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Our paradigm
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Strongly coupled Light dark matter

Employ non-linearly realised symmetries 
forbiding relevant and marginal operators
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Figure 3.1 – The Feynman diagrams of dark matter production plus one jet. The two diagrams
on the top show specific interaction coming from a complete UV-theory, whereas the diagram
at the bottom shows a very general EFT interaction.

this setup, no prediction can be made.
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t depends on the signal region. The harder the signal region the

higher p j et
t . This gives a good justification to look at lower signal regions where p j et

t is small
and therefore the range of validity of the EFT is maximized.

Safe EFT As in the case of a t-channel mediator the energy is minimized for a single jet at
minimum pt emitted back to back with the dark matter particles. Here the relations are given
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Assumptions for EFT
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• One coupling one scale


• 2 -> 2 processes only


• Only keep lowest order terms and neglect higher order 
ones.


• Respect all the SM (exact and approximate) symmetries


• Non-linearly realised symmetries protect small DM 
masses
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• Symmetry G spontaneously breaks to subgroup H.

• Symmetry breaking pattern G/H dictates degrees of 
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• Write all the interactions compatible with SM symmetries 
(exact and approximate).

• Weight terms that break G/H symmetry by breaking factor

Example 1: Scalar Dark Matter

⇣m�

M

⌘2

�

!11



Scalar DM
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Scalar DM
SU(2)/U(1), only Monojet relevant
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Scalar DM
U(1)/Z2, only Monojet relevant
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Weyl spinors!
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Only unsuppressed if  
SM fermions are composite 

objects, otherwise suppressed 
by compositness:    d  
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Fermionic DM
Example 2: Fermionic Dark Matter
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Fermionic DM

• Naturally light fermion: Chiral-symmetry-breaking or 
Goldstino.

Example 2: Fermionic Dark Matter
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Fermionic DM

• Naturally light fermion: Chiral-symmetry-breaking or 
Goldstino.

• Goldstino -> Majorana; Otherwise Dirac.

Example 2: Fermionic Dark Matter
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Fermionic DM

• Naturally light fermion: Chiral-symmetry-breaking or 
Goldstino.

• Goldstino -> Majorana; Otherwise Dirac.

• Write all the interactions compatible with SM 
symmetries (exact and approximate).

Example 2: Fermionic Dark Matter
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Fermionic DM

• Naturally light fermion: Chiral-symmetry-breaking or 
Goldstino.

• Goldstino -> Majorana; Otherwise Dirac.

• Write all the interactions compatible with SM 
symmetries (exact and approximate).

• Weight terms that break symmetry by 

Example 2: Fermionic Dark Matter
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Fermionic DM

!17

<latexit sha1_base64="X40GtFSmgmfwwDeVndoFGQ47z/c="></latexit>

<latexit sha1_base64="svP8Rb5gTsGNbynWRPH89oXq5D8="></latexit>

Weyl spinors!



Fermionic DM

!17

<latexit sha1_base64="X40GtFSmgmfwwDeVndoFGQ47z/c="></latexit>

<latexit sha1_base64="svP8Rb5gTsGNbynWRPH89oXq5D8="></latexit>

Dirac Fermion, monojet relevant

Weyl spinors!



Fermionic DM
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Fermionic DM
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Symmetry breaking effects
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Composite Vectors
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Composite Vectors
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Message

• Operators might be more suppressed than expected


• Consistent analysis of data within the framework of EFTs 
is possible and sometimes needed


• We can test well define hypotheses on UV physics


• Complementarity between collider searches and direct 
detection is sometimes lost
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