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Transient energetic phenomena
In the upper atmosphere are observed
within the wide range
of electromagnetic emisions:
UV, red, X-ray;
In gamma — rays (1-10 MeV);
Infrasound,

In neutrons (?)
In relativistic electrons, positrons(?)

Sometimes with a huge energy/impulse
(for TLE) - up to several 10*9 J !



Transient energetic phenomena in the
upper atmosphere
Some experimental facts

TEP are observed in the upper atmosphere
between the clouds altitudes and the
lonosphere (~ 10-70 km)

TEP — exteremely short-time events (duration
from one up to hundreds of milliseconds)

Dimensions of area where TLES appears are
about dozens and even hundreds kilometers.

Do TLEs are genetically connected with other
TEPs?7??
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MSU satellite projects




SINP/MSU space experiments
directed for TLE’s study

uameru D.B. Ckobessupina

1. TATIANA -1 2005 -2007
2. TATIANA -2 2009 i
3. CHIBIS 2012

4. RELEC 2014
5. LOMONOSOV 2014
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“Tatiana-1" - “Tatiana-2”

S ratana 1 | ctaianazs

Temporal 16 us 1 ms

resolution 64 us

Oscillogram 4 ms 128 ms

length 64 ms

Wavelength 240 - 400 nm 240 - 400 nm

range 600 - 800 nm

TRIGGER One event One event
per orbit per minute

cycle



Listen
G.Garipov |UF

' - 240-400nm

< |- for detailes | ;,5.s00nm

: Sensitive area ~ 0.5cm2
Field of view ~ 150
Mass ~ 0.65kG

Power < 2.5Wt

Nal(Tl) (LaBr,)

(,532 > 1| PMT

& Listen S.Svertilov
RGD for detalles

(Reontgen — Gamma Detector) instrument is intended for detection
of sporadic X-ray and gamma-ray flashes (0.02 — 1.0 MeV)
from high-altitude atmospheric discharges.




__«Transient » illumination of the
W |Earth’s upper atmosphere

___«Tatiana-1» + «Tatiana-2» ~ 7

| | - —— | | |




Different temporal- spatial distributions of UV flashes
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Listen V. Morosenko for detailes




Serial distributions of TLEsS
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Spatial distributions of serial

TLES
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Basics of modeling



Bottom up model

) 80 km
“standard model”
\/ Neutrons
/Gamma
TpaH3UeHTbI
B aTMocdepe
) | B Electrons
ranisnlents +positrons

the atmosphere




Cosmic ray

shower fﬁ;‘.-(— Electron thermalizes

due to collisions
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5,3
Cosmic rays produce ~ 10" fem -sec

r =1 MeV electrons at ~10 km altitude
) \
h )
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small. The air breakdoan followed by the production of fres
clectrons results in enhancement of the electron contribution

‘l to the air conductivity. It is customary to assume that the free
electrons can play a crucial role in the ionization of neutrals
Fig. 4. A schematic illustration of upward avalanche of fast seed in. the ambucat clectric ficld, bocavse their mobihity g much

. . . greater than that of ions.
glectrons resulting from a cosmic ray shower in the presence of

the downward-directed ambient alectric field E. Trajectory of the
secondary downward-direcied elecirens can be distoried due o the
scattering by nuclei. | — incident primary particle, 3 — secondary
fast seed alectrons, 3 — nucleus, 4 — wpward avalanche of electrons.

Underlying mechanisms of transient luminous events: a review
V. V. Surkov?! and M. Havakawa® Amn, Geophys., 3, 11851212 H12

wanwann-geophys. net30/1 1832012/
daoi: 10.5 1% anpen-340- 1 185-2012



UuvVv 80 km

A

Neutrons

Voamms

TpaH3neHTbI
B aTMocdepe Electrons
HEWRERIS '
- +p05|trons

the atmosphere

Top down model



Examples of natural
relativistic electrons precipitations



Millisecpnds time scale

doorosimats Universal Time in howrs, Jon 24, Z000

Precipitation of ~100 keV electrons from radiation belts
measured in SAMPEX experiment.



. Auroral precipitations
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The X-rays (produced from ~1.7 MeV electrons) measurements
showed that there are two main types of precipitation — long-term
(~100 s) and short enhancements (~10 s) modulating the count
rate. MAXIS measurements.



