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The AHEAD kickoff meeting in 2015



• AHEAD2020 (Integrated Activities for High Energy Astrophysics Domain) 
is the research infrastructure for High Energy Astrophysics selected as 
advanced community in the EU Horizon 2020 program.

• AHEAD2020 builds on our previous program, funded in H2020 as 
starting community, that allowed us to qualify now as advanced
community. Its main goal is to improve the level of integration reached 
by the previous AHEAD program, while broadening its impact to include 
the new multi-messenger science and the European GW community. 

• Started on 2 March 2020; scheduled end was 1 March 2024 (foreseen 
duration: 4 years); later extended for Covid mitigation to 1 December 
2024

• Overall budget: 9.98 M€

• The Consortium is coordinated by INAF (coordinator: L.Piro) and 
includes 38 European institutions, including 3 SMEs
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AHEAD2020 in a nutshell
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• Integrate and coordinate national activities in high-energy astrophysics

• Push the limits of current technology and strengthen the infrastructure to maximise the scientific return of 
new future high energy and multimessenger facilities: Athena, satellites for the transient and 
multimessenger Universe (nanosat, Einstein Probe,Theseus,…), neutrino and GW observatories (KM3NET, 
LIGO/VIRGO,Einstein Telescope). 

• Give access, free of cost to a network of ground-based test facilities for H/W development, calibration and 
testing.

• Make accessible and usable multimessenger data, develop advanced data analysis and theory tools 

• Promote HE and multimessenger astrophysics at various level
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• Prepare the community to the scientific exploitation of the new facilities under development in Europe for 
HE and multimessenger, by training the next generation of researchers.

The AHEAD2020 goals



Management meetings

• AEC telecons (monthly)

• JRA: Coordinator, Project Office 
and leaders of JRA workpackages
(bi-monthly)

• NA-TNA-VA: Coordinator, Project 
Office and leaders of NA,TNA and 
VA workpackages (bi-monthly)

(AEC)

Management scheme
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Workpackages

3 Networking Activities (NA)

7 Joint Research Activities (NA)

3 TransNational Access (TA)

1 Virtual Access (VA)
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Beneficiaries vs WPs

No. Beneficiaries with
1WP: 15
2WP: 10
≥4 WP: 11
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Networking activities in AHEAD2020 deal with the 
following broad categories:
• AHEAD2020 Visitor Program (WP2)
• Organisation of meetings and schools (WP2,3)
• Public Outreach (WP4)

A targeted activity is concerning the Networking activities for the synergies between
the Gravitational Wave and High Energy Astrophysics community (WP3). 

Topics addressed are:

• Multimessenger Research
• Synergies with High Energy and Geoscience
• R&D concerning multi-messenger physics with application to next generation GW 

interferometers
• Low latency Triggers and Access to GW Data 
• Definition of the enabling technologies and the key technical design elements of the 

next generation of large infrastructures (ET) 

Networking activities (1/2)
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• NA1 is delivering a strong Visiting programme. ~40 visitor weeks/year are 
being granted.

• Organisation of topical meetings and broad community studies. Key results are: 
support to the Athena-Multimessenger study (WP published)
support to the Einstein Telescope studies (in synergy with JRA4) and other
investigations of future GW observatories (e.g. on the Moon) 
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• Outreach programme has already  
delivered excellent products that reach 
millions of people. Worth noting is the 
AHEAD2020 video for planetaria, that 
won an  international prize, currently 
watched by > 1 million

Networking activities (2/2)
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9	posters	on	
Multi-messenger	Physics
(APPEC	&	AHEAD2020)

https://www.ego-gw.it/posters-multimessenger-astrophysics/

https://www.ego-gw.it/posters-multimessenger-astrophysics/


11https://indico.ict.inaf.it/event/2111/

• SHARING AHEAD 2022 will see leading scientists and 
science communicators from the EU and around the world 
present the latest cutting-edge public outreach activities in 
astronomy and space science. 

• The two days’ conference will cover topics and case 
studies as diverse as the AHEAD 2020 consortium partners 
are. The Meeting aim is promoting the public engagement, 
press and social media activities in the field of 
astrophysics, willing to explore the role of the Research
Institutions in the present-day communicating science 
development.

• At the same time, the Meeting provides an opportunity to 
strengthen the collaborations and establish new links 
among the members of AHEAD 2020 Consortium and the 
members of other EU funded Science Projects, as well as
researchers working in the same and in related fields.

