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Co je kozmické Ziarenie?



Co je malé?
Na aké najmensie ¢asti mozeme rozlozit’ veci?

Olejova o o
kvapka g

Vodna hladina

.. Kvapocka oleja je mala guloCka s priemerom 0.5 mm

. Na vodnej hladine vytvori ~kruh s priemerom 25 centimetrov

.. Na vodnej hladine vytvori ,kruhovy valec“ s vyskou jednej molekuly oleja
rozmer molekuly je ~tri miliardtiny metra



* Aky maly je atbm?
» Kolko atbmov obsahuju veci okolo nas?

* Aké velké je jadro atdbmu vocCi rozmerom celeho
atomu?



Predmety okolo nas sa skladaju z
najmensich stavebnych blokov
nazyvanych castice.

Kozmické ziarenie tvoria castice
prichadzajuce z vesmiru



Mozeme kozmické ziarenie vidiet
volnym okom?



Sileye-2 experiment, MIR

Astronauti pozoruju svetelné
zablesky (jeden zablesk raz
za priblizne 4 az 7 minut)

MIR ~0,13 LF/min

LF = light flashes

Apollo ~0,23 LF/min l
Skylab ~1,3 LF/min zﬁf»,}/n

Sileye-2, helma v ktorej

astronaut nevidi svetlo s o
zahrnajuca detektor Castic ol .
T . . \

Vysledky zverejnené v Clanku o o ooz oo oor  o0s

) L Particle rate (cm? s steradian) -
M. Casolino et al., Space travel - Dual origins of
/Igh t flashes seenin s pace, Nature 42 2’ 680’ Figl‘lr.e. 1 -Rda[T (.)f ch)urre;jnce ofdligr{]t ﬂashei ohn bgardhtr‘:elr\ﬂirl sp;ace stilation aPsl a fufnll?tir(])n f(l)f ;;an:ic\e ratzle for all particles zta)ncli fct)]r rf(]elatri]vistic
2003, DOI: 10.1038/422680a nuclei inside (circles) and outside (squares) the South Atlantic Anomaly. a, Plot of light-flash rate against proton rate; b, light-flash rate

against particle rate for particles with linear-energy transfer of > 20 keV wm . Linear fits for each region are shown. Data are from the
Sileye-2 experiment’, in which astronauts wore light-excluding helmets integrated with cosmic-ray particle-flux detectors, enabling the
frequency of flashes to be recorded as a function of background flux and orbit position.

Light-flash rate (min-7)
o




Prekvapivo, kozmicke ziarenie mozeme vidiet
volnym okom.

Ak sme na orbite Zeme.



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 —— e
vyrieSeny. .

Naozaj?




Kozmické ziarenie — objav

1912 Victor Hess

Dokonalejsi elektroskop s ktorym
meral ionizaciu na rdznych vyskach.

10 letov, z nich 5 letov 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.

lon pairs/{cm3s)

Hess, 1912
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Credit: Alessandro De Angelis



Kozmické ziarenie — mil'niky

1932 Carl D. Anderson — objav
pozitronu v kozmickom Ziareni

1933 Sir Arthur Compton - intenzita
radiacie zavisi na geomagnetickej Sirke

1937 Street a Stevenson - objav mionu
v kozmickom ziareni, 207 krat tazsi nez
elektron

1938 Pierre Auger a Roland Maze -
Ziarenie v detektoroch vzdialenych
od seba 20m (neskér 200m)
prichadza v “rovnaky” moment
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Objav EAS

« cClanok v Reviews of Modern Physics

JULY-ODCTOEBER, 1939 REYIEWS OF MODERN FHYEICS VOLUME 11

Extensive Cosmic-Ray Showers

Piegne Avosk
Im collaboration with
F. EpmexFest, B Maig, J. Davoax, Rooixy, A, Frion
Poriz, Fromee

Auger P., Ehrenfest P., Maze R., Daudin J., Fréon F
A., Extensive Cosmic-Ray Showers, Rev. Mod.

Phys. 11, 288-291, 1939

- http://rmp.aps.org/abstract/RMP/v11/i3-4/p288 1
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InTRODUCTION

T is generally admitted that the soft group

present at sea level 12 almest H!iiﬂ‘]}l’ e to
the effects of mesotrons, that is to their decay
electrons and their collision electrons. These
electrons should then give rise in the lower
atmosphere to local showers, the intensity of
which should increase wvery slowly with the
altitude, in the same way as the hard group
[meesotrons).

But we lmow that the increase of the soft
group with altitude is very rapid, so we must
admit that electrons of another origin than that
indicated above are adding their effects to
those of the decay and collision electrons from
mescirons. 1t seems natural to suppose that they
represent the end effects of the showers that the
primary  particles, probably  electrons, which
enter the high atmesphere produced there. If
this is the case, we should be able to recognize it
by the existence of a “coherence™ of thess shower
particles, the multiple effects of a single initial
particle remaining bound in time and in space.

We have shown the existence of these extensive
showers! amnd  studied their properties with
counters and Wilson chambers partly at sea
level, and partly in two high altitude labora-
tortes, Jungfrawjoch (3500 m) and Pic du
Midi {2900 m}.

Lowe Distance CoINCIDENCES

If two or three counters are arranged in
coincidence in free air, a small number of
coincidences is observable, due to “air showers™
and this number decreases quickly when the
horizontal distance of the counters is increased.
Sehmeiser and Bothe have studied these local
5|'||;rw1_-r5 wifl\ Goumber w;mt‘ifms wpr ter half EY
meter.? If the distance is increased further, the

VP, Amger, R. Maze, T. Grivet-Meyer, Comptes rendus
g, 1721 (1938); P Auger and B, Maze, Comptes rendus
207, 228 (1938); P. Anger, K. Maze, P. Ehrenfest, Jr., and

A. Fréom, J. de phys. ef rad. 10, 5% (1539
%W, Bothe of of., Physik. Zeits. 38, 864 (1937).

number of coincdences decreases much more
alowly, and for distances of the magnitwde of ten
meters, there remains a quite measurable effect,
although small3-* In order to continue this study
efficiently, it is then necessary to use a coincidence
system with a very good resolving power, es-
pecially in the wse of two counters. The apparatus
employed in the present work registered only
multiple kicks which happened within the time
lag of 10-* second * The "bhackground’™ or acei-
dental coincidences can be calculated by the
formula :*
fi pla—11

N= ;
(4Tl ]

where N is the number of accidental coincidences
per hour, if # 15 the number of xingh: kicks in the
counters per minute, ¥ the number of counters, r
the resolving time in seconds. For instance with
two large counters of 200 square centimeters,
we had & background of about 1 per hour, in high
altitudes, With three counters, the background is
always negligible.

