Najenergetickejsie objekty vo
vesmire

Co méZu urobit’ informatici pre ich odhalenie?

P. Bobik

bobik@saske.sk
Web: http://space.saske.sk

Ustav experimentalnej fyziky SAV, Oddelenie kozmickej fyziky


mailto:bobik@saske.sk
http://space.saske.sk/

Kozmické Ziarenie — zacCiatok pribehu

1785 Charles Coulomb - nabité teleso (vo
vzduchu) sa po ¢ase stane elektricky neutralnym

1787 Abraham Bennet — elektroskop (dve tenké
pasky zlata na bavinenych viaknach) sa
postupne bez akéhokolvek vonkajSieho zasahu

vybija

1900 Charles Thomson Rees Wilson — ionizacia
vzduchu vonkajSim Ziarenim spdsobuje vybijanie
elektroskopu

Zaver: Ziarenie spdsobujuce vybijanie
elektroskopu pochadza zo zeme — problém
vyrieseny.

Naozaj?



Kozmické ziarenie — objav

1912 Victor Hess

Dokonalejsi elektroskop s ktorym
meral ionizaciu na rdznych vyskach.

10 letov, z nich 5 v noci

Rovnakeé vysledky — ionizéacia vo
vyskach od 2000 m.n.m rastie

17. aprila 1912 pocas zatmenia Slnka
— rovnaky zaver. Sinko tiez nie je
zdrojom ionizujuceho Ziarenia.

Ziarenie prichadza z vesmiru -
termin Kozmické Ziarenie zaviedol
Robert Millikan

Nobelova cena v roku 1936.




Kozmické ziarenie

1933 Sir Arthur Compton - intenzita
radiacie zavisi na geomagnetickej Sirke

1937 Street a Stevenson - objav miénu v
kozmickom Ziareni, 207 krat tazsi nez
elektron

1938 Pierre Auger a Roland Maze -
Ziarenie v detektoroch vzdialenych
od seba 20m (neskoér 200m)
prichadza v rovhaky moment




Objav UHECR

John D. Linsley

Pole 19 scintilaCnych detektorov,
Volcano Ranch, Albuquerque, New
Mexico

ZacCiatok pozorovani v lete 1959

22. februara 1962, Linsley

1976: Prototype at Volcano Ranch

pozoroval atmosféricku sprsku
vytvorenu primarnou casticou s
energiou viac nez 16 Joulov
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UNIVERSITY OF UTAH

- v Prototype studies
by University of
Utah scientists at
Velcanoe Ranch,

NM.

v First successfitl
detection of air
showers using a

Jluorescence
detector.

Mearck 22, 2000 Chardes C. H. Jui



Oh-My-God particle

 Oh-My-God particle - 15 oktober 1991 — HiRes Fly's eye Il, Dugway Proving Ground,
Utah. Energia 3x10%0 eV (51 J)

« Castica s kinetickou energiou rovnou basebalovej (142 gr) loptiCke letiacej rychlostou
100 km/h Ci proton letiaci rychlostou 0.9999999999999999999999951¢ = pri roCnej
ceste zaostane za fotonom len 46 nanometrov alebo 0.15 femtosekundy.

- z pohladu Gastice - ¢as e ek
Distance[3] Perceived - il ; oy e
Object (licht vears) Travel Time
Alpha Centauri 436 0.43 milliseconds
Galactic mucleus 32.000 3.2 seconds
Andromeda galaxy 2,180,000 3.5 minutes
Virgo cluster 42.000.000 1.15 hours
Quasar 3C273 2.500.000.000 3 days
Edge of universe 17,000.000,000 19 days

- z pohladu ¢astice — dizka ,objektov*

Rest Frame Thickness Particle Frame Thickness

Object

Earth's diameter 12.756 kam 0.0399 mm

Solar system 80 AU 37 metres

Sun/Alpha Centauri 4.3 light vears 127 km (79 miles)

Millky Way galaxy 30 kiloparsecs 2.895.000 km, about http://www.fourmilab.ch/documents/OhMyGodParticle

ten times the distance
from the Earth to the Moon



2320 kg, max. chhIost’é

Batillus su
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Pohybova energia,
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0,4 kg, 100 km/h

18 km/h

Airbus A380

575 ton, 945 km/h

Yamato



Majme miniatdrnu gulicku zo zeleza s vahou 1 gram

Nech sa pohybuje rovnakou rychlostou ako Castice s
ultravysokymi energiami.

