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SPAN Data and Analysis Working Group

A This paper developed by the SPAN SDAWG

A Brings together academics working across space science in the widest
sense, with an I nterest or Dbackgro

A University academics involved in the development and operations of space
science and earth observation missions, especially in the development of the data
processing

A Academics and software engineers from National Laboratories (e.g. RALSpace,
UKATC)

A Scientists and policy representatives from related groups, e.g. DSTL, MetOffice
A Policy representatives from funding agencies, e.g. UKSA, STFC, NERC

A Paper includes input from the wider SPAN network
A Working Groups: Science & Exploration, Engineering, Earth Observation

16 Mar 2026 Nic Walton @ loP, London 3




Why Space Data Matters

Space Is an increasing area of importance and is underpinning an
Increasing significant volume of economic activity

The UK Space Agency currently organises its activity across 7/
themes, with four now identified as higher priority

Launch and Space Transportation Space Science and Exploration
Space Domain Awareness (SDA) Earth Observation (EO)
Satellite Communications Position, Navigation, and Timing (PNT)

In Orbit Servicing, Assembly and Manufacturing (ISAM)
Within each of these activities Data infrastructure 1s the mechanism
through which hardware investment generates economic return

Economic returns are significant: £1 invested returns £7.5
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Case Study: ESA Gala

From Science to Data to Impact

CREDIT
ESA/Gaia/DPAC



2 ANATOMY OF THE MILKY WAY
Gala: dissecting the Milky Way

\

CUTTING EDGE
SCIENCE

How did our Milky
| Way form? What is
Sun our past present Sun Stellar halo -
and future?

European Space Agency
esa.int/gaia
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Gala: Astrometry In the extreme

PUSHING THE ENVELOPE

e

Gaia precision to ~10 micro-arcseconds

Enables distances-to-be measured with ~10% errors to ~10 Kpc (= ~ 32,000 light years)

This is the equivalent of a Euro coin on the earth as seen by the next human on the moon!
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OPEN SCIENCE, AND MORE OPEN SCIENCE

Gala EDR3 (~1.5 Billion) sources (Dec 2020) /credit ESA/Gaia/DPAC




Gm) The best Milky Way animation, by Gaia

o

Watch on (3 YouTube

TRANSFORMATIONAL SCIENCE

Watch later

»

Share

|

SCIENCE & EXPLORATION

The best Milky Way
animation, by Gaia

DOWNLOAD wv

DETAILS RELATED

This is a new artist's animation of our galaxy, the Milky Way,

based on data from ESA’'s Gaia space telescope.

Gaia has changed our impression of the Milky Way. Even
seemingly simple ideas about the nature of our galaxy’s central
bar and the spiral arms have been overturned. Gaia has shown us
that it has more than two spiral arms and that they are less
prominent than we previously thought. In addition, Gaia has

shown that its central bar is more inclined with respect to the Sun.

No spacecraft can travel beyond our galaxy, so we can'’t take a
selfie, but Gaia is giving us the best insight yet of what our home
galaxy looks like. Once all of Gaia’s observations collected over
the past decade are made available in two upcoming data

releases, we can expect an even sharper view of the Milky Way.

ESA GAI A VI DEO
Mi | ky Way ani majlt
can be download from

SPAN

SPACE ACADEMIC NETWORK
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Gaia DR1:Sep 2016
14 P

2 telescopes
September 2016

10 mirrors
1 camera

1000 days

since launch

106 CCDs
LT

937,782,000 pixels
Data challenge so far
>50 billion focal plane transits
>110 billion photometric observations
>9.4 billion spectroscopic observations
~120,000 hours of computing time to identify stars
6 data processing centres

1 Milky Way
>100,000,000,000 stars
~13,000,000,000 years old

Content of the release

Total number of sources in primary astrometric data set:
2,057,050
with position, magnitude, parallax & proper motion

Total number of sources in secondary astrometric data sef:
1,140,622,719

with position & magnitude

3194 Variable stars

599 Cepheids (43 new discoveries)

2595 RR Lyrae (343 new discoveries) ..

2152 Quasars

with position & magnitude

Data collected over 14 months

Gaia DR2: Apr 2018

-+ HOW MANY STARS WILL THERE BE IN THE SECOND GAIA DATA RAELE.ASE?