With the simplest arrangement of two parallel
and horizontal counters placed at progressively
increasing distances,® we could obtain the resulis
given here in logarithmic seale (Fig. 1). The
greatest distance was 300 m, we did not think it
wise to try greater distances, because of the
umcertainty of the simultaneity in the single
kicks in the counters, coming from distant parti-
cles of the same showers, The time difference can
be of the same order of magnitude as the re-
solving power, since the showers are not neces-
sarily vertical,

B, Kohlhérster, 1. Matches, E. Weber, Naturwiss,
26, 576 {1938).

LR, Maze, ]. de phys, =t rad, 9, 162 (1938),

* Instead of this equation, many writera fog, O, Eckart
and F. K. Shonka, e Rev, 53, T52 (1938)) use an
expresain equivalent to
AT r=il
e

di.ﬂerirE from that bere given by a factoe of =,
P Auger, B. Maze, and Robdev, Compres remdus 208,
1641 (1939).

Nax
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Kozmické ziarenie — spektrum
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www.srl.caltech.edu/ACE/ACENews/ACENews83.html [CC BY 4.0]

« 10 radov v energii 30 radov v intenzite

| | | | | | e Podobné zlozenie kozmického ziarenia
10° 10" 10 10" 107 109 10 a hmoty v SInecCnej slstave

E (eV) 13
Credit: Sven Lafebre [CC BY-SA 3.0]
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Kozmické ziarenie — spektrum

All particle spectrum
JACEE[11]
Akeno[12]

Fixed target
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Fig. 5. Differential energy spectra from direct measurements
of proton-to-Fe elements as a function of energy per particle.
AMS diamonds; BESS [24] crosses; ATIC-2 open triangles;
CREAM-1 filled circles; CREAM-2 filled squares; JACEE x;
RUNJOB stars; HEAO-3 asterisks; CRN open crosses;
TRACER open squares. 14

Direct measurements of cosmic rays using balloon borne experiments, Astroparticle Physics, Vol. 39-40, 76-87, 2012



AMS - najpresnejdie meranie spektier KZ

... pribeh, ktory takmer neskoncil dobre

Samuel Ting — navrh AMS experimentu v roku 1995
Nobelova cena v roku 1976 za objav za J/ Castice

- Let na Space Shuttle Discovery / STS-91 - jun 1998

- let k stanici Mir
- stanoveny limit pre pomer hélia a antihélia na 1.1x1076
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- havaria STS Columbia
— februar 2003
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+ Monroe

@he Washington Post

washingtonpost.com > Nation > Science Hews » FOLLOW THE POST on: [Z§ LY E5 &1
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A photo of the AMS Detector, which is expected to be at the Kennedy Space
Courtesy Samuel Ting

The Device NASA Is Leaving Behind

By Marc Kaufman
VWashington Post Staff Witer
Sunday, December 2, 2007

Center in December 2008,

After years of delays, NASA hopes to launch this week [k
a European-built laboratory that will greatly expand the
research capability of the international space station.
Although some call it a milestone, the launch has
focused new attention on the space agency's earlier
decision to back out of plans to send up a different,
$1.5 billion device -- one that many scientists contend
would produce far more significant knowledge.

Installing the counter system in the AMS b
(Courtesy Samuel Ting)

The instrument, which would detect and measure
cosmic rays in a new way, took 500 physicists from
around the world 12 years to build. But with room on
the 10 remaining shuttle missions to the space station
in short supply, many fear that it will remain forever
warehoused on Earth, becoming the most sophisticated
and costly white elephant of the space era.

View More Activity (>

As a result, the imminent launch of the $1 billion
Columbus laboratory -- the kind of scientific
workspace that the station's backers always said would
be its reason for being -- will take place under
something of a cloud.

http://www.washingtonpost.com/wp-dyn/content/article/2007/12/01/AR2007120100760.html



AMS-02 - presné meranie
kozmického ziarenia na ISS

STS 133 :: povodne posledny
planovany let raketoplanov

STS 134 :: schvaleny v juni 2008
STS 134 :: 16. maj 2011

- ISS

-15mid$

- 6,717 kg, 2.0-2.5 kKW

- predpokladana doba merani ~10 rokov

- vedecké ciele: antihmota, tmava hmota, kozmické Ziarenie
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S. Ting, The Alpha Magnetic Spectrometer on the International Space Station, ICRC 2013




AMS — The Fight for Flight

https://youtu.be/OzX0g665 cM
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AMS - p, He spektra

PRL 114, 171103 (2015)
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FIG. 3 (color). (a) The AMS proton flux multiplied by R*7 and
the total error as a function of rigidity. (b) The flux as a function
of kinetic energy Ey as multiplied by E%’ compared with recent
measurements [3-6]. For the AMS results Ey = 4/ R*+ Mf} -M,

where M, is the proton mass.

PRL 115, 211101 (2015)
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FIG. I (color). (a) The AMS helium flux [22] multiplied by R
with its total error as a function of rigidity. (b) The flux as a
function of kinetic energy per nucleon E, multiplied by E%‘,"‘r
compared with measurements since the year 2000 [3-6]. For the
AMS results Eg = ( AR + M2 - M) /4 where M is the *He
mass as the AMS flux was treated as containing only *He. (c) Fit
of Eq. (3) to the AMS helium flux. For illustration, the dashed
curve uses the same fit values but with Ry set to infinity.
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Protonoveé spektra

