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Top-related DM Model

Dark matter models coupled to the top quark and discovery
potential at LHC

Abstract

This document presents different dark matter models that couple to the top quark, leading to
monotop and same sign top pair production. The main ingredients of each models will be
described, as well as the different assumptions and simplifications needed to derive a well
defined collider phenomenology. The search strategy and the discovery potential at the LHC
will be also discussed for each of these models.

N.B.: the models leading to ttbar + mET will be in a different part
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Resonant model (Mediator=saclar field)

Lin = df [(g;;d)ij+ (s54)” 75] dj 6* + uf [(g,‘;,()k +(s2,)" 75] X ¢*

qi
re, the “mediator” has vertex involving SM particle and
u DM at the same time ... This probably doesn't match the
....... RO definition of a mediator, strictly speaking.
Montop model probably less relevant for the DM

4aj

t interpretation

Non-resonant model (Mediator=vectorial field)

_ ij ij _
Line = @ [(g\v/u) v+ (s8,) ys]uj Va + X [0y + 80,77 X Vi
Ko =M

Production of Top + Mediator
leads to montop when V decays into DM
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Madgraph Model and parameters
1. Resonant scalar model described by the Lagrangian (1) Resonant model
o AQS and BQS: 3 x 3 matrices (flavour space) fixing the coupling of the scalar ¢* (S stands for
scalar) and down-type quarks (Q stands for quarks), written in this note gg, or agh.

e A12Sand B12S: 3 x 1 matrices (flavour space) fixing the coupling of the fermion y (12 stands
for spin-1/2 fermion) and up-type quarks, written in this note g, or a,'e{\z.

o particle name: the scalar ¢* is labelled S and the fermion y iS finer
2. Non-resonant vectorial model described by the Lagrangian (3) Non-resonant model

e A1FC and B1FC: 3 x 3 matrices (flavour space) fixing the coupling of the vector V (1 stands
for vector) and up-type quarks, written in this note gy, or @non—res-

e particle name: the vector V is labelled v,,., and the fermion y doesn’t exist

o the dark matter candidate y is not implemented (this model assumes BR(V — x x) = 100%)

ATLAS | CMS comparison:
- non-resonant model: they are on the same page (except a factor 2 in the
constant definition, not hard to agree on this)
- resonant model only: differences in the benchmarks interpretation:

Let's call a and b the 2 coupling constant:

— ATLAS: g=a=h, width and BR computed consistently
— CMS: g=a, BR[S->top+inv] is set at 100%

Need to clarify:

1. what is the total width CMS takes?

s 2. is the S width change the signature?
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Is the mediator width impact the event kinematic? 4
- No for the non-resonant model (plot below)
- Was it checked for the resonant model? Because it could change! I
And CMS and ATLAS treatment differs on this aspect.
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A bit more on the following points (even if it's planned to remove them)
2.1.2 1t + X final state )
2.1.3  Combination of # + X and ¢ + Ef"** analysis for the non-resonant production

Production of tV (a,,)

BR[V -xx ] = 100% Monotop final state. Experimental
» searchtellsus: o, > 1.2 pb

Exclusion Limit

¢, griss in
1+Er constrain

u 1t+X constraint

Excluded o,, [pb]
n
&

BRIV - XX ] < 100%
And it MUST be since V is
produced via a Vtu vertex

(if not, no production of V ...) 15

0.5

01 02 03 04 05 06 07 0.

8 09 1
BRIV — 1]
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(if not, no production of V ...) 15

n~

Consider the other main decay :

V- tu -

Signature: same-sign top pair. 05

Experimental search tells us:
o, >0.010 pb

) 0.1 02 03 04 05 06 07 08 ‘0.9‘ 1
(SS dilepton very pure ...) BRIV - 1]
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Summary and outlook

What was done: a certain amount of work about
@ width effect on the signature

@ the potential a visible decay of the mediator (actually quite powerful,
but seems to be outside of the DMF scope)

@ much more details and plots in the draft (loaded on this agenda)

Document in a good shape. To do:
@ Move it in the DMF svn
@ Still iterate to get an agreement between ATLAS and CMS on models

Signal sample generation To do:

@ Put the proc and param card (common to ATLAS and CMS) in the DMF
svn
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