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Instructions

Please limit the report to max 3-5 pages, including tables and figures.
The report should be sent as pdf document and include the subheadings listed below. Please make
sure to address any comments made by the reviewers (if applicable).

Is the information provided in the report confidential and should not be made available on the
ACTRIS website?

X No, the information can be made public.

[] Yes, the information should not be made public and access should be restricted
to the TNA Team, the ATMO-ACCESS access providers, the reviewers concerned
and the ATMO-ACCESS Strategic TNA Board.
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1. Short executive summary (can be made available to reviewers and EU experts)

The field campaign RICHEST (Radio Interferometric Characterisation of High Energy Sources from
Thunderstorms) took place between 25 and 29 July 2022 near the Italian Climate Observatory “Ottavio
Vittori” at Mount Cimone, Italy (44.19 N, 10.70 E), in the northern Appennini mountains. The motivation of
the campaign is to provide detailed lightning characterization using VHF interferometry and LF receivers in
association with the Gamma-Flash experiment, dedicated to the observation of energetic radiation from
thunderstorms and lightning, currently operational at the Observatory premises at an altitude of 2165 m
a.s.l. Gamma-Flash is owned by the Italian Space Agency (ASI) and developed by the National Institute for
Astrophysics (INAF). Since no lightning measurements of this kind had ever been taken at the site, a detailed
site survey is needed before any plan for a permanent installation. The radio noise conditions at the site
resulted very good, enabling high-resolution observations. Measurements during local storms enabled
observations of the spatial and timing development of both intracloud (IC) and cloud to ground (CG) lightning
flashes. Data analysis is in progress.

2. User group

The following team members accessed the facility.

Information on the User group members

Member # 1
First and last name Martino Marisaldi
Gender Male
Nationality Italy
Expert scientist
Field of activity ENV-ATMO - Earth and environmental sciences/Atmospheric domain
PHY - Physics astronomy, astrophysics and mathematics
Are you a new user? Yes

Institution name (employer) University of Bergen

Institution legal status

(employer) University and higher education

Address (employer) P.0.Box 7800, 5020 Bergen Country Norway

Email address martino.marisaldi@uib.no

Access start date 25.07.2022 Access end date | 29.07.2022
Member # 2

First and last name Xue Bai

Gender Female
Nationality China
Profile

This work has received funding from the European Union’s Horizon 2020 research and innovation programme through
the ATMO-ACCESS Integrating Activity under grant agreement No 101008004




Postgraduate

Field of activity ENV-ATMO - Earth and environmental sciences/Atmospheric domain

ENG-TECH - Engineering and technology

Are you a new user? Yes

Institution name (employer) University of Bath

Institution legal status

(employer) University and higher education

Address (employer) Claverton Down, Bath, BA2 7AY Country UK

Email address xb260@bath.ac.uk

Access start date 25.07.2022 Access end date | 29.07.2022
Member # 3

First and last name James Smith

Gender Male

Nationality UK

Profile Undergraduate

Field of activity ENV-ATMO - Earth and environmental sciences/Atmospheric domain

ENG-TECH - Engineering and technology

Are you a new user? | X Yes

Institution name (employer) University of Bath

Institution legal status

(employer) X University and higher education

Address (employer) Claverton Down, Bath, BA2 7AY Country UK

Email address jes75@bath.ac.uk

Access start date 25.07.2022 Access end date | 29.07.2022
Member # 4

First and last name Michele Urbani

Gender Male
Nationality Italy
Profile

This work has received funding from the European Union’s Horizon 2020 research and innovation programme through
the ATMO-ACCESS Integrating Activity under grant agreement No 101008004




Postgraduate

Field of activity ENV-ATMO - Earth and environmental sciences/Atmospheric domain

ENG-TECH - Engineering and technology

Are you a new user? Yes

Institution name (employer) Universitat Politécnica de Catalunya

Institution legal status

(employer) University and higher education

Address (employer) Barcellona Country Spain

Email address michele.urbani@upc.edu

Access start date 25.07.2022 Access end date | 29.07.2022
Member # 5

First and last name Alessandro Ursi

Gender Male

Nationality Italy

Expert scientist

Field of activity ENV-ATMO - Earth and environmental sciences/Atmospheric domain

PHY - Physics astronomy, astrophysics and mathematics

Are you a new user? Yes
Institution name (employer) INAF — IAPS Roma
Institution legal status Public research (including international research organizations and private research
(employer) organization controlled by a public authority)
Via Fosso del Cavaliere, 100 - 00133
Address (employer) Country Italy
Roma
Email address Alessandro.ursi@inaf.it
Access start date 25.07.2022 Access end date | 29.07.2022

3. Scientific objectives

Goal of this project is to pave the way to a field campaign dedicated to interferometric measurements of
lightning in synergy with ground-based gamma-ray measurements at the Mount Cimone site. Thunderstorms
are the site of the most energetic natural particle accelerators on Earth, capable to accelerate electrons up
to several tens of MeV. Acceleration can be impulsive, resulting in sub-millisecond photon bursts termed
Terrestrial Gamma-ray Flashes (TGF), so bright that can be detected from space by satellites hosting gamma-
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ray detectors. Acceleration can also take place as a quasi-stationary process, resulting in large-scale minute-
long Gamma-ray Glows, that can be detected by aircrafts flying in the vicinity of thunderstorms, or by ground-
based detectors. Large-scale electric fields and lightning processes play a significant role both in TGFs and
glows, either by seeding the initial acceleration step leading to TGFs, or by re-arranging the charge
distribution in an electrified cloud, possibly resulting in a dimming or switch-off of a glow. Interferometric
measurements, capable to map the lightning development in 3D, allow to estimate the position of a TGF
source, and therefore allow to better constrain the source properties.

