
  

LHC searches for DM with 
Single Gauge Boson Events
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Use colliders to constrain parameters in models 
of DM in this case by considering the pair 

production of DM particles along with a single 
gauge boson



  

Consider Effective operator Analysis for DM 
particles to couple to pairs of Z bosons

Expect process pp- Zχχ at LHC single Z+MET

Recast the ATLAS ZZ -llνν search  as bound on 
DM production 



  

For single Z events, we expect 2 kinds of 
operators to be relevant to this analysis

● Those where pairs of DM particles couple to 
pairs of quarks 

And

● Those where pairs of DM particles couple to 
pairs of Gauge Bosons



  

Effective Operator Analysis: DM-
Quark/Gluon Couplings

Consider  all  operators which contribute to the 
effective couplings between pairs of quarks and 
DM particles 
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Apply Effective  Operator method to other LHC 
collider signals outside of monojet singals

 Use Mono Z searches to constrain DM 
parameter-space of effective operators where  

where DM particle couple to pairs of Z 
bosons,or to pairs of quarks



  Quark radiates Z boson in initial state

Pair of DM particles produced



  

Quark-DM Effective Interactions 



  

ZZ-DM Effective Interactions

Pair of DM particles produced in association with a Z boson



  

Inserting Higgs vevs and expanding the covariant 
derivative yields

Operators of Effective Dim 5

Notice a single parameter determines ratio of DM 
couplings to W's and Z's, γγ and γZ couplings at loop 

order.



  

Dim 7 Operators

3 independent couplings for 3 SM gauge groups

The general gauge invariant operators are given by



  

One independent coupling for SU(3)

Related by Gauge invariance, determined by 2 coefficients  



  

Production xsec varies with DM particle mass
 Production xsec's vary from operator to 
operator, Each type of operator means different 
momentum dependence in Feynmann Rules.



  

xsec has 2 contributions

Xsec varies over 2 parameter space

There is a region where photon 
Contribution is  zero



  

ATLAS ZZ Search 

7 TeV, 4.6 inverse fb of data 



  

No signif. Deviation over SM process is observed.
Limits on DM operators may be set

Total # of events N<18 at 90% confidence



  

Exclusions for Effective Quark 
Operators



  

Exclusions for Effective Gauge-
Boson Operators



  



  



  

Extensions

- Consider Bounds on Scalar DM
-Extend effective operator analysis to make 
further exclusions for DM-gauge boson pair 
effective operators, e.g. mono-photon events, 
events with missing energy and forward jets.
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Collider searches for signals with a single 
gauge boson may be a useful tool in 
constraining a variety of DM models

Exclusions may be made right now using 
existing searches which can be recast, new 
dedicated searches will be even better

There is lots left to explore both in single GB 
scenarios and beyond



  

Extra Slides



  

Operators Constrained by Monojet 
Searches 
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Multi GB DM verticies
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