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Physics	Highlights	and	Challenges
Nuclear	Physics

Astroparticle Physics

Particle	Physics During	the	opening	sessions	each	member	made	
clear	statements	regarding	the	complementarity.



Overall	Strategies

The	importance	of	open	science	was	stressed	during	
the	strategic	outlooks:
• ESCAPE/EOSC	was	referenced	early	and	often.



Sustainability and Future of Software Frameworks
Graeme Stewart

Challenges	in	computing	and	software	for	our	Big	Data
Gonzalo	Merino	Arevalo

EoI 1	- Dark	Matter	– iDMEu
Federica	Petricca
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THE DARK MATTER SCIENCE PROJECT IN THE 
EUROPEAN OPEN SCIENCE CLOUD (EOSC) FUTURE
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With the ESCAPE Virtual Research Environment (VRE) we are
bringing together all ESCAPE services to facilitate EOSC Future
project development.
• ESCAPE VRE: A collaborative open source environment to

access all digital content related with a scientific result.
• Work packages were established to ensure milestones and

deliverables are maintained.

Work is very active on the ESCAPE VRE, with multiple researchers implementing two
Science Projects (SP) to demonstrate the VRE capabilities, the Dark Matter Science
Project and the Extreme Universe Science Project.

Dark Matter Science Project (DM SP) – Different experiments probing the nature of dark
matter using different methods with clear complimentarity.
• Further understand the nature of DM by performing new analyses within experiments

involved.
• Exploit synergies and complimentarities across different communities.
• Enhance the research participation in the EOSC, providing a working example of open

science from a bottom-up effort from different experiments.
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Dilepton Inclusive Search. Results of this analysis
demonstrate good agreement with SM predictions.

https://doi.org/10.1016/j.physletb.2019.07.016

The dilepton inclusive search (above) concluded in 2019.
We are developing new exclusive searches targeting, in
particular, lower Z’ masses.

Three new dark matter mediated models being explored.
• Dark Higgs – new massive scalar (ℎ") with couplings to

Z’ and dark matter (𝜒).
• Light Vector – Relatively light Z’ with off-diagonal

coupling to dark sector fermions (𝜒$, 𝜒&).
• Inelastic EFT – Similar to Light Vector model, but

produced through a contact interaction.

We would like this analysis to be a full test-case for
the VRE.

0 1 2 3 4 5 6
 [TeV]

AZ'm

0.4

0.6

0.8

1

1.2

1.4

1.6

1.8

2 [T
eV

]
c

m

Upper Limit

2 4 6 8 10 12
 - Dark Matter Mediator MassZ'm

4-10

3-10

2-10

1-10

1

10

 B
R

 [n
b]

´
Fi

d.
s

 limit-µ+µExpected 

=2.00 TeV)
c

 (mDMVector Z'

Dark Matter Reinterpretation – Inclusive search was also reinterpreted to set limits on the 𝑍( → 𝜒𝜒 process.
• We extended this reinterpretation, projecting our limits to 14 TeV and computing the cross-sections.
• As expected, we see significant improvement (right).

KM3NeT/ARCA – A cubic kilometer
neutrino telescope located at the
bottom of the Mediterranean Sea
sensitive for large DM masses:
observe the Galactic Center; low
background for searches in the Sun;
sensitive to candidates directly
coupled to neutrinos.

CTA – next generation ground-based gamma-ray observatory.

Analysis will be performed from DM rich sources, searching for
DM emission. Data from precursors HESS, MAGIC and Veritas
as well as the space-borne Fermi-LAT will be combined and
interpreted.

In the case no DM is detected, constraints will be set on the
upper limits of the DM parameters.

Expected DM limits at 14 TeV. Summary plots were made within the ESCAPE VRE, where we are
able to perform small computing tasks (maximum of 14 GB RAM).
• Events generated independently, for now, but objects collected into the data lake.
• Cross section/limit crossing computed and summarized in the VRE.

Next: Send more demanding steps of our workflow to computing resources, connected through
REANA with Kubernetes, HTCondor, or Slurm backends.

Visit the VRE Website!

This work has received funding from the European Union's Horizon 2020 research and innovation program under 
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Research Infrastructures) as well as under under grant agreement No 101017536 (EOSC Future)

https://link.springer.com/article/10.1007/JHEP05(2019)142 Expected HL-LHC limits from: http://cdsweb.cern.ch/record/2650549/files/ATL-PHYS-PUB-2018-044.pdf
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