Je je] pohybova energia vacsia alebo mensia ako
pohybova energia Airbusu A3807



Odpoved : omnoho omnoho vacsia

* Cheopsova pyramida je priblizne 10 krat tazsia
ako supertanker Bautillus

* Ak by sa pohybovala 10 tisic krat rychlejSie
ako sa pohybuje Airbus A380 (za 15 sekund
okolo Zeme)

 Potom bude mat pohybovu energiu rovnu
jednogramovej zeleznej gulocke pohybujlce]
sa rychlostou Castic s ultravysokou energiou !!!



Kozmické ziarenie ultravysokych
energii ma najviac energie vo
vesmire na jednotku hmotnosti



Zaujimavost — UHECR a stabilita vesmiru

enwikipedia.org/wiki/Large_Hadron_Collider#Safety_of_particle_collisions ¢
Safety of particle collisions [ edit source | edit s=t= ]

Main arficle: Safely of high energy particle collision expenments

The experiments at the Large Hadron Collider sparked fears among the public that the
particle collisions might produce doomsday phenomena, involving the production of
stable microscopic black holes or the creation of hypothetical particles called
strangelets [%%] Two CERM-commissioned safety reviews examined these concems
and concluded that the experiments at the LHC present no danger and that there is
no reason for concern, '0UN0IN0EL 3 conclusion expressly endorsed by the American
Physical Society.[102]

The reports also noted that the physical conditions and collision events which exist in
the LHC and similar experiments occur naturally and routinely in the universe without
hazardous consequences.['""l including ultra-high-energy cosmic rays observed to
iImpact Earth with energies far higher than those in any man-made collider.



Zaujimavost — UHECR a stabilita vesmiru

Pri intenzite 1 Castica/ (m*s) sa mi
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jedna zradzka za jednu sekundu p-p Cross section
http://pdg.lbl.gov/2009/reviews/rpp2009-rev-cross-section-plots.pdf

e 10" m?je Stvorec s hranou 10*

L St 6
m co je priblizne 107 sv. roku Pre 10 eV menej ako 1 barn = 107%° m?

v celom vesmire kazdu sekundu
nastand minimalne miliony takychto
zrazok

Poznamka : steradiany sme pre jednoduchost zanedbali



Kozmické Zziarenie ultravysokych energqii

Kozmického ziarenia s ultravysokou energiou
je extrémne malo.

Na ploche celého Slovenska priblizne jedna Castica
S ultravysokou energiou za den !
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Clenok — sklon spektra
sa opat zmensi

- nad kolenom pribliZné hodnoty



Zahada GZK efekt

Kenneth George
Greisen Zatsepin
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Greisen (1966) a,
nezavisle Zatsepin
& Kuzmin (1966)

Vadim
Kuzmin
2m.m.+m-’
Ey=—"72—L-510"eV

Rozpty kozmického ziarenia ultravysokych
energii na mikrovinom pozadi vesmiru



Kozmické Zziarenie - registracia UHECR
Pierre Auger Observatory

Ea, Pampa
IMA AMARILLA hagtf DT

¥
o i
Sa

Bi
Va. Vera
(il de pests S




Pierre Auger Observatory

The world’s largest cosmic ray observatory
In operation since 2004
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* Antoine LETESSIER-SELVON, Recent Highlights from the Pierre Auger Observatory, ICRC 2013



Pierre Auger Observatory

The world’s largest cosmic ray observatory

The hybrid 2443 Telescopes, 4+1 sites
concept ' ;

allows for a
data-driven

calibration of
the ~100%
duty cycle
surface array
using the
calorimetric — | : 7(_ 2 =
information — ' -
from the
fluorescence

