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Simplified DM Models

e Why?
— Useful parameterization of MET searches.
— Minimal setup.
— Captures mediator effects.
— Constraints map onto full Dark Matter theories?

 How?
— Should be consistent at relevant energies (Remember
EFT approach? Same applies here.)

— Consider model predictions for other searches (Direct
detection: remember cosmology-dependence)

— Consider model predictions at colliders.



Goals

First open meeting of the LHC Dark Matter WG
CERN, Dec 10-11 2015

The WG activity builds on the experience of the previous ATLAS-CMS

Dark Matter Forum, whose findings are documented in
http://arxiv.org/abs/1507.00966

The WG

* brings together theorists and experlmentallsts to define gwdellnes and
recommendations for the he : ernre and characterisation

* develops and promotes well-defined signal models, specifying the assumptions
behind them and describing the conditions under which they should be used.

precision calculatio
e assists theorists with understanding and making use of LHC results.

* develops and maintains close connections with theorists and other experimental
particle DM searches (e.g. Direct and Indirect Detection experiments) in order to
help verify and constrain particle physics models of astrophysical excesses, to
understand how collider searches and non-collider experiments complement one
another; and to help build a comprehensive understanding of viable dark matter
models.

Michelangelo yesterday



Vector Mediator

 Theory:
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Vector Mediator

 Decay width:
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Vector Mediator

 Theoretical consistency:
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e Consider limit: Mp
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 Thus annihilation violates perturbative unitarity

unless e.g.
< V 47'(' M For more details
T —_— also see:
X~ g;? R 002110

« However this may not be too important for region
probed by mono-jets.
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Vector Mediator

 Before collider bounds:

10* — T ——
A lot of model dependence ] ' '

in here. Very interesting
discussion yesterday.

Direct detection exps don’t
talk about models, they
talk about x-sections. ~.___
We are talking about
models, know
annihilation channels etc.
But how far should the
model be taken?

Both lines®
One line?
No lines%
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Dijet Searches

ATLAS Dijet
Resonances

ATLAS Lepton-
Associated Dijet

CDF Dijet
Resonances

CMS Dijet
Resonances

UAR Dijet
Resonances

Di-Top
Resonances



ATLAS/CMS Dijets

CMS: 1501.04198.
ATLAS: 1407.1876.

Backgrounds taken from analyses.

Cuts recast to find I, distributions for
model.

Signal and background compared with CLg
method in MCLimits.

Systematics included.
Results checked against ATLAS and CMS.
ATLAS and CMS combined.
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Vector Mediator
* Dijet bounds:
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 Good coverage from combination.
+ Stronger for m, > Mp /2 as more quark decays
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Vector Mediator
* Dijet bounds:
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 Good coverage from combination.
* Di-Top resonances can be relevant too!
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Vector Mediator
e How do bounds scale with mediator width<%
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 Width of resonance an important factor!
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Vector Mediator

e How do bounds scale with mediator width¢
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Vector Mediator

e How do bounds scale with mediator width¢
19.7 fb™ (8 TeV)
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Vector Mediator

 Comparison with other limits:

Mg [G eV]
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Mg [GeV]

Vector Mediator

 Comparison with other limits:
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Vector Mediator
Already ha,ve dijet limits at 13 TeV!
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Vector Mediator

 Comparison with other limits:
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 Motivates choosing a benchmark where dijets are
less significant.
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Conclusions

 Main message: All observables help to build up a
clearer picture of dark sector and its interactions.

— If scenario is discovered at LHC where relic density too
small (or too big), then this would tell us Universe had
non-standard cosmology after T’ < m, /20 .

— If dijet resonance discovered first, this may be a window
into dark sector. If MET discovered first then dijet
resonances will help us tell if a vector mediator.

* Practically: Probably best option now is to choose
benchmark couplings that aren’t already in
tension with e.g. dijet constraints.
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