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Searching for dark matter medlators in dijet final-states

o A mediator produced from
quarks/gluons can decay the

same way

e Common benchmarks between

One of the most general BSM
searches at the LHC

ATLAS/CMS help compare results

o e.g. leptophobic vector (spin-1)
dark matter mediators

e Improved sensitivity with the Run 3
dataset motivates:

o Updated benchmarks
o New targets (e.g. dark photons)
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Updating benchmarks .

e Improved mediator-quark coupling o
sensitivity (g,) larger datasets — sensitivity 0%
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New models: Dark Photon

Dark Photons (as in Hidden Abelian Higgs
Models [HAHMs]) provide complementary
non-collider and collider interpretations

o See Curtin, Essig, Gori, Shelton (2015)

o Model features a (vector) dark photon
mediator and a Dark Higgs boson

Primary goal: constrain couplings to thermal
relic (black curve) of a WIMP DM candidate

Colliders are needed in the high-mass region!

o Identical coupling structure between
simplified model vector mediators and
dark photons

- easy to reinterpret existing searches

Sketch depicting qualitative projections, which are further quantified by the references provided in the text
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https://doi.org/10.1007/JHEP02(2015)157
https://arxiv.org/abs/2210.01770

Reinterpreting existing searches

e Analytical conversion between simplified model vector mediator g, - dark photon

mixing parameter (coupling), €:
[P. Harris, CMS dark sector searches paper]
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e Procedure:

o Axial-vector g, limits > DM WG coupling scan tool* - Vector g, limits

o Apply equation to get € limit > convert to limit on “y”
o Note: very small € will lead to long-lived dark photons > LLP complementarity

*See description of strategy in arXiv:2203.12035



https://doi.org/10.1016/j.physrep.2024.09.013
https://github.com/LHC-DMWG/DMWG-couplingScan-code
https://arxiv.org/abs/2203.12035

Reinterpreting existing searches

Case study: Run 2 ATLAS dijet Trigger-Level Analysis search

| ATLAS Run 2 Dijet TLA
= PRD 112, 092015 (2025)
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Analytical
reinterpretation

Sketch depicting qualitative projections, which

rare processes: & precision frontier: energy frontier: high-energy colliders
B-factories, fixed target experiments

(]
-2
R 10 Ez qq 4 == QObserved
N [ £p = ]
§X L gy=1.0,09,=0.0 | ==" Expected
E [ my=mz/3
1072
o
w
I
>‘ -
104y
1075 : - . .
200 300 400 500 600
m, [GeV]

Building on P. Harris’ previous work

Opportunity to add more existing
limits and define new benchmarks
for future searches
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https://indico.cern.ch/event/1554954/contributions/6581184/attachments/3095485/5483694/PCH_Interpret_DM_30_6.pdf

Outlook

Working on updating existing benchmarks and considering new models for
s-channel dark matter mediator searches (e.g. dark photons)

o Easily extended to mono-X with DM candidates produced in final-state

o Initial tools: mamerl/DMWG-dark-photon-tools, plan to improve
documentation and make this useable in the wider DM WG once fully
validated

o Next: consider relic density, validate analytical (re-)interpretation strategy,
MC generation and benchmark definition

Opportunities for future expansion: ALP and light scalar mediators, combine with
LLP interpretations
[see P. Harris’ slides from the 2025 LHC DM WG Spring/Summer Meeting]
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