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Introduction

Dark Matter (DM) missing in the Standard Model (SM) ! different
candidates predicted by BSM models.

Consider a simpli�ed model where DM is scalar
or vector produced through the decay of an
extra charged lepton (XL). New particles odd
under a Z2 symmetry. Representative of UED models

amongst others.

E+

l+

DM

Constraints from different observables: cosmology, direct and
indirect DM detection, SM lepton dipole moments, �avour and
collider physics.

) Goal: From a model-independent analysis, we want to obtain
constraints on a general model featuring DM and XL.
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where

E extra charged lepton,

N extra neutrino,

S0
DM and V0

DM are scalar and vector DM.

) Here we will only focus on the charged lepton E.
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) Non-minimal extension because of S+ =V+ and E ��
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Remark: coupling with the W only present for doublet XLs.
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Branching ratios

BP1 BP2 BP3 BP4 BP5 BP6 BP7

100%e 100%� 100%� 50%e; � 50%e; � 50%�; � 33%e; �; �

Relic density, direct and indirect detection, EWPTs, corrections to Z width

FCNC Z decays into leptons
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7 benchmark points with different branching ratios (BR) considered.
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Scenario Couplings (scalar DM) Couplings (vector DM)

L � f
11 = 0 gf

11 = 0

R � f
21 = 0 gf

21 = 0

V � f
11 = � f

21 gf
11 = gf

21

A � f
11 = � � f

21 gf
11 = � gf

21

4 different chiralities with different couplings L/R.
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Value of the relic density driven by the
annihilation of two DM particles (cf diagrams).
Value of 
 DM computed numerically using
MadDM and compared to the experimental
value


 DM = 0:1198 � 0:0026:
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Overabundant region excluded but not underabundant one if
multicomponent DM.
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Value of 
 DM computed numerically using
MadDM and compared to the experimental
value


 DM = 0:1198 � 0:0026:

DM

DM

E+

l+i

l �j

Overabundant region excluded but not underabundant one if
multicomponent DM.

Only main contribution considered (cf diagram) ! need to include
photon Bremsstrahlung1?

1A. Ibarra et al., Sharp Gamma-ray Spectral Features from Scalar DM Annihilations
F. Giacchino et al., Bremsstrahlung and Gamma Ray Lines in 3 Scenarios of DM Annihilation
T. Toma, Internal Bremsstrahlung Signature of Real Scalar DM and Consistency with Thermal Relic
Density
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g � 2 correction

Measurement of the electron and
muon anomalous magnetic
moments (g � 2) very precise.

Contributions to g � 2 (cf diagram)
computed analytically and
compared to their experimental
values




E

e; �

E

e; �

DM

� (g � 2)exp� SM
e = ( 1:06 � 0:82) � 10� 12

� (g � 2)exp� SM
� = ( 25:5 � 8:0) � 10� 10
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values




E

e; �

E

e; �

DM

� (g � 2)exp� SM
e = ( 1:06 � 0:82) � 10� 12

� (g � 2)exp� SM
� = ( 25:5 � 8:0) � 10� 10

Remark: (g � 2)� not considered because only imprecise experimental
bounds available.
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Collider signatures

Collider signatures constraint mainly couplings between the XL and the SM
gBEE (B = W ; Z) but not the coupling with the DM at tree-level and in the
NWA.
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Main collider constraints: correction to the Z � l � l vertex, Z and Higgs
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LHC Scan over the masses and couplings with the SM states gBEE to get
tree level constraints using

MadGraph5 (parton level),

Pythia (hadronisation and parton shower),

CheckMATE (Atlas and CMS searches).

LEP should give better constraints than LHC for the Z width correction.
Further constraint given by the cross-section for W-pair production and
for � + -pair production where � + decays to a 2-body ~� -l �nal state.

Next step: loop level results and LEP bounds (important for limiting the
couplings).
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Relic density and g-2

Preliminary results combining relic density and g � 2 constraints very interesting

BP1 with scalar DM and V coupling completely excluded,

most of the parameter space excluded for BP2 with scalar DM and L
coupling.
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LHC

gV = gZEE determines CS for �xed
masses, coupling between XL, DM and
SM leptons � f

ij /g
f
ij only affect the width

of the XL.

Recasting of 8TeV LHC data for BP2,
V coupling and scalar DM can exclude
a large part of the parameter space.

LEP Recasting of 209 GeV LEP search (� + � � ! ~� ~� � l+ l � ) only exclude
ME < 100 GeV for large value of gZEE ...

) Need to consider loop effects .
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Conclusion

Several observables considered to constraints a model including a XL and a DM
candidate:

relic density and g � 2 constraint strongly free parameters,

LHC results give interesting constraints depending on the value of gZEE .

LEP results don't give us much exclusion for the moment,

Further studies:

relic density including brehmsstrahlung

collider contraints at loop level ,

direct and indirect detection of DM ,

�avour changing neutral current (cf diagram),

(g � 2) � corrections (?).

�

E+

DM

e




�
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Thank you for your attention.
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