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Introduction
Dark Matter
Evidence

Image and plot from: ESA and the Planck Collaboration, 2013.

The CMB spectrum

Image from: D. Clowe et al, Astrophys. J. 648, L109 (2006).
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The Bullet cluster

Galactic rotation curves

Plot credit: M. Chan et al, arXiv:1301.6640.
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Plot from: Chan, Man Ho and Ehrlich, Robert, arXiv:1301.6640Image from: Hubble Space Telescope (NGC 4911 in the Coma Cluster)

The Coma Cluster
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Theoretical Approaches

Effective Field Theories Simplified Models UV Complete Models
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Simplified Models
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Visible SectorDark Sector

Portal? ?

? ?
New Gauge Symmetries SU(3)c×SU(2)L×U(1)Y
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Majorana fermion

Natural consequence of a symmetry 
breaking chain in GUTs and other 

extended groups. 

If the SM Higgs is not charged under U(1)', 
there is no mass mixing and Z' is the only 
portal. Here, Z' couples to the SM exactly 

as Z does, hence Sequential.
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Constraints
Relic Density

(through thermal production)
[Planck 2015 results, 

Astron. Astrophys. 594 (2016) A13]

Calculated using  MicrOmegas 4.3.2.
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q q

SDp SDn

(One unpaired proton in C3F8)

(One unpaired neutron in Xe)

+[PICO Collaboration, 
Phys. Rev. Lett. 118, 251301 (2017)] [LUX Collaboration, 

Phys. Rev. Lett. 118, 251302 (2017)]

[XENON Collaboration, 
  arXiv:1705.06655]

[XENON Collaboration, 
JCAP 1604 (2016) no.04, 027]
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b Neutrino flux is connected to DM capture and 
annihilation.
c Once the equilibrium is reached the annihilation can be 
removed and limits can be imposed on the capture rate.



Constraints
Direct Detection 2

νν
b Neutrino flux is connected to DM capture and 
annihilation.
c Once the equilibrium is reached the annihilation can be 
removed and limits can be imposed on the capture rate.

[IceCube Collaboration, 
Eur. Phys. J. C (2017) 77: 146]



Constraints
Direct Detection 2

νν
b Neutrino flux is connected to DM capture and 
annihilation.
c Once the equilibrium is reached the annihilation can be 
removed and limits can be imposed on the capture rate.

Subdominant, but limits 
closer to those of DD 

Experiments (PICO-60).

Dominant, but limits 
coming from DD 

Experiments (XENON1T, 
LUX) are several orders of 

magnitude stronger.
[IceCube Collaboration, 

Eur. Phys. J. C (2017) 77: 146]
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[ATLAS Collaboration, 
  arXiv:1707.02424]
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Perturbativity

As this is not a UV complete theory, the model 
exhibits an odd behavior in the process                       

This is due to the contribution from Z'L to the diagram. Unitarity can be restored once 
the scalar that breaks U(1)' is introduced.



Constraints
Perturbativity

As this is not a UV complete theory, the model 
exhibits an odd behavior in the process                       

This is due to the contribution from Z'L to the diagram. Unitarity can be restored once 
the scalar that breaks U(1)' is introduced.

[F. Kahlhoefer, K. Schmidt-Hoberg, 
T. Schwetz, and S. Vogl,

JHEP 02 (2016) 016]

Hence, a limit on the validity of our results can be translated as
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helicity suppressed

velocity suppressed
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