orbita ISS, zavislost na geomagnetickej Sirke

Region (M) CGM latitude @4 (rad)
40
e 1 |0ar] < 0.2
g 2 0.2 < 0] < 0.3
&p 3 0.3 S |0‘”| S 0.4
= 4 0.4 S |9;\.’| S 0.5
s 0N 5 0.5 < || < 0.6
E ; " o 6 0.6 < |0p| <0.7
£ i N P K N B a0 < <
5 =al M=5- ~M_=-’!:_'M£"‘--- W 7 0.7 <|0pm] <0.8
7 M, N 8 0.8 <|0p] <0.9
.40 e L A . -2 7 e 9 U‘(‘) S |9Ju(| é I'U
1\1:91"'!.:3_ 10 |93'l-1| = 1.0
-150 -100 -50 0 50 100 150 Table 1. Geomagnetic regions covered by AMS-01 measurements and
Longitude (degree) kinetic energies corresponding to the dip for each geomagnetic
The 10 geomagnetic regions (M) covered by AMS-01, defined in Table 1, are shown on the background of the Earth surface. A zone (see [AMS Collaboration, 2000a; AMS Collaboration, 2002]).
typical trajectory of AMS-01 detector on board of the space shuttle, at an altitude of about 400 km, is also plotted. The space The regions are dened using the Corrected Geomagnetic
shuttle trajectory shifts with time and covers almost uniformly the Earth surface inside a geographic latitude ©<51,6". latitude (CGM).
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Integralne protonoveé spektra

orbita ISS, zavislost na geomagnetickej Sirke

05 5 [ : I

AMS downward proton total flux in (m” s sr MeV)™
- evaluated from spectra published in article
Protons in near earth orbit, Physics Letters B,

Volume 472, Issues 1-2, 13 January 2000, Pages
215-226

—180 =120 — B0 o e} 120 18G



COR model

Cut-Off Rigidity model (COR model) - model pre simulacie prechodu kozmického ziarenia magnetosférou Zeme

Asymptotic cone - Proton intensities for position 37.97°N 23.78°E

- Intensities evaluated from AMSO01 (1998) spectrum Tsyganenko 05
= 855.4
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- 85.5
90°5 0.0
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Total intensities to 2m (halfsphere): 1384.92 per m? s~} © Evaluated position
___ Parts of magnetopause with
IEP SAS L) 70% or more of maximum intensity
COR model:
Pavol Bobik and Marian Putis Simulations management system and web framework: Patricipation on visualisation module: 22
Institute of Experimental Physics, SAS Daniel Gecasek, Michal Vrabel and Jan Genci Martin Vasko and Ivan Bernat

Technical University of Kosice Technical University of Kosice



Yssm (REg)

Zgsm (Re)

COR model

Trajectory of the Cosmic Ray particle in the Earth's magnetosphere

Particle's speed: 299054784.0 m/s (0.998 c) Traveled distance: 14.957 Rg
Travel time: 0.318s Particle's energy: 13.093 GeV
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Yesm (Re)

Zssm (Rg)

COR model

Trajectory of the Cosmic Ray particle in the Earth's magnetosphere

Particle's speed: 290195296.0 m/s (0.968 c)

Travel time: 1.243s
7 o
<
] s
3
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L4 3 =2 Y1 op 1, 2 4
Xesm (Re)
4 3 2 1 0 1 2 4
Yssm (Re)

Traveled distance: 56.557 Rg
Particle's energy: 2.811 GeV
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COR model

N
Geological position: 40.21°N 287.79°E 100
2010/01/10 00:00:00
™YY/MM/DD HH:MM:55 Dlrectlon ID O'UD 0.75 4
0.50
0.25 -
2.1 T 2.2 2.3 T 2.4 2.5 2.6
Rd Re W 0.00 4 . . .
aR =0.01
Rd =2.13 GV -0.25 |
Re = 2.37 GV
~0.50 -
Ru = 2.69 GV
Model: Tsyganenko 05 —0.75 1
—=1.00 T T T T T T T
-=1.00 —-0.75 —=0.50 —=0.25 0.00 0.25 0.50 0.75 1.00
S

The spectrum of allowed and forbidden rigidities (left panel)
The incoming direction is signed by the red point (rigth panel)

IEP SAS
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Geological position: 40.21°N 287.79°E 100

2010/01/10 00:00:00

YYYY/MM/DD HH:MM:55

COR model

Direction ID: 576 0.75 4

0.50 -

0.25 4

2.85 2.90
sR =0.01
Rd = 2.96 GV
Re = 2.96 GV
Ru = 2.96 GV

Model: Tsyganenko 05

Rs = Re = Rv W 0.001 ; _ ; _ _ E
8 = 88.21°

¢ = 350.0° -0.25 4

—-0.50 4

—0.75 1

—-1.00 T T T 1 T T T
—1.00 —0.73 —0.50 —0.23 0.00 0.25 0.50 0.75 1.00

S

The spectrum of allowed and forbidden rigidities (left panel)
The incoming direction is signed by the red point (rigth panel)

IEP SAS

« < 576 1576
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Geological position: 40.21°N 287.79°E 100

2010/01/10 00:00:00

YYYY/MM/DD HH:MM:55

aR =0.01
Rd = 26.06 GV
Re = 26.06 GV

Ru = 26.06 GV

Model: Tsyganenko 05

COR model

Direction ID: 559 e

0.50

26.5 27.0

W o0.00-
8 = 88.21°
¢ =180.0° —0.25 4

=0.50 4

=0.75 A

-1.00

T T T T T
—1.00 —0.75 —0.50 —0.25 Q.00 0.25

S

The spectrum of allowed and forbidden rigidities (left panel)
The incoming direction is signed by the red point (rigth panel)

IEP SAS

0.50

T
0.75

1.00
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COR model

Asymptotic cone - Proton intensities for position 40.21°N 287.79°E

Intensities evaluated from AMSO01 (1998) spectrum Tsyganenko 05
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180° 150°W 120°W 90°W 60°W 30°W 0° 30°E 60°E 90°E 120°E 150°E 180°
Total intensities to 2m (halfsphere): 6787.97 per m? s~} O Evaluated position
___ Parts of magnetopause with
IEP SAS =) 70% or more of maximum intensity

28



COR model

Asymptotic cone - Proton intensities for position 40.21°N 287.79°E

Protons per m? s

Intensities evaluated from AMSO01 (1998) spectrum Tsyganenko 05
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PAMELA : Pribehy vedy, skér a lacnejsie