4. Reasons for choosing the Facility/ies

Thousands of TGFs have now been detected from space, while detections of TGFs and gamma-ray glows from
ground (also known as Thunderstorm Ground Enhancements, TGE) are still sparse and limited to few
locations in the world. In this context, the Mount Cimone station is now opening a new site for ground-based
observations of high-energy radiation from thunderstorms, the first in Italy, by deploying a suite of gamma-
ray detectors designed in the frame of the Gamma-Flash project. This project is funded by the Italian Space
Agency (ASI) and carried out by a large consortium including ASI, the National Institute for Astrophysics, CNR-
ISAC, and other institutions. The project, however, does not include at the moment dedicated lightning
measurements to be run simultaneously with the operation of the gamma-ray detector.

5. Activities during the TNA (research, training, events, ...)

The visit started with a briefing meeting at the Air Force base in Sestola. Then, the main activity consisted in
installing the VHF interferometer (INTF) at Passo del Lupo, few km from the top of Mount Cimone, where the
observatory with the gamma-ray detectors was installed. In the meanwhile, measurements with a portable
broadband LF receiver were carried out both at Passo del Lupo, and at Pian Cavallaro (closer to the mountain
top) both during day and night time. The VHF INTF was set up and ran by the team member from Spain (M.
Urbani). The team members from UK (X. Bai and J. Smith) ran the LF antenna. The team member from Italy
(A. Ursi) was the contact point within the Gamma-Flash collaboration, who had access to the radiation data
acquired at the facility. The Pl (M. Marisaldi) from Norway coordinated the activities. Lightning
measurements with both systems were successfully carried out during an intense local storm on Thursday
28/7 afternoon. All the activities were carried out in close collaboration with the contact points at the
Observatory facility (P. Cristofanelli and F. Calzolari), and with full support of both the Air Force local station,
and of the local ski consortium who manages the premises at Passo del Lupo. The VHF INTF was kept
operational under remote control during the full month of August.

Fig. 1. Left: one of the three VHF flat plate antennas. The trigger fast antenna is in the foreground. In the background
the summit of Mount Cimone with the observatory on top. Right panel: the full INTF setup. The small wooden house
served as housing for the data acquisition system and headquarter.
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6. Method and set-up of research

We installed a broadband digital VHF interferometer (INTF) at Passo del Lupo (1274 m a.s.l) consisting of
three VHF flat plate antennas on a 21 m baseline, plus a fast antenna for triggering purposes. In addition, we
deployed a portable LF receiver both at Passo del Lupo, and at Pian Cavallaro (1880 m a.s.l), on the north side
of Mount Cimone. Fig. 1 illustrates the experimental setup of the VHF interferometer at Passo del Lupo. The
location was chosen to be few km away from the mountain summit, in a position which was ideal for
interferometric observations of lightning events in the proximity of the mountain top.

7. Preliminary project results and conclusions

The radio noise conditions at the site resulted very good, enabling high-resolution observations. On Thursday
28/7 at about 13 UT an intense storm system developed over the northern Appennini mountain ridge
resulting in intense precipitation and strong lightning activity over Mount Cimone. During this storm, more
than 70 flashes triggered the fast antenna and were acquired by the interferometer. Another storm
developed on Tuesday 02/8 at about 07 UT over the same region. A quick look analysis shows high resolution
observations of the spatial and timing development of both intracloud (IC) and cloud to ground (CG) lightning
flashes. The VHF interferometer continued data collection throughout all August 2022, providing additional
lightning observations. During the various storm episodes the Gamma-Flash experiment observed count rate
enhancements compatible with wash-out of radio-active isotopes. No evidence of TGF or Thunderstorm
Ground Enhancements have been reported. Data analysis is still ongoing.

The preliminary results show that the site is very well suited for VHF interferometric observations of lightning
and broadband LF measurements. We strongly recommend the continuation of these measurements in
association with the Gamma-Flash experiment, either with dedicated field campaigns, or with permanent
installations.

8. Outcomes and future studies

We realized the first radio survey of the Gamma-Flash site at the Mount Cimone station. We demonstrated
the radio quality of the site and the potential for lightning measurements in association with gamma-ray
observations from thunderstorms. We will use the results of this field campaign as a proof of concept to
support new proposals for more extensive field campaigns or permanent installation of lightning
instrumentations, such as interferometers or Lightning Mapping Arrays (LMA).

9. Plans for publications

An abstract on the RICHEST field campaign was submitted to the Fall Meeting of the American Geophysical
Union (AGU), 12 - 16 December 2022: M. Marisaldi et al., “Interferometric lightning observations at Mount
Cimone, Italy, in association with the Gamma-Flash experiment”

The evaluation of the resulting data is still ongoing therefore we don’t have a consolidated plan for peer-
reviewed publications yet.
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