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Initial
assumptions

Individual researchers are seen not only
as producers of scientific knowledge, but
also as mentors, community builders and
contributors to the long-term
development of the discipline.

Building scientific communities is not an
activity separate from research; it is an
integral part of scientific practice and
one of the most meaningful ways in
which scientists can shape the future of
crystallography.



Table of
Contents

The advancement of
crystallography depends
not only on scientific
discoveries, but also on
our ability to educate
people, build communities
and create opportunities
for future generations of
researchers.

Ol 02

Why should Why is
crystallographers crystallography
care? special?

03

The community-
centred ecosystem
framework

04

The journey through
the initiatives

05

Towards future
infrastructures

06

Take-home messages




IS dOing gOOd A provocation

If a new synchrotron were built tomorrow in your

SCience enoug h? country, who would use it?

+ trained users?
+ crystallographers?

+ beamline scientists?

OK, fine! But then

Who writes the proposals?

Who knows how to collect the data?
Who processes the data?

Who trains new users?

Who maintains the instruments?

Who justifies the investment?

Who convinces governments to fund it?




The Many Faces of raditional view
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The Many Faces of A broader view
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Crystallography
is uniquely
positioned

Structure
Materials
er./sto//ography naturally e T o
brings together Properties

multidisciplinary communities.

Starting from crystallography
Is often a logical pathway
towards new scientific
communities and research Mineralogy
infrastructures.




Why start from
crystallography
when building a
scientific
community?

attracts scientists from
different disciplines;

creates demand for
instrumentation;

encourages collaboration;

provides a common scientific
language.

Question time

You have €1 billion to build a synchrotron in a country with no user community.

1) Would you spend all the money on the building?
2) What would you invest in?

people

education

mobility

partnerships

local laboratories

Building a facility is easy compared with building the
community that makes it useful.




Communities before Facilities

A Community-Centred Ecosystem Framework
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Large-scale
Research
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Communities before Facilities

A Community-Centred Ecosystem Framework

The first research infrastructure is not
a building. It is a community.

We usually think of infrastructure as
buildings and instruments. But before a
synchrotron is built, something else must
already exist: a community needing It,
capable of using it, governing it, advocating
for it and sustaining it. In that sense,
communities are themselves a form of
infrastructure, an invisible infrastructure
without which physical infrastructure cannot
succeed.



Communities before Facilities

The five-step pathway

EXpOSU re { - AIC Schools How do we attract people?

Community
. W WAVAVAY = ?
formation How do we connect them:
Local - X-TechLab
capa bility - crXstal How do we retain them?
Reglonal - BRIDGE Africa How do we organise them?
ecosystems

- African Light Source

Continental - Greater Caribbean Light Source How do we empower them?

vision

- Central Asian Synchrotron Light Source

How do we build a Research Infrastructure?



Education creates network

The First Seed: AIC International Crystallography Schools

%5’ S o Long tradition of
& education
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i o International
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o Scientific
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1974 o Future leaders
First International School of
Crystallography
@ "Ettore Majorana” Foundation and
-I 972 Centre for Scienfific Culiure, Erice.
F@i}rsg School in Crystallography organized by the AIC SCh OOIS do n Ot Only tranSfer
erugia

knowledge; they create communities



Education creates network

The First Seed: AIC International Crystallography Schools

My experience as member (2009-2011) and coordinator (2012-2014) of the Commission on Teaching of the AIC

The model proposed

o Pre-course
orostruch . o Theoretical lectures
Teento, 15-30 september 2012 o Tu to r| a | S

2000 (il [fering cechniqU®S 2012 = q"” =

from mICJ‘OS(OPIC to atomic S!fUﬂhJ‘ES

- Hands-on
_ _ o Lecture Notes
.‘JT_ED. . @ Joinﬁchool
May 2430,2010 Fau! Scherrer Institut, 5232 Villigen PSI, Switzerland
2010  pyremesr— 2013 ST and also
Nanocrystals, Defective & Amorphous Mauﬂnlc . .
e e C o A unique location
Crystallography Beyond Diffraction 2 - International character

- Thematic and
multidisciplinary
schools

- Joint schools

- Public lectures

2011 | | 2014

Cryseallography Heyond Diffraction



Education creates network

5
1= ECA European Crystallography School . ’ 40%;3?2 2
Pavia (Italy), 28 Aug— 6 Sept. 2014 ECS1: Facts an d fi gures
ca. 200 applications
120 students selected Venkatraman
from 30 countries Ramakrishnan

MRC laboratory of Malecuiar Biology Comiridge UK.