Rusko, Talianska, Nemecko, Svédska misia

Start : 15. jin 2006

Pq\agLa

NosSIC : Soyuz-FG Vernier engine installation

Platforma : Resurs DK1
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a Payload for antimatter matter Exploratior
and right-nuclei astrophysics
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An anomalous positron abundance in cosmic rays

with energies 1.5-100 GeV

0. Adriani'?, G. C. Barbarino™*, G. A. Bazilevskaya®, R. Bellotti®’, M. Boezio®, E. A. Bogomolov®, L. Bonechi'?,

M. Bongi?, V. Bonvicini®, 5. Bottai®, A. Bruno®’, F. Cafagna’, D. Campana®, P. Carlson'®, M. Casolino'’, G. Castellini'?,
M. P. De Pascale'""?, G. De Rosa®, N. De Simone'""?, V. Di Felice'""?, A. M. Galper'*, L. Grishantseva'*,

P. Hofverberg'®, S. V. Koldashov'?, S. Y. Krutkov®, A. N. Kvashnin®, A. Leonov'?, V. Malvezzi'!, L. Marcelli*!,

W. Menn'?, V. V. Mikhailov"*, E. Mocchiutti®, S. Orsi'™"!, G. Osteria®, P. Papini?, M. Pearce'®, P. Picozza'"",

M. Ricci'?, S. B. Ricciarini?, M. Simon'?, R. Sparvoli''"'?, P. Spillantini'?, Y. I. Stozhkov®, A. Vacchi?, E. Vannuccini?,
G. Vasilyev’, S. A. Voronov'?, Y. T. Yurkin'*, G. Zampa®, N. Zampa® & V. G. Zverev'*

Antiparticles account for a small fraction of cosmic rays and are
known to be produced in interactions between cosmic-ray nuclei
and atoms in the interstellar medium', which is referred to as a
‘secondary source’. Positrons might also originate in objects such as
pulsars® and microquasars® or through dark matter annihilation’,
which would be ‘primary sources’. Previous statistically limited
measurements® of the ratio of positron and electron fluxes have
been interpreted as evidence for a primary source for the positrons,
as has an increase in the total electron+positron flux at energies
between 300 and 600 GeV (ref. 8). Here we report a measurement of
the positron fraction in the energy range 1.5-100 GeV. We find that
the positron fraction increases sharply over much of that range, ina
way that appears to be completely inconsistent with secondary
sources. We therefore conclude that a primary source, be it an
astrophysical object or dark matter annihilation, is necessary.
The results presented here are based on the data set collected by the
PAMELA satellite-borne experiment’ between July 2006 and February
2008. More than 10 triggers were accumulated during a total acquisi-
tion time of approximately 500 days. From these triggered events,
151,672 electrons and 9,430 positrons were identified in the energy
interval 1.5-100 GeV. Results are presented as positron fraction—that

Table 1| Summary of positron fraction results

Rigidity at Mean kinetic energy de?)
spectrometer at top of payload Extrapolated W
(GV) (GeV) at top of payload
15-18 Led (0.0673*55%15)
18-22 199 (0.0607 = 0.0012)
2.2-2.7 2.44 (0.0583 = 0.0011)
2.7-33 2.99 (0.0551 +0.0012)
33-4.1 3.68 (0.0550 = 0.0012)
41-5.0 4.52 (0.0502 = 0.0014)
5.0-6.1 5.43 (0.0548 = 0.0016)
6.1-7.4 6.83 (0.0483 = 0.0018)
7.4-91 8.28 (0.0529 = 0.0023)
9.1-112 10.17 (0.0546+ 99929y
11.2-15.0 1311 (0_0535:8_88%?)
15.0-20.0 17.52 (0.0590 35940y
20.0-28.0 24.02 (0.0746 = 0.0059)
28.0-42.0 3501 (0.0831 = 0.0093)
42.0-65.0 5352 (0106%98%)
65.0-100.0 8255 (0.137258%)

AMS, PAMELA
Tmava hmota
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Figure 2 | PAMELA positron fraction with other experimental data and
with secondary production model. The positron fraction measured by the
PAMELA experiment compared with other recent experimental data (see

refs 5-7, 11-13, 30, and references within). The solid line shows a
calculation' for pure secondary production of positrons during the
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propagation of cosmic rays in the Galaxy without reacceleration processes.

Error bars show 1s.d.; if not visible, they lie inside the data points.



PHYSICAL REVIEW D VOLUME 42, NUMBER 4 15 AUGUST 19%0

Tmava hmota

Positron line radiation as a signature of particle dark matter in the halo

Michael 5. Turner
NASA/Fermilab Astrophysics Center, Fermi National Accelerator Laboratory, Batavia, Ilinois 60510-0500
? and Departments of Physics and Asironomy and Astrophysics, Enrico Fermi Institute, The University of Chicago,
L Chicago, Hlinois 60637-1433
Frank Wilczek
Institute for Advanced Study, School of Natural Sciences, Princeton, New Jersey 08540

Kan d id étl —_ p rive ra kan d i détov {Received 23 February 1989; revised manuscript received 21 February 1990)

We suggest a new signature for particle dark-matter annihilation in the halo: high-energy, posi-
tron line radiation. Because the cosmic-ray positron spectrum falls rapidly with energy and the con-

, ;. tribution of conventional sources is only expected to be about 5% of the cosmic-ray electron flux,
= hnEdl trpaSIICI monoenergetic ¢ "*s from halo annihilations can be a significant and distinctive signal for very mas-
_ neutrl’na sive dark-matter particles (masses greater than about 30 GeV). If the ¢ "¢~ annihilation channel

has an appreciable branch—a few percent or more—the ¢ * signal could be observable in a future

_ élerne dlery detector, such as lhave hc:nl propmc:l. for ASTR.OM.AG. A significant e ‘e~ branching Tllil! can
o . occur for neutralinos or Dirac neutrinos. In spite of the fact that a heavy Dirac neutrino is no

- castice longer an attractive dark-matter candidate and the fact that the ¢ "¢~ branching ratios expected for
the currently popular models of the neutralino are very small, the positron signature is so distinctive

- WI M P that we believe it is worthy of note: If seen, it is a “smoking gun” for particle dark matter in the

_ halo. We also note that the positron signature will be of general importance for any future particle

dark-matter candidate whose annihilation into ¢ "¢ ~ is not suppressed.

http://journals.aps.org/prd/issues/42/4

Atoms
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The PAMELA Positron Excess from Annihilations into a Light Boson

Ilias Cholis,® Douglas P. Finkbeiner,? Lisa Goodenough,! and Neal Weiner!