(élecrmmaginetlc]
Energy depaosit

WAL e nioony
Detectars

muah + electramagnetic
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* Antoine LETESSIER-SELVON, Recent Highlights from the Pierre Auger Observatory, ICRC 2013
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JEM-EUSO

* Kozmické Observatorium Extrémneho Vesmiru na I T
palube Japonskeho Experimentalneho Modulu ’

* Projekt JAXA & ESA & NASA & Roskosmos,
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Medzinarodna vesmirna stanica ISS




Standard Payload: mass 500 kg,
envelope:1.85mx1.0mx0.8m




Standard Payload: mass 500 kg, S
envelope:1.85mx1.0mx0.8m G

Z,
1
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Zakladné parametre JEM-EUSO misie

Parameter Value

Launch date JFY 2016
Mission Lifetime 3+2 years
Rocket H2B
Transport Vehicle HTV
Accommodation on JEM EF#2
Mass 1938 kg
Power 926 W (op.) 352 W (non op.)
Data rate 285 kbps (+ on board storage)
Orbit 400 km
Inclination of the Orbit 51.6°
Operation Temperature -10° to 50°




Co JEM-EUSO hlada

* Zdroje kozmického ziarenia ultravysokych
enerqgii

* Neutrina ultravysokych energii
* Gamma Zziarenie ultravysokych energii
* Galakticke a mimogalaktické magnetické

polia E—)

Fyzika a Astrofyzika pre
Energie > 5.x10%eV

Galactic-MF structure & UHECR propagation
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Porovnanie JEM-EUSO s najva

imi pozemnymi cbservatériami

Najnovsie Technoldgie
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Alternativa k HII-B | HTV :: SpaceX | Falcon 9 /| Dragon

i Sokol . Elon Musk




Dragon vehicle
coordinate
system shown
for reference.
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JEM-EUSO Observational Approach

Incident EAS




Principle of EUSO

- first remote-sensing from space, opening a hew
window for the highest energy regime
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Cf: Ground-based arrays < 0.01 EUSO 300nm 200nm
(1) Scintillator array,(2)Fluorescence telescope array From College de France: better data now



Simulacia predokladajuca ze zdrojmi su Aktivne Jadra Galaxii

3000 eventov
E >5 10%V

1000 eventov
E >7 10%V




JEM-EUSO

* JEM-EUSO balon -
stratosfericky balon — 1 PDM,
2014

* JEM EUSO ISS - let po 2020

Conceptual view of the whole JEM-EUSO System
JEM-EUSO
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JEM-EUSO Focal Surface

4 PMTs

Elementary Cell 1 Support Board

'),6(“‘“ (2x2 PMTs = 256 pixels) 1 Ec electronics w/ 4ASICs
R i
9 ECs
1 HVPS
MAPMT t 1 IVPS
(8x8 pixels) 165> _1PDM boards
m

137 PDMs = 0.3M Pixels Photo-Detector Module

18 CCBs on 4 Boxes (3x3 ECs = 2,304 pixels)



Elektronika detektora Prvy JEM-EUSO
prekurzor experiment

EUSO
baldn

- SoSovky 1 m?

-1 PMD

~300 kg

- vodotesna gondola

- letova hladina ~38 km

Vyber z hlavnych cielov

prekurzor experimentu

- overenie hw v podmienkach
blizkych vesmirnym
podmienkam

- meranie UV pozadia za
roznych pomienok

- verifikacia trigerovacej
schémy experimentu

, JEM-EUSO BALOON

O Albertville

EUSO-BALLOON

volume of view

(+-8deg, 15 deg inclination)
square of 12 km side

-Google

Simulacie



flight configuration : 18.8.2014




Timmins Stratospheric Balloon Base
CNES - Canadian Space Agency
24.-25. august 2014
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Dal3i planovany let v ramci NASA programu
Long Duration flights z Nového Zélandu

gondola v hangari pristatie v jazere




Average value of pixel counts [pe/128 GTU)|

EUSO-Balloon measurements

Spracovanie udajov z JEM-EUSO balonu
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Duty cycle estimation

UV light sources

If background 1500 ph/(m? ns sr) is allowed [in % of total time on orbit]

sun
~21-22 %
moon

airglow/nightglow ~ 20-21%
zodiacal light

Integrated faint star light

Boreal/austral auroras

artificial sources.(Anthropogenic /.city light) . ~9%:- -



Duty cycle estimation
Auroras effect on JEM-EUSO operational efficiency

Excluded parts of 1S5 trajectory
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ments for one year long periods from 2000 to 2011. Right panel: Same as in the left panel,
but integrating for 3-year periods.