Albania (1) Algeria (4) Austria (1) Belgium (2) Cambodia (1)
Croatia (3) Czech Rep. (2) Denmark (1) Finland (1) France

Morocco (1) Netherlands (1) Nigeria (2) Norway (1) Poland
(8) Portugal (2) Romania (1) Russia (2) Slovakia (2) Spain
(6) Sweden (1) Tunisia (5) Turkey (2) UK (7) Uzbekhstan (1)

from 10 countries

Croatia, Czech Republic, France, Germany, Italy, Russia,
| South Africa, Spain, Switzerland, UK

16 members of the organizing committee
12 from Pavia (University and CNR-1GG)

11 sponsors




Education creates network

The First Seed: AIC International Crystallography Schools

=
ternational Crystallography School 2016
stability and phase transitions in crystals:
experiments ns
$an pe e

AIC International Crystallography School 2018
'POWDER DIFFRACTION: THEORY, SOFTWARE AND APP

AIC International Ceystallographic School 2019

2w CRYSTALLOGRAPHIC INFORMATION FIESTA

Naples (Italy), 29 August - 3 September 2019

20716 2018 2019




. Access to
Education . .
instrumentation

Access creates demand

IUCr-UNESCO OpenLab

IUCr-UNESCO
OpenlLab
Launched during IYCr2014

o Access to instrumentation

o Experiential learning

o Hands-on learning

o Co-led lectures

o International exposure

o New user communities

o Partnership with industry and
local institutions

30+ editions
25+ countries

This initiative was aimed at allowing access to crystallographic knowledge and
technology in all parts of the world, key for the fruitful development of science



. Access to
Education . .
instrumentation

Access creates demand

IUCr-UNESCO OpenLab
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. Access to An enabling
Education . .
instrumentation platform
YA RNALT

Communities are infrastructure 7y

LAAAMBP: A Platform for Enabling Scientific Ecosystems

Lightsources for Africa, the Americas, Asia, Middle East and Pacific (LAAAMP) in

https://laaamp.iucr.org/

LAAAMP was started by Sekazi Mtingwa, Sandro Scandolo
and Michele Zema in 2016 through a € 300K grant awarded
by the International Science Council (ISC) to a joint [IUPAP- Bui/ding
IUCr project entltled:OUtlllsatlon or: l:lght Source and communities is
Crystallographic Sciences to Facilitate the Enhancement
of Knowledge and Improve the Economic and Social

itself a form of
Conditions in Targeted Regions of the World. Infrastructure

LAAAMP has eventually gained high reputation as a leading o’eve/o,oment
institution in science capacity building and science
diplomacy.




. Access to An enabling
Education . .
instrumentation platform
AN

Communities are infrastructure ﬂ "

LAAAMP: A Platform for Enabling Scientific Ecosystems
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More than 50 advanced \  ©  Asthe map shows,
light source facilities are O there are none
in operation, construction ; i in the entire continent
or planning. The map shows ’ of Africa, and only one © Synchrotron Facilities (CIRCULAR) o
most of them. ‘: in Latin America. @ Free Electron Laser (FELs, LINEAR)

Picture from LAAAMP brochure, Ernie Malamud, Editor. © Adobe Stock



. Access to An enabling
Education . .
instrumentation platform

Communities are infrastructure

LAAAMBP: A Platform for Enabling Scientific Ecosystems

LAAAMP brochure
Available in 5 languages

DOWNLOAD FOR FREE at

Informing
https://laaamp.iucr.org/publications/brochure

| cssmmmmet === | Advanced Light Source facilities

Advising T B
* *\ DOWNLOAD FOR FREE at
/_) https://laaamp.iucr.org/publications/strategic-plans




. Access to An enabling
Education . .
instrumentation platform

Communities are infrastructure

LAAAMP: A Platform for Enabling Scientific Ecosystems

LAAAMP FAculty-STudent (FAST) Teams

. o mobility programme
::"ac:nlng Over 100 researchers awarded to spend 2 (two)
. months in a synchrotron facility
mentoring
APPLY at https:;//laaamp.iucr.org/grants/calls
LAAAMP Schools on Synchrotron Light
Sources and their Applications
. 6 editions. Over 200 participants per edition.
Formation

REGISTER FOR FREE at
https://laaamp.iucr.org/events/synchrotron-schools




. Access to An enabling
Education . .
instrumentation platform

Communities are infrastructure

LAAAMBP: A Platform for Enabling Scientific Ecosystems

LAAAMP High-School Teachers Workshops
International virtual professional development

Targeting :
. workshop for high-school teachers.
different REGISTEFI)Q FORIg:REE t
a

groups https://laaamp.iucr.org/events/high-school-teachers-
workshops-list
LAAAMP works closely with governments,
NGOs, and international committees and

Advocating participates, and participates in high-level

global science policy forums to facilitate the
development of research and education
Infrastructures.



. Access to An enabling Regional feeder
Education . . oo s
instrumentation platform facilities

The Feeder Facility Model

X-TechLab: A Regional Hub for Western Africa

https:// www.xtechlab.