! Center for Cosmology and Particle Physics, Department of Physics, New York University, New York, NY 10003
? Harvard-Smithsonian Center for Astrophysics, 60 Garden St., Cambridge, MA 02138
(Dated: April 30, 2009)

Recently published results from the PAMELA experiment have shown conclusive evidence for an
excess of positrons at high (~ 10 — 100 GeV) energies, confirming earlier indications from HEAT
and AMS-01. Such a signal is generally expected from dark matter annihilations. However, the hard
positron spectrum and large amplitude are difficult to achieve in most conventional WIMP models.
The absence of any associated excess in anti-protons is highly constraining on models with hadronic
annihilation modes. We revisit an earlier proposal, wherein the dark matter annihilates into a new
light (:5 GeV) boson ¢, which is kinematically constrained to go to hard leptonic states, without
anti-protons or m°’s. We find this provides a very good fit to the data. The light boson naturally
provides a mechanism by which large cross sections can be achieved through the Sommerfeld en-
hancement, as was recently proposed. Depending on the mass of the WIMP, the rise may continue
above 300 GeV, the extent of PAMELA’s ability to discriminate between electrons and positrons.

http://arxiv.org/abs/0810.5344
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FIG. 2: The positron fraction as a function of energy for the four annihilation modes considered here: xx — ¢¢, followed by, (a)

b— ctem, (b) 6 — i, (¢) 6 — etem, ptpum (11), (d) 6 — nm .
{ov) = 3 x 10" *cm®s ™
appeals to substructure.

The boost factor is defined relative to a cross section
1 . ~3 . .
and pp = 0.3GeVem™°. Such a boost reasonably can arise from a Sommerfeld enhancement, without
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week ending
19 SEPTEMBER 2014

0.3 ® AMS-02
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FIG. 3 (color). The positron fraction above 10 GeV, where it
begins to increase. The present measurement extends the energy
range to 500 GeV and demonstrates that, above ~200 GeV, the
positron fraction is no longer increasing. Measurements from
PAMELA [21] (the horizontal blue line is their lower limit),
Fermi-LAT [22], and other experiments [17-20] are also shown.

AMS 02 : Caka sa na vacsiu
Statistiku ...
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FIG. 4 (color). (a) The slope of the positron fraction vs energy
over the entire energy range (the values of the slope below 4 GeV
are off scale). The line is a logarithmic fit to the data above
30 GeV. (b) The positron fraction measured by AMS and the fit of
a minimal model (solid curve, see text) and the 68% C.L. range of
the fit parameters (shaded). For this fit, both the data and the
model are integrated over the bin width. The error bars are the
quadratic sum of the statistical and systematic uncertainties.
Horizontally, the points are placed at the center of each bin.
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Voyager :: Najdlhsia cesta v dejinach l'udstva
Tam kde este nikdy nik nebol

V1, Jupiter, april . 1979

Titan llIE, V1, 5. september 1977 Voyager 1

V1, Saturn, November 1980

V2, Uran, januar 1986

¢==Bow Shock
‘/Heliosheath

Aktualne V1 vo vzdialenosti

, Voyager 1

~22 miliard kilometrov \, V2, Neptin, august 1989

/ +==Termination Shock
Voyager 2

v \Helio ause . »
Funkény do roku 2025 g

Heliosphere

40 rokov na ceste




Voyager :: hranice heliosféry

Heliosféra, magneticka bublina obklopujica naSe Sinko do vzdialenosti
nasobne vacsej neZ je vzdialenost Pluta od Sinka.

Tri zakladné hranice medzi heliosférou a medzihviezdnym priestorom.

Termination shock, najblizsi k Sinku, v slovencine terminana razova vina,
je hranica kde rychlost’ slnec¢ného vetra skokovo prechadza z nadzvukovej do
podzvukovej rychlosti. Oddeluje priestor v okoli Sinka kde sa slnecny vietor
pohybuje rychlostou priblizne 400 kilometrov za sekundu. Za termina¢nou
rdzovou vinou nasleduje oblast nazyvana heliosheat (héliosféricka obalka)
kde sa slne¢ny vietor postupne spomaluje z rychlosti priblizne 100 kilometrov
za sekundu na ktoru klesol hned za terminacnou rdzovou vinou. Heliosféricku
obélku kon¢i heliopauza, hranica kde je slne€ny vietor zastaveny
medzihviezdnym materialom.

Heliosféra :: Klasicka predstava

4==Bow Shock
- Heliosheath

v Voyager 1

-
/ 4+==Termination Shock

A
Voyager 2

Heliopause

Heliosphere

KedZe sa SInko a s nim cela heliosféra pohybuju voci
centru Galaxie a tym vocCi medzihviezdnému prostrediu,
vznika pri jeho interakcii s

heliosférou takzvany bow

shock, oblukova razova

vina (nazov podla predku

lode, kde vznika podobna

vina) kde spomaluje material

medzihviezdného

prostredia voci heliosfére.

HST
Orion
hmlovina




Medziplanetarny priestor

Rychlost slneCného vetra — priliS sa s r nemeni
Hustota Castic 5 — 10 ¢astic/cm® na 1 AU, klesa s r?
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Voyager :: hranice heliosféry

Magnetic Highway

3 ' Cosmic Rays Enter
[ Cosmic Rays >70 MeV
I~ from outside | Cosmic rays from
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Magneticka dialnica

V auguste 2012 Voyager 1 preSiel heliopauzou. Hranicou
oddelujucou heliosféru od medzihviezdného prostredia.
Pozorované intenzity energetickych ionov a elektronov
sa vyrazne (skokovito) zmenili

- pri protonoch s energiami nad 70MeV zaznamenal niekolkonasobny
narast intenzity

- pri elektronoch s energiami 6-100 MeV zaznamenal narast intenzity
- pri protonoch s energiami 7-60MeV zaznamenal pokles intenzity

Za heliopauzou vSak Voyager nezaregistroval ziadnu
zmenu orientacie magnetického pola.

Zda sa, ze Voyager preSiel do noveho regionu na
pomedzi heliosfery a medzihviezdného prostredia.
Region, ktory ,sluzi* ako "magneticka dialnica" pre
nizkoenergeticke iony unikajuce z heliosféery a pre
galaktické kozmické ziarenie z medzihviezdneho
prostredia.

Hustota Castic je za heliopauzou 40 nasobna.

