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EXpIOSiOﬂ Of aC’[iVi’[y (whether it is/was justified or not)

4+ RECENT PAST 4+ PRESENT/FORTHCOMING FUTURE

Indirect detection

WMAP (+haze?) LHC
SPI/INTEGRAL PLANCK

PAMELA,FERMI CDMS + XENON

Direct detection AMS

CDMS/XENON100
vs DAMA/CoGeNT

Where do we stand

and
my opinion about where we are going...
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Questioning the old hypothesis!
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he relic density paradigm

e Hypothesis until the 2000s:
*thermal (annihilating)

*symmetric (n_DM = n_antiDM)

Boltzmann equation

*weakly interacting no Particle Physics!
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Annihilations
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he relic density paradigm

e Solutions of the Boltzmann equation requires no Particle Physics input !

e BUT ... it does give an information about DM particle properties:

number of DM particles

3. 1072"em? /s
Qg h?

(o) =

Before annihilations
become effective

expansion has won!
- Annihilations become ineffective

a cross section
defines the slope

annihilations efficiency

Thus only one

value of the cross

section works!

P

stop at the same x= m/T!
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The relic density paradigm

tan3=10, n>0
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The CMSSM parameter
space is being more and
more reduced
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The relic density paradigm revived
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And, on top of coannihilations, there are focus points and Higgs resonance

These open up the parameter space again!
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WIMP-Nucleon Cross Section [cm?]

Strength of interactions questioned

Plethora of experiments but ...
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And, in fact, one should question the strength of interactions

* DM particles must have a mass
* DM particles must have interactions
* DM particles experience the thermal history of the Universe

*¥* mass = non relativistic transition time
«¢* interactions = decoupling time
«¢* thermal history = equality time

Equality
matter-
radiation

6 categories of DM candidates!
(never realized before)

elg!
relativistic
transition

Thermal
decoupling

Among which one expects
new types of DM candidates!
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Let us question the strength of interactions

Non-relativistic

Decoupling equality

v

Region I "adec(dm) <"6Lm« < afiCI(V-I-V)
Region II  a,, < Udec(dm) < teg(y+0)
Region I a, < (eg(y+v) < (dec(dm)

Region IV Qdec(dm) < Oeg(y+v) < lny
Region V' teg(y40) < dec(dm) < tnr
Region VI teg(y40) < tnr < Adec(dm)

Interaction rate at decoupling!
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The mass limit dogma

Hut-Lee&Weinberg (massive neutrinos): OV

: ¢* DM is a fermion
general assumptions

¢* A heavy particle is exchanged

m _
ov o< —4m — 3107 cm? /s

Mdm > O(l)GeV i
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The mass limit dogma

(E'?;I.- ______ e 1
- ov ox — =3 107%° cm?/s
mp
dm* et

Mdm 18 not constrained!

But direct detection experiments

Annihilating DM can be lighter than 10 GeV cannot easily go down 10 GeV
In fact, it can be as light as a few keV... P ——

Note that MeV DM could also be interesting (cf 511 keV line)!

dm e-

Galactic latitude (degrees)
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The thermal hypothesis questioned”?

e Interests for keV (non thermal) sterile neutrinos

e F| mechanism

¢ Sommerfeld enhancement
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The final states of DM annihilations thought again

Direct Detection based on DM interactions with quarks: Leptophilic DM could explain the absence of signal!

Still a chance to explain PAMELA but FERMI experiment is very constraining!
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Time to focus again ...
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DM parameter space which has been looked at

Theoretically, we have explored a small region of the parameter space. i

Experimentally, we tested an even smaller region
(at least directly) and yet not so many other possibilities in the end...
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What to expect?
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Cosmology can reduce the parameter space further

The sole requirement that the free-streaming length ¢ v; dt

does not exceed the length of the smallest fluctuations Lpai) o /t T
needed to survive to explain the formation of objects A
down to 1076 Msol cuts part of the parameter space

The decoupling time is important!!!
Region Il

Strongly interacting DM

Weakly Interacting DM

Interaction rate at decoupling!

> DM mass

keV MeV GeV TeV
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Cosmology can be even more powerful!

DM interactions cannot be arbitrarily large (even with baryonic matter or themselves, cf self-interactions)

P(k) for DM interactions = u * Thomson cross section
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Cosmology can be even more powerful!

Oscillations are a distinctive sign
They should lead to a signature at least
in the Planck ClI

104 ¢

—
o
W

—
o
N
T

T5 [I(1+1) C, / 21] (uK?)

10

Wednesday, 10 August 2011



Cosmology can be even more powerful!

annihilating DM

v=143 GHz

Maybe by exploring the
PLANCK experiment
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Parameter space that should be accessible

A self-interagtions constrained by P(k)

baryonic interactions constrained by P(k),
bullet clusters, LHC, DM direct detection
experiments

A

Mass constrained by P(k)
LHC perhaps also depending on interactions

Weakly Interacting DM

LHC, DM indirect detection,

direct detection experiments
and perhaps cosmology too!

