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Take-home message:

Thunderstorms are the most powerful and energetic
natural particle accelerators on Earth
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And many groups in the world are becoming aware of this
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The discovery of TGFs: serendipity at play

Vela satellites '70-80 ~ ©5  f BATS
looking.down, : -/~ looking Up 10 space...
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Signal (counts/0.1 ms)

TGFs 20" birthday!

Seminal paper by G.J. Fishman et al.,
“Discovery of Intense Gamma-Ray Flashes of Atmospheric Origin”, Science (1994)
Accepted 19 April 1994!
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« Energy > 1MeV, harder than GRBs
« Very bright, ~1ms duration
» Associated to lightning
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What do we really know about TGFs?

Credits: Michael Briggs, EGU 2014
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Physical scenario: runaway electrons

Cold runaway: 10%—— S — | 1
any electron goes relativistic : f ’ ’ ’
107} :
Conventional breakdown: ————{ . . . | ]
ionization > attachment = /1‘ E5~ 12.5KViem I
Rt | Ay St Sttt s S S
STV L Ei-eswiems
Relativistic runaway L H )h__E_t:5_2_k_\/;"'€51‘_\_;__,::_’_/__5_ -
regime: ' TSl SO 1 S S . -
seed electrons get g Ej~1:kViem (gaps 530 m. Raizet, 1991. page 362) ]
accelerated to relativistic £ /E
energies and undergo 10°F EC E l;~ 18303
avalanche multiplication E/i /E ¢ ~16
| e
Gurevich, Phys. Lett. 10 — ] 5 5 7 . 5
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Two competing models

Dwyer and Smith,
Scientific American
(2012)

E =50 kV/cm, t=8.5 ns

\jeed \/seed

Electron density (m) Electric field (V/m) x 10°
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azimuthal B and gamma ray flux

TGF / lightning connection
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TGF / lightning connection
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Ostgaard+2013 Credits: birkeland.uib.no
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Observational breakthrough

TGF related publications (from ADS)

25
TGF
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10 +

RHESSI

~discovery by
BATSE

+ ground lightning
location networks

AGILE Fermi

Association
to lightning
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« Cumulative
spectrum

* Energy up to 20
MeV
 production altitude
< 20km
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* Energy > 40 MeV up
to ~ 100 MeV

* First localization in
v-rays from space
* TGF & global
lightning activity
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AGILE contributions to TGF science

O TGF energy range extends at leastto T =
40 MeV, doubling the previous range ™™
set by RHESSI: L _ _

Marisaldi et al., J. Geophys.Res. 115 (2010) ; ] :

L TGFs can be localized from space
directly in gamma-rays by the AGILE

silicon tracker:
Marisaldi et al., Phys. Rev. Lett. 105 (2010)
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AGILE contributions to TGF science

T 1o°;

O TGFs high-energy spectrum extends 2 :
up to ~100 MeV and challenges g 17
current models: g 10';
Tavani et al., Phys. Rev. Lett. 106 (2011) g 10
£ ]

§ 10" 3 :

Latitude [deq]

2z

U The TGF / lightning flash ratio is not

Lotitude [deg]

constant over different geographical

B)
regions: 7.
Fuschino et al., Geophys. Res. Lett. 38 (2011) - L i RSN
D) —oo Lang[tudoe [dea] o0
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AGILE contributions to TGF science

Electromagnetic component Neutron component
U TGFs can potentially affect aircrafts
avionics: N N
Tavani et al., NHESS 13 (2013)
14 0% N\ X=1(a,=0.1)
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3.5 I T '
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[ AGILE TGFs in the frame of current 25 RHESSI

observational framework; delivery of

the 15t AGILE TGF catalog:
Marisaldi et al., J. Geophys. Res. 119 (2014)
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The First AGILE TGF catalog
QAGUPUBLICATIONS