13 July 1011 | }1p

‘Science

Close to the Edge

Na titulnej stranke
Science 12. jula 2013
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EDGING INTO THE UNKNOWN |
After 35 years, the Yoyager 1 spacecraft may finally be nearing
the edge of the Solar System — the heliopause — but the probe’s

readings are ‘proving difficult to interpret. Its sister craft, Voyager 2,
is probably a few years away from reaching the milestone. '

i

HELIOPAUSE
The boundary of the Solar

VOYAGER 1 . System, where the outward

Launched 5 September 1977. pressure of the heliosphere is
et it S Frorn S X in balance with the inward push

18 DI EisE Kia aathe. of the interstellar medium.

HELIOSPHERE
The extended bubble of

BOW-SHOCK? ————— _ solar particles streaming
A shock wave of ionized gas. into the interstellar

Latest observations:suggest the medium. It is nearest to

Solar System is not movirig the Sun in the direction
through the interstellar medium A of the Solar System’s

fast enough to create one. _ it motion through space.

‘ ' — TERMINATION SHOCK

Past this boundary, particles

streaming from the Sun slow
VOYAGER 2 to subsonic speed. Voyager 1
Launched 20 August 1977. crossed it in December 2004;
Current distance from Sun: Voyager 2 in August 2007.
14.9 billion kilometres. 3

INTERSTELLAR
SPACE

Voyager’s long goodbye, NATURE, 05 September 2012

http://www.nature.com/news/voyager-s-long-goodbye-1.11348




Voyager :: hranice heliosféry

Voyager 1 — 124 AU; 18.6 billion km

T ———

Heliosheatn  POWET all instruments
il until 2020 - 150 AU
Turn off final
instrument in 2025

& 2 Voyager 1

== Termination Shock

% Voyager 2

Voyager 2 — 102 AU; 15.2 billion km

—

Heliopause

Heliosphere

Edward Stone, Voyager 1 at the Edge of Interstellar Space;

an Overview, ICRC 2013




Medzihviezdny priestor
5 IN situ“ meranie : Voyager interstellar mission (VIM)

NUMBER OF TIMES
VOYAGER 1 HAS

LEFT THE SOLAR SYST

ay

HEHA

ol

The team has talked so many times about
the impending departure into interstellar
space that office doors around mission
control are decorated with a photo of

a forlorn-looking Voyager with the quote:

“Whenever people stop paying
attention to me, | pretend to
leave the Solar System.”

Voyager: Outward bound, Nature, 22 May 2013
http://www.nature.com/news/voyager-outward-bound-1.13040
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Medzihviezdny priestor

Jul 7 12:56 2017 Flle : ~oce/sm/fvoyoger fgrodenta_in_liam/v1 IPENH_ 197 7_now.ps
V1 HET 2 PENH (daily average rate) (Mostly >70 MeV protons)
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Black vertical dotted lines mark period for radial gradient results.



Voyager 1 & 2

NajvzdialenejSi ludskou rukou vyrobeny objekt V1
NajdlhSie fungujuce vesmirne sondy

Jedina sonda, ktora navstivila Uran a Neptin V2

Prveé fungujlice sondy v medzihviezdnom priestore V1 & V2

Dve z piatich sond opustajucich Slnecnu sustavu
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+— VIDED IMAGE FRAME SHOWING DIRECTION OF SCAM
BIMARY CODE INDICATES TIME OF EACH SCAN SWEEP
1512 VERTICAL LIMES PER COMPLETE PICTURE)

4 F PROPERLY DECODED, THE FIRST IMAGE
O WHICH WILL APPEAR 15 A CIRCIE

PICTORIAL PLAM VIEW OF RECORD

ELEVATION VIEW OF RECORD

PLAYING TIME, ONE $IDE = =1 hour

O-O

THIS DIAGRAM ILLUSTRATES THE TWO LOWEST STATES OF THE HYDROGEN ATOM,

THIS DIAGRAM DEFINES THE LOCATION GF OUR SUN UTIIZING 14 THE VERTICAL LINES WITH THE DOTS INDICATE THE SPIN MOMENTS OF THE
PULSARS OF KNOWH BIRECTIONS FROM QUR SUH. THE MHARY PROTON AND ELECTRON. THE TRANSITIGN TIME FRGM ONE STATE T0 THE
CODE DEFINES THE FREQUENCY OF THE PULSES. OTHER PROVIDES THE FUNDAMENTAL CLOCK REFEREMCE USED IM ALL THE

COVER DIAGRAMS AND DECODED PICTURES.
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Propagation of Cosmic rays in the Heliosphere

Parker transport equation

Propagation in the heliosphere is described
by Parker (1965) equation:

oU J
— = V- (K® VU - VU — (vp)U)+ =(V-V oTU
ot ( SW < D> ( sw) dT( )
U is Cosmic Rays number density per unit interval of kinetic energy
Diffusion Convection Drift
Small Scale Solar wind Large scale
magnetic Field moving out magnetic field
irregularity from the Sun structure




Propagation of CR in the heliosphere is described
by Parker (1965) equation:

oU N B o
= V-(K5-VU = ViU — (vp)U) + = (V- Vi) 5 (aTV)

A Monte Carlo Approach - Ito’s lemma, see e.q. Gardiner,
1985
The 2D Heliosphere Modulation Monte Carlo Code: HelMod

T T Stochastic Differential Equations (SDE)

1 0 o ([ K,,\/1—pu? ;
dr :—‘za—(f’gﬁr.ﬂ-)df — P ( dla a ) dt + (-L:___“ —+ Ud,. )df + (gﬁvrr) I'EZRT vV dt
o — r r LL r

e - . 2 .
di = — ii ('?*firw-\f 1 — .HE) dt + di (fi’”” L-p ) dt — i-t_-'d” v 1 — p2dt
1L T

r2 Or 2
2K, (1—p2\"/? 1 KypKor — K2\
—2K,y, (1 RAdt+ = (1 —p?) THt R,V dt
+— ( ST ) Vit + (1 =n) X )
JT — Qo T OV 12 ” | |
32 Or 2-Dimensional set of SDEs

Details of HeIMod modulation code, and how to compute the
SDE, could be found in [Bobik et al. Ap.J. 2012, 745:132]
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HelMod - selected results
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Figure 8. Differential intensity determined with the HelMod code (continuous ~ Figure 10. Differential intensity determined with the HelMod code (continuous
line) compared to the experimental data of AMS—1998; the dashed line is the line) compared to the experimental data of PAMELA-2006/08; the dashed line
LIS (see the text). is the LIS (see the text).

