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Geophysical Research Letters, Volume: 44, Issue: 20, Pages: 10,702-10,712 (2017) DOI:
(10.1002/2017GL075552)
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y-ray emissions: a brief overview

Distribution of durations

- : : : Two main underlying mechanisms:
: : : : : MOS RREA
BN GF afterglowSie
. . Charge layers in ? High-energy
. . cloud generate electron
a strong
M M electric field
ps ms S min h SRR sy

close to the
speed of light

Geophysical Research Letters, Volume: 44, Issue: 20, Pages: 10,702-10,712 (2017) DOI:
(10.1002/2017GL075552)

Adapted from Nature 590, 378-381 (2021)
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y-ray emissions: a brief overview
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\\ray

1. MOS: electrons from CR are accelerated

in the cloud electric field (but E < Eth) - " 9 Ch;,g;l;y;s;n_\»_Hig_h,en;rgy

cloud generate electron
a strong
electric field

Electrons are
accelerated
close to the
speed of light

Adapted from Nature 590, 378-381 (2021)
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1. MOS: electrons from CR are accelerated
in the cloud electric field (but E < Eth)

2. RREA:IfE > Eth, the accelerated
electrons grows exponentially in an

avalanche

-\

Charge layers in
cloud generate
a strong
electric field

[

Adapted from Nature 590, 378-381 (2021)

Paolo Calabretto — AtmoHEAD 2024 conference Ischia (NA) - Italy July 15th - 17th , 2024

” High-energy
electron

Electrons are
accelerated
close to the
speed of light

'Alinl.l -I|!Al'l
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1. MOS: electrons from CR are accelerated
in the cloud electric field (but E < Eth)
2. RREA:IfE > Eth, the accelerated

electrons grows exponentially in an

|

Eth ~ 300 kV/m

avalanche

-\

Charge layers in
cloud generate
a strong
electric field

[

Adapted from Nature 590, 378-381 (2021)
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y-ray emissions: a brief overview
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lightning neutrino
Distribution of durations 14N 13N o 13C
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o000 00000000

GF afterglow
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nnihilation
) |'I 14N iz?/aa ! atio

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.

charged-particle neutron
production ¢ & capture
. 14 . . 15N
us ms S min h c
Geophysical Research Letters, Volume: 44, Issue: 20, Pages: 10,702-10,712 (2017) DOI: de-excitation 0.511 MeV
(10.1002/2017GL075552) y-rays (<10.8 MeV) y-rays

Adapted from Enoto, T., Wada, Y., Furuta, Y. et al.
Photonuclear reactions triggered by lightning
discharge. Nature 551, 481-484 (2017)
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e y-raysinteract with air molecules

producing neutrons

y-ray emissions: a brief overview

2 i
P eadtion - [ Y LB decay |—
lightning reaction

neutrino
b 13 o 13
R = Nh 't‘lbl tg
(>10 MeV) atmosphere unstable stable
AVAVALA —_— ’ —
epithermal \ fast \ positron
neutron = o ) neutron o

Q“"
charged-particle neutron o
production é M capture
@ @ B,
de-excitation 0.511 MeV
y-rays (<10.8 MeV) y-rays

Adapted from Enoto, T., Wada, Y., Furuta, Y. et al.
Photonuclear reactions triggered by lightning
discharge. Nature 551, 481-484 (2017)
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7 S
F\,V a hotonuclear +deca
lightning i " reaction 1]
y-rays N N 5 13C

atmosphere unstable stable

e y-raysinteract with air molecules

producing neutrons

epithermal
neutron .= ------- ® neutron ®

.......

P . % - .
A . ¢ _| moderation -
'y |'I 14N ‘s?/z’anmrjllatlon

charged-farticle neutron o
producgion é % capture
rc@® @ on 2/2/2»
de-excitation 0.511 MeV
k y-rays (<10.8 MeV) y-rays

Adapted from Enoto, T., Wada, Y., Furuta, Y. et al.
Photonuclear reactions triggered by lightning
discharge. Nature 551, 481-484 (2017)

e Neutron capture can emit further y-rays

(hence the TGF afterglow)
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% y-ray emissions: a brief overview
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Secular
equilibrium

Gamma-ray Enhancements

>22Rn daughters (mainly *'*Pb & *'*Bi) are

captured by droplets in a cloud “ @

https://doi.org/10.1016/j.atmosenv.2020.117728
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y-ray emissions: a brief overview

.Q\NWbO
2 \"
"67:((

Secular
equilibrium

Gamma-ray Enhancements

1. ?*’Rn daughters (mainly >'*Pb & 2'*Bi) are

. Radicactive s
J }Vaemsoi &

Droplet 6 V Precipitation

: : formation

captured by droplets in a cloud
2. During precipitation, the rainout-washout
process bring these radionuclides on ground

!