.

14 099

Solar System
objects

550 737

variable sources

vwvesa.t The second data release of ESA's Gaia mission is scheduled for publication on 25 April 2018.

——

Gaia DR3: Jun 2022  _ave. A

V' Variable stars Low resolution

with an u'npreceder'nted view of stellar A spectroscopy
characteristics and their life cycle, ( Changing i
and the galaxy’s structure = brightness / a astrophysical parameters
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1 day on GaiaZ Binary star systems

637,000,000 astrometric medsuremeits
155,000,000 photometric mefisureni@its
13,000,000 spectrometric megsbreni@hts
70,000,000 celestial objects i

40 GB of data downlinked to Edrth |
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1811709 771

stellar positions

1540 770 489

colour

radius & luminosity
76 956 778

amount of dust along
the line of sight

87 733 672 1614173

extragalactic
sources

European Space Agency




CrIERM oIS o RER ool pplol Ve A S TRONG UK ROLE

a pan European effort Significant UK involvement:

Cambridge Gaia Data Processing Centre

Ny
L4

Complex ohject

F"E‘If:_"‘:i_“ﬂ Gaia science observation phase
F Average distance of Gaia space telescope from Earth (in km) 1,510,000
U}S/ #/ Number of days in science operations (25 July 2014 - 15 January 2025) 3827

Operational data collected
Cus 113 Main cLuT
i " ’ - Volume of science data collected (in GB 141,064
Inltlalb!?:u;‘.llJ.LTiz.mm - |'|..':I:|'-:|rn:1l.:.;: cane | 3 Dt Base " 3| Vriahility smslysis ( )
OPCE DPCT _-:,ﬁ:.::,-ﬂ._-:,,;,::-, DPCE DG Number of object transits through the focal plane 267,356,167,925

l'l I Number of astrometric CCD measurements 2,635,367,940,969

1"'\ Number of photometric CCD measurements 530,852,459,518

C3

\ CL6 Intermediate Data Updat LR Number of object transits through the RVS instrument 17,476,697,079
Spoctroscapic gf DPCH Astrophysical

procossing characierization
e DPCC DT Total number of CCD measurements (astrometric + photometric + spectroscopic) 3,218,287,356,538

3.2 Trillion

CLUw

= | observations made
during the 3827 of
Inflight operations!

Number of spectroscopic CCD measurements 52,066,956,051




The People Behind Gaia Data Releases |...

mi

AL

PEOPLE MAKE IT HAPPEN

Now working on

Gaia DR4 (Dec

2025, 66 months
of data)

DR5 ~2030 (10+
yrs of data)

Gaia UK responsible for the processing and analysis of the photometric data, the spectrophotometric
data, photometric science alerts and with essential contributions to the spectroscopic data S P ) F

EEEEEEEEEEEEEEEEEEEE




Take a | ook at
(Gaia ESA Outreach coordinator)
EAS 2023 presentation: click ‘
through each link for more info, -
papers etc. a3

15,500 peer reviewed papers to date (Jan
2026) based on Gaia data

QUALITY DATA

UNDERPINS
QUALITY SCIENCE

ESA/Gaia/DPAC

Though Solar System science is not the
primary goal for Gaia, a lot is achieved on
this front since Gaia started its

The billian ways ~f us:g the Gaia data

Tineke Roegiers !

Solarsystem Y Strs Y 25pc sampio Wiy Way Y Galaxies

The large, homogeneous all-sky Gaia
catalogue of stars is a treasure chest for

data. When Gaia cap any

new and brings substantial

object it scans across and thus observes
many asteroids next to stars and galaxies.

