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Cosmic rays spectrum
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Schematic view of the TUS detector aboard “Lomonosov” satellite

g Mass <60 kg
Power 65 W
Data rate 200 Mbytes/day
Number of pixels 16x16 PMTs
FOV +4,5 degree
Duty cycle 30%
> Altitude 500 km
Pixel: 10 mrad
Mirror area 1,8 m2
mirror-concentrator Focal distance 1,5m
Period 94 min

~_ photodetector



Background signal in TUS data
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Time dependence of the integral amplitude of the background event signal



EAS candidate event
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Event of the thunderstorm nature
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Anomalous events

Event Ne170818-072
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Hybrid events
Event No170728-234
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Time dependence of the signal integral amplitude for 20 anomalous
events
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Time dependence of integral amplitude of the signal for another 20 anomalous events



Possible interpretation

e Gamma Ray Burst(GRB)

 Diffuse reflection of lightning from

Diffusual reflection

solar panels and mirror:

1) Upward-going EAS (only for

hybrid and combined) Soumelinags

2) Terrestial gamma flash (TGF) R JJf

Mirror reflection N




Terrestial gamma flash

Terrestrial gamma-ray flashes (TGFs) are

atmospheric gamma—ray bursts, which
spocecran are showers of photons and electrons
with energy up to several tens of MeV,
formed in the atmosphere during the
development of a relativistic avalanche
of escaping electrons RREA (Relativistic
Runaway Electron Avalanche).

Scattered and
attenusted y-rays

Marisaldi, Martino et al. (2015). Enhanced detection of terrestrial gamma-
ray ashes by AGILE". In: Geophysical research letters 42.21, pp. 9481-9487. @




Simulation of TGF
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Simulation of TGF
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Conclusions

e During its operation, the TUS detector registered about 200,000 events in
EAS mode.

« 46 anomalous events were detected, 5 of which are hybrid.

o The probable nature of such atmospheric events are lightning discharges,
diffuse reflected from the satellite's solar panels and mirror.

o In GEANT-4, a software package for simulation TGF and TGE events in a
thundercloud is currently under development and preliminary results are
presented.



Thank you for your attention!

karatash@jinr.ru



Backup slides



count

Entries 9791341 £ %0007
1l Mean 129 oI
StdDev 1027 2500
10 & 2000
B @ﬁ%ﬂ‘, :
i -"”m.. |
1 “‘ﬂ'!u g 1500/
:"w‘ a1 |
| g :
10 \\"‘ W" ”‘\II }\ ‘| \ ‘| 1000
,\ h‘ Hil |\| | |
MR -
[T R A R \ \ | ‘ [ T \ R L1 :9 Lo
0 500 1000 1500 2000 2500 3000 5000
r,m
B ueHrpe:

2000  -1000 0

2]1-pactipenenenus

Entries
Mean x
Mean y
Std Dev x
Std Dev y

1000

L
2000

9791341
-881.2
129
421.5
102.7

z,m

3000 °

—

1072

!

Entries 9791341
Mean -881.2
Std Dev  421.5
Electron
Positron

I

3000 —2000 —1000

I,Z-KOOpAHUHAT BTOPHYHBIX

3JICKTPOHOB OT NEPBOHAYAIBHOTO 3JEKTpoHa ¢ »Heprued 10

M5B mia noneit -1,5 kB/cm Ha Beicore TIIBKC. Crnesa: r-

MIPOEKIUS, CIipaBa — Z-MPOESKIIUSI.

0

1000 2000 3000
z,m



count

- Entries 1.251706e+07
1 03 : Mean 3.479
- Std Dev 1.577
10 =
=
1
107" =
I
:\ [ ‘ L1 1 | L1 1 ‘ I — | [ | L1 | | [ — ‘ I | L Uil I ‘ L
0O 2 4 6 8 10 12 14 16 18 20

time [microsecond]

count

—
o
N
‘ IHHHI| \I\IHH| IIIIHII‘ HI\HH‘ \HHIH| II\IIHI| IIIIHII‘ TTT

Entries 2.128136e+08
Mean 6.155
Std Dev 3.378

O

5 10 15 20 25 30 35
time [microsecond]

PacnpeﬂeneHHe IO BPCMCHHU TI'CHCPALIMM BTOPHUYHOTIO JJICKTPOHA B JIMBHC, HWHHUIHWHUPOBAHHOM IICPBUYHLIM

AJIEKTPOHOM ¢ 3Hepruei 5 MaB nipu nosie -1.5 kB/cm (cieBa) u mosiem +1.5 kB/cM (cripaBa).



Fresnel mirror and photodetector

Light guides matrix

o Photo receiver
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Fresnel mirror Photodetector



N2 e~ M Terrestrial gamma-ray flashes

AN, P (PN (T GFS)—kopoTkas raMma
sl : BCIIBIIIIKA, POKICHHAA B
atMocdepe.

Electrical
field

PHYSICAL REVIEW D 83, 062001 (2011)

Particle bursts from thunderclouds: Natural particle
accelerators above our heads

Ashot Chilingarian, Gagik Hovsepyan, and Arm
Hovhannisyan @
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Map of anomalous events

O -anomalous

@ - combined
© - hybrid.
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Anomalous event N2170818-072
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Movement in anomalous events
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2D Distribution of the transit times of the signal amplitude maxima on the photodetector matrix.
The arrow indicates the direction of movement of the signal



ELVE
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Konnuectso dpooTtoHOB OT BOocxoasiuero LLUAJT

bbina B3sTa NNockocTb, paganycom 1 km. [pwu
NPOXOXOEHNN Yepe3 Hee YEPEHKOBCKNX (DOTOHOB
npoucxoagmna 3anmck. Ha gaHHomMm crnange
npeacTaBneHbl rpadukn pacnpegeneHns no
paguycy HOPMUPOBAHHOE Ha KBadpaTHLIN METP
ONa OBYX Cny4vaeB . QHeEPrna rnepBoHayaribHoOro
npotoHa 1 TaB n 100 TaB.
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Integral histogram of the time dependence amplitude on time of combined event
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The time dependence of the total signal amplitude for several anomalous events
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The time dependence of the total signal amplitude for several anomalous events
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