Vyvoj] modelu UV pozadia

» sklada sa z modelov zdrojov svetla na nocCnej
strane Zeme a modelu radiacného transferu

Alrglow production map, 300-500 nm
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Priklady vysledkov

Night time measurement of the UV background by EUSO-
Balloon

Author(s): MACKOVJAK, Simon®

Co-author(s): NERONOV, Andrii ' ; MORETTO, Camille * ; BACHOLLE, Simon * ; BOBIK, Pavol
4. PUTIS, Marian * ; DEL PERAL, Luis ® ; RODRIGUEZ FRIAS, Maria ® ; SHINOZAKI, Kenji ® ;
CATALANO, Camille 7 ; SORIANO, Jorge Fernandes 8. SAEZ CANO, Cuadalupe ®

ull

Y ISDC - Data Centre for Astrophysics, Astronemy Department, Unfversity of Geneva, Switzerland

* Laboratoire de UAccélérmteur Linéaire, Université Paris Swd, France

¥ Laboratodire AstroParticule el Cosmologie, Université Paris Diderol, France

A Department of Space Physics, Institute of Experimental Physics, Slovak Aeademy of Science, Slovakia
* Space and Astroparticle Group, University of Aleald, Spain

% Institule Jor Astronomy and Astrophysics, University of Tibingen, Germany

T Institul de Recherche en Astrophysigue et Planélologie, CNRS-UPS Toulouse, France

Corresponding Author(s): simon.mackoviak@gmail.com

Precise characterization of the Earth night side UV background is essential for observation of
the ultra-high-energy cosmic ray induced extensive air showers (EAS) from the space. We
have analyzed data from the fight of EUSO-Balloon pathfinder mission that took place near
Timmins {Canada) in the moonless night from 24th o 95th Angust 2014. The EUSO-balloon
telescope imaged the UV background in the wavelength range 290430 nmm from the altitude
~38 km with a 1 m? refractor telescope with 11.5° field-of-view pointed in nadir direction. The
UV data were complemented by the data of the Infrared (IR) camera onboard EUSO-balloon,
which operated in the wavelength ranges 10.37-11.22 pom and 11.57-12.42 pm. We have
combined the UV and IR images to study the upward UV radiance from the Earth surface
and Earth atmosphere. This allowed us to estimate UV background in clear atmosphere
conditions without man-made lights and also to investigate influence of clonds on the UV
background values. The obtained UV intensity for clear atmosphere conditions is in a good
agreement with previous BaBy and NIGHTGLOW balloon measurements. Comparison of the
UV and IR images reveals a strong dependence of the upward UV radiance on the atmospheric
conditions, so we discuss the possibility to use the UV albedo effect for characterization of the
clouds. For estimating the observation efficiency of EAS from space by EUSO like detectors,
it is important to determine the time variation of average U7V background intensity, cloud
distribution and local man-made light. Using available data, we also discuss these key factors
that determine the observable time and area for EAS obhservation.

