Summary of Activities

ICTP 2015

1

Summary of Activities 2015
The Abdus Salam International Centre for Theoretical Physics
Compiled by the ICTP Public Information Office
Designed by Jordan Chatwin
Photos: Roberto Barnabà, ICTP Photo Archives, unless otherwise specified
Print: Art Group Graphics s.r.l.
Public Information Office
The Abdus Salam International Centre for Theoretical Physics (ICTP)
Strada Costiera, 11
I – 34151 Trieste Italy
e-mail: pio@ictp.it
www.ictp.it
ISSN 1020–7007

2

Summary of Activities
ICTP 2015

03
04
07
21
24
27
28
29
30
32

1

Foreword
Highlights 2015
Research
Training and Education
Scientific and Public Outreach
Facilities/Services
Governance
Finances
Scientific and Administrative Staff 2015
ICTP in Numbers 2015

2

2

Photo: Paola di Bella

Foreword
In 2015, ICTP continued its many activities in research,
education and outreach, consistent with its mission of
supporting the highest level of science and promoting it in
developing countries.

2015: Present knowledge and way forward on future research”,
held in Kathmandu in June.

As can be seen from the present report, ICTP’s research groups
maintained their strong standards and productivity, reflecting
the healthy status of theoretical physics across the different
disciplines represented at ICTP.

16,000 visitors in one single weekend to our campus.

The year started with the now-traditional Abdus Salam
Distinguished Lecture Series, which this year was given by the
outstanding mathematician Don Zagier (Director of the Max
Planck Institute for Mathematics in Bonn). The subject of his
talks, The Magic of Modular Forms, attracted much interest

IAEA and the University of Trieste; and the first graduation of
students from the joint ICTP-SISSA PhD program. This is an
indication that programs that were only in the planning stages
a few years ago are now settled and are part of ICTP’s successful
core activities.

among the whole ICTP community, especially the Postgraduate
Diploma students, and matched the high standards established
by the previous sets of lectures.

Finally, at the end of 2015 four international institutes initiated
by ICTP in different regions of the world were given the status of

Among the more than 60 conferences, schools or workshops
organized by our scientists in 2015, it is very difficult to single

UNESCO Category 2 institutes: the already active ICTP-South
American Institute for Fundamental Research (ICTP-SAIFR) in
Sao Paulo, Brazil, which will soon celebrate its fifth anniversary;

out the highlights of the year. Our Career Development
Workshop for Women in Physics deserves a special mention,

the Mesoamerican Centre for Theoretical Physics (MCTP) in
Chiapas, Mexico, which has already been involved in many

as it fits with ICTP’s goal to encourage more women not only to
choose a career in science but also to be able to stay in the field
throughout their careers. The excellently organized activity

activities to promote science in the Central American and
Caribbean region; and two new institutes, ICTP-Asian Pacific
in Beijing, China, and ICTP-East Africa in Rwanda. We hope in

featured numerous role models, including Jocelyn Bell, who
not only shared her experience as a pioneer woman in science

the future we can report on the positive activities of these new
centres.

but also gave an inspiring colloquium on the discovery and the
general physics of pulsars.

The year 2015 will also be remembered for two important firsts:
the first graduation of students enrolled in ICTP’s Master’s in
Medical Physics program, created in collaboration with the

Let us finish by thanking once again the Italian government,
UNESCO and IAEA for their continued support of ICTP and its

It is also worth emphasizing that ICTP postdoctoral fellow (and
co-coordinator of outreach for the ATLAS experiment) Kate Shaw
was awarded the European Physical Society’s 2015 Outreach

activities, as well as the members of the Steering Committee
and Scientific Council for their wise guidance, and all the ICTP
scientific and administrative staff for another year of hard and

Prize for developing the programme ‘Physics Without Frontiers’,
in which young scientists visit developing countries and work
directly with local master’s students while at the same time
giving presentations to motivate high school students. Activities
have already been carried out in Palestine, Nepal, Morocco and

professional work.

Algeria.
ICTP’s quick actions with its colleagues and alumni in Nepal
after the disastrous April 2015 earthquake reflected its strong
commitment to the support of science in the developing world.
One immediate, scientific need was to investigate the nature of
the strong aftershocks that continued to shake the region after
the main quake. ICTP geophysicist Karim Aoudia coordinated
with Tribhuvan University Professor Bishal Upreti to donate
permanent GPS instruments that can monitor Nepal’s postseismic deformation. The equipment arrived just four days after
the 25 April earthquake, thanks to the assistance of the UNESCO
field office in Kathmandu. In collaboration with a network of
ICTP alumni in Nepal, the instruments were installed. Data
collected by the instruments was a central topic of discussion at
ICTP’s “International Workshop on Nepal (Gorkha) Earthquake
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ICTP’s local outreach activities included the organization of its
second Trieste Mini Maker Faire, which attracted more than

Fernando Quevedo, Director, ICTP

ICTP Highlights 2015
January
01

Mathematician Don Zagier presents this year’s Salam
Distinguished Lecture Series. Zagier, a number theorist
who directs the Max Planck Institute for Mathematics,
lectures on the theme The Magic of Modular Forms.

02

Four scientists reflecting ICTP Founder Abdus Salam’s
passion and vision share the 2015 Spirit of Abdus Salam
Award. The recipients are Luciano Bertocchi, Giuseppe

01

Furlan, Yu Lu, and Chao-Zheng Zha. The annual award is
sponsored by the family of Abdus Salam.
The International Year of Light is officially launched in
Paris at UNESCO headquarters; ICTP hosts the IYL global
secretariat, helping to coordinate the hundreds of events
that will take place during the year.
02

February
03

ICTP and the International Commission for Optics
(ICO) award their 2015 ICO/ICTP Gallieno Denardo
Prize to two optics researchers: Rajan Jha from India
and Rim Cherif from Tunisia. The award recognizes Jha’s
breakthrough contributions to the modelling, design
and development of high performance optical sensors
and waveguides. Cherif is cited for her achievements
in the field of nonlinear optics, in particular her
contributions to the design of highly nonlinear fibers for

03

supercontinuum generation.
April
04

ICTP postdoctoral fellow Kate Shaw is awarded the
European Physical Society’s 2015 Outreach Prize of the
Society’s High Energy and Particle Physics Division.
Shaw co-founded Physics Without Frontiers in 2012,
a unique educational science roadshow sponsored by
ICTP and CERN that brings physics to the far reaches

04

of the developing world to inspire and engage young
physics students.
May
05

The second edition of the Trieste Mini Maker Faire
(held on 9 and 10 May 2015), organized by ICTP in
collaboration with the Immaginario Scientifico Science
Museum and the local newspaper Il Piccolo, attracts
more than 16,000 visitors to the ICTP campus, where 280
‘makers’ showcase their creations.

05

June
06

ICTP and three other international research centers
based in Italy are invited to present their activities and
achievements to a special parliamentary session held in
Rome, organized by the Italian Ministry of Foreign Affairs
and International Cooperation. Italy has been a key
supporter of ICTP since the Center’s founding in 1964.
06
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08
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12

August
07

11

Thirty-five Postgraduate Diploma Programme students

Five alumni of ICTP’s Postgraduate Diploma Programme
are the first to receive PhD degrees from the joint ICTP-

from 21 developing countries celebrate the completion
of their studies during a graduation ceremony held

SISSA PhD Programme in Physics and Mathematics. The
graduates, all of whom are from developing countries,

in the Centre’s Budinich Lecture Hall. Twenty of the
graduates have enrolled in PhD programmes and five
are pursuing masters degrees.

began their educational journey as students in ICTP’s
intense, one-year Postgraduate Diploma Programme,
where they proved their ability to pursue doctoral
studies.

08

09

ICTP awards its 2015 Dirac Medal and Prize to Alexei
Kitaev (California Institute of Technology), Gregory W.
Moore (Rutgers University) and Nicholas Read (Yale
University) for their interdisciplinary contributions

November

which introduced the concepts of conformal field theory
and non-abelian quasiparticle statistics in condensed
matter systems and applied these ideas to quantum

science receive the 2015 ICTP Prize. Aijun Ding (Nanjing
University, China) wins the prize for his outstanding
contribution to the analysis and simulation of chemical

computation. Their work has played a fundamental role
in recent advances in our understanding of the quantum
states of matter and quantum entanglement theory.

and physical processes related to tropospheric
pollution. Vijayakumar S. Nair (Vikram Sarabhai
Space Centre, Kerala, India) receives the prize for his
outstanding contribution in the domain of aerosolclimate interactions.

ICTP’s 2015 Ramanujan Prize is given to Amalendu
Krishna of India’s Tata Institute of Fundamental
Research (TIFR). Dr. Krishna won the award for his
outstanding contributions in the area of algebraic
K-theory, algebraic cycles and the theory of motives.
October

10

ICTP holds its second Career Development Workshop
for Women in Physics. Some 50 participants from
26 countries attend the week-long event, which
features sessions on how to write a CV, how to give
oral presentations, how to write scientific articles
for publication in peer-reviewed journals, the art of
negotiation in an academic environment, and how to
try to achieve a balance between the demands of career
and family.

5

Two young scientists active in the fields of atmospheric
chemistry and physics in connection with climate

December
12

Thirteen students from 11 developing countries are
the first to receive a Master’s in Medical Physics (MMP)
degree through a joint ICTP-University of Trieste
programme that began two years ago. The MMP
programme provides graduates (coming mainly from
developing countries) of physics or related fields with
postgraduate theoretical and clinical training so that
they may be recognized as clinical medical physicists in
their home countries.