• All participants, including media representatives, can 
register for the meeting at no cost.
The AHEAD communication team is also happy to arrange
media interviews with conference delegates.



AHEAD2020 JRAs, X-ray/𝛄-ray 
technology studies for future facilities

Microcalorimeters/TES technology

Optics testing/calibration of X-ray optics at Panter (MPE)

X-ray filters

𝛄-ray instrumentation (Compton telescopes, GRB detectors)



• Tools development for joint EM/GW exploitation: low latency alerts, prompt 
localization, data analysis etc. (WP12)

• Investigate EM counterparts of neutrinos and HE gamma-rays (WP12)
• Ground infrastructures for GS/satellite communication (WP11)
• Atomic databases and models to fully exploit high resolution X-ray data from 

forthcoming missions like XRISM, Athena (WP13)
• Advanced tools developments for high resolution spectra fitting, background 

reduction, cross-calibrations among missions,  machine learning & 
automatic source detection, extended source analysis, etc. (WP9, WP14)

• Environmental monitoring and sustainability: applications to seismicity, 
materials diagnostics, air pollution (WP15)

AHEAD2020 JRAs, building tools 
and new infrastructures

New mirror calibration
facilities

Advanced tools for MMA, alerts, 
multi-platform analysis

Improved models & Databases 
for atomic physics

New ground infrastructures for 
satellite communications Cultural heritage, diagnostics & 

environmental monitoring



JRA4- MMA Observational and data 
analysis tools

AFIS prototype: platform performing 
joint analysis of the prompt data 
detected by AGILE, FERMI, 
INTEGRAL and SWIFT, including
Increasing statistical significance of 
sub-threshold events. The results of all 
AFIS facilities are visualised using a
web GUI.

Astro-COLIBRI: a novel tool for 
real-time multi-messenger 
astrophysics

To evaluates alerts in real time, filter 
them by user-specified criteria, and 
provide an assessment of observing
conditions of several observatories

P. Reichherzer et al 2021 ApJS 256 5

• for both professional and amateur 
astronomers

• already regularly employed by burst 
advocates in several observatories 
(e.g. H.E.S.S., CTA/LST-1, SVOM, etc.)

• integration into the KM3NeT work in 
progress

Multi Order Coverage (MOC) maps (ESCAPE/AHEAD2020)
to plan multi-messenger observations, managing
complex regions of the sky, such as GW sky-maps

SPACE-TIME MOC (ST-MOC) to encode
space and time simultaneously

• developed within the 
Virtual Observatory
standards

• applied to GW and 
high-energy data

• under developing for ET 

SOFTWARE entirely developed to meet the F.A.I.R. principles



Main work:
• prepare data to be released and tools to access the 

data, documentation
• organize tutorial
• reviewed the GWOSC data accessibility in Europe

Provides open access GW data from gravitational-wave
observatories, along with access to tutorials and software tools

Modeling of relativistic jets and their afterglows
Development of SCALEFIT, a routine for fast 
afterglow modeling based on 2D relativistic
hydrodynamic simulations

Ronchini et al. 2021, Nature Communication

How GRB jets cool
First evidence of adiabatic cooling of 
particles in the relativistic outflows of 
GRBs during the steep decay

Press-release July 6 2021

GW alerts: developing data analysis able to 
produce early-warning triggers for O4

JRA4 - MMA data access, theory 
modelling and tools  

ahead.iaps.inaf.it 



JRA4 - Upcoming/future detector studies

Gamma-ray instruments' strategies to 
follow-up multi-messenger alerts
Simulation to study CTA response to neutrino 
alerts from generic and steady sources  

Detection probability
for 30 min observation 

Studies of ET/THESEUS

Bailes et al. 2021, Nature Physics Review, 3, 5, 344

Gravitational-wave International 
Committee roadmap including multi-
messenger perspectives

ET in the ESFRI

Ciolfi et al. 2021, Experimental Astronomy
Rosati et al. 2021, Experimental Astronomy

ahead.iaps.inaf.it 
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AHEAD2020 will issue 7 AOs during ~5 years to advertise several services mostly (but not 
solely) based on trasnational visits. 

The calls are issued periodically with a bi-annual cadence. Visits of successful applicants 
are fully funded. 

• Trans-national access to ground and test facilities (TA1)
Such facilities are used to test and/or calibrate new technology space hardware as well as 
hardware developed for specific astronomical space missions, but can be also used in a wider 
context of space applications.
• Visitor Program (NA1)
Supporting research visits to institutes/laboratories located in European or associated 
countries, in order to foster new or strengthen existing collaborations.  Eligible candidates are 
scientists or engineers from Astrophysics institutes in both EU and non-EU countries.

