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Executive Summary
This document outlines a converged science program between the LHCb experiment atCERN and the Square Kilometre Array Observatory (SKAO), focusing on the search forDark Matter. It details how both facilities face similar extreme data processingchallenges due to the unprecedented volume of data generated, requiring real-timeprocessing and efficient data management. The paper highlights the potentialfor knowledge and methodological transfer between the two distinct scientificcommunities, proposing the sharing of simulated data samples and the developmentof modular, interoperable software components to maximize their scientific output andefficiently address the persistent mystery of Dark Matter.
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1.Introduction
Many astrophysical and cosmological observations are consistent with the existence ofnon-luminous, non-interacting Dark Matter (DM). The Standard Model (SM) of particlephysics describes all known fundamental particles and their interactions and hassuccessfully predicted a wide range of experimental results. However, no known particlecan explain the behavior of Dark Matter, which we now believe comprises 84% of allmatter in the Universe.
Several extensions to the Standard Model have been proposed which provide particlecandidates for DM. In particular, the favored theory over the past few years has beenthe Weakly Interacting Massive Particle (WIMP) DM, a heavy neutral particle whichinteracts weakly with the SM. Stable WIMPs are predicted by supersymmetry andseveral other BSM theories. WIMPs would be created during thermal equilibrium in theearly Universe when the temperature is much higher than the DM mass T ≫ m.Predictions for the relic density of thermally produced WIMP DM almost perfectly matchthe observed relic density, a coincidence dubbed the “WIMP Miracle”. Although allcurrent evidence for dark matter is gravitational, if WIMP DM was produced in thermalequilibrium with Standard Model particles in the early universe, it must have somenonzero coupling to ordinary matter.
The LHC can reproduce the hot conditions of the early universe in high-energyproton–proton collisions. If the collision energy is high enough compared to the DMmass, it may be possible to directly produce DM at the LHC. Such directly produced darkmatter particles can be searched for either as an excess of “missing energy” or bysearching for their decays into Standard Model particles. Because dark matter is soweakly coupled to ordinary matter these decays typically manifest as vertices displacedfar from the proton-proton interaction region and inconsistent with originating frominteractions between known Standard Model particles and the detector material. These“long-lived“ searches are also sensitive to a whole range of dark matter and otherbeyond-Standard-Model particles.
Cosmological WIMPs may pair–annihilate into unstable SM particles, which themselvesdecay into stable SM particles and produce smooth (continuum) energy spectra, ordirectly into electrically neutral SM particles, generating spectra with prominent features(monochromatic lines) and high signal-to-background ratios. Indirect detectionexperiments search for evidence of these energetic particles created by DM annihilation.In particular, DM decays into charged particles (electrons/positrons or protons/anti-protons) may produce synchrotron emission due to propagation in magnetic fields suchas the magnetic field of our own Galaxy. Synchrotron emission is the primary energy-loss process for energetic electrons, and as such synchrotron emission places thestrongest constraints from secondary emission at the Galactic Center. We can searchfor evidence of this indirect DM synchrotron emission in other galaxies using the SKAO.
Current collider and astrophysical searches have set stringent limits on the existenceof DM, which are complementary with each other as well as with direct searches forinteractions between DM particles and ordinary matter targets carried out by dedicatedterrestrial experiments. There nevertheless remain vast areas of parameter space whichDM can occupy while being compatible with all existing constraints. Given the fact thatmodern particle and astrophysical experiments are designed and operate on timescalesof decades it is critical to ensure that they can be coherently exploited to elucidate thenature of dark matter. In particular, the current and next generation of theseexperiments (will) produce datasets which are orders of magnitude too large to store
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and distribute to physics analysts. The bulk of this data must therefore be processedand discarded in real-time, retaining only a permille (or less) of the most interestingdata for the final analysis. It is equally necessary to derive analysis-quality detectorcalibrations and calibration samples in real or quasi-real time, both to apply them in thereal-time processing itself and to maximise their precision.
As we will see in the remainder of this document, the physical data processingconstraints faced by one of the LHC’s experiments – LHCb [1] – and the SKAO [2] areremarkably similar. This motivates us to explore how their real-time data processingscan be converged and made more interoperable. This will in turn facilitate anexperimental convergence of their DM science programmes and ensure that thecollaborations can learn from each other and react in an agile way to any hints of DMemanating from one or the other experiment in order to maximise sensitivity and ensurethat any putative signals are not missed because of a misaligned real-time processing.
2.Specifications capture - LHC
The LHC scientific use-case is represented by the LHCb experiment, a general purposedetector in the forward direction optimised for the study of heavy flavour processescontaining beauty and charm quarks. The upgraded LHCb detector [1], which has beentaking data since 2022, uses a set of custom FPGA cards to read the detector data outand a cluster of commercial GPU and CPU processors to perform the full physics-analysis-quality data processing in real- and near-real-time. In particular the ability tofind charged particles throughout the detector volume at the full LHC collision rate, witha good efficiency across the full range of particle momenta of interest, gives LHCbunique capabilities when it comes to searching for very light and long-lived DMcandidates. The LHCb dataflow is illustrated in Figure 1.
All LHCb processing software is publicly freely available under the MIT and GPL licences.The codebase is divided into the following principal components specific to the LHCbcollaboration. Its external dependencies are too numerous to list in this document butall relevant dependencies are themselves publicly available.