UV intensity [relative units]

Main results

EUSO-Balloon is the first mission that imaged the
UV background in different atmospheric
conditions, well monitored by dedicated Infrared
Camera

An anti-correlation between UV and IR up-going
radiation was found and an evident dependence
of the UV background on atmospheric conditions
was revealed

The tool for masking the regions affected by
clouds and manmade light in the FoV is prepared
to fulfill the requirements for a high quality
detection of UHECR

Anti-correlation of UV background intensity with IR radiance

L i N
05 0.6 0.7 0.8 0.9 1 .
IR radiance [relative units]

34t International Cosmic Ray Conference (ICRC), July 30 to August 6, 2015, Hague, Netherlands



EUSO-Balloen: Intensity map of UV background [relative units], 03:08:52 - 05:48:00 (UTC)
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- The displayed values are relative to the mean value of I BG over reference
area “A” (white box)

- Pixels with the lowest IBG and the highest IR radiance correspond to clear
atmosphere

- The clouds have higher albedo than ground and increased IBG values

- The pixels affected by man-made lights (the city Timmins with



Priklady vysledkov

Pattern recognition study for different levels of UV back-
ground in JEM-EUSO experiment

Author(s): PASTIRCAK, Blahoslav'
Co-author(s): BOBIK, Pavol ! ; PUTIS, Marian * ; VRABEL, Michal ? ; VASILKO, Jin 3 ; BERTAINA,
Mario * ; SHINOZAKI, Kenji ®* ; FENU, Francesco °

Y Institute of Experimental Physics SAS, Kosice, Slovakia

? Technical University Kosice, Slovakia

3 Technical University Kosice Slovakia

4 Univ. & INFN Torino

S Institute of Astronomy and Astrophysics, Universitat Tiibingen, Tibingen, Germany

® Department of General Physics, University of Torino, Torino, Italy

Corresponding Author(s): slavo@saske.sk

JEM-EUSO experiment will observe UV light created by extensive air showers initiated by
ultra high energy cosmic rays (UHECR). Reconstruction of UHECR particle direction from
detected signal depends also on the level of signal background, which can vary in time and
with location.

We developed an alternative pattern recognition (PR) method based on Hough transformation
besides to existing PR methods in JEM-EUSO software framework. The results of them,
namely of PWISE method and Hough method were compared for the nominal UV background
500 ph/ (m2 ns sr). Hough method was used to evaluate UHECR direction reconstruction
ability for higher level of the UV backgrounds on the Earth’s night side. The study what
impact on fake trigger events rate come from varying background levels was performed, too.

34t International Cosmic Ray Conference (ICRC), July 30 to August 6, 2015, Hague, Netherlands
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Separation angle ygq

Fraction of reconstructed events

Priklady vysledkov

Precision of angular reconstruction (1)

energy of primary particle ... eV ; background 500 ph/(m? ns sr) I

Hough 1 - Best v, (rmax=inf) Hough 2 - Best v, (rmax=inf)
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Priklady vysledkov

Precision of angular reconstruction (3)
energy of primary particle ... eV ; background 500 ph/(m? ns sr)

¥ vs. position of shower maximum
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Evaluation of scientific performance of JEM-EUSO mission
with Space-X Dragon option

Author(s): Dr. SHINOZAKI, Kenji' : Prof. SANTANGELO, Andrea’

Co-author(s): Mr. BAYER, Jorg ! ; Dr. BERTAINA, Mario * ; Dr. BOBIK, Pavol # ; Dr. FENU,
Francesco * ;: Dr. GORODETZKY, Philippe * ; Mr. GUZMAN, Alejandro ' ; Dr. HAUNGS, Andreas ® ;
Mr. IWOTSCHKIN, Elias ® : Prof. MEDINA TANCO, Gustavo © ; Dr. MERNIK, Thomas ® : Prof.
NERONOV, Andrii ® ; Prof. OLINTO, Angela * ; Dr. PASTIRCAK, Blahoslav '° ; Dr. PUTIS, Marian
! ; Prof. WIENCKE, Lawrence '*

! University of Tiibingen

? University of Torine

3 Institute for Experimental Physics SAS Kosice
1 APC, University of Paris Diderat, CNRS/Trfu
5 Karlsruhe Institute of Technology

8 University Tiibingen

7 Instituto de Ciencias Nucleares - UNAM

® University of Geneva

) Imiversity of Chicago

W Institute of Erperimental Physics, SAS Kosice
Y Institute for Ezperimental Physics, SAS Kosice