Fe

X-TechLab

Bright sclutions for Africa

AYA
v Av

SEME CITY




. Access to An enabling Regional feeder
Education . . oo s
instrumentation platform facilities

The Feeder Facility Model

X-TechLab: A Regional Hub for Western Africa

Equipment

1. Bruker D8 QUEST ECO X-ray
single-crystal diffractometer

Oxford Cryosystems SMARTSREAM

Malvern Panalytical Empyrean alpha-1
X-ray powder diffractometer

4. Bruker Skyscan 1275 Micro Computed
Tomograph

5. Malvern Panalytical Revontium X-ray
Fluorescence

Stereo and polarized light microscopes
Fully equipped chemical lab
CCDC Cambridge Structural Database

N

W

© N o




. Access to An enabling Regional feeder
Education . . oo s
instrumentation platform facilities

The Feeder Facility Model

X-TechLab: A Regional Hub for Western Africa

Activities
1. Research
2. Training

Two training sessions per year (two weeks each)
Next: 16-27 November 2026

3. Service

4. Science Diplomacy

ML e B

Intermediate facilities bridge communities and future large-scale infrastru

/




Access to An enabling Regional feeder

Education instrumentation platform facilities

Transferability

The Feeder Facility Model

crXstal

|crXstal e




Education : Access to‘ An enabling Reglon_a_l feeder Transferability
instrumentation platform facilities

The Feeder Facility Model

crXstal

crXstal

LAMISTAD

Caribbean Regional

Greater X-ray Science s QA Afri
. — rican
Caribbean v Toward : Lioht S
. vancemen - I ource
Light Source X_TeChLab 8
Laborato ry Bright solutions for Africa AfLS

The principles are transferable across regions.



Education : Access to‘ An enabling Reglon.a.l feeder Transferability
instrumentation platform facilities

The Model is Transferable

crXstal

e

International institutions

LAAAMP, UNESCO, [UCr
Local institutions

University of West Indies,
Caribbean Academy of
Science, National
Committee of Science
and Technology

Partnering institutions
ISC-LAC, TWAS-TYAN,
RSC, BMS, JUICI Patties

Partners

Bruker, CCDC



Access to
instrumentation

An enabling
platform

Regional feeder

Education facilities

The Model is Transferable

Transferability

crXstal

The maugural Caribbean Crystallography School

New teaching activity

. A two-hour crystallography

. symposium, designed to show
advanced topics and research

| frontiers in crystallography, with
presentations delivered by all CCSI
lecturers and tutors.

S \ 7 o
§ O [LAMP Ses i
Ui FAEA Ca ),

AA ase
sNe Chis

Facuity of Science and Technology

Caribbean Regional X-ray Science Toward

Advancement Laboratory (crXstal)

Fundamentals of

Crystallogr
Theory an

0GRAFIA

MONA ACADEMY

CC DC OF SCIENCE AND

TECHNOLOGY
International "~

JYAL SOCIETY
“es Sclence Councll vg»"cut\n:s‘;nv MAST

Pract C “'-

The Inaugural Caribbean Crystallography

The Caribbean Crystallography School
(CCS) is a premier training initiative hosted
by the Caribbean Regional X-ray Science
Toward Advancement Laboratory (crXstai)
at The University of the West Indies, Mona.
Established in October 2024 within the
Department of Chemistry, Faculty of
Science and Technology, crXstal serves as a
regional hub for advancing X-ray
crystallography through education and
research.

Date: June 2-7, 2025
Venue: %M %

p .
Kingston Jamaica

Registerats

This inaugural school aims to:

Expose participants to the
fundamental theory of X-ray diffraction
and single-crystal X-ray diffraction.
Train participants in techniques used
for growing single crystals.

Collect singie-crystal data using the
BRUKER D8 Quest Eco.

Solve single-crystal structures using
various software packages.

Prepare crystal structure data for
publication,

Facilitators




Education : Access to‘ An enabling Reglon.a.l feeder Transferability
instrumentation platform facilities

The Model is Transferable

crXstal

Signing of the Caribbean Regional Committee for
Crystallography commitment document.

L-R: Apollonio Aguilar (UB), Michael M. Forde (UWI St Augustine), Varma
Rambaran (UTT), Marvadeen Singh-Wilmot (UWI Mona), Michele Zema
(LAAAMP), Zeyar Min (UTech), and Avril Williams (UWI Cave Hill).

Photo by T. Collins-Fray.

