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Dark matter

One of the main problems in
contemporary physics

Populates the universe

(~25% universe’s matter).
Crucial for structure formation.
Mainly cold.

Very “invisible”.



Dark Matter detection

DM-Nucleon
scattering

Colliders

/

P

Indirect detection
DM annihilation

A \ /
Direct detection

Whatever
‘communicates’

™ the SM and the

Dark sector:
Mediator



Jet 2
Et=79.21 GeV,

Jet 0
Et=311.38 GeV|

[Jet 1
Et= 130.69 GeV/

Missing Energy
Et=227.30 GeV|

2o , ] = JERYCIAT
AN : i \

Experiments record the products of LH
collisions

Non-interacting particles
cause momentum imbalance
in the transverse plane

of the beam

pT,miss — “Missing energy”




Many searches, many signatures
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http://cms-results.web.cern.ch/cms-results/public-results/publications/EXO-19-003/
http://cms-results.web.cern.ch/cms-results/public-results/publications/EXO-16-055/
http://cms-results.web.cern.ch/cms-results/public-results/publications/EXO-16-048/

Vector Boson Fusion @ LHC

Higgs production
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https://doi.org/10.1016/j.physletb.2019.04.025
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https://doi.org/10.1016/j.physletb.2019.04.025
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e Compressed mass spectra ->
very likely to lose one or two
leptons.

e Selection:

Leptons veto.

min(|A@(MET, j)|)>0.5

MET>250 GeV

VBF selections:

pT(j) > 60 GeV

|An(.j)[>3.8

n(,)NG,)<0

m; > 1 TeV
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https://inspirehep.net/literature?sort=mostrecent&size=25&page=1&q=find%20eprint%201905.13059
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https://inspirehep.net/literature?sort=mostrecent&size=25&page=1&q=find%20eprint%201905.13059
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https://inspirehep.net/literature?sort=mostrecent&size=25&page=1&q=find%20eprint%201905.13059

Phys.Rev.D 97 (2018) 5. 055045

Efficiency per cut

Process

Signal

Z+jets

Initial number of MC events

2447

30996944

Cut 1

23.38 + 0.86)%

(0.22 £ 8 x 107H)%

Cut 4

(51.95 £ 0.19)%

Cut 6

10.80 + 1.63)%

1.82£0.07%

Gt T

).‘

63.11 £+ 2.02)%
0
)

84.62 + 5.78)%

(82.57 £ 1.48)%

Cut 1 :

Cut 2
Cut 3
Cut 4
Cut 5
Cut 6 :
Cut 7 :

pRiss > 180 GeV

:N@G)>2
: pr(j1) > 100 GeV
: pr(j2) > 50 GeV

2 m(d1) X n(j2) <0

|An(jr, j2)| > 4.2

A-[(leJZ) > 1 TPV



https://arxiv.org/abs/1709.09796

Less complete

Dark Matter
Effective Field Theories

Dipole
Interactions

“Sketches of models”

Simplified models - Phys.Dark Univ. 9-10 (2015) 8-23

More
complete

Minimal
Supersymmetric
Standard Model

Complete
Dark Matter
Models

Universal
Extra
Dimensions

(K


https://arxiv.org/abs/1506.03116

VBF topology in Simplified Models




Selection criteria

N() > 1

nG,)ng,) <O
oT(j) > 30 GeV
HT > 200 GeV

|AP(;, J,)l > 2.3

min(|JAQ(MET, j)|[) > 0.5

mjj > 1 TeV

o Low Mediator Mass:

O High Mediator Mass:

|AnG.))l > 3

|ANnG.))l < 3

Two channels:

Usual VBF selections are biased by Higgs

mediator mass. Higher masses produce less

separated jets in the pseudorapidity.

Specially low MET events, therefore we can'’t

rely on this variable for the selection.

Selection optimized towards Z+jets

background:

a. WH+jets has shown very similar behavior from
other studies and analyses.

b. QCD background controlled by min(|A@(MET,
j)]) selection.

Main experimental challenge would be to
estimate QCD contribution.
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Conclusions

1. ]An(j,j)| cut is optimized for different mediator masses.
2. Competitive and complementary results with monojet searches (in progress).
3. VBF topology is a promising window for searching for DM at the LHC.

4. Simplified models provide a generic framework for DM searches at the LHC
also for VBF searches.
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Perspectives
1. Completing studies with other backgrounds and more signal points.

2. Parameter coverage compared with other searches.
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Thanks!!!