Journal of Geophysical Research: Space Physics

RESEARCHARTICLE  Properties of terrestrial gamma ray flashes detected

10.1002/2013JA019301 by AG'LE MCAL below 30 Mev
Key Points: M. Marisaldi'#, F. Fuschino', M. Tavani**, S. Dietrich®, C. Price®, M. Galli’, C. Pittori®*°, F. Verrecchia®®,
- Terrestrial gamma ray ﬂa5h‘3's S. Mereghetti'?, P. W. Cattaneo'’, S. Colafrancesco®'?, A. Argan'®, C. Labanti', F. Longo'**,
::::;c:glgzdme AGILE satelite E. Del Monte®, G. Barbiellini'*'%, A. Giuliani'®, A. Bulgarelli’, R. Campana’, A. Chen'%"?,
- The data set properties provide F. Gianotti', P. Giommi?, F. Lazzarotto®, A. Morselli'¢, M. Rapisarda'’, A. Rappoldi'’,
independent confirmation for key M. Trifoglio’, A. Trois™, and S. Vercellone'
TGF properties

Properties of Terrestrial Gamma-Ray Flashes
detected by AGILE MCAL below 30 MeV

TGF (E <30 MeV) observed from March 2009 to July 2012

| Help |

| Show/hide columns |

| Advanced filtering |

| Print current view of table |
| Print complete table |

| Reset all filters |
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An interactive tool for the TGF community

Available at the ASI Science Data Center (ASDC) website: www.asdc.asi.it/mcaltgfcat
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What is going on in the world?
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What next?

AGILE, RHESSI and Fermi still have a lot more to say!

ASIM TARANIS
ESA>=2014 CNES >= 2015

Listen to T. Neubert talk

18



A new life for AGILE

1 Change of configuration: anticoincidence shield disabling for
MCAL to reduce dead time and enhance short TGF detection

TGF duration (T,)
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A new life for AGILE

O Exploit AGILE peculiarities: the large TGF rate surface density above
the equatorial region is fundamental to explore TGF / lightning flash

asymmetric behavior

2D Map Longitude Profile
T - e Coh o5 = 0.06
< ; e s&s! 425 ﬂ = ——RHESSI (Grefenstette+2009)
-2 e Bl © 8E T ‘ S RHESSI imroved (Gjesteland+2012)
-20 0 20 40 60 -40 -20 0 20 40 60
Longitude [deg] Longitude [deg] x . ) )
foTs) 0.05 == ~=Fermi offline expected (Briggs+2013)
g . )
i 3mg§! 242 ﬁ ﬁ 3 S Fermi standard trigger (Briggs+2013)
2 -1 .009 8 2fF : > ~
% e M - —AGILE (Marisaldi+2013)
90 100 119 120 130 140 80 100 . 120 140 160 Ll
Longitude [deg] Longitude [deg] 0.04
et
g 2 ” lg_ ~
g0 R ﬁl =
2 ° gt P G oz
< .90 -80 -70  -60  -50 -100 -90 -80 -70 -60 -50 -40 c U.Us
Longitude [deg] Longitude [deq] [J)
©
Fuschino+2011 ot
S 0.02
L -
>
(%]
(o]
o+
©
—
& —_—
)
|_ ——
O _4‘_
-80 -60 -40 -20 0 20 40 60 80
Latitude (deg)

9 May 2014

M. Marisaldi - 12 AGILE WS

20



normalized counts MeV's™

A new life for AGILE

O Exploit AGILE peculiarities: the extended energy range is
fundamental to probe the emission models

Low energy TGFs
(max energy < 30 MeV) Complete sample

15t AGILE TGF catalog
Data + cutoff powerlaw model
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High energy events
(max energy > 30 MeV)
Data + broken powerlaw model
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Tavani+2011 Marisaldi+ in preparation
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Conclusions / outlook

J TGFs are the manifestation of the most energetic natural particle
accelerators on Earth

1 After 20 years, lots of questions still do not have answers

1 TGFs and radiation from atmospheric electricity is a fast growing
scientific field

 European and American institutions are investing lots of efforts in
this field

J AGILE can still give significant contribution in the field

(J The AGILE Team and collaborators are the only Italian group in the

field, BUT this position must be supported to be consolidated and
maintained in the future
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