Enhanced y-ray emission lasting for
minutes/hours with E <3 MeV
(not necessarily during electrical activity)

https://doi.org/10.1016/j.atmosenv.2020.117728
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High altitudes are ideal spots for TGFs and
glows detection
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% y-ray emissions: a brief overview
S
n>

High altitudes are ideal spots for TGFs and
glows detection

|
Gamma-Flash program: EAQ
‘7

Study high-energy emissions from
thunderstorms
+

Local lightning and weather monitoring 9

by LINET - CNR F\‘v
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Gamma-Flash program: ground system
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GPS antenna

, Gamma-Flash program: ground system
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Why on top of Mt. Cimone?

Analog Analog RS232
T |

RedPitaya

e High altitude & free LoS

DAM PPS pulse
RedPitaya || (50 Ohm or TTL)

e Significant clustering in the lightning

Power :

distribution

: Data Wheather Station
Controlled = line

Startupand  |_|
Power C Monitor Ethernet
Mcc Ethernet ext.
Power
Power Supply
(UPS)
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g.ho Gamma-Flash program: ground system
E
F\ : ‘ Analogi 1 Analog RS232
5y-ray + 3 neutron detectors: | M _______ o Receler
e y-ray detectors: Nal(Tl) scintillator crystals coupled to i — H pe " o5 e
PMTS (300 keV _ 10 MeV) !-_______;__________; ::i__'____"_:_ RedPitaya - (50 Ohm or TTL)
e Neutron detectors: designed for both fast and thermal st pata
neutrons (ZnS:Ag & °Li enriched scintillators + PMT) i

Ethernet

Ethernet ext.
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GPS antenna

Gamma-Flash program: ground system
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1
\:\_V | !
{1 Analog R$232
Detector PE;— —
=i | N
. 1
e ey . N , :
Data Acquisition Module (DAM) running on RedPitaya’s |
DAM ! PPS pulse
boards | . i RePwa T GoomorTTy
= 1
P e S I
Controlled line
: Ff-—————————— -
r "
1
: :
Power Controller i — St;:?]‘i’t::d e E}hemet
1
N |
p -
—  mcc fthemet ext.
Power : :
| Power Supply
(UPS)
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’ Gamma-Flash program: ground system
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Data Acquisition Module (DAM) running on RedPitaya’s

SWWh,

PPS pulse

boards : H edPitaya | (50 Ohm or TTL)

: Data Wheather Station
Controlled * line

Acquisition period: July 2022 - October 2023 T
Global acquisition time: 259 days oot 95050 | e
. 0 i i
Total amount of thunderstorm hours: 260 (4% total time) | .-
Puw(%rpssu)pply
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Raw waveforms from
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! DACS - Data Acquisition and Control System
t

Noise filtering & proper
events selection

DLO

DL1

Raw waveforms from
DAMs
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! DACS - Data Acquisition and Control System
t

Noise filtering & proper
events selection Event list with
useful info: photon
DL2 energy, peak
integral, ecc..

DLO

DL1

Raw waveforms from
DAMs
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! DACS - Data Acquisition and Control System
t

Noise filtering & proper
events selection Event list with
DL2 useful info: photon

energy, peak
integral, ecc..

DLO

DL1

Raw waveforms from DL3: light curves &
DAMs spectra



Gamma-Flash Cimone - DAY 2022-07-28
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Gamma-Flash Cimone - DAY 2022-07-28
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Gamma-Flash program: flight

4 system
>

r“\NWbr0
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e Collecting additional data by flying
nearby convective systems
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g?y’ Gamma-Flash program: flight system
>
G —

e Collecting additional data by flying
nearby convective systems

e Flights provided by Sky Services with
a Cessna Citation Mustang

Paolo Calabretto — AtmoHEAD 2024 conference Ischia (NA) - Italy July 15th - 17th , 2024




qul,e
2 \"
"&i

Main payload:

1. 6 Scionix Nal(Tl) scintillator detectors for

y-rays (2
STEMlab
2. 2 neutro

digitalizer

Gamma-Flash program: flight system

00 keV - 12 MeV) + Redpitaya
modules
n (fast & termal) detectors + CAEN
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? Gamma-Flash program: flight system

Main payload:

1. 6 Scionix Nal(Tl) scintillator detectors for
y-rays (200 keV - 12 MeV) + Redpitaya
STEMIlab modules

