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Classes of upper atmospheric phenomena associated
with thunderstorms & individual lightning flashes:

From just above thunderclouds (blue jets)
to edge of 1onosphere (sprites); o 1
i ] '

Observed for decades, studied
scientifically since ~1990.

Colors depend on density of air
vs. altitude via collisional disruption

of ionization states i i
3 V. Pasko

El VES. H. Stenbaek-Nielsen

Expanding ring (or disk?) at ~90km
(base of ionosphere): more common

Terrestrial Gamma-ray Flashes:

~1ms flashes of keV to MeV photons seen from space




Classes of air breakdown (in decreasing order of

required electric field):

Any free electron gains enough energy between
collisions to ionize the next atom it hits

Self-sustaining propagation: charge separation

at tip creates local electric field high enough to

create conventional breakdown

Seed electrons at high energy encounter

less resistance; if they create more of their kind
at each collision, avalanche occurs at lower E.
Cosmic rays provide seeds (only need 1!)

High currents create local ionization at
propagation tip by heating (propagation of
lightning to the ground)

FU kVicm

30 m, Fh;zm 1991, page db )

Ec E t~ 130;
Ek!/Et ~16
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Figure by V. Pasko, from tutorial at the
NATO summer institute on Sprites, etc.,
Corte, Corsica, 2004




Cloud-to-ground lighting leaves a charge on top of thunderclouds,
"parallel plate capacitor" to the conductive ionosphere.

In the upper atmosphere, thunderstorm electric fields drop with altitude,
but density drops faster --> athreshold altitude for the various processes:

le—100 C x 10 km

10 C x 10 km

Figure by V. Pasko, ibid.




Probable sources of different phenomena:

DC electric fielo

(possibly elither polarity):

Sprites, blue jets

DC electric fielo

(?+CGonly ?): TGFs
Need |arge charge moment change

Transent E-field from EMP. Elves

Observed signals:
Optical (from ground, airplanes, space)
VLFELF sferics (global range!)
Infrasound (sprites)

Need large peak current




Role of the magnetic field in runaway avalanche:

Electrons will experience ExB drift rather than acceleration

due to entrainment by the magnetic field, unlessthere
Is asufficient rate of collisions to disrupt cyclotron motion.

At mid-latitudes, where there isa significant parallel
component of E, acceleration is possible up to the
lonosphere (Lehtinen, Bell & Inan 1999) . At the magnetic
equator, 1t will be cut off when electrons are magnetized.

The altitude of magnetization has
(Babich et al. 2001)
(Sharma, Guzdar anc

peen estimated at
hut also at

Milikh 2004),

who suggest that awhistler-wave instability

produces ducts that transport
atitudes.

the e- to higher
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From Fishman et al.
1994, Science



Mid-latitude/temperate regions with alot of thunderstorms,
good satellite coverage, and many sprites show no TGFs

TGF map:

Lightning Map from NASA LIS/OTD science team,
Multiplied by RHESSI global coverage/response function






3) RHESSI evidence for thundercloud origin of TGFs



Difference map shows Africa and temperate zones less efficient at TGFs.

Deficit at higher latitudes explains USA, Mediterranean, Delhi

Deficit over land explains USA, Delhi, Central Africa
land vs. ocean TGFs show no difference except mean local time
(land prefers dusk; ocean is equally dusk and predawn/dawn)

What about differences in lightning between the LISOTD
epoch and the RHESSI epoch?



This suggeststhe TGFswe do
see are highly diminished by
atmospheric absorption



N
(Inan et al. 1996, GRL 23, 1017)

| F the breakdown is caused by a DC field; but see also
new models by Inan, Lehtinen et al.



must




Dwyer et al. 2004 seen from the
ground, estimated altitude 6-8 km

Dwyer et al. 2004 scaled to 600 km
distance, same absorption column
(approximately right*)




(red curve)




1) Viewed near the edge of the upward beam
only Compton-scattered photons (far off the edge), or

2) Due to acceleration at the magnetic conjugate point

\



Radio positions from S. Cummer, Duke U. (squares), R. Holzworth & E. Lay, UW (crosses)



The spectrum and intensity* are independent of

magnetic latitude and local time: o
Magnetic latitude | ocal time

Suggests deep origin in atmosphere Suggests deep origin in atmosphere

because magnetization of electrons because ionosphere has different

doesn't seem to matter heights during night and day



NEXT STEP:

Quantitative modeling of the expected dependences
for beaming vs. Comptonization effects



No sign yet of faint conjugate events over the Sahara
(Could be sengitivity issue)



But:



4) Broader significance and future projects



Data courtesy of the BATSE webpage at NASA/MSFC



the first Sahara event we see should
be faint, not bright!

We got lucky and caught the e- beam
directly with the spacecraft!
Currently looking for conjugate storms &
sferics.



Greater relevance?

1) If TGFs occur in thunderclouds, is there a TGF associated with
every lightning stroke? Isrelativistic runaway the trigger for
al lightning?

2) What is the total energetics of the TGF compared to other
lightning processes? |sthere chemically significant ionization
at important altitudes for ozone (e.g. 30 km)?

3) Do escaping MeV electrons help populate the inner belt?



~ 3x10M15 el ectrons, or
~ 20 kJ

(Galper et al. 1999, JGR)




What next? (1)



What next? (1)
TARANIS:

CUAD:

BALLOON OBSERVATIONS:



For dessert:

Three TGFs observed during a single pass over a single storm:



