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Data preservation is essential for present and future experimental facilities, enabling cost-effective
fundamental research by leveraging unique data sets as theoretical and experimental understanding
advances. This contribution summarizes the status of data preservation in high energy physics from
a perspective of 15 years of experience with a structured collaborative effort at international level.
There is clear evidence that the data preservation enhances the scientific output of experiments
during and after data acquisition, improves computational efficiency and strengthens the scientific
activity. Lessons from past experiments and recent developments will be presented, as well as
prospectives and recommendations.
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1. Introduction

Looking back over the past decades, there are several examples where data of past experiments
became interesting again. Reasons can include improved understanding of the theory, new theo-
retical models which may be tested against ancient data or interest in old data and concepts while
planning new experiments. Data from older experiments can also be used for educational purpose.
A often cited example is the story of the recovery of the JADE experimental data, which was then
combined with LEP results to proof the running of the strong coupling constant. Similarly, there is
new interest coming up in LEP data, for example in view of improved theoretical calculations, and
also from the FCC community, when it comes to planning of the detectors and using real data to
plan the future format of the scientific data to be recorded by the future experiments at FCC-ee [1].
Furthermore, the well-preserved HERA data will contribute to future EIC preparations, for example
by enabling tests of new kinematic reconstruction techniques [2].

2. The DPHEP collaboration

Also triggered by the JADE data recovery, which took about 8 years, in 2009 a Letter Of Intent
was published [3], establishing the DPHEP study group, with the aim to improve the situation
on preserving data in high energy physics. The group published a status report in 2012 [4], and
three years later the newly created DPHEP collaboration was born [5]. The DPHEP collaboration
organises workshops every two to three years, and reports to the International Committee for Future
Accelerators (ICFA). A decade report was published in 2023 [6], and DPHEP recently contributed as
well to the ESPP [8]. The workshops are a place for raising awareness and exchanging experiences,
where people doing the actual work meet and discuss.

’ Level ‘ Description ‘ Use case
1 Provide additional documentation Publication related info search
2 Preserve simplified format Outreach, simple analyses
3 Preserve analysis level software Full scientific analysis,
and data format based on existing reconstructed data
4 Preserve reconstruction and simulation software | Retain full potential
and basic level data (raw data) of the experimental data

Table 1: Preservation levels and their meaning, as defined by the CERN Opendata policy.

3. Preservation levels

In [4], the DPHEP study group defined four different preservation levels, see table 1. The
lowest level refers to documentation related things, including the published physics results. This
level aims at the public, thus everybody should have access to this. The second level goes beyond
this, as it allows to run simple analyses on simplified, preserved data. Typically, this level requires
extra knowledge about the format of the preserved data and how to use it, thus complexity is
increased, and less people are able to use it. Level 3 and level 4 go deeper. Level 3 allows to run
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full analyses, and requires access to data, while in level 4 also reconstruction and simulation work
flows are preserved, which allows full exploitation of the historical data.

4. Risks and preventing them

Preserving the data has different aspects. These can be categorised as:
* Bit-preservation

* Software preservation

* Documentation

* Analysis preservation

Each of these categories come with its challenges and risks. Bit-preservation simply means keeping
the data accessible and in a consistent state. While this is mostly under control, it is important
to protect oneself from mishaps which may happen due to physical or system failures, or human
errors. Having multiple copies at different locations is a good way to address this.

For software preservation, different solutions exist, starting from keeping a container with
archived binaries to keeping the full software stack in source code and porting to and validating
against new operating system versions as they appear. The latter approach is most flexible, as it
allows to adapt to the always changing infrastructure, however, it is also the most expensive solution.
Keeping the software in binary form in containers or virtual machines works as long as external
constraints allow this. Risks stem from changing storage access or CPU architecture changes.

Documentation needs to be kept up to date with the current state-of-the-art way of doing things,
and as complete as possible, to allow non-collaboration members to use and analyse the data, even
after no expert is left who could help. This can be quite a challenge.

Finally, analysis preservation is a challenge on its own, since analyses are frequently done in
a non-centralised way, for example by students or smaller working groups. The code may not be
written with a later publication in mind, and frequently gets lost when it is kept on private areas,
when the people in charge leave.

All four areas require action from both the host laboratory and the collaborations while data
collecting is ongoing. This is especially true for analysis preservation. As an example, there are
very few original analysis codes preserved from the LEP experiments, which would be very useful
to have now where interest in this data is increasing again, triggered by the publication of some of
this data.

A list of recommendations of best practices, heavily based on experiences from data preserva-
tion over the past 10 years, has recently been compiled and published by ICFA [7]. This document
can be used by host labs and experiments as a guidance for long term preservation.

5. Cost and Benefit

The cost for the preserving data which has already been taken has to be interpreted relative
to the total cost of the experiment. From experience, this fraction is marginal, and dominated
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by a small amount of person power to design and maintain the data preservation system [9]. The
benefit can be estimated by counting the number of papers published after the data taking has ended,
thus using preserved experimental data, and set that in relation to the total scientific output of the
experiment. Historical data shows that about 20% of the scientific output is created after the data
taking has stopped. Striking examples are the BaBar and HERA (H1 and ZEUS) experiments which
stopped in 2008 and 2007, respectively, and are still producing significant scientific output [9].
Dedicated preservation systems are needed, and indeed require a careful planning and non-
negligible resources. However, those resources are much less than the full costs of the experiments,
and are typically of the order of 0.1%. The low cost of preserving data with respect to the additional
scientific output makes data preservation a very cost effective way of doing fundamental research.

6. Open data

Open data and data preservation are related and complementary, however, they are not the same
beast, and should be viewed as different things. Making the data publicly available is an excellent
way to ensure continued very long term access to preserved data. On the other hand, preserved data
which nobody is allowed to access any longer, because the collaboration has stopped to exist and
nobody eligible is left, can be considered as dead data and should be deleted.
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Figure 1: Third-party publications based on LEP experimental data and produced outside the collaboration.
Source: https://arxiv.org

It is an interesting exercise to look at publications using LEP experimental data in the last years.
Figure 2 in [9] shows that the LEP collaborations stopped publishing around 2016. Most LEP
experiments used to have fairly restrictive data access policies, with the exception of the ALEPH
experiment. Keeping this in mind, fig. 1 shows publications of third party people quoting to have
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used LEP data. Third party publications are clearly dominated by ALEPH data, with a tendency of
an increase during the past two years. The DELPHI experiment has changed their data access policy
in 2024, and published all their data on the Open Data Portal at CERN in autumn 2024. There is
quite some interest in that data, more than originally expected. A first third party contribution using
this data has been published in 2025, and more can be expected to appear in the next years [10].
In addition, the OPAL experiment has changed its access policy in 2025, following the example of
ALEPH and DELPHI. OPAL data is expected to become available publicly during 2026.

7. Conclusions

Preserving data from high energy physics is a cost effective way to boost the scientific output
of the experiments. From historical data it can be derived that at least 20% of the scientific output
of typical experiments is produced after the end of data taking, and at least 10% is unforeseen by
then. Keeping archived data alive and accessible also helps to seed future experiments, such as
FCC or EIC.
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