· Allen: LHCb’s framework for heterogeneous real-time data processing. Allenfollows a “write CUDA, compile for any architecture” philosophy in which a thinlayer of header files assure the conversion between CUDA statements andequivalent codes which can be compiled for e.g. x86, PowerPC, ARM, and otherarchitectures. Allen is primarily used by LHCb to implement its first real-timeprocessing level which operates on every non-empty crossing of the LHC protonbeams.
· Moore: LHCb’s framework for the full physics-analysis-quality data processing onCPU architectures. The Moore package itself implements the pythonicconfiguration of LHCb’s CPU data processing, while the C++ code which performsthe compute-intensive tasks lives in a set of separate, dependent, packages.They can however be considered as a conceptual entity for the purposes ofODISSEE.

LHCb’s processing pipelines are built around the concept of “algorithms” which defineinput and output data types and are composed into processing sequences by followingtheir declared data dependencies and additional control flow specifications. Allen andMoore algorithms are not generally interoperable, and while blocks of Allen algorithmscan be chained together and used in a Moore sequence the reverse is not true. Software
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algorithms are not interoperable with processing deployed on the FPGA cards whichreceive the detector data.

Figure 1 LHCb data processing facility overview (modified from an original diagram in [1])
LHCb’s software is not presently usable by other collaborations, mostly because theframework components are mixed with experiment-specific algorithms and sequencesin the same repositories. For example, a large part of Allen consists of a custom memorymanager, algorithm scheduler, and portability layer which could in principle be used byany experiment which needs a heterogeneous data processing optimised for extremethroughputs – 30 million “events” or over two Terabytes of data per second. Howeverat present these components are fully mixed with highly LHCb-specific reconstructionand selection algorithms optimised for GPU processing, such that the reusablecomponents are not, in practice, composable with non-LHCb codes. Similarly Mooreimplements a fully pythonic algorithm scheduler which is able to resolve complex data-and control-flow specifications and take into account the predicted computational costof algorithms to compose them into a computationally optimal sequence giving a specificphysics outcome. But this scheduling is currently embedded within the LHCb-specificprocessing and is therefore similarly unusable outside LHCb. One of the ambitions ofODISSEE is to ease or fully remove these constraints on the reusability of these codes,
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while simultaneously making it easier to integrate non-LHCb codes in LHCb processingpipelines. This work is being carried our as part of the ODISSEE WP2 activities.
The LHCb collaboration uses simulated data samples to develop and benchmark its dataprocessing pipelines, and a set of such samples has been made available by LHCb asdetailed later in this document. The LHCb collaboration uses a set of dedicated serversto benchmark the computational performance of its data processing in realisticconditions. The physics performance can be validated on any computer where the codecan be compiled and executed on the simulated data. In particular the collaboration hasthe ability to measure both computational cost and energy efficiency and to compareceteris paribus the cost of a given processing on different architectures. Newarchitectures can be introduced and benchmarked together with existing ones so longas they are able to receive data and output their results in publicly documented formats.
The LHCb processing pipeline is independent of whether data or simulation are beingprocessed, aside from detector conditions and calibrations which only apply to data orto simulation. The processing is also independent of whether it occurs in (quasi-)realtime or asynchronously in data centres. At present the cost-benefit balance means thatLHCb performs the vast majority of its data processing in (quasi-)real time in a datacentre located near the detector, but there is no conceptual barrier to some or all of thisprocessing occurring elsewhere if that balance changes. It should however beemphasized that trends within High Energy Physics are to perform more and more ofthe data processing as close to the detector as possible, and in practice the importanceof data centre processing lies precisely in the ability to execute the same dataprocessing pipelines on simulation.
One specific case of interest to ODISSEE is to what extent processing cost and energyefficiency can be improved by moving certain parts of the LHCb processing pipeline tothe FPGAs which receive data from the detector. This will be evaluated by performinga full end-to-end benchmarking, injecting simulated data samples into the FPGA boardsusing servers which mimic as closely as possible those used for LHCb datataking.
3.Specifications capture - SKAO
Radio telescopes in general, and the SKAO [2] in particular, are highly data- andcompute-intensive instruments. The SKAO is a large-scale distributed telescope withtwo distinct instruments in the South African Karoo dessert (the mid-frequency SKA1MID) and the low-frequency SKA1 LOW in the western Australian dessert. While theseinstruments are very different in implementation, the data flow is similar enough thatwe can here describe them as one.
Data is generated at the site by receivers sampling the electromagnetic spectrum, eitherby using a steerable dish with a receiver in the focal point in the mid-frequency case,or by combining large numbers of omni-directional dipole antennas in the low-frequencyinstrument.