2. 2 neutron (fast & termal) detectors + CAEN
digitalizer




Ao? Gamma-Flash program: flight
=
g2

system
2L
n>

flicht: 22 D b — Verify the correct performance of the setup under
Test flight: 22 December 2023 good weather conditions

Ferrara
o

Bologna
[e]

“I:a;Spezmg
D 2,

u N o TS i
et B o oy fad . 4
Uivorno g A&7 98
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Gamma-Flash program:

system
g y
>
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107

Tuning of lower threshold in
order to be able to detect
the 511 keV emission

——— integral1-dfRPG101bkg25mVb
e iNtegral1-dfRPG101bkg35mV
~—————— integral1-dfRPG101bkg50mV
———— integral1-dfRPG101bkg75mV
LSS ntegral1-dfRPG101src35mV

Paolo Calabretto —

flight

-AHHHIIL I lllllll| I llllllll' I Illllll[l I IIIIHI|

Bi-214 11208 K-40
509 key 208keV 1460 keV
| i 1
1 I Bi-214 I Bi-214
! 1120 kev ! 1760 keV
I
|}

4. TI-208
\ 2614 keV

. =

Cs-137
661.7 keV
Iab radioisotope

lllllli 1 I i

10*
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Gamma-Flash program: flight system

e+fe Bi-214 Bi-214 K-40 BI-214 TI-208
t 511 keV 609 keV 1420 keV 1460 keV 1760 keV 2614 keV

g \\/;/

i.“\Nwly0
?

\\ \ / - flight
) 10'2:— : - ground
e Inred, calibrated spectrum taken = ﬂ‘ A ; |
on ground [ Tk 'ﬁ“ :
10°E
e Inblack, flight spectrum -
integrated on 2 detectors and 3 10~
altitudes (10, 11, 12 km) a
10°
1 : ll | l EI I: 1 EI | I f: 1 | 1 181 | 111 1 I
0 1000 2000 3000 4000 5000 6000
keV
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Gamma-Flash program: flight system
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TS
‘0" o

L ~fdenone—— ”/ %

1st operational flight:
4 June 2024

Duration: 2.5 h
Average altitude: 10 km
Travelled distance: 800 km

l

Data analysis in progress...

‘-04 llghtnmg«‘di‘&h@ek
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Detection of gamma-ray emissions

55 gamma-ray enhancements (18 during thunderstorms; 37 during standard precipitations)

Gamma-Flash Cimone - DAY 2022-08-06 Gamma-Flash Cimone - DAY 2022-08-18 Gamma-Flash Cimone - DAY 2022-08-12
5750
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analysis in progress...
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Gamma-Flash Cimone - DAY 2023-04-24
Detection of a gamma-ray
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Detection of a gamma-ray glow
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e Duration of the glow: 84s
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Detection of a gamma-ray glow
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e Duration of the glow: 84s

RPGO count rate [Hz]

e ~2200 counts above background 6
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Detection of a gamma-ray glow
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e Duration of the glow: 84s

RPGO count rate [Hz]

e ~2200 counts above background 6
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ng ’ Detection of a gamma-ray glow
E2 T —
v, Z) fg 103 1_ —— GLOW-BKG
> T b
_|_
%10—4 —|__—T —I—‘I——I—_'_ +_H_+++
Spectral analysis é 1
E |
Substantial component above ~2.6 MeV o . Ty
nergy [ke

(not compatible with background)

1073

1074

107°

RPG1 flux [counts/s/keV/cm2]
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i __T+‘|“|’+_1_H__|_

103

104
Energy [keV]

Paolo Calabretto — AtmoHEAD 2024 conference Ischia (NA) - Italy July 15th - 17th , 2024 m
AtmoHEAD



Detection of a gamma-ray glow

r“\war0
?

v‘?t "g 103 _I__I__|__|__|__|_ —+— GLOW-BKG
S Ty ot -+
% 1074 —|__ ‘T T++ +_|q_|_++
Spectral analysis g 1
gl
Substantial component above ~2.6 MeV o e 5

(not compatible with background) s ” —
T -
% 107° __/>
(O]

103
Energy [keV]

Paolo Calabretto — AtmoHEAD 2024 conference Ischia (NA) - Italy July 15th - 17th , 2024

104

lAlinI.I -I|!A|.I



g.bo ’ Detection of a gamma-ray glow
E2 T —
v, Z) N 10 + —— GLOW-BKG
n> AL & TR SR
: T T 4
Spectral analysis é 1
In the range 300 keV - 10 MeV, best fitwith " |

. Energy [keV]
an exponential cut-off power-law
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103 104
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% Future developments
F

SWW),

e Increase effective area of the ground-based detection system

e 9 hours of flight available during summer/fall 2024
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