAPP%202days%20Paris.key?id=BGSlide-155
keynote:/Users/mcirelli/Documents/talks%20and%20seminars/35.DM%20pheno%20review/03.DMphenoreview.IDAPP%202days%20Paris.key?id=BGSlide-155

Indirect Detection: basics

and from DM annihilations in halo

What sets the overall expected flux?
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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:



Hor illustration:

Boost Factor: |
boost the flux from

Bl ircct Detectl

”

> o &% o,
‘Mada
W R
) >

Kuhlen, Dlemand,

Milky Way o

Resalved Clumps

Pieri, Bertone, Branchini,
MNRAS 384 (2008), 0706.2101




Boost Factor: local enha;
boost the flux from ann . _-"‘? 1—> 20
For illustration: | .

no ‘Clumps
- 1n inner 10 kpc
. (tidal stripping).

- [Millenium Simulation, Carlos Frenk]

Kuhlen, DlemandM& lau 2007

Milky Way

Resalved Clumps

Pieri, Bertone, Branchini,
MNRAS 384 (2008), 0706.2101

Milky Way
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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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Galactic Bulge Norma Arm -
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Sun

' ()
DM)«’WaZ»b,T,t,h... we,'p. D ... anary
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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

| )
,’W_,Z,b,’i'_,t,h...We:’:,(p), D ... and"y

dlogN, /dlogE

b b =) =)
\‘W+,Z,b,7'+,t,h...«~>ei, p), TD i a,ndry

typically sub-TeV energies o



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



Indirect Detection: constraints

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



Indirect Detection: constraints

'e.]y from outside the Galaxy
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Indirect Detection: constraints

'e.]y from outside the Galaxy
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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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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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direct detection
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Search strategy 1:

look for decay subproducts of particles in the same theory
- well studied (477...)

_____ < - model dependent

‘trigger on 4j+41+MET...’

Search strategy &: ‘monaogjets’
- ‘new’
- more model independent
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1) Supernovae type Ia:
‘standard candles’
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High-redshift (z > 0.15) SNe:
* High-Z SN Search Team
© Supernova Cosmology Project

Low-redshift (z < 0.15) SNe:
» CfA & other SN follow-up

o Calan/Tololo SN Search R
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1) Supernovae type Ia:
‘standard candles’

L=4nFd; = 4 CEEE.
\ i

comoving distance

Luminosity

)= [ =2 —/Z = L as fnct of z and
x(@= | e Ho/oue i, SO L as fnct of z and Q) 2,

Well, they are not really standard, let’s standardize them

as measured light-curve timescale

“stretch-factor” corrected
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1) Supernovae type Ia:
‘standard candles’

L=4nFd; = 4 CEEE.
N i

-----
-
-

LU comoving distance =
2% d Z/
x(z) = so L as fnct of z and Oy, O
0 H HO\/QM1+z) SN S
a4 | WWH
' S Bottom line:
S ullah t I (2010) (SCP) ¥ 7
g distant SNe appear dimmer
Miknaitis et al. (2007) o 2 B
oot o sce) than predicted in a Universe
B Amanullah et al. (2008) (SCP) x
2 S NN without DE,
36 Riess et al. (1998) + HZT :
:z'éi%ifim rolteman et (2009 the Universe has accelerated
24 in the past 5 Gyr

0.8
Redshift
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3) CMB:

In principle: another ‘standard ruler’ “:
the size of the sound horizon at z ~ 1100
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“(actually, it’s the ‘same’ ruler as BAQO!)

In practice: DE is too subdominant at z ~ 1100,
there are degeneracies w other effects

Moreover, recently: using weak lensing of CMB light
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- complementarity
- concordance

0. (25 + 0.016
$0v = 0.274 £ 0.007

Other probes played / will play a role:
- cluster counts
- weak lensing...
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What do we know of the
(particle physics) properties
of Dark Energy?
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evolution in time The worst
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