Apart from Gaia's own data on Solar
System objects, there are many indirect
ways in which Gaia data influences our
knowledge of the Solar System. The below
list of topics can be complete and

Earth a and L2

Some spacecraft orbiting Earth or located
at L2 are powerful in studying a specific
target with great detail. To make most
efficient use of these telescopes, pointing
them to the most promising sources is
important. This is where Gaia helps out.
Gaia, being an all-sky homogeneous
survey, brings the perfect catalogue to
make a first selection of interesting
candidates for follow-up. In this way we

vadiira tha hau llnwr tha naadlac tr

F— Ewh ¥ Stargoups Y 100pcsample Milky Way Halo

On Earth, life has improved for astronomers.
g up on stellar With the

star pomons and motions of Gaia's first

data release came of

of special stars for detailed
investigation. A taste of studies,

Early 2023 brought an update to the
camlogua of nearby stars: CNS5. Within a
sphere with 25pc radius around the Sun a
total of 5831 objedxaleln-wwnnuw This

strives fo and was

and opportunities where Gaia helps out is
given below. This is only a tiny selection of
the many topics touched by the scientific
community related to stars.

updated with the mr information from
Gaia's Early Data Release 3. The CNS5 is
a great sample to study the Milky Way. This
catalogue can be used to test a variety of
theories and improve models of the

—
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Some stars belong together. They travel
together through space bound by a mutual
gravilaﬂonal attraction. In June 2022 Gaia

the stellar occultation shadow paths on
Earth. These shadow paths and their timing
predictions are used to deploy the ground
observations of these events. With each
Gaia data release, the predictions improved
and the chances of observing a stellar
occultation incre Through stellar

Though Gulu navar looks agftha Sun with its.
1g th

of multi-star systems,

—

Mapping the Milky Way is the core goal of
Gala and so it does, in full detail, in many
dimensions. Stars and in the

Next to stars, asteroids, moons, comets,
spsneeraf:’ , quasars, .... Gaia also observes

Milky Way are mapped, as well as dust and
interstellar matter in between the stars.
Gaia also m

as a whole, they show
up as extended objects. First results from
the processing of these extended objects
were with Gaia Data Release 3,

aps the
information such as stellar ages, metallicity,
and more. This variety of Milky Wuy
mapping is highlighted in Gaia's Multi

dimensional Milky Way, based on 1OGaiu
sky maps. Full 61! explaining _the

€

As part of Gaia's Early Data Release 3, the
Gaia Catalogue of Nearby Stars (GCNS)

Following Gaia's first data release, an
extended study was performed revealing
rich

was published. With this
unique census of stars wllhin 100 pc of our
Sun At this the

norﬂalnlng stars with few
Gaia's full catalogue of over 1.8 billion stars
is also heavily used to discover and
improve our knowledge of stellar clusters,
star groups composed of many stars.

Muilfi_otar ovctam)

P Coviiesispace Y Locahiboie T wW suciiies 3

There is something to be learned from the

e
Sun nonelheleu Close watch is kepl on all
the Gaia

raftasﬂ!a’yhmmepotenﬂalo‘f
Inlluendng the observations captured. The
small drop in Solar irradiance caused by the
transit of a cooler sun spot can be
measured with Gaia's temperature

monitors.

of stars as well. A gigantic cavity
in space was found by combining Gaia's 3D
information with powerful new data science
techniques in order to map molecular
clouds in 3D gas density space. This led to
the discovery of a gigantic cavity in space.

Stories publlahed on thls tnpic
* The power of i}

coolest stars become too faint for Gaia's
survey limit. Choosing 100pc hence allows
to get a complete census of Gaia stars,
including the coolest ones. Such a

d sample is
Galaxy.

an
important for stud

Local Bubble has a radius of about 500
lightyears or 150pc. The Sun happens to be
travelling through this bubble on its journey
through the Milky Way. While known for
decades, only with help from Gaia's Early
Data Release 3 we finally understood its
origine and the impact it has on the gas
around it. It turns out that the Local Bubble
is a source of our nearby stars.