The Science Data Processor (there are two SDPs, one for each instrument, located inPerth and Cape Town respectively), the focus of this study, continuously receives rawvisibilities at around 10 TBits/s. This data stream is received and some initialconditioning of the data is done in real-time. Data is temporarily stored in a high-performance buffer for calibration and imaging, which is currently an iterative process.This buffer has a capacity of about 50 PB and requires a write performance of about 1TB/s and a read performance of about 10 TB/s to keep up with the processing
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requirements while still able to receive data from the correlator beamformer (CBF).Compute capacity is expected to be around 130 PFlop peak at full operation. Theresulting data stream to the SKA Regional Centres (SRCs) will measure about 100GBits/s (aggregated).
In addition to this online processing capacity, each SDP is expected to host one copy ofthe Science Archive, which is expected to grown with about 300 PB/year. Duplicatecopies will be distributed through the world-wide SRCNet.
Scientific processing of radio astronomy data, in particular for large scale distributedtelescopes like LOFAR and SKAO, are computationally expensive.
Recent publications show that 8 hour observations using the European LOFAR arrayrequire ca. 140,000 core hours to produce a scientific image cube for analysis. [3] Theuse of advanced composable modular processing components accelerated using e.g.GPUs are expected to significantly improve the computational efficiency of such tasks.First targets for acceleration are potential computational hotspots, based on earlyprofiling of LOFAR and prototype SKAO codes, in particular:

· Predict
· Calibration
· Gridding

These components are also attractive targets for evaluation on European digital IP.Composable modular components are likely more easily ported to accelerators, providedoverheads can be minimised.

Figure 2 A high-level overview of the SKAO instrument (from SDP architecture team)
Generally, radio astronomy data is not compressed, with the exception of the LOFARarray, which uses DYSCO1 compression on more recent data products. Compressingand decompressing such data is not very expensive, but the use of modular composable

https://arxiv.org/abs/1609.02019
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GPU accelerated components allows the introduction of transparent in-flightcompression and decompression on the GPU. This could, in combination withtechnologies like GPUDirect, theoretically allow the streaming processing of telescopedata from Central Signal Processor (CSP) to GPU to storage, without CPU intervention.This in turn would be much more efficient, at a slight security cost (due to the Operatingsystem being bypassed by RDMA technologies). In a highly controlled environment likeSKAO or LOFAR this is not considered disqualifying.