Did you Know?
Research at ICTP has contributed directly, or
indirectly, to at least four Nobel Prizes. These
include:
•

ICTP founder Abdus Salam’s award in 1979
for his contribution to the theory of the unified
weak and electromagnetic interaction
between elementary particles;

•

the deep involvement of Filippo Giorgi, head
of ICTP’s Earth System Physics section, with the
Intergovernmental Panel on Climate Change,
which shared the 2007 Nobel Peace Prize;

•

ICTP’s contribution, led by Bobby Acharya
of the Centre’s High Energy Physics section,
to CERN’s ATLAS experiment, which helped
confirm the existence of the Higgs Boson that
had been theorized by François Englert and
Peter W. Higgs, who shared the 2013 Nobel
Prize in Physics;

•

the theoretical work on neutrino oscillation by
ICTP scientist Alexei Smirnov and colleagues,
which was confirmed by one of the recipients
of the 2015 Nobel Prize in Physics, Arthur
McDonald.

6

ICTP Research
ICTP’s unique strength lies in its ability to bring together
large numbers of gifted scientists from developing and
developed countries to participate in joint research.
From its early focus on theoretical high energy physics,
the Centre’s research areas have evolved in response to
the needs of physicists and mathematicians from the
developing world, and now include:
• High Energy, Cosmology and Astroparticle Physics
• Condensed Matter and Statistical Physics (with a new
research area in renewable energy)
• Mathematics
• Earth System Physics
• Applied Physics
• Quantitative Life Sciences
ICTP’s visiting researchers are immediately caught up in
the culture of the Centre. Strategically placed blackboards
welcome them to linger over physics and math problems,
while bulletin boards announce a feast of upcoming
seminars and colloquia. ICTP research is further
strengthened by the Centre’s infrastructure, including
its recent investment in high performance computing
equipment and its highly regarded Marie Curie Library.
The following pages provide a glimpse of ICTP’s research
activities during 2015.
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High Energy, Cosmology and
Astroparticle Physics
Four broad areas are explored by the High Energy,
Cosmology and Astroparticle Physics (HECAP) section
at ICTP: cosmology; physics at the Large Hadron
Collider (LHC); phenomenology of particle physics;
and gravity, strings and higher dimensional theories. In
2015 the section has delved into the cosmic microwave
background, helped confirm properties of the Higgs
particle and the QCD axion, contemplated quantum
gravity, and studied axiverse-induced dark radiation.

Plan B for Primordial B-Modes

Charting Undiscovered Particles

Radiation known as the cosmic microwave background (CMB)

Two ICTP studies helped narrow down properties of long-sought

bathes the Earth from all directions. Cosmologists have learned
a lot about the universe by measuring the CMB’s temperature

hypothetical particles. The first involves supersymmetry, a
framework that posits an elaborate system of particles beyond

across the sky, and the focus has now turned to its polarization
properties. In particular, experiments are striving to detect
“primordial B-modes” of polarization, which could have been

the Standard Model. These particles would influence the mass of
the Higgs particle, which has now been measured with precision
around 0.2% at the Large Hadron Collider (LHC). Computing the

imprinted on the CMB by ancient gravitational waves unleashed
by quantum effects during the earliest moments of the Big Bang.

Higgs mass within a supersymmetric theory and comparing it
to the known mass thus puts limits on the theory’s undiscovered

In 2014, the BICEP2/Keck experiments reported very promising
results, but hopes of a landmark discovery were dashed when
measurements by the Planck satellite revealed that confounding

particles. Javier Pardo Vega and Giovanni Villadoro have
performed a thorough state-of-the-art computation of this type
and made it freely available as computer code (http://www.ictp.

emissions from polarized dust in our galaxy are large enough to
account for the BICEP2/Keck data.

it/~susyhd). They found that the supersymmetric particles are
generally heavier than previous calculations suggested, partly
explaining their absence at the LHC.

Responding to this bad news from Planck, ICTP researchers
Paolo Creminelli and Diana López Nacir, and coworkers, carried
out a theoretical analysis to reassess the prospects for upcoming
ground-based, balloon-borne, and satellite experiments to
detect primordial B-modes. They concluded that the outlook for

The second calculation involved an exotic particle called the
QCD axion. Quantum chromodynamics (QCD) deals with
strong interactions between quarks, but suffers from the “strong
CP problem,” a puzzle that a QCD axion field would neatly

experiments that study the CMB at three or more frequencies is
not significantly worsened by the troublesome dust, provided
that its effects can be accurately modeled with a few parameters,

resolve. Axions could also form the mysterious dark matter
that makes up over 80% of the universe’s mass. Researchers
including Giovanni Grilli Di Cortona, Edward Hardy, Pardo Vega

and if the B-modes are stronger than a certain threshold of
interest.

and Villadoro, computed expressions for the axion’s mass and
interactions to about 1% precision. They also showed that a
previous method for estimating the abundance of axions as dark
matter is unreliable.

Reference:

References:

P. Creminelli, D. L. López Nacir, M. Simonović, G. Trevisan, M.

J. Pardo Vega and G. Villadoro, Higgs mass determination in

Zaldarriaga, Detecting primordial B-modes after Planck, JCAP
1511, 031 (2015).

supersymmetry, JHEP 1507, 159 (2015).
G. Grilli di Cortona, E. Hardy, J. Pardo Vega, G. Villadoro, The QCD
axion, precisely, JHEP 1601, 034 (2016).
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Quantum Gravity, Macro and Micro

The Axiverse-Induced Dark Radiation Problem

Quantum gravity was the topic of two notable papers by Atish

String theory (and its cousin, M theory) is formulated with

Dabholkar. In one, he proposed equations for describing
the universe as a whole that incorporate new quantum

several more dimensions beyond the usual three that we
perceive around us. The extra dimensions would be tightly

contributions. The starting point is the usual Einsteinian
description of gravity, but modified to exhibit an extra symmetry
(“Weyl symmetry”). This symmetry breaks at the quantum

curled up (“compactified”) on such a tiny scale that they are
practically unobservable. An enormous number of different
compactifications are possible, and the details of which one

level, producing unusual interactions called Weyl anomalies.
Working with a two-dimensional theory, Dabholkar showed that

holds sway in our universe would determine all the species of
particles that exist, their masses and interactions, and so on.

these anomalies have interesting consequences for cosmology.
In particular, the universe’s vacuum energy can slowly decay,
which could drive the process of inflation early in the Big Bang.

The outcome typically includes a sector known as the axiverse:
a plethora of very light particles similar to the hypothetical
QCD axion, mentioned above. These axions would tend to form

Dabholkar and collaborators are working on generalizing
the theory to four dimensions and determining its possible
observable effects.

a highly energetic, but almost undetectable “dark radiation”
throughout space.

The other paper explored the entropy of black holes, which was
first introduced by Bekenstein and Hawking. A great success of
string theory has been to account for the Bekenstein-Hawking
entropy by counting microscopic quantum states, and to

The large number of axion species suggested by string theory
creates a problem: observed properties of the CMB barely permit
a single unknown energetic species. A paper by Bobby Acharya
and former ICTP Diploma student Chakrit Pongkitivanichkul
discussed this problem and some potential solutions. The

compute corrections to it for certain types of supersymmetric
black holes. The corrections are expressed as Kloosterman
sums, which arise in number theory. Dabholkar and coworkers

simplest solution involves only a single axion species becoming
highly energetic, which severely constrains the kinds of string
theory compactification that may exist.

explicitly calculated the corrections from topological terms in
supergravity theory. The result not only illuminates the quantum
theory of black holes, but also suggests an unexpected link
between topology and number theory.

References:

Reference:

A. Dabholkar, Quantum Weyl invariance and cosmology,

B. S. Acharya and C. Pongkitivanichkul, The axiverse induced

arXiv:1511.05342 (2015).

dark radiation problem, arXiv:1512.07907 (2015).

A. Dabholkar, J. Gomes, S. Murthy, Nonperturbative black hole
entropy and Kloosterman sums, JHEP 1503, 074 (2015).
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Condensed Matter
and Statistical Physics
Strange and unexpected behaviors may emerge when
large numbers of particles collect together. Researchers
in the Condensed Matter and Statistical Physics (CMSP)
section at ICTP are tackling this challenging realm with
a variety of analytical and numerical techniques, with
a particular focus on the development of new methods
of numerical simulation. Their research work in 2015 is
summarized below.
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Tiny Golden Catalysts

Geometric Quantum Noise

When small clusters of gold atoms are deposited on various

When a nanoscopic magnetic particle is bathed in a magnetic

materials, this usually inert metal can take on a new role as a
powerful catalyst. For example, gold nanoparticles on hematite,

field, its magnetization tends to precess like a spinning top.
Indeed, spin and magnetism in general are very closely related,

a form of iron oxide, can convert carbon monoxide to carbon
dioxide even at temperatures as low as –70ºC. Although gold/
hematite catalysts have been studied experimentally for more

and to a condensed matter physicist the nanomagnet is an
example of a spin system. A subtle phenomenon called a
geometric phase arises in connection with the precession: After

than twenty years, the details of how they function remain
unclear. Indeed, the theoretical understanding of gold/hematite

each complete cycle, when the magnetization has returned
to its original orientation, the nanomagnet’s quantum state is

catalysts lags behind that of some other gold/metal-oxide
catalysts.

shifted by a phase. Work by a group of researchers including
ICTP physicist Mikhail Kiselev has shown that this geometric
phase plays an important role when the quantum nanomagnet is

Manh-Thuong Nguyen and Ralph Gebauer of ICTP have filled
in some of the gaps. They performed extensive calculations
to determine properties of the smallest gold particles—single

subject to dissipation.

atoms and dimers of two atoms—adsorbed on a hematite
surface in various ways. The computations revealed that the
most stable arrangement involves a single gold atom in place
of an iron atom, with no other nearby defects (such as missing
oxygen atom) in the hematite’s structure. The researchers

frictional effects (damping the motion) and also adds random
noise (random forces). Kiselev and coworkers found that the
geometric phase strongly affects the noise when the system
is in the quantum regime, corresponding to rapid precession
rates. (Previous studies considered slower precession rates, and

also concluded that this type of single-atom site is the favored
location for adsorption of a carbon monoxide molecule and is
likely to be the most active site for oxidation of the molecule to

in that “semiclassical” regime the geometric phase does not
influence the noise.) The theorists applied their result to predict
how the magnetization would diffuse (become randomized)

carbon dioxide.

at low temperatures and suggested a procedure to observe this
effect experimentally. They expect that their theory will be useful
for a broad range of applications, including for spintronics, a
burgeoning technology that exploits spin effects.