Bobik P. et al., Systematic Investigation of Solar Modulation of Galactic Protons for Solar Cycle 23 Using a Montg1
Carlo Approach with Particle Drift Effects and Latitudinal Dependence, The Astrophysical Journal, Volume 745,
Issue 2, 21 pp. , 2012
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Journal of Geophysical Research: Space Physics

P arkerovej rovnice TECHNICAL On the forward-backward-in-time approach for Monte Carlo

distriblicls Kozmicksho :nEl:fr?l'::.ers; solution of Parker’s transport equation: One-dimensional case
= - - = T B ata e P. Bobik', M. J. Boschini®?, S. Della Torre?, M. Gervasi**, D. Grandi’, G. La Vacca?, 5. Pensotti**,
Ziarenia v HeIIOSfere Eris M. Putis', P.G. Rancoita?, D. Rozza®*, M, Tacconi?, and M. Zannoni**

- Standardné rieSenia sa liSia

au

{'U' V)d'

= Quantitative comparison of
backward-forward-in-time cosmic
rays trandport Monte Carlo methods

= Estimation of systematic ermor of
baoth methods for spectra at 1 AU for
energles above 1 GV

= Backward-in-time methad is suited
for predicting modulated s pecina for

Vinstitute of Experimental Physics, Slovak Academy of Sclences, Kosice, Slovakia, ?INFN Sezione di Milano-Bicocca, Milan
Italy, *Cineca, Segrate, Italy, *Departrment of Physics, University of Milano-Bicocca, Milan, ltaly

Abstract The cosmic rays propagation inside the heliosphere is well described by a transport equation
introduced by Parker in 1965, To solve this equation, several approaches were followed in the past, Recently,
a Monte Carlo approach became widely used in force of its advantages with respect to other numerical

E =¥ 4 (UV} ¥ ¥ [K vU] d‘T (arel TU) R —— methads. In this approach the transport equation is associated to a fully equivalent set of stochastic
differential equations (SDE). This set is used to describe the stochastic path of quasi-particle from a

:m’;’::':; ;‘;}M source, e.g, the interstellar space, to a specific target, e.g., a detector at Earth, We present a comparison
stefana.dellstome@mibinint of forward-in-time and backward-in-time methods to solve the cosmic rays transport equation in the
bobikimaske. sk heliosphere, The Parker equation and the related set of SDE in the several formulations are treated in this

df v V) d paper, For the sake of clarity, this work is focused on the one-dimensional solutions. Results were compared

E =-V- (f'lf] L E [K vf] 2 3p (pSf) Citation: with an alternative numerical solution, namely, Crank-Nicolson method, specifically developed for the case
Bobik, P, et al. (2016), On the under study. The methods presented are fully consistent each others for energy greater than 400 MeV.

forward-backward-in-time appraach
for Monte Carlo solution of Parker's
transport equation: One-dimensional
case, J. Geophys. Res. Space Physics,
121, daoi:10.1002/2015JA022237.

The comparison between stochastic integrations and Crank-Nicolson allows us to estimate the systematic
uncertainties of Monte Carlo methods, The forward-in-time stochastic integrations method showed a
systematic uncertainty <5%, while backward-in-time stochastic integrations method showed a systematic

uncertainty <1% in the studied energy range.
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An analytically iterative method for solving problems of cosmic-ray

modulation

Yuriy L. Kolesnyk,'* Pavol Bobik,>* Boris A. Shakhov' and Marian Putis”
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ABSTRACT

The development of an analytically iterative method for solving steady-state as well as
unsteady-state problems of cosmicray (CR) modulation is proposed. Iterations for obtain-
ing the solutions are constructed for the spherically symmetric form of the CR propagation
equation. The main solution of the considered problem consists of the zero-order solution
that is obtained during the initial iteration and amendments that may be obtained by subse-
quent iterations. The finding of the zero-order solution is based on the CR isotropy during
propagation in the space, whereas the anisotropy is taken into account when finding the next
amendments. To begin with, the method is applied to solve the problem of CR modulation
where the diffusion coefficient ¥ and the solar wind speed w are constants with an Local
Interstellar Spectra (LIS) spectrum. The solution obtained with two iterations was compared
with an analytical solution and with numerical solutions. Finally, solutions that have only one
iteration for two problems of CR modulation with « = constant and the same form of LIS
spectrum were obtained and tested against numerical solutions. For the first problem, « is
proportional to the momentum of the particle p, so it has the form k = ko5, where 7 = _£-.
For the second problem, the diffusion coefficient is given in the form x = kofn, where g = *
is the particle speed relative to the speed of light. There was a good matching of the obtained
solutions with the numerical solutions as well as with the analytical solution for the problem
where x = constant.

Key words: methods: analytical - Sun: heliosphere — cosmic rays.
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Turinske platno
Zaujimavosti o kozmickom ziareni

Podla tradicie ide o lanovu plachtu, do ktorej Jozef z Arimatey a Nikodém

zabalili telo umuceného JeziSa Krista po tom, ako ho zlozili z kriza.
Zdroj: http://sk.wikipedia.org/wiki/Turinske_platno

0 6000 12000 18000
Time (years)

Zdroj: http://www.webexhibits.org/pigments/intro/dating.html

AvSak

Intenzita kozmického ziarenia v okoli Zeme
a priepustnost’ magnetosféry sa meni
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Turinske platno

Zaujimavost o kozmickom Ziareni
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Solar Physics, Volume 224, Issue 1-2, pp. 423-431, 2004
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Figure 3. Contour maps of vertical cutoff rigidities estimated from the computations using the
approximation n = 2+ in years 0, 400, 800, 1200, 1600 (coefficients from Hongre, Hulot, and
Khokhlov, 1998) and for year 2000 using n = 2+ selection from IGRF model.

