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Scientific objectives:
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A

[MpoeKT peanunsyeTcs B paMKax nporpammsl passutna My
[Tpoekm noddepxan Mpesudermom PO (Ne [Tp-1796 om 21.06.2010) u ymeepxdeH
flepeyHem nopyyvedud Mpesudenma PO (Mp-22, nyHkm 14).

MpoeKT B YacTU 3KkcnepuMeHTa TYC ocyulecTBnAeTcA B paMKax @Kl Poccuu




Orbit: ~500 km, polar
Mass: spacecraft ~600k
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Asteroids,
meteorides

Gamma

Ray Bursts <l —
\ Radiation
belts
Ultra
High Energy Transient
Cosmic Rays Luminous
Effects
Airglow,
Aurora, etc
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R JJI_,I v P uwisiisRe

3 PeHTCEHOBCKOM H ramMma- I

JleTeKTOP COCTOHT H3 HAXOAAMIHXCS B ONTHYECKOM
KOHTaKkTe ToHKoro (3nm) kpuctaama Nal(Tl) n
OTHOCHTeIbHO TogcToro (17vm) kpucranna CsI(TI).

Tommuua Nal(Tl) onTuMaLbHAa A0 MATKOH YacTH
ﬂ'HEpI‘ETH‘IECR{}I‘D Aunanaszona. Csl(Tl) urpaer poank

PaGouHe 1HANMAZOHDI:
anas Nal(Tl) - 0.01-0.5 M»B

ams Csl(Tl) - 0.05-3 MaB CxemMa JeTeKTOPHOTr 0 viaa (paiMephl
ans npubopa BJIPT)



Type of frahe Time interval between frames Data amount, Mb
CONTINUQOUS (180 MB PER DAY)

Monitoring 100ms 87 per day
Spectrum 158 48 per day
Event mode 158 50 per day

BURST MODE FOR FAST/SLOW BURST (5 MB PER BURST)

Monitoring 1-10 ms 1.6 per burst

Spectrum 1-10 s 1.6 per burst

Event mode Not regular, 1.6 per burst
up to 10° events

DR data 1s o-1000 MEe

| Several time srales for independent triggering:
v 10 ms interval, 1 ms resolution of transmitted data (“Fast”)

v 1 s interval, 10 ms resolution of transmitted data (“Slow”)
v 20 s interval, enlarged event mode transmitted data (“SuperSlow”)
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Satellite position at the moment of the burst trigger (blue points)
and 1ms TGF candidates (red points)
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Characteristic time for triggering:

Up - left 10 ms,

Up - rnight 1 s,

Down - 20 ¢

Condition of the candidate selection:
>3 events per 1 ms in each detectors,
count rate <400 s-1

I B d2 B &

R NN NN

5 5

E B

150

-1 Lol

. OF ey
LR e
oy L ~'|::1-= -

150




triggers with 1=20s in dependence on the bacfound rate

160

-+ Number of detected candidates
120

140 *
-+ Expected number of random candidates /
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Countrate, s-1




ficant part of short increases were related to the registration of I

anergy, kel

time, ms
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Example of TGF-candidate selected by S ms criterion

energy, ke
[
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100 ms monitoring data
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| | ‘ TGF candidate
Imitations by cosmic rays
(are present in one of detectors

and have characteristic time-
amplitude profile)




DRGE-1 & ) - tyyo dlariticzl datactors of -
JEniEray o EERERgy EIEE rr Lo oyirile)e Eerr gzl
GE-J -three axe dlrecfed detectors of energetic
eleotrons and protons (SINP MSU)
= Telescope-T (MTEL-2) - optical imager (SINP MSU, -
Korea)

= DUF - UV detector (SINP MSU)
o 0 LFﬁ?)u-hlew—frequenoyaer

Javaskluneanymleivesisace Cen i Kz

) - radlo-frequecy analy:
RAS Space Center, Poland)

= BE - module of commands and data collection (NILAKT)

“@peoe Res Ine%
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,D,Ba TUMNa 0eTeKTOPHbIX y3510B
[IPT3-1, APT3-2 [1Pra-3 -
PEHTreHOBCKoe U ramma- OnNeKTPOoHbI B 3-X OPTOrOHAamNbHbIX
M3MYyHEHNE B iNana3cHe HanpaBneHuaAx, BTOPUYHbIE