12 Colorade School of Mines
Corresponding Author(s): kenjikry@astro.uni-tuebingen.de

The Extreme Universe Space Observatory on-board the Japanese Experiment Module (JEM-
EUS0O) is a mission devoted to the observation of ultra-high energy cosmic rays (UHECRHs)
around and above the so-called Greisen-Zatseptin-Kuzimin energy at ~ 5 x 10'? &V, The origin
of these enigmatically energetic cosmic rays remain an open guestion since their discovery
more than 50 years ago. Very high statistics observations of UHECRSs are essential to provide
key information to answer this question. Very large exposure are indeed necessary to overcome
their extremely low fluxes of an order of a few events per square kilometer per century.
JEM-EUSO is designed to measure the extensive air showers induced by UHECRs using
an super-wide field-of-view ultra-violet fluorescence telescope pointed downwards nighttime
atmosphere. Orbiting onboard the International Space Station (ISS), JEM-EUSO rather
uniformly covers the entire celestial sphere, allowing a thorough analysis of UHECR arrival
direction distributions. In the present work, we introduce the current design of the JEM-EUS0
telescope using the Space-X Falcon 9 as launcher and the Dragon as transport vehicle to
the IS85. We then discuss the expected performances, and in particular the science of the
search for the UHECR origin. Assuming the detector configuration based on the full-seale
JEM-EUS0), the expected exposure and quality of arrival direction distribution analysis during
the assumed mission lifetime are evaluated by simulation studies. We also preliminarily
investigate an advanced scenario based on the use of silicon photomutiplers as focal surface
detectors. Eventually we report the expected efficiency of UHECRs observation for these
options including the expected sky map UHECRs.

34t International Cosmic Ray Conference (ICRC), July 30 to August 6, 2015, Hague, Netherlands
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EUSO-TA

ZacCiatok merani: jar 2015

Black Rock Mesa, Utah, pri Telescope
Array experimente

Vyvoj a overenie funkcnosti hardveru a
softvéru, kalibracia, pozorovanie
pozadia pod vysokym zenitovym uhlom




EUSO Super Pressure Balloon Mini-EUSO

EUSO-SPB e Start: koniec roka 2017

5  Umiestnenie v UV priepustnom okne
e Start: april 2017 1SS
« DiZka letu: ~50 dni « Hmotnost vedeckého nakladu: ~30 kg
e Letova vyska: 36,6 km  Pozorovanie
 Hmotnost vedeckého nakladu: ~600 kg - UV pozadia
« Predpokladany poc¢et pozorovanych - TLE

EAS: 100 - bioluminiscencie




A
m
C
o
O

KLYPVE projekt

Start: 2020

Meranie z ISS

2020-2024 (2026)

Koncept zaloZzeny na zrkadle (10 m?)
RocCna triggerovacia expozicia

~1.2x104 kmZ sr yr/yr (~ 1.7x viac nez Auger:
A(zenith<60°)=7,000 km?2 sr yr/yr)

Exposure[km? sr yr/yr]
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AMON, Airglow MONItor

* One pixe UV background detector
« DAQ 50 bits/second, 1 second integration
 Small & cheap, appropriate to measure BG

Optical sensor: actually Hamamatsu microPMT

could be another one, for example M1
« BG3 filter, easy to change another filters

e Collimator: FoV, in order of 1 degree

 No optics

« Power consumption: < 0.5W (< 0.05W stand by)
 Dimmensions: 110x75x60mm

 Weight: 0.58 kg

Airglow MONIitor : vyvoj jednopixelového detektora UV pozadia - J. Balaz, I. Strharsky, M. Mizov



First test measurements 17.-18. june 2015

NUPITER
\VENUS

Archeological site Nizna Mysla (excavations/exposition) from bronze age
near by AMON measurement place.
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Measurement place
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AMON — summer-autumn campaigns

e July 2015 : Slanska Huta

e August 2015 : Bysta

» October 2015 : Lomnicky Stit — first one month test continuous
measurement

« Start of continuous measurements at Lomnicky Stit since
december 2015

Test measurements on Lomnicky Sstit, october 2015




Lomnicky Stit november 2015 campaign
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AMON (version 1.) for Utah

november 2015

Measurements in paralelne with TA-EUSO

- intercalibration of AMON
- measurements on new (second) geographical position

Institute of Experimental Physics, |
Slovak Academy of Sciences,
Kosice, Slovakia

