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LHC Production

Indirect Detection

Direct DetectionSM
DM

Many models demand multiple final state annihilations due to gauge invariance or other
Theoretical considerations

We may complete this picture with various mediator sectors, with much physics captured by a 
Set of effective couplings between DM and the SM



  

EFT's

arXiv:1008.1783 Goodman et al



  

Models

● Vector Boson Portal

-Mono-V collider signals

● Heavy Flavor fermion Portal

-was favored for galactic center



  

● Comparisons are not systematized
● Validity regions differ
● Indirect constraints require study  of all 

contributing channels



  

 Interfering Channels
Gauge Boson Portal Models



  

Fermi Dwarf Analysis

Dwarf Spheroidal Galaxies large amount of DM

Low Astrophysical Background

     photon flux

averaged annihilation xsec

photon flux

DM mass                         

                      Photon energy spectrum                        
                   Line of sight integral of DM density            

             



  

Spectrum

DM annihilates to various SM final states each with a characteristic photon spectrum



  

Fermi Analysis combine 15 dwarf's with largest 
J factors,  set 95% c.l. upper bound assuming 
100% annihilation into a single channel,e.g. b's

ArXiv:1503.02641



  

Choose DM mass and annihilation channel

Allow J factor to float with Least Log 
Likelihood cost 

Compare to null hypothesis no DM to set limit 
on upper bound of annihilation xsec in each 
bin with 95%~ LLL 2.71/2

Infer combined xsec limit



  

No spectral Fitting



  

 Interfering Channels
Gauge Boson Portal Models



  

Defining effective cut-ff

The constraint has the form

Fixing                   the coefficients sit on a hypersurface

The constraint no longer factorizes  multiple operators contribute to a single channel

A single operator coefficient contributes to multiple channels

To visualize parameter space we can fix total annihilation xsec.  We can vary DM mass 
And look at the hypersurface in effective coefficient space where the constrain is satisfies

Each point in parameter space has specific admixture of partial annihilation rates into 5 channels.
We add up the total flux and see if the point is excluded.



  

Red points ruled out
Surfaces in effective cut off space

DM mass = 10 GeV

Total annihilation rate 10x's thermal

Rate constraint is saturated
By low effective cut-offs

DM mass = 150 GeV
Rate constraint is saturated
By higher effective cut-offs

at low DM mass only g and g
channels kinematically accessible



  

DM mass bound

Ann. xsec

Let annihilation xsec vary over  the parameter
Space of effective operator coeff.

     Here 0% ann. into gluons



  

Compare LHC search to Indirect 
limit



  

Compare LHC search to Indirect 
limit

13 TeV



  

Caveat EFT validity

 EFT validity



  

Fermion Portal
Simplest EFT model: 1 operator 1 channel



  

EFT to Simplified Model

S channel vector S channel scalar

t channel scalar: 'fake SUSY'



  



  



  

t-channel



  

t-channel



  

Eur Phys J c(2015) 75:92



  

Fermion Portal
Simplest EFT model: 1 operator 1 channel

Light DM For now consider annihilation to b, t and invisible channel

Allow visible total annihilation rate below the thermal rate
Without over-closing the universe

Dividing out by the total rate to define partial rate

get a constraint between the partial annihilation rates

First Fix the Annihilation rate as desired



  

Three Parameters and 1 constraint may be visualized 
                       on 2-D surface as triangle

The partial rates are saturated at the corners of the triangle

(0.6, 0.2,0.2)

(0.33, 0.33,0.33)



  

Pass 8 

.

order 10s GeV min mass bounds even for visible annihilation rates at 30% of thermal rate 



  

EFT bounds



  

Collider Limits



  

D1 operator



  

D9 operator



  

Conclusions

● For popular fermion and electroweak portal 
models indirect detection has signif. Overlap 
with collider constraints especially given EFT 
limits

● Indirect nor collider constraints align only do not 
in general align for model sets a more 
systematic effort is needed to totally compare 
constraints


	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

