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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  
boson



  

Consider all effective operator  for DM particles 
to couple to  EW bosons

Expect process pp - Boson+χχ at LHC, Mono-
something +MET

Recast the Existing searches bound models

Synthesize Data with Indirect Searches
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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 a γZ couplings genrated at 

higher at loop order.



  

Dimension 6 and 7 Operators

Fermionic  DM 

Fermionic DM, pseudoscalar current

Scalar DM



  

A Note on Gauge Invariance

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  



  

X-Section Dependence

Production xsec varies with DM particle mass

Production xsec varies with effective cut-off of 
operator

 Production xsec's vary with momentum 
dependence of operator

*Gauge invariance demands correlations 
across channels



  

xsec has 2 contributing 
diagrams

There is a region where photon 
Contribution is  zero

Mono Z depends on 3 parameters
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There is a region where photon 
Contribution is  zero

Mono Z depends on 3 parameters



  

Mono W depends on 2 parameters



  

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 Gauge-
Boson Operators



  



  



  

Mono-photon ATLAS 7 TeV 4.6 inv 
fb



  



  



  

Annihilation Rate to Photons



  



  



  

Mono-W ATLAS 8 TeV 20.3 inv fb

Look for Hadronically decaying
W boson



  



  

Limits on effective cut-off



  

Indirect bounds from WW, ZZ Annhilation Fermi-LAT and VERITAS using NFW profile



  

Mono Higgs
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A Menagerie of Models

Dimenion 4

Dimenion 6

Dimenion 8

Dimenion 5

10 operators
And 4 higgs final state
Event topologies



  

Example ZZ plus missing energy 
final state



  

Cross section sec limits for example 
operators



  

Results: Not So Great Models



  

Results: Pretty Good Models



  

Mono-Boson Searches provide probes for 
interesting models of DM in many possible 
portals in key low background channels

Such Collider Searches Complement and/or 
Supersede Indirect Searches

Many extensions are yet to be explored


	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32
	Slide 33
	Slide 34
	Slide 35
	Slide 36