Since Gaia's data release 3 we also
learned

that thuuw is absent in the

of the nearby stellar halo.
More studies followed soon, when more
and better data with each

leading to 4.8 million galaxy candidates
(20% of which have redshift estimates).
Gaia also observes individual stars inside
galaxies, if these galaxies are close
enough. This is the, for the Andromeda

Gaia also observes distant quasars, many
of them billions of lightyears away from the
Sun and the Milky Way. The Gaia catalogue
contains 1,614,173 quasars used to
the Gaia Celestial Reference

Gaia data release. Below a small selection
is given to demonstrate Gaia's impact on
our knowledge of the Milky Way halo.

Stories published E this topic:

When Gaia maps the stars, it continues to
do so beyond the edge of the Milky Way. As
long as the sources are bright enough, they
are observed. The Gaia catalogues thus
includes samples of stars from the Milky
Way sateliites and neighbouring galaxies.
These samples are interesting to study
historical events that shaped our Milky Way.
While looking for the remains of smaller
galaxies merging with our own Milky Way, a

new merger event iscovered: Pontus.

Frame. With the high quality of Gaia EDR3,
Gaia was for the first time capable of
observing the tiny effect of the acceleration
of the solar system with respect to the
distant universe. This effect was deduced

from the algemtbwurt seen in these
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Gala DR4 and Beyond

p/gaia/release

66 months of data, ~2.5 Billion sources

Full astrometric, photometric, and radial-
velocity catalogues.

All available variable-star and non-single-star
solutions.

Source classifications (probabilities) plus
multiple astrophysical parameters (derived
from BP/RP, RVS, and astrometry) for stars,
unresolved binaries, galaxies, and quasars.
Some parameters may not be available for
faint(er) stars.

All epoch and transit (reduced) data for all
sources.

Map shows early DR4 cross
match run - 142 billion
detections processed i 750K
CPU hours on MareNostrum

Insert shows zoom in on M31

Credits: ESA/Gaia/DPAC, F. Torra, J.
Portell, J. Castafeda, M. Bernet, S.
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https://www.cosmos.esa.int/web/gaia/release
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Parallax and proper motion
w=+29.01 £0.03 mas
|tra- =—=151.24 £ 0.05 mas/yr
Mdec = +35.75 = 0.04 mas/yr

Gala DR4: Epoch data for ever

Astrometric orbit of HD81040
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Independent report highlights  impact of UK
contribution to the Gala mission

https.//www.gov.uk/government/news/report-highlights-impact-of-uk-contribution-to-the-gaia-mission
published: 10 Oct 2023

Figure 5 Publications by year: total publications and UK involvement

2000

NnThere can be Ghaidatstiemtificdoubt t hat
success story . Our report highlights how UK
funding has enabled the processing and release § 1000
of high-quality data that is of huge value to the T l
Y e M CH R i global scientific community, helping to advance the = Eit l
SR S frontiers of human knowledge. The impact is also - H A S T ifd[

set to continue for years.puanudldeﬂc fedsees"‘“atéj'

EEEEEE

know.space Public vith a UK Tst autho
iOour analysis also showg,how.,f.undi.ng.has. !
to expand the reach and reputation of the UK
space sector , develop sought-after data skills, /\/\__/_\/
Excellent inspire the next generation, and lead to
Value for Money wi des pspélavet 66 b e nas feiwt s —uc 1 uhor
advanced statistical methods, algorithms and Ut
I M F) ACT capabilities are applied elsewhere in the space o
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Papers, Science, Impact: value for money for the UK
Gala delivers for the community

Gaia publications continue to stay at the ~2,000/yr
level into 2026. Currently 15,500 Gaia papers (as of
Jan 2026)
Over 10% of all Gaia papers have a UK based 1st author
Gaia science from scientists based in essentially all UK
astronomy institutes Gaia

XMM

SCIENCE IMPACT

See: arXiv:2402.12818v1 and https://v\ANwNéosmos%sa.Ir%t?\r}\%%/gaia/peer-reviewed-journals SPAGE AGADENIC NETWORK