Interaction rate at decoupling!
DM future DD experiments

> DM mass

keV MeV GeV TeV
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Will there be a discovery?
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One important assumption (fact ?);

We live In a DM halo!

*¢* Direct detection may be possible

DM + Nuclei -> DM+Nuclei + energy/light/crystal excitation

¢*Indirect detection may also occur

DM + DM -> cosmic rays

DM -> cosmic rays
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An example Supersymmetric DM: is it still viable?
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Dispute over the low mass range but ...

S2: ionization
S1: scintillation
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We need to use present experiments to help us
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There are also (astrophysical) uncertainties on the detection rate

Wednesday, 10 August 2011



Can SUSY

DM be still in the game”?

constraint value/range tolerance applied

At I OW m a S S? Smasses - none both

= Qwuaph* |0.01131-0.1131 0.0034 both

(g—2)u 25.510°10 stat: 6.3 10710 both

sys: 4.9 10710

Ap <0.002 0.0001 MSSM

b—sy  |3.52107%[38, 39] th: 0.24 10~* both

exp: 0.23 10~

By — utu <4.710°8 4710710 both

R(B — 1v) 1.28 [38] 0.38 both
€ 10% - — . 7 my > 114.4 1% MSSM
= | —— xenon100 i Z— %1% <1.7MeV 0.3 MeV MSSM
%™ L . none NMSSM
i - 1 ete™ = xix23| <O0.1pb [40] 0.001 pb MSSM
B ] none NMSSM
- - AM; 117.010713 GeV | th: 21.1 10713 GeV |NMSSM

exp: 0.8 10713 GeVv
i 7 AM, 3.33710713 GeV | th: 1.251 1013 GeV |[NMSSM
exp: 0.033 10713 GeV
10—42 L _|

Mo [GeV]

FIG. 3: MSSM-EWSB scenario with g > 0 and m, < 15 GeV. Spin-
independent cross section on proton times the fraction of neutrali-
nos in the Milky Way dark halo (§) versus the neutralino mass nzy.
The dark red (light pink) points have a likelihood greater than 99.4%
(68%).
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Light MSSM neutralinos are out...
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FIG. 5: Integrated y-ray flux from the Draco dwarf spheroidal galaxy
as a function of the neutralino mass in the myo < 30 GeV search. We FIG. 2: Allowed points in the tan 3 vs. M4 plane in the m © < 30 GeV
1
show limits from Fermi-LAT. Same color code as Fig. 4. search. We show only the region where My < 500 GCV The ex-

clusion limit from CMS is also displayed. In yellow (red), points
excluded by one (two) constraint and in black those excluded by
three constraints (CMS, XENON100 and dSph as described in sec-
tion IIT A). The shading represents Q; weights of darker points are at
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30.

LHC + Direct Detection+ Indirect detection:

the perfect gun machine?
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Complementarity of the 3 types of experiments
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FIG. 5: Integrated y-ray flux from the Draco dwarf spheroidal galaxy

as a function of the neutralino mass in the My < 30 GeV search. We

show limits from Fermi-LAT. Same color code as Fig. 4.
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FIG. 4: Points of the Myo < 30 GeV search represented in the £/

vs. neutralino mass plane. Exclusion limits from CDMS-II [29] and
XENON100 are shown. The color code is the same as in Fig. 2,
green points are allowed.

Light MSSM neutralinos should
not resist a very long time...
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Another SUSY example: NMSSM

Here we are, light neutralinos...
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Sut may never be discovered In fact!
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Although LHC might help...
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Should we be worried?
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Conclusion of 10-20 years of DM hunting

self-inter:ictions constrained by P(k)

'_ baryonic interactions constrained by P(k),
bullet clusters, LHC, DM direct detection
experiments

/l

Mass constrained by P(k)
LHC perhaps also depending on interactions

Weakly Interacting DM

If itis in Region Il it is unlikely to be the
MSSM neutralinos. But we need to wait for
charged coloured particles searches at LHC.
If none are seen,we can start to explore the
regions with green stars but chance of

DM future DD experiments

detection will be smali!!!!

Interaction rate at decoupling!

. X > DM mass

keV MeV GeV TeV
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F. production cross sections at parton level
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F. production cross sections in p-p collisions
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FIG. 1: F; production cross sections. Left panel: at the parton level, assuming mr = 300 GeV, ¢; . = 1 and obtained by using the function c522
implemented in micrOMEGAs. Middle panel: at the proton level, with mp = 300 GeV, ¢;,- = 1 and obtamned by using hCollider. Right panel:
dependence of the cross section with mg,. Same parameters as middle panel but /5 =10 TeV.
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More on propagation

A
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:l Assume that diffusion zone is well approximated by a cylinder
___J

Radius of the cylinder

f(AD) — Z Z JO(aiT?/Rga.l) Qn(z) eXP {_C’fi,n (g — ES)} Ri,n

T - \ A A

Bessel in r_cyl Fourier in z_cyl

Source term
Propagation length

= 6(5—]. - Edf_l
)\D_ — 407 £ 1 (;’

K(x, E) = K; e where € = E/Ey

Finally flux is proportional to the integral over l.o.s (and dE) of f(AD)
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