Kudela, K.; Bobik, P., Long-Term Variations of Geomagnetic Rigidity Cutoffs,
Solar Physics, Volume 224, Issue 1-2, pp. 423-431, 2004
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Midnova tomografia

Projekt ScanPyramid — hladanie priestorov a
Struktar vnatri pyramid

Jednou z pouzitych neinvazivnych technik je
midénova tomografia

Tri nezavislé experimenty na detekciu midnov,
kazdy pouziva iny typ mionového detektora
(jadrové emulzie, scintylatorové hodoskopy,
plynovy detektor)

Discovery of a big void in Khufu’s Pyramid by
observation of cosmic-ray muons, Kunihiro
Morishima, et al., Nature volume 552, pages
386—390, 21 December 2017,
arXiv:1711.01576v2

Prazdny prestor nad Velkou galériou s
minimalnou dizkou 30 metrom a acinnym
prierezom podobnym Velkej galérii.

A possible explanation of the void discovered
in the pyramid of Khufu on the basis of the
pyramid texts, Giulio Magli,
arXiv:1711.04617v2

cccccc

leen's.
cccccc

\j

Unfinished Subterranean
ccccccc

Credit: Jeff Dahl [CC BY-SA 4.0]
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Midnova tomografia

-90 | | | | | -90 L ; | 1 |
-180 -120 -80 Q 80 120 180 -180 -120 -60 4 60 120 180
Distriblicia Miénov* na atmosférickych hlbkach 200 g/cm? a 1000 g/cm?2.
P.Bobika, K.Kudela, B.Pastircak, A.Santangelo, M.Bertaina, K.Shinozaki, F.Fenu, J.Szabelski, J.Urbar, Distribution of secondary
particles intensities over Earth’s surface: Effect of the geomagnetic field, Advances in Space Research, Volume 50, Issue 7,

1 October 2012, Pages 986-996
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Hladanie zdrojov ultravysokoenergetickych
castic

EUSO experimenty

P. Bobik

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

Space:: TALK

Ustav experimentalnej fyziky SAV, Oddelenie kozmickej fyziky


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

Odkial — Kam — Preco

PreCo niekto minie ~miliardu dolarov a tisice Cloveko-rokov prace
na najdenie odpovede na jednu otazku?

* Opodstatnenie experimentu / Zmysel misie

* Podstata experimentu, sposob zberu dat
e state of art, prva misia planujlica pouzitie Fresnelovej
SosSovky vo vesmire (2,6 m, vyrobitelna do 3,4 m s 10
nm presnostou), kremikové PMT na masivnej Skale,
prototyp celkovo aj na mnohych jednotlivych urovniach
celej masinérie

WWW.Jem-euso.sk



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

o)

“ .

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

tinental G

pertanker

Pohybova energia,

-
110000 X » N\

>ld

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

L T T T T T

na ploche 2x10%® m? zrazia 2
protény s energiami 10%° eV kazd

sekundu E ol
Nad 10% eV mame
3

5x10° proténov / (km? sr rok)

1.8x1016 proténov / (m2 Srs) 10 ;fif::::'::'::E::::::::: . :. IS = PO ros L O N N N N

e

resp. na 1016 m2 sr za sekundu _||||||||
padnu 2 astice s energiou 10%° eV L
s Gel/ | — T TTTTT T T TTTTT T T T TTTTTI T T T TTTTTI
1.9 2 10 i° i’ i0*

radovo na 10*°x10%® m? prebehne

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 !

Integralne spektrum K2

1el0
lell
lel?2
lels
leld
lels
lele
lel?
1lel8
1elS
120

eV
eV
eV
eV
eV
eV
eV
aV
eV
eV
aV

n W b = -1 d» 0 0 W W

el
.9

.1le-2
2e—4
. 6e—6
.5

.He-2
.2e—3
.1le-5
Lde-T7
.6e—-3

castic
castic
castic
castic
castic
castic
castic
castic
castic
castic
castic

e e TR TR TR TR TR T T N

Detektor s plochou ako Uzemie Slovenska ?

(m2 sr s)

(m? sr s) Koleno — nad kolenom

(m2 sr s)

(m? sr s) / sa sklon spektra zvacsi
(mz sr s)
(m?2 sr rok)

(m?2 sr rok)
(m2 sr rok)
(m?2 sr rok)
(m?2 sr rok)
(km? sr rok)

Clenok — sklon spektra
sa opat zmensi

- nad kolenom pribliZné hodnoty



Zahada GZK efekt

Kenneth George
Greisen Zatsepin

p\» §VCMB
Y
\\n

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
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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 ' ;
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duty cycle
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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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Standard Payload: mass 500 kg,
envelope:1.85mx1.0mx0.8m
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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

W T TDRS
Flight Segmefit t > (Tacking an Daia Ry
E e Y
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Support
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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

» : ‘.:%x " .
fos o ~90 GB dat
—
= \ N\
A - e

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

Googleearth

Entries
Mean
RMS

3188400

0.7018
0.1401

]
1.8

2

14—
2
1
08—
0.6/
s
02—
- Prvé publikovane
1 | 1 1 1 1 | 1 1 1 1 | 1 | 1 1 | 1 1 1 | 1 1 | 1 | 1 | 1 | 1 1 | I , .
%s:15:00 05:20:00 05:25:00 05:30:00 05:35:00 05:40:00 05:45:00 05:50:00 Vys|edky ~Jar/|eto 2015
Time (UT)
DAT: 05:33:52, Packet: 472, GTU: 007 — (05:34:24 (UT) Histogram of active good pixels: 05:21:56 - 05:27:53 (UT)
8 £ F
£ M
B C
g
E L
= 10—
Laser s
shot 8
‘=
=
D:||| | T N N O S S
0 0.2 1.2 1.4 1.6
Pixel average value of counis [pe/128 GTU]
Helicopter

Fitted by Poisson distribution
with A = 0.699



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

(nadir mode) — 2003
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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
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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
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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 « Start: koniec roka 2018

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 pocet pozorovanych - TLE

EAS: 100 - bioluminiscencia
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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)
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N.Sakaki, F. Fenu et al.
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Oddelenie kozmickej fyziky
JEM-EUSO

EUSO-SPB NASA balon

- Start 24. aprila 2017

- predpokladané diZka letu 50 dni, pokus o
100 dnovy rekordny let

- pad balonu po 12 dnoch, priCina zatial
neznama

- detektor fungoval az do padu do oceanu dobre

- prebieha vyhodnocovanie UV pozadia a hladanie spfsky
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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 &
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http://science.nasa.gov/media/medialibrary/2013/12/20/secure-Astrophysics_ Roadmap_2013.pdf