44 0.01-3 MaB ot

DEHTI'EHOBCI{HE N raMmMa- I{BaHTbI '
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= - X-MraMMa KBaHThl SNEKTPOHBI
ETNYECKI ANana3oH 0.01-3.0 MaB, 0.2-10.0 MaB
S pekTMBHAdA Nnolagb ~120 cm”? ~200 cm-cp
(nonHaga ~500 cm?) (reom. DakTop)
BPEMEHHOE pas3pelleHne 0.15 MKC 0.15 MKC -
YyBCTBUTEMNBHOCTL ~5-10° apr/cm? ~10:" yacT /cm?c
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__Scintillation detectors of DRGE-3.

collimator
.-""
<" detector cover
e A R TR

~Three identical BGO/Csl(Tl)/plastic | SI(T)
- - i g = plastic

~ scintil 'éfgr phosvrch detec’tcrrs are scintillator
directed along three axe mutually
~ normal (as Cartesian coordinate

system)

To the sky

Detector consists of optically coupled
thin (3mm) Csl(Tl) and considerably
thick (17mm) BGO crystals with

i rrounding plastic scin

1 thick. FOV is formed by
cyllndrlcal collimator made of 1mm Cu.

Along the geomagnetic
field line




PeaynbTaTtbl NTOUCKa aTMOCdepPHbIX raMMa-BCNbIlLEK

E— = Y —

HeTekTopbl WwupoTa, aonroTa MpyumevyaHna |

2014-08-07-22-20-55 1101 26.2W, 35 6N TGF
B 2014-08-08-00-31-07 1011 132.04E, 29 4N
2014-08-16-13-06-55 -111 114.7E. 24 2N WranTaymna?

2014-09-18-10-15-34 1001 1604E, 8.3N TGF
2014-10-11-06-46-20 11-1 324E, 1245 GRB
2014-11-02-03-34-14 1011 40,.7E, 7765

+ Wik v




ATMocdepHada raMmmMma-BcnbiWwKa (TGF) 2014-09-18-10-15-34

1z

+ Wi oeuansd 38 100we [FT33 [yt - Serectopod)
— Yngny crcuston 38 Siases [PT2) (cyamn - greaTcpos]

3 BCRE RIS IE0 IR TN

%
=
g
8

e B
EI 00 SRR ¥ B 800 90N R0 IR0 FIRSM



ATmocq:)epHaﬂ raMMa-BCrbILIKa (TGF) 2014-09-18-10-15-34

- - 10:15:33.9.




KaHanaatbl B TGF -

- -
L AT L]

b L Eh LR 1 L (Rl Lt S e 00 [ELREE =




KaHauaaTtbl B TGF - 2

2014-08-16-13-06-54 =

i%e 7 »EPTHLL
AFTY

@RI
LI g R

L] . A Tperia

196000 4.2 5% LFRE001 4 125

Résspai [of CoSmpe
18y Enargite proton
ra

Morment of iripger

G014 F 19 BEG 35 B8 19 843038 10 0 13 840 048 145 2 e 205 8 e 5 P2 18 B LD 20564 11 0RO



KocMun4veckmnm ramma-ecnneck (GRB) 2014-10-11-06-46-20

MogpoBHOCTL
npodrng
(pazmep
OuHa)
- : _ 2 MC
s |4 I ‘ | _! T TT
| |‘“‘ |!-----Ji il

o _.-'['L' = -_ -,- .e‘\.-.l-r-- S [J.-
- ;u - -1:';.

o
34 4TS ETH 20 T4 ATE ETH D
a5

o 4

kb
i

Muenber of counls per 2 ms
&J
=]

[
L

i
(=]

WYLTAN )
Lk ﬂrl':' PTRAL H -"II iii“‘M V '\ Sl L‘i v, ‘fr..!;dlﬁ

24 475 5796

34 475 579,32 24 475 573.3 24 475 573.4 28 475 579.5
Tima from 01.01.2014, =




& OPFaL-

arra-z

21 Bied F51 DT

16 354 BEN 030

26 304 §53. 055

D e N Qo0

FLELOE SARE 2




Discussion on candidate Neb at latitude 77.6S

- It is observed by three detectors.

