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Overview

) The DM puzzle
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V1) FERMI analysis
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Dark Matter

CMB (WMAP) Galactic Scale

SUSY : neutralino, gravitino..
KK modes (Extra Dim.) 749% Dark Energy
Extra U(1) boson mbye)

Sterile right handed neutrino

Weak scale scalal



y ray lines (annihilation)
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yray lines (Decaying)
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Anomalies In particle physics
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Anomalies : quantum corrections destroy the symmetas of the cassical theory

If the symmetry is local, the gauge anomaly causes tl@ss ofunitarity , which is to
say theconsistencyof the theory

A mechanism of anomaly cancellation should be imped to the mocel
Example : leptophylic DM
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INDEPENDENT OF THE MASSES OF THE FERMIONS
RUNNING IN THE LOOPS (decoupling theorem)




Solving the problem..

o I i, g e i, g e I i, gl e I, gl e I, gl e Il gl W e

W 2000

1000 -

~ S o>1-

200 -

W W

100

500 -

|w---|w-w'\n.'.':"l"'"""l""t’t‘g&w
000 Apamodel TTeeeelll L e
i R
—
I Hessexe
II
/
¢
05 1.0 15 20 25 30 35 40
Mpym [TeV]

Lost of unitarity

e Y, Y
Yu% - Yu%

'p Miracle !

G(Qe -3 Qq)



EXxplicit construction
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Anomalie cancellation :
Green-Schwarz mechanism

Anastopoulos Bianchi, Dudas Kiritsis 06
Anastopoulos Fucito, Lionetto, Pradisi, Racioppi, Stanev08
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Peccei-Quinn terms

Chern-Simons terms

XA,
X
O Lyar= - 0 ( : Y, )

Heavy Fermions @h)



Effectlve coupllngs [,eff Lmops
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[Kumar, Rajaraman,

Peccel-Quinn Chern-Simons  Wells 08]
[YM 09]

0 Ly =0 3 Ward identities + (k;k,) symmetries
-> the vertex can be express as function of |B B,| = 1/A%,

With B ;, B, = computableloops integrals

Cc : only 3 parameters : Ay [<S>]; My [0y] ; MX [Y pean]



Interpretation as higher dimensional
operators

Antoniadis, Boyarski, Ruchavki, Wells 09
Dudas, YM, Pokorski, Romagnoni09
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L =\1/IMY*{b Tr[F'F Y FY] + (:8“"90(@u a) (D, H)* FYpcj H},
with

Da=da-gA,; D,=d,-gY,—i1g A,

—> Masses suppression coming from the fermions
which decouple afterU’(1) breaking

Equivalent to the D’Hoker-Farhi term
{1/(H*H) givpo (Q)lJl a) (D, H)* F¥ ; H} for SM

Remark :if two Z’ are present, we can build an unsupressed opator,
ewre (Da) (Dyay) FY g



Dark matter Annlhllatlon channels

Srvon Ao b,
B AN,

X Y
My > My (natural) My < MX (unatural)
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LHC production

Kumar,Wells 08
Antoniadis Boyarski Ruchavski, Wells 09
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The relic density
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Indirect detection:

examples of spectrum

Mdm = 257 GeV
Mz’ =558 GeV
Q =0.088

100

200 30

Ebin (GeV)

E,= M, [1 - (M,/2M,)?]



Indirect detection astro-parameters

Signal to noise ratio
12 time greater than
GC

V000000000

Independant of the Galactic profile

Galactic Centered Annulus
(Stoehr et al 2003, GLAST col. 2008)

JAQ ~ 10
1w T 1 : :
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| o Galprop conventional model
st B for the background

5 years of data, signals at& and

95% CL
[FERMI estimates, Morselli et al. 08]
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Observability

E *dN/dE
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Mdm = 257 GeV

Mz’ =558 GeV
Q =0.088

Flux (/sr/lcm2/s)
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Conseguences oMx and Mchi
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An extension : Higgs In Space

Jackson, ServantShaughnesszTait, Taoso09

X Top quark




Direct detection




Mini -conclusions

An (In)visible Z’ can be quite visible

Indirect detection could be THE ONLY WAY to observeit

1 yray line is a smoking gun signal distinguishing itlearly
from other constructions

Possibllity to test up to 5TeV BSM scale at FERMIalescope