Figure 3 Block diagram of the SKAO Science Data Processor (from [4])
In terms of interfaces within the data center (or in this specific case the Science DataProcessor), these differ depending on the stage of the processing. The high-speed,pseudo-real time data streams from the correlator/beamformer in the central signalprocessor (CSP) are UDP/IP based streams over high-speed Ethernet with a self-describing light-weight protocol (SPEAD) on top to ensure data quality and provenance.As data arrives, it is checked for missing and out-of-order data. Some initial light-weightprocessing may be done before it is stored in a high-performance buffer. This will useany of the multitude of available storage protocols and interfaces, no selection has beenmade at this time.
Further batch processing is done using common of the shelf processing frameworks,using their own communications interfaces. The current de-facto software of choice forthis is Dask, but this may change during the course of SKAO construction. This may use
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either Ethernet, or a dedicated low-latency network if provided, but this is hidden fromthe software and handled by the processing framework.
Final data products are both exported to the global science data archive using of theshelf cloud tools on high-bandwidth WAN connections. A local copy is retained in theself-hosted archive. The latter is likely shared with the second SKAO site, although thismay be limited due to capacity and cost concerns, since the global science archive hostsa full copy as well.
4.Similarities between the LHCb and SKAOspecifications
As we can see from the previous two sections, there are a number of key similaritiesbetween the LHCb and SKAO data processing specifications. First of all, the overall datavolumes per unit time are of the same order of magnitude. Secondly, both instrumentsperform a partial preprocessing of the data near the detectors themselves, whether thisis zero-suppression of the detector data in the LHCb case of frequency selection forSKAO. Third, both instruments rely on a deep buffering of the data while calibrationsare performed in order enable the full physics analysis quality reconstruction of the datato finally be performed in quasi-real-time. While the scientific content of the calibrations,reconstructions, and selections performed on the data is of course very different in thetwo cases, these similarities in the boundary conditions which govern the frameworkdesign of the data processing mean that there is great potential for two-way knowledgeand methodological transfer between the two communities.
5.Access and interoperability
From a high level, to facilitate optimal re-use of code and data between high energyphysics and radio astronomy, this first needs be achieved within these sciences. Manyof the codes currently in production use have evolved over time to be monolithic andcomplex. Modularisation and composability is essential, facilitating easy exchange ofalgorithmic components between instruments and science cases and easescommissioning by offering and easy roll-back option to the users. This is a key pre-requisite.
The LHCb experiment has agreed to make a limited quantity of simulated data samplesavailable to all ODISSEE researchers. These samples are significantly larger than thoseused in nightly continuous integration testing by LHCb and will allow a detailedqualification of the real-time and reconstruction performance. Together with the publiclyaccessible processing software any ODISSEE researcher will be able to reproduceLHCb’s real-time processing workflow at the software level and benchmark the impactof substituting novel algorithms or computing architectures. The LHCb collaboration willfacilitate the validation and benchmarking of workflows developed as part of theODISSEE project by making the relevant validation hardware described earlier available,so long as this does not conflict with the collaboration’s data taking or other priorities.
The LHCb collaboration will allow LHCb researchers and non-LHCb ODISSEE colleaguesto publish technical papers based on these simulated samples, subject to a case-by-case collaboration review and approval prior to publication. A standard set ofacknowledgements has been agreed which the ODISSEE authors will add to anypublications using these simulated LHCb data samples or which use the publiclyavailable LHCb processing software.
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In contrast to the LHC, which has been in operation since 2008, the SKAO is still underconstruction. Consequently, while initial data products can be expected to appear duringthe course of the ODISSEE project, these are unlikely to represent the full capabilitiesof the instrument. It is therefore prudent to look for representative alternative datasources in pathfinder and precursor instruments. In addition, simulated data can beused as appropriate analogs for actual data.
The LOFAR radio telescope has been in operation since 2011. This telescope is a SKApathfinder and its design very closely resembles key parts of the SKA1 low instrument.All data from this instrument is archived in the LOFAR Long Term Archive (LTA) and isfreely available to the scientific community after a short proprietary period (usually 12months). This volume and complexity of this data is very representative of expectedSKAO data and has been used to test and validate SKAO software components duringdevelopment. ASTRON, which is part of the ODISSEE project, designed and built theLOFAR telescope and currently hosts the International LOFAR Telescope EuropeanResearch Infrastructure Consortium (ERIC). This makes access to both LOFAR data andexpertise easy and convenient.
Similarly, data from the SKA precursor instruments MeerKAT, ASKAP and MWA areavailable for use by the ODISSEE consortium. Finally, simulated data specificallygenerated to emulate SKAO capabilities has been made publicly available for the SKAOdata challenges. These data sets can also be used as substitute for real SKAO data untilthat instrument comes online.
6.Detailed definition of LHC scientific use-cases
The primary LHC scientific use-case relevant to ODISSEE is the reconstruction ofputative dark matter signals at the full LHC collision rate. At present LHCb is alreadyable to reconstruct charged particles produced throughout the detector volume at thefull LHC collision rate, with an efficiency which depends on the particle momentum.LHCb is also able to reconstruct neutral particles as clusters in its ElectromagneticCalorimeter (ECAL) under the same conditions. Both the charged and neutral particlereconstructions lose performance compared to the full physics-analysis-qualityreconstructions available at later LHCb processing stages, particularly for low-momentum particles. The primary scientific use-cases of ODISSEE for what concernsLHCb are to
1. Quantify the cost, both in terms of computing and energy efficiency, of improvingthe performance of the full collision rate processing to match the physics-analysis-quality processing;
