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The ALOFT campaign & B

spring 2017: part of the "GOES-R Validation Flight Campaign”

16 flights, total of about 70 flight hours ...

... of these, 45 hours over thunderstorm regions.

cruise altitude = 20 km

observed a few Gamma-Ray glows  (but no Terrestrial Gamma-ray Flashes :( )



The FEGS/ALOFT campaign £ fa oo

GOES-R Field Campaign ER-2 Based Instrumnts Credits: M. Quick

okl | NASA MSFC

UiB BGO
ISTORM

CRS

+ ground based networks : COLMA, WWLLN, NLDN



UiB BGO instrument £5 S
—
3 BGO detectors (15 x 3.2 x 5 cm? each), spare from ASIM
300 keV to ~40 MeV, ~ 15% resolution @ 511 keV
27 ns time resolution
Continuous high resolution data acquisition
GPS for absolute time reference

Credits: G. Genov, UiB



Gamma-Ray Glow Observation o
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Gamma-Ray Glow Observation o

[Dstgaard et al.,
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Gamma-Ray Glow Observation: lightcurve . msaese

~42 sec ~15 sec [@stgaard et al., 2019,
\ \ In prep]
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e Background level: ~2500 counts/second
e Glow is between ~10% to ~45% above background



Gamma-Ray Glow Observation: spectrum

background substracted

counts per bin size per second (keV'1 s

dn/de spectrum (ar. units)
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Charge structure | 5 s i

15km
[Dstgaard et al., 4 10km
2019, In prep]
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e On-board instrumentation (LIP, CPL)
e + Ground based networks (COLMA, NLDN, WWLLN)

— Inverted charge structure



Problem i emmKeLAND cenTre

—

How is the glow produced?
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Proposed Models 5 oot

Two tested hypothesis for the glow production mechanism:
o Both consider cosmic ray secondaries (mostly e-) as seed particles
o A (Above):

_ o B (Below):
= Efield above the thundercloud m E-field inside the thundercloud, constant
exponentially decaying with altitude s E-field larger than the RREA* threshold

m E-field smaller than the RREA threshold

(*RREA =
Relativistic Runaway

20 km = xx= S ' G o =y bbbl bbbl Electron Avalanche)

requires electron €&«

number increase
>~ 2 13 km =

requires electron

/ multiplication

factors >~ 1000

Model A Model B
e Can model A and/or model B reproduce the measurements ?
e What magnitude of E-fields are required?
e Is it compatible with the E-fields measurements / charge structure? 11



Modeling strategy (1/2) & pn o

e We use: PARMA [Sato et al., 2008] and GEANT4 [Agostinelli et al., 2003]

e PARMA is used to generate cosmic ray (secondary) particles at 50 km altitude
o photons (y), electrons(e’), positrons(e*), neutrons(n), protons(p)
e GEANT4 takes over below 50 km altitude. it can handle anv possible Electric field

PARMA | I
JAXIETATAVATAS
4@/
IR o S— by 20 o
GEANT4 LA ” N o
g,
h=0km

RK: advices on setting up Geant4 for this context [Sarria et al., 2018] 12



Modeling strategy (2/2) & pn o

Forward modeling

Run a given simulation set-up
(A or B, with a given parameter set)

+ background simulation

(no E-field)
Record photons
(20 km aItitude)
Apply
response matrix
Calculate flux increase Calculate X? of simulated
compared to background energy spectra with measured

(should be 10 % to 45 %)
Compatible ?/ 13



Model A Results i Esmen
-, ————
photon flux increase
between 10% and 45%\s

e E—

1.5 K compatibility threshold
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Compatible model A simulations require, at 20 km altitude :
e -9 kV/m > E-field> -13 kV/m
o 9.5kV/m <E-field < 17 kV/m
But:
Real (measured) electric fields (LIP instrument on aircraft) show values ~10 times lower 14



Model B results 3 pmneLAND cenTre
—

e Probing the Altitude / Potential parameter space

Compatible

energy spectrum [Dstgaard et al.,

e n 2019, In prep]
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e For any altitude, required electric fields are about 1.2 times the RREA threshold
e Only positive potentials can give compatible spectrum fits (huge 511 keV for negative)
o Butthe inverted charge structure implies negative potentials 15