- It is not accompanied by radio bursts {according to the RFA device data)
like the other, "classical", candidates.
- Is located away from areas of thunderstorms.

ot oted as the response of the device to the showers from
cosmic rays as well as activation with the formation of short-lived isotopes




'cemmdence) Thls WI" increase the analyze_cf obmatfbn-permd—uf-al mast =
times

=Wesplan to searchwith shorter times {500 mcs) at the equator and at high
latitudes at the level defined statistical confidence

- We plan to compare both the previous and newly selected candidates with RFA
data with “100ms temporal resolution , WWHLLN, and other ground-based
lightning networks.

® 10523226.408283 ® 23159336.385649
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ITo mauueim cerett WWLLN u Vaisala GLD360 ue

3apErHCTPUPOBAHBI TPO3bI B Npeaciiax =10 MUH OT MOMEHTOB

perucTpanuu Bericckop H 1000 KM OT MOJICIYTHUKOBBIX TOUEK
pPETHCTPAIHU H CONMPSKEHHBIX K HHM.

02.11.2014 03h34mld4s UTC

- -69.50 - muporta, 59.41 - goarora,
BBICOTA CITYTHHKA 638 KM
COMNPSAKEHHAd TOYKA:

latgeo[deg]= 78.3899918
longeo[deg]= -4.2896266

22.11.2014 05h05m03s UTC

-78.63 - mupoTta, 13.30 - gosnrora,

BLICOTA CITYTHHKA 761 kM

HET COMPSHKCHHON TOYKH, T.K. HCXO/HAs TOUKA JISXKUT B 00JIacTH
OTKPBITHIX CHJIOBBIX JINHHUH.
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Mpumep anekTprYecknx paspaaa obnako-moHocdepa, MHUILMMPOBAHHOIO MONHUEMN.
(3nbdbl, cnpanTbl, ronyoble cTpyK)

2014-Nov-21 19:36:47.18735.5: lat=-0.723, EDH_=22.DEHL U=39712V,
Ultraviolet (max = 2362, sum

Infrared (max = 1053, sum
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3000

2500

2000

1500

1000

1-UV - IR lightning flashes signals. 2- UV- blue flashes, UV/IR.=10.
3- light glow produced by SAA particles in detector optical parts
4- low value noise like signals. 5- high latitudes flashes



Example of distribution of amplitudes of five different types of 35 flashes detected on the
night side of one orbit from 82 degrees south latitude to 16 degrees north latitude during 30

3000 - ADC,code
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26JUL2014 00:21
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1 — UV -IR flashes from lightings. 2- UV- blue flashes
(UV/IR>10),
3- light glow produced by SAA particles in detector optical parts

A- low altitinide natse ke siecnals 5. hich latitnndes flacshes



Example of events detected in cloudless region in winter time

Modkva ITEXDTE. S5THS'N

at the same time in the same region there
were not detected thunderstorms




Example of some differences of the signals recorded in SAA and to the south from the East coast of

Africa

U4 D202

Signals to the East from Sou
Coast of Africa have clearly
distinguishable peaks in the

presence of charged particles

and gamma rays.

Signals in SAA
have not
clearly
distinguishable
peaks
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14.00 1425 14.50 14.75 5 15.25 15.50 1575 16.00

UTC 25.07.2014

DRGE-31, DRGE-32, DRGE-33 counts alone orbit, 1 — polar cap, 2 — near equator, 3 — outer belt,
4- Brazil Anomaly, 5 — precipitation and quasi-trapped particles




Donrorta, rpaq.
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Map of burst triggers slow
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Map of burst triggers sslow
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The same sub-relativistic electron precipitation were also observed in L.omon osov mission,
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Counts in BDRG2 (Nal channels)
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2016-08-24 20:00-20:23UT FROM EQUATOR TO NORTH POLAR CAP

— 10-20 keV
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Global distribution of detected flashes
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UV tlash over the Barents
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