2. Develop full collision rate processing based on new architectures or AI/MLalgorithms and evaluate to what extent these can help to reduce theaforementioned cost;
3. Improve the modularity and composability of LHCb’s data processing frameworksboth so that they can be used outside LHCb and to make it easier for LHCb tointegrate state-of-the-art algorithms and processing pipelines developed outsidethe collaboration;
4. Quantify the cost of deploying the same full collision rate processing in the secondupgrade of the LHCb experiment, which is expected to have to process a roughlyten times higher data rate
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The software packages and datasets which will be used to implement these scientificuse-cases were described earlier in this document. The evaluation of LHCb’s processingpipelines on HPC infrastructures is already part of the collaboration’s workflow for theMoore/CPU processing. It will be expanded in the first instance to a combined GPU +CPU pipeline, resources which are readily available in HPC centres, and benchmarkedagainst a purely CPU-based workflow. Differences in the efficiency of deploying GPUresources between the custom LHCb datacentre and the HPC centre will be evaluatedand documented.
7.Detailed definition of SKAO scientific use-cases
The SKAO is expected to provide break-through astrophysical science on severalimportant topics, including:
Dark energy: Our Universe is expanding, and this expansion is accelerating. Anunknown force called ``dark energy'' is responsible for this acceleration. SKA will studydark energy by surveying tens of millions of galaxies, allowing for the study of subtlecosmological effects. SKA will also observe the gravitational effects of galaxies andgalaxy clusters on the path of radio waves through the Universe.
Galaxy evolution: It is still a mystery as to how the early galaxies, in the millions ofyears following the Big Bang, began to evolve: where did they get their material? Whatdrives their rotation? What has shaped them? SKA’s unrivalled sensitivity and resolutionwill be able to track young, newly forming galaxies at cosmological distances and helpus unravel these key mysteries.
Astrobiology: Astrobiologists will use the SKA to search for amino acids, the buildingblocks of life, by identifying their spectral signatures at specific frequencies.
Cosmic magnetism: SKA will revolutionize the study of magnetic fields in space. Whenradio emissions of distant galaxies pass through a cosmic magnetic field, the emissionswill be transformed by Faraday rotation. SKA will be sensitive enough to measure thesignals from these individual distance galaxies and map the invisible magnetic fields,allowing scientists to study the shape and strength of the magnetic field in the MilkyWay, the magnetism of the Universe, and where and how these cosmic magnetic fieldsoriginate.
The sensitivity of the SKAO will aslo allow us to search for evidence of the particle natureof Dark Matter. Radio searches for WIMPs focus on detecting synchrotron radiationoriginating from the products of DM annihilation, and may be evident in continuumobservations. Competitive constraints on sub-TeV WIMPs have already been derivedusing SKAO precursors looking at dwarf galaxies, galaxy clusters, and the LargeMagellanic Cloud. The superior continuum sensitivity of the SKAO will allow us toprogressively close in on the WIMP parameter space.
Dark Matter may also be comprised of the hypothetical Quantum Chromodynamics(QCD) axion or other axion-like particles (ALPs) predicted by string theory. There aremany different terrestrial experiments for axions and ALPs (see the Snowmass 2021White Paper on Axion Dark Matter for a review) which have strong synergy withconstrains form astrophysical observations. The ALP signal arises from its decay orconversion into photon(s), and typically consists of a nearly monochromatic signature.The spectral resolution and sensitivity of the SKA AA4 can be leveraged to constrain theALP-photon coupling through spectral line studies.
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The specific nature of Dark Matter will also have a impact on the distribution of matterin the Universe due to Gravity. For example, “cold” Dark Matter made up of WIMPsshould form many small haloes. In axion or ALP Dark Matter, these small-scale haloeswill be suppressed due to the wave dynamics of axions and ALPs. This distribution ofDark Matter will dominate the gravitational evolution of matter in the universe. A usefultracer of the matter distribution is the distinct 21cm / 1.42 GHz emission of neutralhydrogen. The SKAO should be sensitive enough to measure 21cm emission even atextremely high redshift 6 < z < 30. Observations of the matter distribution in the earlyuniverse will be useful to disentagle the effect of dark matter from Baryonic effects(active galactic nuclei, supernova feedback, etc) which dominate the growth of small-scale structure in the late Universe.
The detection of any of these signals requires extremely high sensitivity. High spatialresolution, high spectral resolution, and potentially long integration times are essentialelements in any successful search strategy.
We have described the Dark matter use-case for the SKAO in some detail here toemphasize the similarities with the LHC use-case. However, SKAO is designed to be avery flexible observatory, and the search for dark matter is only one of many scientificuse-cases. The flexibility of such an iconic instrument is highly beneficial, but also bringsadditional challenges to both the software and hardware designed for such aninstrument. Exploring these challenges goes well beyond the scope of this document,but ODISSEE is one step on the process to addressing some of these challenges in thefuture.
The SKAO software project is developing the baseline software stack for the instrument.As such it must follow a fairly conservative approach. The ODISSEE project allows us tosupplement that effort, exploring potentially more efficient but more risky andexperimental technologies and solutions.
Within the ODISSEE project we will improve the modularity and composability of keyradio astronomy pipelines. This in turn allows us to target computational hotspots foralternative implementation with well defined interfaces for easy and convenient drop-in replacements.
Furthermore, we will instrument and measure SKAO-like workflows for energy-efficiency, both at macro- (using EAR) and micro-level (using powersensor).
Finally, select pipeline components will be targeted for analysis and optimisation. Forthis we will focus primarily on the analysis of European digital IP for our use-case, butto ensure a fair comparison, we will also target optimisation for best-of-breed moreconventional hardware and software.
One key opportunity from the two above sections is a realisation that both LHC andSKAO use-cases aim for modularisation and composability. While this does notguarantee inter-operability, it does open that opportunity in the software domain, inaddition to the science cross-over in dark matter that was already discussed.