Monoenergetic relitivistic electrons

DETRITION FUNCTION (g.u.}

Figure 3: Example of electron perpendicular distribution functions in the inner belt for the

precipitations
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Near-equatorial relativistic electrons
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Examples of RE precipitation measured in CORONAS-I mission: lines - 0.5-
1.3 MeV RE intensity time profiles, dots — L values, dashed limes — local time.



DEMETER electron data

North from SAA

South from SAA

Figure 10 : Geographical distribution of energetic particle spectra during the vear 2005 (black
symbols) @ proton spactra with at least two maxima in the 1-2 MeV energy range are mainly
tocated south of SAA, and electron spectra with maxima between 150 and 450 keV north of

SA A, The white lines close to +/-50° latitudes indicate the footprint of 2.5 and 3.5 L-values

while the Le] . 7 white lines are located at lower latitudes. The color code shows the

differantial fluxes of electrons with 200 keV energy.



Altitude (km)

Lenthpasses in the atmosphere
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Thorne, R., Science,(1977)195, 288-289



lonization In the atmosphere caused by electrons
Electrons 1-15 MeV
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Electron accelerator
ELS in Utah

a

ELS Calibration

e ELS =40 MeV electron
accelerator in front of BR FD
station.

« Equivalent to a 108 eV shower at
shower max.

« End-to-end calibration of TA IUV_‘ "tght
fluorescence energy scale. lonization,
impact

« Man-made shower to use for R&D
purposes:

— TA-EUSO prototype test.

— Osaka, KIT/Chicago groups
search for molecular
bremsstrahlung radiation.

— TARA, ICRR groups search for
radar reflections.




Altitude (km)

Another estimation, by Thorne
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Thorne, R., Science,(1977)195, 288-289



80 km

A

Neutrons
Gamma
TpaH3neHTbI
B aTMoccpepe Electrons
HEWRERIS '
- +positrons

the atmosphere

Top down model
Is 1t really existed???




Where to get drivers
for electron precipitation from the space?



WAVE PARTICLE INTERACTIONS
1. Cyclotron resonance

Interaction region is much
wider because of dispersion
of waves propagation

Whistler-
Ray Pa

pped
Radiation Beit - -0

Electrons

Nature of waves: natural & anthropogenic



Nemec et al., JGR, 2010
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NMHayumposaHHoe OHY nepegatynkamm
BbICbIMNaHNE 3NEKTPOHOB
Electron precipitations induced by on
ground VLF transmitters
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MSU future space experiments
directed for TLE&TGF study



Scintillation detectors of DRGE

Three identical BGO/CsI(Tl)/plastic
scintillator phosvich detectors are
directed along three axe mutually
normal (as Cartesian coordinate
system)

I To the sky

collimator

detector cover

CsI(TD)

plastic
seintillator

PMT

Detector consists of optically coupled
thin (3mm) CsI(Tl) and considerably
thick (17mm) BGO crystals with
@J20mm. Surrounding plastic scintillator
is 5mm thick. FOV is formed by
cylindrical collimator made of 1mm Cu.

>
Along the geomagnetic
field line



B ——

e —
_ Physical parameters:
e —
Spectral band:
PMT1 - 300-400 nm
PMT2 (red) - 630-800 nm - —
Angle of view: +7.5°. Technical parameters
Time resolution: 100 ps. Mass - < 1 kg;

Amplitude range: 10°. sizes 140x140x80 mm;




MTEL/RELEC
UF fast imager




«LOMONOSOV»




TYC

3agaum TYC:

- Pernctpaunsa KocMNUYeckmnx nyyen cBepxBbICOKNX
9Heprmn No nx Tpekam B HOYHOM aTMocdepe
3eMnu;

- MoHuTOpPUHIroBOE HabnoaeHne Apyrmx
ONTUYECKMX IPPEKTOB B ATMOCC s

NMapameTpbl aKCNepmeHTa:
Pasmep: (J1850 mm, h=1900 mm —
pabouee; h=400 — TpaHCNOPTHOE,;
Macca: 6015 Kr;
UHdopmaTtuBHOCTb: 200 M6/cyT

Y4yacTHUKM aKkcnepumeHTa: MY (HUNAD),
Kocmuuyeckan Perarta



Plans for future: «Soyuzsat»

Reflection f=1
Point ~_ - L.

Whistler-Mode
Ray Path

Trapped
Radiation Belt ——+ -@
Electrons




Plans for future: «Soyuzsat»
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