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Q Selection process.

Q Data reduction.

Q Inferesting events.




The “Lomonosov” space project is lead by Lomonosov Moscow
State University.

Collaboration:
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Ultra-high energy cosmic rays (UHECR) in the energy range of the
Greizen-Zatsepin-Kuzmin (GZK) cutoff.

o Ultraviolet (UV) transient luminous events in the upper atmosphere.
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o Multi wavelength study of gamma ray bursts in visible, UV, gamma
and X-raysl!l,
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Scientific Instruments

BORG ELFIN-L

gamma-ray detector
ShOK comeras

Bl data unit

UFFO
UV and X-ray camera

DEPRON
dosimeter

TUS
UV telescope

Communications antenna
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TUS (TRACKING
ULTRAVIOLET SET-UP)
DETECTOR.

TUS detector on board the Lomonosov satellite

[2] Klimov P. A., M. |. Panasyuk, B. A. Khrenov, et. al., The TUS detector of extreme energy cosmic rays on board the
Lomonosov satellite. astro-ph.IM, arXiv: 1706.04976v2, (2017).



Parameter Value

Mass 60 kg
Power (maximum) | 65 W

Data (maximum) | 250 Mbyte/day

FOV +4.5 degree

Number of pixels | 256 (16 clusters of 16 PMTs)
Pixel size (FOV) 10 mrad (5 km x 5 km)
Mirror area 2.0 m?

Focal distance 1.5 m

Duty cycle 30%
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TUS segmented mirror-concentrator

[2] Klimov P. A., M. |. Panasyuk, B. A. Khrenov, et. al., The TUS detector of extreme energy cosmic rays on board the
Lomonosov satellite. astro-ph.IM, arXiv: 1706.04976v2, (2017).
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The TUS photodetector (left) and one of the photodetector clusters (right)

[2] Klimov P. A., M. |. Panasyuk, B. A. Khrenov, et. al., The TUS detector of extreme energy cosmic rays on board the
Lomonosov satellite. astro-ph.IM, arXiv: 1706.04976v2, (2017).



Operational modes

Digital Oscillogram | DO sampling time DO length TS integration time
T AT t

EAS 179 = 0.8 ps 2567 = 205 ps 2°T = 12.8 us

TLE-1 2979 = 25.6 ps 2067 = 6.6 ms 237 = 0.2 ms
TLE-2 2979 = 0.4 ms 2567 = 105 ms 17 = 0.4 ms
METEOR 2137, = 6.6 ms 2567 = 1.7 s 247 = 105 ms

Temporal characteristics of different DO modes



bulk of secondary pc

ionize and excite molecules o
atmospheric nitrogen and oxygen
and lead to the so-called ionization
glow, which is most intensive along
the EAS axis and resembles a track
breacking out in a very short fime
(about several microseconds).

The fluorescence intensity and its fiming along the UV track provide
information on EAS cascade developement, direction and energy of primary
parficles.



We analized data from the first semester of 2017, there were analized around
34,000 events, the selection of events was made with the help of custom
made programs in Python and a further data reduction, which results in 220
interesting events.
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Selection by location.
Selection by light background.
Selection by signal to noise ratio.

Background correction.

Gain correction.



Oscilograms
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osc_eas-170408_165622-170408_135
625-457.txt

osc_eas-170408_170337-170408_140
339-465.1xt

s
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505-478.txt

osc_eas-170408_165718-170408_135
718-458.txt

osc_eas-170408_170431-170408_140
431-466.txt

o0sc_eas-170408_171557-170408_141
558-479.txt

o0sc_eas-170408_170523-170408_140
524-467 txt

0sc_eas-170408_182835-170408_152
834-545.txt

osc_eas-170408_170058-170408_140
057-462.1xt

High Veitage

osc_eas-170408_171226-170408_141
226-475.txt

osc_eas-170408_182926-170408_152
928-546.txt

Sample of candidate to event
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osc_eas-170408_170149-170408_140
153-463.txt

osc_eas-170408_171319-170408_141
319-476.txt

osc_eas-170408_183021-170408_153
021-547.txt

osc_eas-170408_170246-170408_140




Location (Lon 182.308, Lat -25.317)
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Oscillograms
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Locations April 2017 pril 2017

Locations A

— Middle Events

Point like events
from March 2017

Locations March 2017
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from April 2017
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from April 2017




Long frack event
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Size Event
at frame 28
(km?)

Maximum
Signal

Distance
Traveled
(km)

16 : 1448.59

Duration

(us)

Location (Lon 358.283, Lat -41.806)

‘-41 .806, -1.717
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Google Earth
U.S. Navy, NG/

Deta SI0} HOAA, 4, GEBCO 1km
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Duration Distance Maximum Size Event

(Ms) Traveled Signal at frame 18
(km) (km?2)

36.8 11.04 1408.98 150

Location (Lon 286.901, Lat -48.414)
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Middle tfrack event
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Duration Distance Maximum Size Event

(Ms) Traveled Signal at frame 32
(km) (km?)

40 12 1053.69 400

Location (Lon 83.0, Lat 31.381)




genera ¢
results from events of the first se
operational mode, like a cI055|f|co’r|on and geograp g

we are working on statistical analysis of the maximum value recorded
on the event, as well as the analysis of the spatial extention of the
interesting events.
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