Model B and A spectra o
—

[Dstgaard et al.,
2019, In prep]
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Conclusions / discussion R e e
—

e a Gamma-Ray Glow was observed by the FEGS / ALOFT campaign (May 2017)

o aircraft was flying at 20 km altitude over thunderstorm

o X/gamma ray increase of 10% to 45% above background

o thundercloud likely presents an inverted charge structure
e we investigated two possible production mechanisms that may explain it :

o The Above model :

m An electric field with field strength
e below the RREA threshold
e starting from the cloud top (13 km), decaying with altitude
o The Below model :
m RREA process inside the cloud (9-12 km)

e both models can give:

o compatible spectra

o compatible particle increase
e but both require E-fields inconsistent with at least one observation:

o Above model : measured E-field at 20 km altitude 10 times too low

o Below model : - incompatible with inverted charge structure,

- long lasting glow with large potential (>160 MV)
lots of lightning, but no TGF observed [Smith et al., 2018] 17
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The ALOFT campaign & B
—

® In this presentation:
o Focus on the May 8th Gamma-ray Glow(s)
o Charge structure of the cloud system
o Possible mechanisms that can produce the gamma-ray glows
m Monte-Carlo modeling, comparison with data 19



Model B results &3 aimncLanp cenTre

photon spectra at 20 km altitude
(for a perfect detector)
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Gamma-Ray Glow Observation o
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Charge structure
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Model A Results: energy spectra i e
—

[Dstgaard et al, 2019,

In prep]
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Model B results o S CeRe
—
[Dstgaard et al, 2019,

In prep]
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Model A (Above) description i pra e o
—

Electric field starts from the top of the clouds and decays exponentially with altitude

E(h) = Etop eXp (__(hl__l—htop)) H~8 km

One free parameter :
e E-field at the at the cloud top: E, = (implies a given E-field at 20 km altitude)

PARMA 7/6_\,{7\7]/1) \f+% \ﬂpé_\ﬁ_ln \

h=50km

GEANT4

h=0km 25




Model B description £ Epmneos
—

E-field is applied over a region of 2 km height within the cloud.

Two free parameters :
e altitude of the center of the E-field: /_ (9 to 12 km)

a AnnlinAd nAatantial AIT /N tA DEN A7)

PARMA == JARREVAVATIATAL

GEANTZ | + satseesitistiiitassatessssssssssssssssanse
Ah=2km ]

h =50 km

hD =20 km

------------------- AU- hg =9 to 12 km

h=0km
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Model A Results: particles' flux variation £ Epmneos

e
Records at 20 k2m altitude
: byl . ‘

20 downwards 160 — downwards jj 10
upwards ot 18 | upwards 120
L both directions . - both directions —
_13218 . 17-3.SOC Q
. ) {40 2 16t 100 >~
16 |1 1] 30 'g o S
- i @ =4 . -8.8 180 3
= H20 = i 170 =
T ¢ ; 160 O
58. 95 10 5 S 12+ 450 E
. | i g e =" -6.0 1= =
(E,12~ - = = L——A-14Ho O O 130 ©
~ 1 1 1 1 ~ 1t >
= 1 1 ! i 20 O
= 101 | | 1 = : 10
c 1 1 1 1 c 08 = —— T N N e 0
o o H
g gl ! 1 1 1 =
2 o I I Qo6 t
N I : s
6 L
1 1 1 1 04
1 1 1 1
4r 1 ! 02
! ! ! . @stgaard et al
1 1 i !
2 I ! 1 | I L 0 j 2 | I | I L I I
~15 -10 5 0 5 10 15 “15 -10 -5 0 3 10 15 20197 In prep]
Electric field (kV/m) Electric field (kV/m)

Important:
e Background flux is ~ 90 % photons
e 10 % photon flux increase <-> 80 % electron increase
—p> each extra electron produces ~ 2.5 extra bremsstrahlung photons 27



Discussion & emncLanp centee
—

Both models A and B can give
o compatible spectrum fit
o compatible particle increase
Both have problems :
m Above model :
e measured E-field at 20 km altitude is 10 times lower than required.
m Below model:
e requires cloud charge structure inconsistent with measurements
e requires E-field > 1.2 times RREA threshold maintained for more than two
minutes
o How can a large potential be maintained for so long ?
o Alot of lightning at the same time of the glow:
m why is it not discharging the field below RREA ?
m why is there no TGF produced ?
m  See Smith et al., 2018 "Characterizing upward lightning
with and without a terrestrial gamma-ray flash"
28