Reference:

Reference:

M.-T. Nguyen, M. Farnesi Camellone, and R. Gebauer, On the

A. Shnirman, Y. Gefen, A. Saha, I. S. Burmistrov, M. N. Kiselev, A.

electronic, structural, and thermodynamic properties of Au
supported on -Fe2O3 surfaces and their interaction with CO, J.
Chem. Phys. 143, 034704 (2015).

Altland, Geometric quantum noise of spin, Phys. Rev. Lett. 114,
176806 (2015).

When acting on a quantum spin system, dissipation has

Pinning Down Many-Body Localization

Simulating the Water/Vapor Interface

Imagine if having a few boulders dotted randomly in a field

Next time you hold a glass of water, consider the liquid’s surface.

sufficed to prevent a horse from wandering away. That would
be a loose analogue of Anderson localization, a quantum

Mundane as it may appear, this surface is an exemplar of the
water/vapor interface, which remains an active topic of research.

phenomenon that can occur when a system such as a
semiconductor contains enough disorder. A particle (such as
an electron) that would ordinarily travel easily through the

The interest flows in part from its role as the simplest case of
a boundary between an aqueous region and a hydrophobic
one, a structure which plays a role in myriad biological and

material instead becomes trapped somewhere, even though
there is no distinct barrier corralling it. The same theory implies

technological applications.

that disorder can localize a large number of particles if they are
effectively not interacting.

At the molecular scale, even the precise location of the water’s
surface becomes a slippery question, as it constantly fluctuates
in time and space. Handling this issue was a key feature of work

The case of interacting particles, known as many-body
localization, is more difficult, but in recent years theorists
have shown that localization should indeed persist in some

by a group of researchers including Ali Hassanali of ICTP. They
performed molecular dynamics simulations, and incorporated
an instantaneous definition of the surface location, instead of a

systems even when there are interactions. ICTP researchers
Markus Müller and Antonello Scardicchio, working with SISSA
PhD student Valentina Ros, demonstrated a new technique
for analyzing many-body localization. They considered
interacting electrons in a disordered potential, and constructed

time-averaged definition as in previous work.

mathematical quantities called integrals of motion, which do
not change their value as time advances. Unlike in the case of
one-dimensional integrable systems, these integrals of motion

existence of a layer containing molecules oriented parallel to
the instantaneous water surface, as was first predicted by other
researchers in 2012. The molecules in that layer form hydrogen

are quasi-local, primarily involving small regions of the system,
thereby linking them to localization. The construction breaks
down when the interaction becomes too strong, which provides
an estimate of when the electron system itself delocalizes. The
trio hope that their new method will lead to further analytical

bonds with molecules in the layers above and below, as well as
having particularly strong hydrogen bonding within the layer.

The results showed that the water/vapor interface has
several layers, each containing water molecules with distinct
orientations. In particular, the new simulations indicated the

results about many-body localization.
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Reference:

Reference:

V. Ros, M. Müller, A. Scardicchio, Integrals of motion in the many-

J. Kessler, H. Elgabarty, T. Spura, K. Karhan, P. Partovi-Azar, A.

body localized phase, Nucl. Phys. B, 891, 420 (2015).

A. Hassanali, and T. D. Kühne, Structure and dynamics of the
instantaneous water/vapor interface revisited by path-integral
and ab initio molecular dynamics simulations, J. Phys. Chem. B,
119, 10079 (2015).

Mathematics
ICTP’s Mathematics Section emphasizes two core
functions: the creation of new mathematical knowledge
and its global dissemination, in particular to developing
countries. Members of the section build connections to
groups and institutes in developing countries through a
variety of activities. Research by the Mathematics Section
reflects the important synergy between mathematics
and physics, as well as the role of mathematics in driving
the rapid development of technological advances. Its
members focus on algebraic geometry, commutative
algebra, differential geometry, dynamical systems, and
analysis and number theory.

Hyper-Large Betti Numbers

An Attractive Finiteness

If you find it hard to get your head around the idea of curved

ICTP mathematician Stefano Luzzatto and collaborators proved

4-dimensional spacetime (not to mention the convoluted 10
dimensions of superstring theory), spare a thought for ICTP

a result that is a step on the way to completing a key outstanding
question about the theory of dynamical systems. The larger

mathematician Fernando Rodriguez Villegas. A recent paper
that he coauthored tackled the behavior of a 2,964-dimensional
object and counted how many “holes” of various

question is known as the Palis conjecture, after Brazilian
mathematician Jacob Palis who proposed it about 20 years ago.
The new work showed that the conjecture is true for a certain

dimensionalities it contains. For instance, this object has more
than 1058 holes that are precisely 1,288-dimensional. The results

class of dynamical system.

were of interest not so much for these particular extremely large
numbers, but for how the distribution of numbers compared
across several different types of these objects—the distributions

To mathematicians, a “dynamical system” consists of a
multidimensional space and a function that maps all the points
in the space onto one another. Each point is a possible state of

were all surprisingly similar in shape.
The work involved objects called hyperkähler varieties. A

the system, and the mapping function defines how the system
evolves from state to state over time. Attractors are regions of
points where the system tends to evolve from many different

generic “variety” can be thought of as a surface (typically
curved) of some dimensionality in a higher-dimensional space.
Hyperkähler varieties include additional structure, and they crop
up in physics topics such as gauge theories. Rodriguez Villegas
and his coworker used a technique they call arithmetic harmonic

initial states. Palis conjectured that almost all finite dimensional
dynamical systems have only a finite number of “ergodic
attractors”. Essentially all the points in the space of states are
drawn to one or another of these attractors. Having only a
finite number of such attractors would make the systems much

analysis to compute Betti numbers (essentially, the numbers
of holes) for large examples of several types of hyperkähler
varieties.

simpler than they might otherwise be. Luzzatto and coworkers
proved their result in part by showing that the attractors in the
systems they considered admitted a particular kind of geometric
structure that is of interest on its own account.
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Reference:

Reference:

T. Hausel, F. Rodriguez Villegas, Cohomology of large

J. F. Alves, C. L. Dias, S. Luzzatto, V. Pinheiro, SRB measures for

semiprojective hyperkähler varieties, Astérisque No. 370, 113–156
(2015). (arXiv:1309.4914)

partially hyperbolic systems whose central direction is weakly
expanding, J. Euro. Math. Soc., to appear. (arXiv:1403.2937)

When is a Curve “Almost Complex”?

Refined Invariants for Complex Surfaces

Objects known as J-holomorphic curves or pseudoholomorphic

ICTP mathematician Lothar Göttsche and a collaborator

curves have transformed certain areas of mathematics in the
past few decades, and have applications in string theory. They

developed formulas for invariant quantities related to special
types of complex surfaces. Invariants are used across a wide

involve a generalization of the idea of a complex structure
(“complex” as in complex numbers) to an “almost-complex”
structure. Work by ICTP’s Claudio Arezzo and a coworker

range of mathematics for classifying examples of objects such as
knots and surfaces. They are quantities that do not vary when an
object is continuously deformed in some way. A simple example

has spelled out interesting conditions that guarantee when
something must be a J-holomorphic curve.

is the Euler characteristic, originally defined for polyhedra in
terms of the numbers of faces, edges and vertices.

They considered the situation when a two-dimensional surface
is immersed in a symplectic manifold. Symplectic manifolds are

Here the work was about two types of surface known as K3
surfaces and abelian surfaces, which each have properties that

even dimensional and endowed with a special structure, and
they also happen to be almost complex. They occur in physics
going all the way back to formulations of classical mechanics.

make them very regular. K3 surfaces are often used in studies of
string theory (in particular, string duality) because they are the
second simplest example of a flat compact manifold suitable for

The symplectic structure provides a way to define the area of
the immersed 2D surface. Arezzo and co considered how this
area changes if the symplectic structure is varied. They found
that the 2D surface is guaranteed to be a J-holomorphic curve
whenever its area has either a critical point (analogous to finding

compactifying the theory’s extra dimensions.

a maximum or a minimum of a function) or a stable point under
these variations. They are already extending their result to higher
dimensional objects and less regular objects.

proved analogous formulas based on a generalization of
the Euler characteristic due to the late Friedrich Hirzebruch
(Göttsche’s doctoral advisor a quarter century ago). The formulas

Previous work had developed formulas involving the Euler
characteristic of systems of curves in surfaces such as K3
surfaces. Göttsche and his coworker conjectured and then

are motivated in part by ideas from string theory. The work is
a step toward proving similar formulas conjectured to hold for
curve systems in more general complex surfaces.