One-pixel UV Detector




AMON In Utah

november 2015




Arbitrary units

Utah : AMON measurements

Jtah 14, 12., 1/., 13. november 2015
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Utah : TA-EUSO vs. AMON

EUSO-TA: Averaged signal of all active PDM pixels (2015/11/15)
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AMON : Aktualna fotografia




ESA PECS: SK1 05

AO/1-8224/15/NL/NDe - 1st Call under PECS in
Slovakia

From 1.june 2016 to 31.10.2017

The objective of the proposed project is a study of
night-time UV background models and data for the
estimation of ionospheric disturbances visibility,
especially during active years of the solar cycle, in
night-time UV airglow light that is produced by upper
atmosphere of the Earth. We will analyze if the
available UV background models and data could be
compared with the measurements of relatively simple
and inexpensive ground-based one pixel UV detector.
Feasibility study of ionospheric disturbances
observation by one pixel detector is the main
objective of this proposal.

Vst ‘JE Iy

Rnn
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Feasibility study to observe ionospheric
disturbances by one pixel UV detector

{cesa

European Space Agency

Institute of Experimental Physics, Slovak Academy of Sciences

The objective of the proposed project is a study of night-time UV background models and data for the estimation of
ionospheric disturbances visibility, especially during active years of the solar cycle, in night-time UV airglow light that is
produced by upper atmosphere of the Earth. We will analyze if the available UV background models and data could be
compared with the measurements of relatively simple and inexpensive ground-based one pixel UV detector. Feasibility
study of ionospheric disturbances observation by one pixel detector is the main objective of this proposal.

Airglow layer. Credit: NASA
Magnetotail
\

Deflected solar wind particles

ncoming solar wind particles

Plasma sheet

Van Allen radiation belt

Solar wind

Neutral sheet

Earth's atmosphere
0-100km

Polar cusp

Bow shoek

Magnetosheath

Interaction between Sun and Earth’s atmosphere is
responsible for airglow radiation of upper atmosphere.
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Upper atmosphere light production (blue line), Ap 3 hours index (green line) and F10.7
index (red line) evolution in 10 days time window starting 4 days before storm
maximum (i.e. in undisturbed period). Storm with maximum at 4. - 5. february 1983.

Spectrum 800-10000 A
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Nightglow radiation in range from 200 to 500 nm is produced
by photodissociation of O, and consequent combination of
atomic oxygen followed by photon emission.

21 hour UVBG

20
P
0 g

Airglow production distribution over the Earth, example.
Same local time, 21:00, december 1994.
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One pixel UV detector, response, quantum efficiency
and transmittance of optical filter.

Measurements of the variability of airglow light produced in lower ionosphere
can provide additional information on ionospheric disturbances to existing
and proposed experiments based on different physical principles. To our
knowledge there is no complex study of this topic in UV spectral range.
Furthermore such study could be important for detection of extensive air
showers induced by ultra high energy cosmic rays with fluorescence
telescopes from the Earth orbit.



2013 : NASA A hysics in the N Th D X
013 : NASA Astrophysics in the Next Three Decades ;5. <00\ roky 20217

Near-Term Formative Visionary

Science, Catching cosmic rays where they

o live, 7. august 2015, vol. 349, 6248
q§~% LAnother ISS detector, the Extreme Universe
R Space Observatory at the Japanese
JEALERO Experiment Module (JEM-EUSO) - now being
considered for launch in 2021 - would look
b down on Earth with a wide-angle camera,
watching for ultraviolet light produced by
the showers of particles that ultrahigh-energy
S cosmic rays spawn when they hit the
atmosphere.*
s &
TWST

WEIRST-AFTA Euclid

wa W §
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http://science.nasa.gov/media/medialibrary/2013/12/20/secure-Astrophysics_ Roadmap_2013.pdf
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