8.Conclusion
The search for dark matter remains one of the most important priorities in fundamentalscience. The next generation of scientific infrastructures have the potential to push thissearch into previously unexplored territory, but in order to do so they will have toprocess datasets of unprecedented size in real time. We have shown that the physical
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data processing constraints faced by two such facilities: LHCb the SKAO are remarkablysimilar. We have documented a specification capture for a converged scienceprogramme between these instruments, driven by the ODISSEE project, which willensure that the collaborations can learn from each other and react in an agile way toany hints of DM emanating from one or the other experiment. We have also describedthe ways in which the LHCb and SKAO collaborations have agreed to share samples ofsimulated data in order to facilitate this converged science programme, and the detailedscientific use-cases which will be enabled by it. The collaborations established aroundthis programme are also a best-practice pathfinder for the future exploitation of sharedscientific infrastructures and maximization of their scientific potentials.

Acknowledgments
The authors thank the LHCb and SKAO collaborations for their constructive engagementwith the ODISSEE project and for facilitating our collaboration.

References
[1] The LHCb Upgrade I. LHCb Collaboration (Roel Aaij et al.) JINST 19 (2024) 05,P05065 DOI: 10.1088/1748-0221/19/05/P05065
[2] SKA Phase 1 Executive Summary. The SKAO Collaboration PDF
[3] Into the depths: Unveiling ELAIS-N1 with LOFAR’s deepest sub-arcsecond wide-fieldimages. J. M. G. H. J. de Jong et al. A&A, 689 (2024) A80 DOI:https://doi.org/10.1051/0004-6361/202450595
[4] Highlights of the SKA1-Mid telescope architecture. G. P. Swart et al. JATIS (2021)DOI: 10.1117/1.JATIS.8.1.011021

https://inspirehep.net/literature/2660905
https://doi.org/10.1088/1748-0221/19/05/P05065
https://skao.canto.global/s/MH29C?viewIndex=0&column=document&id=a2ic1b19st5ih2m5ni2s59mr7d
https://doi.org/10.1051/0004-6361/202450595

	Versioning and contribution history


	Table of Contents


	List of Figures


	Executive Summary


	1. Introduction


	2. Specifications capture - LHC


	3. Specifications capture - SKAO


	4. Similarities between the LHCb and SKAO specifications


	5. Access and interoperability


	6. Detailed definition of LHC scientific use-cases


	7. Detailed definition of SKAO scientific use-cases


	8. Conclusion


	Acknowledgments


	References