Reference:
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Reference:

C. Arezzo, J. Sun, A variational characterization of J-holomorphic

L. Göttsche, V. Shende, The χ–y-genera of relative Hilbert schemes

curves, J. Reine Angew. Math. 709, 171–200 (2015).

for linear systems on Abelian and K3 surfaces, Algebraic Geom. 2,
405–421 (2015).

Earth System Physics
Our Earth may appear as no more than a pale blue dot
when seen from space. But this blue dot and the life on
it are part of a complex system of intricate processes
in physics, chemistry and biology that are continually
interacting with each other. Understanding the various
components of this system, their interactions and
processes forms the basis of research by ICTP’s Earth
System Physics section (ESP). From building and using
models of climate change and its impacts to deciphering
the mechanics of earthquakes and volcanoes, ESP
research covers a wide spectrum. Highlights of ESP
research during 2015 are summarized here.

El Niño’s Unpredictable Cousin

Something to Sneeze At

The El Niño phenomenon is famous for producing months-long,

Hay fever may soon be on the rise in regions of Europe where

unstable weather, but it also has a lesser known relative on the
other side of the world: the Atlantic Niño. This phenomenon,

a highly allergenic and invasive plant called Ambrosia
Artemisiifolia—commonly known as ragweed—is taking

which dominates a wide swath of the Atlantic, has a pattern
very similar to the cycles that create El Niño in the Pacific. But
unlike its Pacific cousin, the Atlantic Niño is nearly impossible

advantage of climate change to propagate itself in new regions
of the continent. Ragweed pollen can be transported over
large distances and has been recognized as a significant cause

to predict. A study by ICTP Junior Associate Hyacinth Nnamchi
and ESP researchers Fred Kucharski, Riccardo Farneti and others

of hayfever and asthma. To predict the effect of climate and
land-use changes on airborne pollen concentrations, ESP

suggests why, and raises hopes for better predictions.
The El Niño weather pattern occurs when a massive band of

researchers and an international team of scientists modeled
high-end and moderate climate and land-use change scenarios.
Pollen emissions were calculated based on the modeling of

warm water forms off the coast of South America, extending to
the west far into the Pacific. The warmth of the water changes air
pressures across the Pacific, which in turn alters temperatures,

plant distribution, pollen production, flowering probability,
and flux response to meteorological conditions. In bad news
for allergy sufferers, they found that pollen amounts are likely

rainfall, and cyclone frequency in countries bordering the
Pacific. The slow development of this stretch of warm water lets
meteorologists and climate scientists predict the arrival of El
Niño six to nine months ahead of time. To explore why this is
not the case for the Atlantic Niño, ICTP researchers analyzed the

to dramatically increase and spread throughout Europe due
to enhanced plant dispersal associated with more viable
climatic conditions for the growth and spread of ragweed. This
information is important for health policy planning because
it suggests greater risk of occurrence of pollen-related atopic

mechanisms which lead to it via the heat exchange between the
atmosphere and the ocean, using observational data and models.
They found that the movement of ocean water has very little to

diseases such as asthma.

do with the Atlantic Niño. Rather, heat exchanges between the
atmosphere and the ocean seem to drive the Niño, instead of
heat moving around the ocean itself. This points to a drastically
different mechanism powering the Atlantic Niño compared to
El Niño in the Pacific. Their results have implications not only
for future efforts to predict the Atlantic Niño, but also for the
predictability of rainfall in the surrounding regions.
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Regional Data Goes Global

New Hope for East African Rain Predictions

Climate change scientists rely on an important tool—global

East African countries have been facing precipitation extremes—

climate models—to simulate future climate scenarios. While the
global outlook that these models provide is important, so too are

droughts and floods—that are taking a dire toll on the region’s
livelihood. Finding a way to predict these weather phenomena

regional scenarios. For those, GCMs can be downscaled for local
modeling, but the scale at which the GCM performs may not
provide the fine-scale spatial climate details needed for accurate

could help the region prepare for potential effects on agriculture,
hydropower and food security. To that end, climate scientists
have performed the first-ever analysis of the relationship

local simulations, especially if the region is characterized by
complex topographical features. This is where Regional Climate

between sea surface temperatures (SST) and East African rain
variability for the 20th century, using observational information

Models (RCM) can help, but to what extent, and for which
parameters? ESP researchers wanted to find out what the added
value would be of including high-quality, fine-scale regional

and an atmospheric general circulation model to look at the
variability of ‘short rains’—those weather systems that occur
between September and November. They also investigated

models in a global one. They analyzed a series of global and
regional climate change model simulations focusing on the
Alps. By using a range of quantitative metrics of added value,

the physical mechanisms that govern the influence of seasurface temperatures on East African rain variability. Their
analysis showed that East African short rains, which are strongly

they found that RCMs considerably improve the simulation
of precipitation spatial patterns, daily precipitation intensity
distributions and precipitation extremes compared to the
driving GCMs. A further important and unique conclusion was
that this added value was found not only at fine scales, but also

influenced by the Indian Ocean, are potentially relatively well
predictable, given that Indian Ocean SSTs are known. The study
provides a step forward in the predictability analysis of African
climate.

when upscaling the RCM information at the GCM scale.
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Applied Physics
From archaeology to X-ray imaging, and from optics and
lasers to satellite navigation and turbulent fluid flows,
ICTP’s Applied Physics section encompasses diverse
areas of research that respond to the most critical needs
of the ICTP scientific community. The areas are, in fact,
among the activities for which the demand in developing
countries is enormous and growing.

The bulk of the work carried out in the Applied Physics section
takes place in its three laboratories:

Its Guglielmo Marconi ICT Wireless Laboratory houses training
programmes on wireless communications technologies,

•

Multidisciplinary Laboratory (MLab)

providing much-needed support in wireless technology
education to students and researchers from developing

•
•

Applied Physics Laboratory (at Trieste’s Elettra Sincrotrone)
Telecommunications/ICT for Development Laboratory

countries.
A longtime goal of the wireless research at ICTP has been to

plus three other shared laboratories:

provide reliable and sustainable wireless solutions to help foster
science and research in developing countries. For the past few

•
•

Laser Laboratory (at Elettra)
ICTP-SPIE-INFN Quantum Cascade Laser Laboratory (Area
Science Park, Trieste)

years, researchers have been investigating the use of TV White
Spaces (TVWS) for affordable, wireless connectivity. TVWS refers
to unused broadcasting frequencies, most often spaces that

•

Optical Tweezer Laboratory (at the Istituto Officina dei
Materiali (IOM), Trieste)

exist between channels to avoid interference. Those frequencies
could be harnessed for Internet connectivity, offering a
promising solution for developing countries that lack advanced

ICTP’s MLab promotes interdisciplinary experimental activities
based on advanced instruments and methods developed
in basic physics research. MLab activities include scientific
instrumentation development, novel detector and electronic
circuit design and prototyping, X-ray imaging, and accelerator-

telecommunications infrastructures. In 2015, ICTP wireless
experts Marco Zennaro and Ermanno Pietrosemoli published a
book on the topic, titled TV White Spaces: A pragmatic approach,
along with five papers.

based analytical techniques.

ICTP’s Applied Physics Laboratory, located at Elettra, conducts
basic research activities and supports advanced courses for
PhD students in turbulent fluid mechanics, as well as providing

In 2015, MLab scientists participated in a study that appeared
in the journal Nature (see summary on facing page). MLab
scientists are also involved in the COMPASS high energy physics
experiment at the Super Proton Synchrotron at CERN, as well
as development work on applications of Silicon Drift detectors
for Synchrotron applications with Italy’s National Institute for

support for joint synchrotron-related lab experiments.

Nuclear Physics.

the physics and applications of short pulse lasers, specifically
femtosecond lasers used in the seeding of the FERMI Free
Electron Laser at Elettra. Many ICTP Associates take advantage
of this laboratory during their visits to ICTP.

The Telecommunications/ICT for Development Laboratory
researches ionospheric radiopropagation, with a particular
focus on ionospheric effects on satellite navigation and
positioning systems (the Lab’s proprietary NeQuick model is
used by scientists around the world for this purpose). The Lab
also does research and training on wireless communications.
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The ICTP Laser Laboratory is a collaborative experimental
facility serving the needs of both ICTP and Trieste’s Elettra
Sincrotrone. Students and researchers in the Lab investigate

Under the ICTP-SPIE Anchor Research Programme, researchers
at the ICTP-INFN-SPIE Quantum Cascade Laser Laboratory
are developing quantum cascade lasers (QCL) for numerous

Applied Physics Research Highlights
Trieste Origins Unearthed

ICTP researchers led an interdisciplinary team of
physicists and archaeologists that used Light Detection
And Ranging (LiDAR) and Ground Penetrating Radar
(GPR) to uncover what could be the origins of Trieste.
The team discovered an archaeological site with
Roman military fortification systems, composed of a
big central camp flanked by two minor forts. The site,
which dates back to the first decades of the 2nd century
BC, is most likely to be where the Romans laid the first
foundations of Trieste. Their results appeared in the
Proceedings of the National Academy of Sciences (doi:
10.1073/pnas.1419175112).

applications, from fundamental measurements of the proton
charge radius to applications in environmental sensing. Under
the same Anchor Research Programme, the IOM optical tweezer
laboratory of Dan Cojoc has ICTP’s optical tweezer apparatus
installed and an ICTP STEP student from Senegal completed
her thesis work in 2015 on biological applications related to the
characterization of elasticity of cancer cells.
Other research in the Applied Physics section focuses on
Synchrotron Radiation Related Theory, where researchers are
investigating electronic, magnetic and structural properties of
systems with strong electron correlations, including transitionmetal oxides and related materials; and the physics of lowdimensional systems and nanostructures.