Build capacity in
crystallography and
related fields

Strengthen regional
scientific collaboration

Foster infrastructure
development and
sustainable training
pipelines



Education : Access to‘ An enabling Reglon_a_l feeder Transferability
instrumentation platform facilities

Communities are infrastructure

Evidence of community growth

: , LAAAMP FAST Teams records
il AfCA-IUCTr Virtual Collection

Guest Editors: Susan Bourne, Delia Haynes and Michele Zema

32 peer-reviewed publications published
in the period 2019-2026 and explicitly

L — acknowledging LAAAMP support
LEL;)'I; 313 citations

66 articles published by African crystallographers H-index of LAAAMP FAST Teams: 10

Clarivate Web of Science™ Core Collection, 29 June 2026



Education : Access to. An enabling Reglon.a.I feeder Transferability
instrumentation platform facilities

The Model is Transferable

Where next? And why?

‘More than 50 advanced As the map shows,
light source facilities are there are none
‘in operation, con: ion in the entire continent
of Africa, and only one @ Synchrotron Facilities (CIRCULAR)
in Latin America. @ Free Electron Laser (FELs, LINEAR) ' P

Picture from LAAAMP brochure, Ernie Malamud, Editor. © Adobe Stock



Education : Access to‘ An enabling Reglon.a.l feeder Transferability
instrumentation platform facilities

Communities are infrastructure

Where next? And why?

NN e

s

Infrastructure development Is also an exercise in science diplomacy.
— et . e - 9. W e BEE-. T 7 T OO e



Education : S o ARCIEIS e Reglon.a.l feeder Transferability Continental vision
instrumentation platform facilities

From Communities to Continental Visions

Initiatives for new synchrotron facilities
| | s - i T )
o | . CASLS : 0:”

vy 5 o 17 Ronecons

More than 50 advanced el @ As the map shows,
light source facilities are v, there are none
in operation, construction in the entire continent .
or planning. The map shows of Africa, and only one @ Synchrotron Facilities (CIRCULAR) ) WODHEAL
most of them. in Latin America. @ Free Electron Laser (FELS, LINEAR) :
- e
Map of existing synchrotron and FEL facilities (from LAAAMP brochure). Initiatives adhering to LIGHT-GS programme are shown in green boxes

LIGHT G S Advanced Light Source Facilities to Empower QU7 Wy, 20242033
Global-South Scientists = A" % intemations) Decade of

Coordinated by LAAAMP A UNESCO-endorsed programme for IDSSD coordinated by LAAAMP

Sciences for Sustainable

v N o~
QII“ /1 I,v' Development




Education L Ceess e An enabling Regionalfeeder Transferability Continental vision SR
instrumentation platform facilities development

Shared ownership and ecosystem development

BRIDGE Africa

Boosting Research BR
Infrastructure for AFR
Development, Growth, and
Empowerment in Africa

Aprojectfundedby \_




Education L Ceess e An enabling Regional feeder Transferability Continental vision SR
instrumentation platform facilities development

Shared ownership and ecosystem development

BRIDGE Afrlca
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Education L Ceess e An enabling Regionalfeeder Transferability Continental vision SR
instrumentation platform facilities development

Shared ownership and ecosystem development

BRIDGE Africa

Advanced Materials for
Renewable Energy Engineering
and Applications

Innovative Approaches
to Bioactive Compounds

Circular Mineral
Resources

Archaeology and
Preservation of
Cultural Heritage




Education L Ceess e An enabling Regionalfeeder Transferability Continental vision SR
instrumentation platform facilities development

Shared ownership and ecosystem development

BRIDGE Africa

Common focus on
the use of
advanced
techniques that
will prepare the
community to the

establishment of &Gtggnsg,{ggm Girakar Smastry
the first African -
synchrotron

Developing Accredited Establishing Regional

Academic Curricula Research Infrastructures
Across Africa

Mature ecosystems generate the conditions for future large-scale infrastructures.




Final take-home messages

What can YOU do?

Which of these activities could you start tomorrow?

o participate in the life of a scientific society
o organise a local or regional school

o Mmentor students

o build a network

o Create a user group

o advocate for a facility

Infrastructure is not the starting point of scientific development; it is one of its outcomes.



Final take-home messages
Conclusions

1. Papers build careers and

o Crystallography is inherently multidisciplinary and advance science.

community-building. 2. Education builds people.
. .ge ere . - 3. Communities build
o Scientific communities are enabling conditions for disciplines.

future infrastructures. .
4. Infrastructures build

opportunities for future

o Building communities is not separate from ,
generatlons.

research; it is part of our responsibility as scientists.
5.  Partnerships expand

opportunities

As crystallographers, we
have a responsibility in all
five.

(0]

Sustainable research infrastructures are not created when the first instrument is installed.
They emerge when education, communities and institutions evolve together.



Through implementing
high-level scientific
Infrastructure,

new nodes are added to
the network of the
scientific community,
strengthening bonds and
enhancing our collective
strength.

Michele Zema

michele.zema@uniba.it
laaamp.info@gmail.com

https://laaamp.iucr.org
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