Study of anomalous events in TUS detector and simulation of
upward going EAS

JINR DLNP, Sector of Astrophysical Research
Institute of Nuclear Physics
Yeldos Sholtan



Schematic view of the tus detector

mirror-concentrator

photodetector

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(5x5 km)
Mirror area 1,8 m2

Focal distance 1,5m

Period 94 min



Anomalous events
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Integral histogram of the time dependence Time dependencies of signal amplitudes in event 170818-131536-072 in
amplitude on time of event 170818-131536-072 separate PMTs of module 10.
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Examples of time dependencies of the integral
amplitudes of anomalous events.
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Diffuse reflection

Source Image

Mirror reflection

Schematic view of an anomalous
event in the TUS detector



Combined hybrid event 160905 230528-129
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Time dependence of the integral xy-projection of the integral amplitudes with a
signal amplitude threshold of 3RMS



Possible interpretations

Ultrashort gamma-ray bursts (GRB) ~100 us

Upward going EAS with diffuse reflection on solar panels. Correlation of
EAS and lightning strike

Terrestrial gamma ray flashes (TGFs)



Simulation of upward going EAS




Simulation of upward going EAS

Atmospheric depth [1]:  X(h) = f p(Ddl = p, « H * exp(5-) (2)

X(0) = 1030 g/cm’

3
Shower age [1]: s(X) = 0.0<s<20

(1 + 2 +%me)

s < 1.0 young shower

= 1.0 shower at its maximum development

s>1.0 old shower



Universality of electron distributions
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Universality of electron energy spectra — different primary energy [2] 10



Calculation of Cherenkov light production

dN
T X DN=NX* [ y(h Ef X E)E
Ethr(h)

N(X) — e’s number at X

number of Cherenkov photons
yy(h, E) — produced by a e of total energy E at
height h

H

dN/dX per 5 g*cm~™(-2)

o = N W

U o N

e Cherenkov photons from CORSIKA lagn
from shower profile parametrization ('x’
N,
%
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Comparison of the total number of Cherenkov photons produced per slant depth within an individual shower (proton, 10'°
eV, top figure 0°, bottom figure 30°) simulated with CORSIKA and analytically calculated by parameterisation
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Angular spectrum of e’s and Cherenkov photons

10'
e’s angular spectrum is independent of:
e Shower age -
® primary energy L
e shower zenith angle
The effect of primary particle type is small[3]. S '}
=
=
. . b 1072 |-
Parameterisation: -
1 1]70 3 \
dN b g\ © b a\ © 1071 \ \
dee (6 iy E) = C e 19 4 + le Ze 2 M- - Simulations \\\\\ "\\\\\ ‘\\
p v P P p - ---- Parameterization i\ % \
104 ¢ ¢ v pyggl y W, W \
0.1° 1° 10°
First term describes the flatter portion of the angular distribution parallel to the 0
shower axis and the second represents the steep drop. The value of o determines Normalised average electron angular distributions for
the smoothness of the transition from the flat region to the steep region.[3] 20 proton showers at 10" eV with 30 statistical error
margins.
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Angular spectrum of e’s and Cherenkov photons

Shower axis

Primaryl

Emission point
Electrons ®
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Depiction of the intersecting region between the Cherenkov cone (blue

Relevant angles for Cherenkov light emission in _air showers. The final ring) and the ring of width de around the angle 6 (grey ring) in the unit
angle betvyegn each Cherenkov photon (blue trajectory) and the sphere. There are two intersection points whenever |6 - 8p | < 8em and
shower axis is denoted by 6 [4]. none otherwise [4]
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em P p. em p. em
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dN/dXdtheta per 5 g*cm~™(-2)

Angular spectrum of e’s and Cherenkov photons
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Cherenkov photons angular distribution at small angles
for proton shower of 10" eV at s = 1
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Cherenkov photons angular distribution
angles for proton shower of 10" eV at s = 1
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Result
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The spatial profile of the Cherenkov signal (photons/m2 ) at 500 km altitude for
a 100 TeV upward EAS
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Conclusion

About 40 anomalous events were found by TUS detector. One of the possible
interpretations was upward going EAS. In this work analytical method of simulating
upward going EAS was studied. It was shown that signal from highest possible energy
upward going EAS is not enough to be the cause of TUS anomalous events.

The method will be used for simulation of upward and horizontal EAS for the IVGSHAL
experiment.
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Thank you for your attention!
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Time dependence of integral signal amplitudes in event 160905 230528-129.
On the left is an area of 18 pixels inside the border, on the right is an area of
190 pixels outside the border.
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Universality of electron distributions
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Universality of electron energy spectra — different primary particle
type. Mean proton, iron and gamma-ray showers of energies > _Universality of electron energy sp?gtra . differer;g
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Parameterisation of €’s energy spectrum
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fAE,9) = a(5) 7

ao(s), al(s), az(s) — fitting parameters
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Comparison of the parameterisation and the energy
spectrum of an individual shower obtained with
CORSIKA, proton, 10" eV [2]
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dN/dX per 5 g*xcm”™(-2)
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Calculation of Cherenkov light production
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Comparison of the total number of Cherenkov photons produced per slant depth within an individual shower
(proton, 10"° eV, left figure 0°, right figure 15°) simulated with CORSIKA and analytically calculated by

parameterisation

23



dN/dX per 5 g*cm~™(-2)
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Calculation of Cherenkov light production

le12

lel2 ® Cherenkov photons from CORSIKA

o Cherenkov photons from CORSIKA - from shower profile parametrization
A

from shower profile parametrization /” oty

dN/dX per 5 g*cm~™(-2)
o = N w S (6] [e)]
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Comparison of the total number of Cherenkov photons produced per slant depth within an individual shower
(proton, 10"° eV, left figure 30°, right figure 60°) simulated with CORSIKA and analytically calculated by
parameterisation
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Angular spectrum of e’s and Cherenkov photons

Expressing 0 in terms of Gp, 0,,and¢_ :

cos(6) = COS(OP)COS(eem) B Sin(ep)Sin(eem)COS(q)em)

dn, db,
dN = NXf (X, E)dE m (ep, E)depyy(h, E)sec(ep)dX <
_ o] % _ 2sin(0)d0
dp = 2| 1 de =

\/sinz(ﬁp)sinz(ﬁem)—(cos(@p)cos(ﬁem)—cos(@))z
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Angular spectrum of e’s and Cherenkov photons

(6,X,h) = —N(X)sin(®) | f (X,E)y (h E)dE
E, () Y
m dN do
e p
dep (ep, E) 2

cosep sin’ (Bp)sin (Gem)—(cos(ep) cos(f)em)—cos(ﬁ))2
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