Bee Line

In another highly interdisciplinary study, scientists
from ICTP’s MLab participated in an international
effort to pinpoint when humans first tried to
domesticate bees. The team chemically analyzed
shards of Neolithic pottery scattered between Northern
Africa and Northern Europe, looking for evidence of
bee products. They discovered that honeybees were
widely exploited by early agriculturalists in the Near
East, Europe and North Africa dating back nearly
9,000 years, providing the first ancient biomoleculebased palaeoecological map of the distribution of
an economically and culturally important animal.
The research appeared in Nature and was titled
‘Widespread exploitation of the honeybee by early
Neolithic farmers’ (doi:10.1038/nature15757).
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Quantitative Life Sciences
The attacks of malignant cancer cells; inbreeding; the
flocking behavior of starlings; managing huge datasets:
scientists in ICTP’s newest research section,
Quantitative Life Sciences, are uncovering the
underlying physics in the broad domain of life sciences
that encompasses disciplines ranging from molecular
and cell biology to terrestrial and oceanic ecology,
and economics and quantitative finance. Research
highlights from 2015 are as follows.

Cancer’s Odd Behavior

Genetic Solutions

Cancer is a complicated disease, with multiple methods to
invade healthy tissue. In response, researchers are integrating
multiple research methods to unravel cancer’s convolutions.

Areejit Samal, former ICTP senior postdoctoral fellow and
current Simons Associate, co-authored a paper solving a
long-standing problem in statistical genetics, concerning the

ICTP physicist Antonio Celani has worked with cancer biologists
to investigate one of cancer’s odd behaviors, finding there
is considerably less randomness than previously thought in

probabilities of recombinant inbred lines (RILs), which are
generated by repeated inbreeding.

malignant cells’ attack.

This problem had been solved for two or three genes, but
deriving the probabilities of RILs in the case of four or more

His research started with one observation, made by biologists
studying how abnormal cells can transform into cancer cells
and invade surrounding tissues. Invasion implies that cancer

genes had remained an elusive challenge. Samal’s paper, cowritten with Olivier Martin of the French National Institute
for Agricultural Research, solves the problem using a clever

cells are spreading out, moving away from each other to conquer
the most territory. But instead, the biologists saw cancer cells

combination of condensed-matter and quantum field theory
techniques.

collecting together, piling up in masses.
Celani’s quantification of the cancer cells’ movement revealed

“In this work, we provide the generalization of the formulas to
any number of genes,” says Samal. “The key to our solution is

something unexpected: there was nothing random about how
the cells were moving. Individual cells, instead of each spreading
out and attacking on their own, first seemed to be actively

the exploitation of framework equations developed by Nobel
physicists Roy Glauber and Julian Schwinger. Surprisingly, the
associated formulas involve only the standard four operations

seeking each others out to make large clusters.

(addition, subtraction, multiplication and division) and can be
produced automatically,” he explains.

The mathematical models for this process were based on the
known process of chemotaxis, the ability of cells to respond to a
chemical gradient. Experiments confirmed that the clusters were
indeed releasing an attractant, but the identity of the substance
proved elusive. Whatever it is, the cells’ ability to find each other
could provide several advantages: avoiding the attacks of the

Samal adds that these multi-variate probabilities can be
included in genetic analyses, while extensions of the framework
could provide mathematical solutions to other interdisciplinary
problems with many correlated variables.

immune system, or taking advantage of a higher level of growth
factor in the environment surrounding the cluster, fueling their
proliferation.
The clustering of cancer cells was unexpected, and the news that
it is directed and purposeful instead of random provides insight
into the voraciousness of cancer.

18

Reference:

Reference:

A. Puliafito, A. De Simone, G. Seano, P. Gagliardi, L. Di Blasio,

A. Samal, O. Martin. Statistical physics methods provide the exact

F. Chianale, A. Gamba, L. Primo, A. Celani.Three-dimensional
chemotaxis-driven aggregation of tumor cells. Scientific Reports
5, doi:10.1038/srep15205

solution to a long-standing problem of genetics. Physical Review
Letters, doi: 10.1103/PhysRevLett.114.238101

19

Collective Motion Explained

Getting Data on Data

When a flock of starlings darts though the sky, it can seem like

To collect huge amounts of data is becoming easier and easier,

there is one brain controlling hundreds of birds. A group of
scientists, including ICTP postdoctoral fellow Asja Jelic, wanted

but that data can be cumbersome and complicated to learn
from. A physicists’ instinct is to find a good model to apply to

to know how starlings manage to fly and turn in sync. This is
known as collective motion, which emerges when a group of
individual swallows self-organize into one system. But what

the data, but deciding which model provides the most or best
information about the data can be tricky.

drives it?

Huge datasets often have many dimensions, or variables.
Deciding which dimensions or combinations of dimensions are

They studied this biological emergent phenomenon by applying
statistical physics methods to understand how flocks turn, and
then extracted 3D trajectories of individual birds from videos.

the most interesting is a problem that Matteo Marsili, ICTP QLS
physicist, tackled with his colleague Ariel Haimovici. They took
a Bayesian statistical approach to finding a more rigorous way to

The individual paths were important: sometimes the flock
would turn in response to external alarm cues, but individuals’
behavior can also spark a collective decision to turn.

determine which data dimensions are more revealing about the
source of the data.

The group found that spontaneous turns start from individuals
at the outer tips of the flock, behavior that propagates in a linear
and undamped manner instead of the predicted diffusive and
heavily damped movement of information. The paper suggests

Their approach seeks to use data frequency over chance to
determine which variables are important or information-giving,
in order to decide what the best criterion for a model would
be. If a survey asks irrelevant questions, the answers tend to be
random instead of following a pattern. The only way the data has

that birds at the edges may be feeling vulnerable to predators or
missing social communication, and rearrange their position to
counteract this, thus sparking a turn, morphing the flock’s flying

to reveal patterns is by the frequency of the different outcomes;
that’s where relevance reveals itself. Marsili and Haimovici
propose a new way to use frequency distributions to make the

pattern.

search for the best model more rigorous.
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Training and Education
As an international crossroad of scientific excellence,
ICTP offers a unique environment for scientists at all
stages of their careers to advance their knowledge in
physics and mathematics. Each year more than 5,000
scientists from about 160 countries pass through ICTP,
taking advantage of the Centre’s worldwide reputation for
truly outstanding workshops, conferences and advanced
educational programmes that explore topics at the
cutting edge of physics and mathematics.

From the Centre’s Postgraduate Diploma Programme, an
intense, year-long course of study that gives young scientists
from developing countries the boost they need for acceptance
into doctoral programmes anywhere in the world, to the Centre’s
Associates Scheme, which supports visits of several months
at a time over a three year period, ICTP provides a lifeline for a
lifetime of learning.
Today, ICTP alumni can be found in 188 countries around the
world, serving as science ambassadors in their home countries
and sharing their knowledge with new generations of scientists.
The full spectrum of ICTP’s training and education programmes
are described here; for a glimpse of their global impact in 2015,

ICTP Degree Programmes
• Joint Master in Physics (with University of Trieste)
• Master of Arts in Economics (with University of Turin)
• Master of Complex Systems (with consortium of

European universities)
• Masters in Medical Physics (with University of Trieste)
• Masters in High Performance Computing (with SISSA)
• PhD in Physics and Mathematics (with SISSA)
• PhD in Earth Science and Fluid Mechanics (with

University of Trieste)

please see the inside back cover of this report.
ICTP degree programmes

The start of an educational journey

ICTP is investing in scientific capacity building by supporting
the studies of students from developing countries who qualify to

ICTP recognizes that many students from developing countries
lack the vigorous educational training needed to succeed in

enroll in the Centre’s joint masters and doctorate programmes.
ICTP’s seven degree programmes offer instruction in fields
ranging from physics and mathematics to medical physics and

doctoral studies. Since 1991, the Centre’s Postgraduate Diploma
Programme has addressed this need by offering an intense,
12-month course of study for talented young science students

high performance computing. In 2015, 29 students achieved
a level of academic success that is unavailable in their home
countries. They include:

who have limited possibilities to pursue advanced studies in
their home countries. More than 700 students from 75 countries
have graduated from the programme; of these, 75% have gone
on to attain doctoral degrees. For the academic year 2014-2015,
35 students from 21 different countries completed the rigorous

•

•

•

•

•
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two students from Nigeria and Sudan who earned masters’
degrees in physics through ICTP’s joint programme with
the University of Trieste; both are now enrolled in PhD
programmes;

programme. Of those, 20 have enrolled in PhD programmes and
five are pursuing masters degrees.

13 students from 11 developing countries who completed
the course requirements for ICTP’s Master in Medical Physics
degree with the University of Trieste and received diplomas at
a graduation ceremony in December 2015;
two students (from Colombia and Cuba) who successfully

Doctoral students in the developing world often face a local
shortage of expertise in their field or laboratories necessary
to complete their desired research. ICTP, along with its UN
partner the IAEA, has developed a Sandwich Training Education
Programme (STEP) for these young researchers. STEP is a visiting

earned degrees in the joint ICTP-SISSA Master in High
Performance Computing programme;
five students (from Colombia, Cuba, Uzbekistan and
Vietnam) who completed their studies in physics or
mathematics to earn their PhDs through ICTP’s joint doctoral

programme that provides support for three- to six-month
stays each year for three successive years at either ICTP or a
collaborating institute, providing students with the opportunity
to work alongside world-class researchers who they may not
have had access to in their home countries. Launched in 2003,

programme with SISSA;
seven students in the joint ICTP-University of Trieste PhD
programme in earth science and fluid mechanics who earned
their doctoral degrees.