Access opportunities (1 of 2)

17



ahead.iaps.inaf.it

• Trans-national access to X-ray data analysis (TA2)
Providing access to data analysis methods including use of data tools, archives and space 
instruments via tutorials and mentoring by experienced scientists at the delivery institutes. To 
exploit both EU-funded and international HE astronomy observing facilities and data archives in 
order to enhance high-energy astrophysics science across Europe. 

• Trans-national access to computational astrophysics (TA3)
This new TNA will provide new opportunities for European researchers to access free of charge 
complex computational astrophysical simulations, models and tools to simulate, compare, and 
analyse X-ray and gamma-ray data. 
• Virtual access to GW archive services and tools (VA1)
Provision of a website that focuses on facilitating remote access to the existing Gravitational
Wave Open Science Center (GWOSC) infrastructure.

Access opportunities (2 of 2)
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Infrastructures for TNA/VA
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Based on AHEAD experience we have built a TNA offer
that covers a range of possible applications and needs
and includes:

• one big thermal vacuum chamber (FOCAL2 at CSL),
• two shakers (at CSL and COSINE), 
• a facility for testing thin filters (BBOTOC at CSL), 
• a system of two beam lines at the Electra 

Synchrotron covering an ample range of energies
(BABE at IOM-CNR), 

• general purpose beam-lines for X-rays and gamma-
rays (LARIX and XACT, respectively) 

• a soft X-ray beam line specialized for testing Silicon
Pore X-ray optics (BeaTRiX).

ahead.iaps.inaf.it

Offered experimental facilities
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Data Analysis Support Centres
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Menglei Zhou

Orsolya Kovács

SRON hosted two visits this year:
Menglei Zhou (Tübingen, IAAT):
• Learned to apply Machine Learning 

techniques on NuSTAR data of High-
mass X-ray binaries.

SRON offers tutorials to analyze high-
resolution spectra using the SPEX spectral
fitting package together with the analysis
tools provided by the relevant missions, like
XMM-Newton, Chandra, and Suzaku.

Orsolya Kovács (Brno, Czech):
• Learned to use both Suzaku and Chandra to analyse 

the outskirts of galaxy clusters.

We expect three more visits before the end of this year.

Data Analysis TNA – Visits to SRON-Leiden
Host: Jelle de Plaa

ahead.iaps.inaf.it 
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Computational Astrophysics Support 
Centres
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Comp. Astrophysics TNA at the University of Bath,UK
(Host: Hendrik van Eerten)

the relativistic jets from gamma-ray bursts produce long-lasting afterglowsBlack holes formation
can trigger a gamma-ray burst

the evolving, expanding jets can be
modelled with high-resolution simulations

we can compute the emission from a jet simulation and
map the result between e.g. different jet energies to explore parameter space

thanks to such mapping methods
for various model parameters,
we can fit a simulation result to data

At our Bath workshops we share 
these methods with the HEA 
community (photo Oct 2022)

Simulation-based 𝛄-ray burst afterglow modelling
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The AHEAD2020 program implemented successfully the EU TNA scheme to: 
• give access free of cost to the best test/calibration facilities (synergy research-industry) 
• provide expertise and training on data analysis and computational models, mostly for young 

astronomers paving the way to a new generation of researchers
• enhance the theoretical background of high energy and gravitational wave astrophysics and 

facilitate application of complex models to users
• improve the data analysis techniques and optimise the exploitation of present observational 

facilities and data sets in Europe.
In this scheme, TNA centres are providing expertise on a number of topics/tools/datasets, 
enabling “ expert” access to the average astronomer over the broadest set of facilties in the MM 
and HE context.

AHEAD2020 impact of TNA 
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The AHEAD2020 TNA success depends on the established strong link with several JRAs that 
provide improved/new/facilitated services and tools, principally related to:
• data “quality”of observing facilities, e.g. calibration, background and SNR, atomic data base for 

spectroscopy, ground system for nanosats
• development of several analysis tools, including selected theoretical modelling

… as well as on the related networking activities (visitor program, workshops…)
The TNA scheme implemented in AHEAD2020 easily constitutes a common framework as it can 
be applied to other wavelengths.
After discussion within the AHEAD2020 Executive Committee we suggest the implementation of a 
similar scheme for the INFRA-2023-SERV-01-02 proposal.

Conclusive remarks
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