STEP has assisted 153 students from 45 countries accomplish
their educational objectives.

Life-long learning

Scientists from the developing world often need opportunities
to break the intellectual isolation many of them experience
in less-advantaged countries. That is why ICTP developed its
Associateship Scheme: a sabbatical programme for scientists
at different stages of their careers to maintain long-term,
formal contact with the Centre and its well established network
of world-renowned scientists as well as its modern facilities.
Over the years ICTP has supported 2,670 Associates from 108
countries. In 2015, 188 Associates made 191 visits to ICTP.

invention and research. FabLabs are becoming of special
relevance to scientists in developing countries because
they can offer powerful new ways to carry out research and
facilitate the realization of new ideas at affordable costs. ICTP’s
SciFabLab offers modern and versatile computer-controlled
rapid prototyping tools such as 3D printers, 3D scanners,
laser engraving and cutting machines. The SciFabLab hosted
hundreds of visits in 2015 by visiting scientists and nonscientists, as well as individuals and groups from the Trieste
region, including decision makers, ministers, scientists,
politicians, teachers and school classes, and journalists.

A similar scheme between ICTP and developing-country
institutes, called Federated Institutes, allows the institutes to
send young scientists (up to age 40) to ICTP for shorter stays.
In 2015, ICTP had a total of 97 Federated Institutes, from 32
countries. The total number of visits under the programme was

Specialized training

ICTP complements its broad selection of conferences,
programmes and laboratory opportunities with specialized

52.

training activities in fluid mechanics, information and
communication technology (ICT), optics and lasers, and
telecommunications and wireless technologies. A sample of

A gateway to Italian laboratories, and new skills

those activities that took place in 2015 includes:

ICTP’s Training and Research in Italian Laboratories (TRIL)
programme offers scientists from developing countries the
opportunity to undertake training and research in an Italian
laboratory in different branches of the physical sciences. The
aim of the programme is to promote, through direct contacts
and side-by-side high-level research, collaborations between
the Italian scientific community and individuals, groups and
institutions in developing countries. Since its inception in 1983,
the TRIL programme has supported the visits of 1,300 scientists
from 88 countries. In 2015, 62 fellows from 29 countries received
support to carry out research in Italy.
Another laboratory-based programme, the ICTP-Elettra Users
Programme, offers access to Trieste’s Elettra Sinchrotrone
radiation facility for scientists from developing countries who
work in those countries. In 2015, ICTP supported 39 visits of
participants coming from eight developing countries.
ICTP’s Scientific Fabrication Laboratory, or SciFabLab,
which opened in 2014, is the first “fabrication laboratory” in
Italy’s Friuli-Venezia-Giulia region. It is devoted to creativity,
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•
•
•

Workshop on Ionospheric effects on SBAS and GBAS
Applications at low Latitudes, Trieste
1st East-African Workshop on the Internet of Things,
Rwanda
ICTP-UNECA Workshop on Wireless Connectivity for
African Islands, Trieste

ICTP specialized training extends to the Middle East. Since
2009, the Centre and the Jordan-based Synchrotron Light for
Experimental Science and Applications in the Middle East
(SESAME), a third-generation light source operating under
the auspices of UNESCO, have coordinated a programme of
joint training activities taking place at both the Middle East
facility and in Trieste. SESAME is the Middle East’s first major
international research centre; when the facility starts operations,
scientists from the Middle East and neighbouring countries,
in collaboration with the international synchrotron light
community, will have the possibility of performing world-class
scientific studies.

Diploma Success
A spotlight on four 2015 graduates

Name:

Rodrigo de Leon Ardon

Name:

Sarah Oliva

Country:

Country:

Research interest:

Guatemala
Large-scale structure of the universe

Research interest:

Philippines
Volcanoes

Inspired by:

2 Guatemalan scientists—his graduate

Inspired by:

High school physics teacher

After ICTP:

Doctoral studies at the University of
Rochester, New York, USA

supervisor Edgar Cifuentes and ICTP
Director Fernando Quevedo
After ICTP:

Astroparticle physics doctoral
programme at SISSA

“I must share all the things I have learned with my country, this is
important; if I don’t, my country will remain in poverty.”

“At ICTP we meet people from all over the world, and you get to
know them, and not just talk to them about science but about
life in general. You learn about how they got into this field, and
it makes it more real. It shows that as a scientist, this is how it is,
along with having a family, along with all these little things you
never really think about. Being opened to that idea is inspiring.”

Name:

Alaa Elshorbagy

Name:

Deepak Karki

Country:

Country:

Research interest:

Egypt
Mathematics

Research interest:

Nepal
Condensed matter physics

After ICTP:

Joint ICTP/SISSA PhD Programme in

After ICTP:

Joint ICTP/SISSA PhD Programme in

Mathematics
“In Mathematics, any idea requires a proof to be respected: it is
not who you are or what you believe in or where you are from. No
idea should be rejected except with a clear case that shows its
failure, even if it is just one. There is no grey spectrum, there is no
place for differences. And it is for this reason that I am in love with
mathematics.”
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Physics
“When I came to ICTP my world really changed. This is my perfect
place to study. All the professors are very helpful, they really know
how to motivate the students. And I am very happy to be here.”

Scientific Outreach
Regional centres of excellence

ICTP has opened regional branches to bring its unique blend of
high-quality physics and mathematics education and high-level
science meetings closer to scientists in the developing world:
ICTP-South American Institute for Fundamental Research
(ICTP-SAIFR), Sao Paulo, Brazil: ICTP-SAIFR, created
in collaboration with the State University of Sao Paulo
(UNESP) and the Sao Paulo Research Funding Agency
(FAPESP), is located on the campus of the Instituto de Fisica
Teorica (IFT-UNESP). Activities, which are modelled on
those of ICTP, include international schools and workshops.
In 2015, more than 150 seminars and colloquia were held in
diverse areas of theoretical physics and complex systems.
Also, ICTP-SAIFR researcher Fabio Iocco and collaborators
published an important paper in Nature Physics titled
“Evidence for dark matter in the inner Milky Way”, which
established for the first time the presence of dark matter in

ICTP-SAIFR

the innermost regions of our galaxy.
The Mesoamerican Centre for Theoretical Physics (MCTP),
Chiapas, Mexico: MCTP offers conferences, schools
and seminars on physics, mathematics, energy and the
environment. It also works with ICTP to create a programme
for students at universities in Central America and the
Caribbean to earn physics or mathematics PhD degrees,
which currently are not offered in the region. In 2015, MCTP
attracted 567 visitors and ran 22 scientific meetings.

MCTP

ICTP–Eurasian Centre for Advanced Research (ICTP-ECAR),
Izmir, Turkey: Turkey’s Izmir Institute of Technology hosts
ICTP-ECAR, which is designed as an international centre
to serve as a meeting point for scientists, researchers and
students of the broad Eurasia region. Activities in 2015
included a Workshop on Photonics, a Conference on LHC
Physics, and numerous seminars and colloquia.
Physics Without Frontiers

Physics Without Frontiers is an ICTP outreach program targeting
the far reaches of the developing world to inspire and engage
undergraduate and masters physics students. Founded by ICTP
high energy physics postdoctoral fellow Kate Shaw, the program
currently embarks on physics roadshows, organizing oneday, intensive masterclasses at universities. Students have the
opportunity to analyze real data from the LHC at CERN, which
Shaw has been involved with as a member of the INFN Udine/
ICTP ATLAS group. In 2015, Shaw brought the wonder of particle
physics to Palestine, Lebanon and Nepal, reaching over 260
students. The program also brings high level masters courses to
universities; in particular, the program has organized a masters
course in particle physics in Palestine these past three years with
remote teaching and face-to-face tutorials.
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ICTP-ECAR

Office of External Activities

ICTP’s Office of External Activities (OEA) supports research
and training activities of physicists and mathematicians living

Assistance is carried out through Affiliated Centres (there
were six in 2015 in Africa, Latin America and Eastern Europe),

and working in developing countries, primarily by providing
assistance for regional activities. Such support complements
the training and research that is provided to developingcountry scientists at ICTP. Its goal is to boost the scientific level
of individuals, groups or institutes in developing countries to

support for PhD courses (seven in 2015), research group
networks (nine in 2015), support for scientific meetings (74 in
2015), and support for visiting scholars and consultants. The
full extent of the OEA’s global reach can be seen on the map
inside the back cover of this publication.

an international level through North-South collaboration, and
to stimulate networking of scientists in the developing regions
to reach a critical mass of researchers through South-South
collaboration.
The OEA also provides funds for graduate schools to support
student grants, fellowships for young researchers, visits of
research collaborators and other activities.

Public Outreach
Throughout the year, ICTP engages with the public
through numerous outreach activities aimed at
spreading the joy of science to the young and old.
Some events are highlighted here.

Trieste Mini Maker Faire 2015

Science in the City

ICTP’s Second Trieste Mini Maker Faire (www.makerfairetrieste.
it), held on 9 and 10 May 2015, was a free public event

TriesteNext, a public celebration of science in Trieste, was held
from 25 to 27 September in the city’s spacious Piazza Unita.

showcasing invention, creativity and resourcefulness. The event
attracted more than 16,000 visitors and more that 300 exhibitors
to ICTP’s campus. Exhibit stands included a wide range of
innovations from drones to personal 3D printers and kits for
children to create their own switch-operated robots.

The event offered numerous exhibits and talks, including
a roundtable hosted by ICTP on Digital Technology for
Development: How the Internet of Things and Big Data can
Contribute to Development, with keynote speaker Steve Chan,
a technology expert from MIT and a director of IBM’s Network
Science Research Center.
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Facilities / Services
ICTP places fundamental support services
at the disposal of its scientists.

The Centre’s Marie Curie Libray—containing some 71,000 books,
as well as 124 subscriptions to print journals and electronic
access to 3,268 journals—offers visitors one of the largest
collections of literature in physical and mathematical sciences

Other SDU services include the development, implementation
and management of open source applications, especially in
support of science and education in developing countries via
mobile science and learning platforms, and the provision of

in Europe.

grants and training for the low-cost production of scientific
contents by institutions and scholars.

ICTP’s Information and Communication Technology Section
(ICTS) maintains the Centre’s advanced computing facilities. It
also plays a key role in all ICTP activities related to technology
for high-performance computing, parallel programming and

ICTP has published the African Review of Physics (www.aphysrev.
org) since 2007. The free, open access, on-line, peer reviewed,
international publication is the official journal of the African

scientific software development, including ICTP’s Master’s
in High-Performance Computing (MHPC), a joint degree

Physical Society. It publishes reviews, research articles, and
brief communications in all branches of experimental and

program run with the International School for Advanced Studies
(SISSA). The program is centered around the two institutes’
high-performance computing center. Launched in 2014, the

theoretical physics. In 2015, more than 47% of submitted papers
were from African scientists who were working in their home
countries. Dark energy and dark matter were the major themes

facility expands opportunities not only for MHPC students, but
also for staff researchers and the thousands of scientists from

in theoretical astrophysics and cosmology; other areas covered
included medical physics, condensed matter, Earth systems, and

developing countries doing collaborative research with the
Centre. From simulating molecular interactions to calculating
climate forecasts, supercomputers are becoming an increasingly

applied mathematical physics.

important tool for scientists seeking to solve complex scientific
computational problems. The results of these supercomputing
exercises are being used in important, practical ways, from
the development of improved solar energy cells to input into
international agreements such as the Intergovernmental Panel
on Climate Change (IPCC) climate assessment reports.
Another service that ICTP provides to scientists from around
the world is the possibility to follow all ICTP conferences and
courses online. Also, the Centre’s Science Dissemination Unit
(SDU) has recorded all Postgraduate Diploma Programme
courses, as well as many conferences and workshops, using
their automated EyA system for the webcasting of physics and
mathematics. As of 2015, ICTP’s nearly 14,000 hours of online
Diploma Programme lectures had received more than one
million unique visitors, around 50% of whom come from India,
China and Africa. These numbers suggest that the lectures,
taught in English by ICTP scientists, are a useful learning
resource for students in developing countries. Some parts of
the world, however, are restricted both by language barriers
and bandwidth constraints. To tackle these issues, SDU has
implemented the project “Didactica para el Desarrollo” with
educational scientific lectures in different languages.
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Governance
ICTP Steering Committee

The ICTP Steering Committee, comprising representatives from UNESCO,
IAEA and the Italian government, sets general guidelines for the Centre’s
activities, determines budgeting levels, and considers proposals from the
director for the program, work plans, financial plans, and budget. The
ICTP director is the ex-officio chairperson of the Steering Committee.
The chairperson of the Scientific Council attends the Steering Committee
meeting in an advisory capacity.

UNESCO

Aldo Malavasi

Italian

Fabio Zwirner

Assistant Director General for

Deputy Director General

Government

Department of Physics and

Natural Sciences

Department of Nuclear Sciences

Flavia Schlegel

IAEA

Astronomy, University of Padua

and Applications

ICTP Scientific Council

ICTP’s Scientific Council is composed of distinguished specialists in
disciplines relevant to the Centre’s activities and representing a broad
geographical range. The Council advises ICTP on its programs of activities,
taking into consideration major academic, scientific, educational and
cultural trends relevant to the Centre’s objectives.

F.K.A. Allotey

Renata Kallosh

Valery A. Rubakov

Institute of Mathematical Sciences

Department of Physics

Russian Academy of Sciences

Legon-Accra, Ghana

Stanford University

Institute For Nuclear Research

Stanford, CA, USA

Moscow, Russian Federation

Institute of Physics, The Federal University of Rio

Luciano Maiani (Chairman)

Subir Sachdev

de Janeiro

Dipartimento di Fisica

Department of Physics

Rio de Janeiro, Brazil

Università di Roma La Sapienza

Harvard University

Rome, Italy

Cambridge, MA, USA

Department of Physics

Juan M. Maldacena

Ashoke Sen

Princeton University

Institute for Advanced Study

Harish-Chandra Research Institute

Princeton, NJ, USA

Princeton, NJ, USA

Allahabad, India

Edouard Brézin

M.S. Narasimhan

Winston Wole Soboyejo

Laboratoire de Physique Théorique de l’ENS

Centre for Applicable Mathematics

Princeton University

Paris, France

Bangalore, India

Mechanical and Aerospace Engineering

Professor Ingrid Daubechies

Michele Parrinello

Duke University

Department of Chemistry and Applied Bio-

Department of Mathematics

sciences

Gang Tian

Durham, NC, USA

ETH Zurich

Department of Mathematics

Lugano, Switzerland

Princeton University

Carlos Alberto Aragão de Carvalho

William Bialek

Department

Elfatih A.B. Eltahir

Princeton, NJ, USA

Princeton, NJ, USA

Department of Civil and Environmental Engi-

Martin Rees

neering

Institute of Astronomy

Cumrun Vafa

Massachusetts Institute of Technology

Cambridge, UK

Department of Physics

Cambridge, MA, USA

Harvard University
Cambridge, MA, USA
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Finances

Donors

ICTP is funded largely through generous contributions made by the
Italian government, which has served as ICTP’s chief benefactor since the
Centre’s inception. ICTP operates under a joint administrative framework
established by the United Nations Educational, Scientific and Cultural
Organization (UNESCO) and the International Atomic Energy Agency
(IAEA). UNESCO also serves as the Centre’s leading administrative agency.

Income for 2015 (in Euros)

Government
Italy
Department of Science and Technology, India
Total government contributions:

20,592,448.00
13,724.95
20,606,172.95

UN Agencies
IAEA (Statutory contribution)

467,859.67

UNESCO (Statutory contribution)

356,029.30

UN Economic Commission for Africa

212,058.90

The World Academy of Sciences (TWAS)

44,099.88

ITU

14,088.58

WMO

7,000.00

Total UN agency contributions

3,449,858.33

Contributions from other donors

2,381,095.28

Total income:
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2,348,722.00

IAEA (other)

26,437,126.56

3Doers
ADVA Optical Networking Ltd, UK
LBL Communication Group, Russian Federation
AIP Publishing, USA
Allianz SpA, Italy
American Association of Variable Star Observers, USA
American Institute of Physics, USA
American Physical Society, USA
Arnold Sommerfeld Center for Theoretical Physics, Germany
Artemide SpA, Italy
Asian Association of Lighting Designers, P.R. China
Asian Pacific Centre for Theoretical Physics (APCTP), Korea
Assicurazioni Generali SpA, Italy
Asociatia Romana pentru Iluminat, Romania
Association pour la Promotion Scientifique de l’Afrique, France
Axis Lighting, Canada
Belysab, Sweden
Berthold Leibinger Stiftung, Germany
Binesh R.A., Iran
Boehringer Ingelheim Foundation, Germany
Boston College, USA
Cambridge Technology Inc., USA
Cambridge University Press, UK
Centre européen de calcul atomique et moléculaire, Switzerland
Center for NanoScience, Germany
Civilian Research & Development Foundation, USA
Columbia University, USA
Comune di Trieste, Italy
Consiglio Nazionale delle Ricerche (CNR), Italy
Consorzio per la Fisica di Trieste, Italy
Content Communications Assoc. Ltd, UK
Corning Inc., USA
eagleyard Photonics GmbH, Germany
Eastern Analytical Symposium Inc., USA
ENEA, Italy
energy4everyone Foundation, Canada
Enlighted, USA
Eros Electrical, United Arab Emirates
Esteco Srl, Italy
EUMETSAT, Germany
European Commission (EC)
European Federation of Organisations in Medical Physics (EFOMP), UK
European Laboratory for Non-Linear Spectroscopy (LENS), Italy
European Organization for Nuclear Research (CERN), Switzerland
European Physical Society (EPS), France
European Science Foundation (ESF), France
European X-Ray Spectrometry Association, Hungary
Fael Luce, Italy
Fondazione Eland, Switzerland
German Society of Applied Optics, Germany
IBM Research GmbH, Switzerland
Indian Institute of Science, India
Institute for Complex Adaptive Matter (ICAM), USA
Institution of Lighting Professional, UK
International Commission of Optics (ICO), USA
International Geothermal Association, Germany
International Light Technologies, USA
International Union of Geodesy and Geophysics (IUGG), Germany
International Union of Pure and Applied Physics (IUPAP), UK
International Union of Radio Science, Belgium
INTERTEK, USA
Istituto Nazionale di Alta Matematica, Italy
Istituto Nazionale di Fisica Nucleare (INFN), Italy
Istituto Nazionale di Geofisica e Vulcanologia, Italy
Istituto Nazionale di Oceanografia e Geofisica Sperimentale (OGS), Italy
King Abdulaziz University, Saudi Arabia
Kuwait Foundation for the Advancement of Sciences, Kuwait
LEC, France
LED World LLC, United Arab Emirates
Max Planck Institute, Germany
Messe München GmbH, Germany
Michigan State University, USA
MK Illumination, Austria
Mobile School of Lighting Design, Germany
Nesamopoker doo, Slovenia
Network Startup Research Center (NSRC), USA
New Zealand National Commission for UNESCO
NVIDIA Italy Srl, Italy
Open University, UK
Optical Society of America (OSA), USA
Pacific Northwest National Laboratory, USA
Past Global Changes International Project Office, Switzerland
PoLabs, Slovenia
Politecnico di Torino, Italy
Provincia di Trieste, Italy
Quantum ESPRESSO Foundation, UK
Regione Autonoma Friuli Venezia Giulia, Italy
Shapeways BV, The Netherlands
Simons Foundation, USA
Sincrotrone Trieste, Italy
SISSA Medialab, Italy
SISSA, Italy
Solar Promotion GmbH, Germany
Stazione Zoologica Anton Dohrn, Italy
Stir Design Pvt Ltd, India
Taylor and Francis Ltd, UK
Telecom Egypt
TELIT SpA, Italy
The International Society for Optical Engineering (SPIE), USA
The OPEC Fund for International Development (OFID), Austria
The Russian Lighting Research Institute, Russian Federation
Tips Srl, Italy
Universidad de Sevilla, Spain
Universidad Nacional Autonoma de Mexico
Università Cattolica del Sacro Cuore, Italy
Università degli Studi Internazionali di Roma (UNINT), Italy
Università degli Studi di Trieste, Italy
Università degli Studi di Udine, Italy
University of Hamburg, Germany
University of Modena and Bologna, Italy
University of Massachusetts, USA
University of Stuttgart, Germany
Uppsala University, Sweden
Wuhan National Laboratory for Optoelectronics, P.R. of CHINA

Scientific and
Administrative Staff, 2015

Director :

Acting Deputy Director:

Fernando Quevedo

Seifallah Randjbar-Daemi

High Energy, Cosmology and Astroparticle Physics

String Phenomenology

Kumar Narain (Section Head)

and Cosmology
Fernando Quevedo (Section Head)

Bobby Acharya

Vid Irsic

Saulo Machado

Paolo Creminelli

Andrei Khmelnitski

Kate Shaw

Post-doctoral Fellows:

Atish Dabholkar

Diana Lopez Nacir

Xunxiu Zhou

Luis Aparicio de Santiago

Goran Senjanovic (Emeritus)

Daniele Musso

Alexei Smirnov (Emeritus)

Leonid Serkin

Scientific Consultants:

Rajesh Kumar Gupta

George Thompson

Ahmad Zein Assi

Edi Gava

Damian Mayorga Pena

Andrea Romanino

Pramod Kumar Shukla

Giovanni Villadoro

Gustavo Alfredo Arciniega Duran

Long-term Visiting Scientists:
Post-doctoral Fellows:

Evgeny Akhmedov

Visiting Professor:

Long-Term Visiting Scientists:

Aleksandr Azatov

Lasma Alberte

Marina Cobal

Riccardo Gallego Torrome

Xiaoyong Chu

Tresa Bautista Solans

Mohammad R.M. Mozaffar

Alba Grassi

Alaxey Boldyrev

Jorge I. Ovalle

Rajesh Kumar Gupta

Juan Elias Miro

Leopoldo Pando Zayas

Edward Hardy

Adrian Lugo
Scientific Consultants:
Matteo Bertolini
Marco Serone

Condensed Matter and Statistical Physics
Rosario Fazio (Section Head as of 1/2016)
Sandro Scandolo (Section Head until 12/2015)
Ralph Gebauer

Long-term Visiting Scientists:

Francois Landes

Scientific Consultants:

Ali Hassanali

Sebastiano Pilati

Saptarshi Mandal

Boris Altshuler

Mikhail Kiselev

Nicola Seriani

Natalya Manko

Giuseppe Mussardo

Anton Parafilo

Giuseppe Santoro

Post-doctoral Fellows:

Maurizio Rossi

Alessandro Silva

Sananda Biswas

Angel Russomanno

Erio Tosatti

Emeritus Scientist:

Rahul Sunil Dandekar

Taegeun Song

Vladimir Kravtsov

Elisa Fratini

Kanchan Ajit Ulman

Otto Emiliano Gonzalez Vazquez

Vipin Varma

Markus Müller
Antonello Scardicchio

Research Staff Associates:

John Goold

Alexander Nersesyan

Luca Grisanti

Mathematics
Fernando Rodriguez Villegas (Section Head)
Claudio Arezzo

Shiing-Shen Chern Senior

Oliver Butterley

Long-term Visiting Scientists:

Lothar Göttsche

Post-doctoral Fellows:

Vittoria Bussi

Hery Randriamaro

Stefano Luzzatto

Qingtao Chen

Erik Carlsson

Niels Moeller

Xin Li

Scientific Consultant:

Anton Mellit

Giovanni Bellettini

Distinguished Staff Associate:
Don B. Zagier
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Post-doctoral Fellows:

Sherhyer Sikander

Tarig Mahgoub Abdelgadir

Maxim Smirnov

Earth System Physics
Filippo Giorgi (Section Head)
Karim Aoudia

Post-doctoral Fellows:

Francesca Raffaele

Long-term Visiting Scientist:

Erika Coppola

Luca Caporaso

Ahmed Kamal Shalaby

Franco Molteni

Riccardo Farnetti

Felipe de Jesus Colon Gonzalez

Lina Sitz

Fred Kucharski

Nellie Elguindi

Csaba Torma

Scientific Consultants:

Fabien Solmon

Ramon Fuentes Franco

Giovanni Tumolo

Cosimo Solidoro

Adrian Tompkins

Graziano Giuliani

Anna Pirani

Mariangela Guidarelli
Research Staff Associates:

Li Liu

J. Shukla

Marta Pereira Llopart

In Sik Kang

Laura Mariotti

Quantitative Life Sciences

Applied Physics
Joseph Niemela (Section Head)
Nadia Binggeli

Long-term Visiting Scientists:

Scientific Consultants:

Antonio Celani

Maria Liz Crespo

Oladipo Emmanuel Abe

Luigi Ciraolo

Matteo Marsili

Carlo Fonda

Federico Bernardini

Sandro Radicella

Ali Hassanali

Yenca Olivia Migoya Orue

Rodrigo José Carbajales

Bruno Nava

Katy Alazo Cuartas

Technical Assistant:

Research Staff Asociates:

Xurxo Otero Villamide

Olanike Olufummilayo Folarin

Andres Cicuttin

Vijai Balasubramanian

Marco Zennaro

Anton Kashcheyev

Ramin Golestanian

Rodrigue Herbert Ngaya

Yasser Roudi Rashtabadi

Research Staff Associates:

Claudia Paparini

Michele Vendruscolo

Christine Amory

Muhammad Mubasshir Shaikh

Massimo Vergassola

Julian Chela-Flores

Natasa Stojic

Riccardo Zecchina

Ermanno Pietrosemoli

Juan Sebastian Rodriguez

Post-doctoral Fellows:

Zuluaga

Post-doctoral Fellows:

Clément Zanolli

Asja Jelic

Mighfar Imam

Clélia de Mulatier

Director’s Office

Administrative Staff:

Staff Associate:

Roberta Antonutti

Medical Officer

Rohini Godbole

Enrique Canessa

SDU Coordinator

Ravi K. Sheth

Elio Flego

Technical Officer

Carlo Fonda

Technician, SDU

Long-term Visiting Scientist:

Anne Gatti

Programme Support Officer

Laure Gouba

Ivan Girotto

Sci. Prog. Expert and Sys. Admin.

Dag Johannessen

Senior Administrative Officer

Scientific Consultants:

Andrej Michelcich

Senior Budget and Finance Officer (until 31/1/2015)

Luciano Bertocchi

Clement Onime

System and Network Analyst

Pierluigi Cascioli

Dora Photiou

Supervisor, Housing and Guesthouses

Ennio Gozzi

Yamiko Samu

Institute Advancement Officer

Tahir Shah

Ulrich Singe

Head, ICTS

Claudio Tuniz

Dorothy Smith-Crofts

Human Resources Officer

Lucio Visintin

Head, Library Services

Mary Ann Williams

Public Information Officer

In addition, ICTP employed 121
General Service staff in 2015.
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ICTP in Numbers 2015
Visitors:

Percentage female:

5,670
144

24%

nations
represented

activities
51 training
on campus

average length of
60 days
visit for research visitors

activities in
developing countries
21 training

average length of visit
for conference participants
11 days

Postdocs on campus:

From developing countries:

58

47%

Enrollment in ICTP educational programs:

238
141

75

Masters, PhD students

22
STEP Fellows

Postgraduate Diploma Students in
academic years 2014-15, 2015-16

Scientists engaged in career development programmes:

344
191

62

Associate Members

52

TRIL Fellows

Region of origin, female visitors, 2015
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Affiliates

ICTP-Elettra
students

ICTP training activities, 2015

1500

300

Asia-Pacific

1200

173

Africa

900

155

Latin America

122

Middle East

117

Eastern Europe

Participants
Person months

600

300
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QLS

92

AP

16
1

ESP

10
39
27
6

12
59
33
9

MATH

83
3
19
9

CMSP

53
1
21
5

HECAP

93
9
23
4

0
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ICTP and the Developing World:
Scientific Outreach 2015
ICTP Partner Institutes (5)
Schools and Workshops (21)
ICTP-OEA Affiliated Centres (6)
ICTP-OEA Projects (7)
ICTP-OEA Networks (9)
ICTP-OEA Scientific Meetings (74)
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