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CTonieTne OTKPbITUA KOCMUYECKUX TYYEN.

B 1912 roaoy
ObINu caenaHbl ABa BblAAKOLWUXCA OTKPbLITUSA,
U3MEHMBLUME Halle MUPOBO33peHUue
1. OTKpbITHE aTOMHOro aapa 3.Pe3epdopaom
- llaypeaT HobeneBckon npemuu rno xmmmm 1908 roga
2. OTKpbITNE KOCMMYeCKnx nydeun B.N'eccom
- lTaypeaTt Hobenesckon npemuu rno ounasmke 1936 roga (Yepes 24 roga!l)
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Electroscopes discharge
spontaneously. Why?

 KocMunyeckue nyum
ObININ OTKPbITbI C
NOMOLULIO

AJNMeKTPOoCKona

A. De Angelis 2012
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7. Fahrt (7. August 1912).

Ballon: ., Bohmen® (1680 cbm Wasserstoff Fihrer: Hauptmann W. Hoffory.

Meteorolog. Beobachter: E. Wollf. GCIRVELUEETIEN  Luftelektr. Beobachter: V. F. Hess.
Mittlers Héhe Beobachteie Strahlung
- — Relat.
AT Zeit ——— Apparat 1 Apparat 2 Apparat 3 Temp. Feucht,
absolut | relativ — Proz.
L ¢ 71 ¢y reduz, '?: .
I 13h 15—16h 135 156 0 (7.3 12,9 | - f - l —_ -
2 1oh 15—17h 13 156 | o 15,9 S - D . 4 ity Tag vordem Aul-
3 17h 15—18h 15 156 | o 15,8 11,2 175 7.5 J stiege (in Wien)
4 6h 45— 7h 45 1700 | 1400 15,8 w0 3L =5 3 +~64% 1 6o
3 7h 45— 8h 43 2750 2500 17 3 12,3 225 | 31,2 ot 0 SARNEE
6 Sh 45— gh 43 3850 | 3600 19.8 :ﬁ,g 23 35.2 —o3¢ | b4
7 9h 45—10h 45 +8m | 4700 40.7 3N -93" . 40
: *4"“—5.:5"-" - - '
3 1oh 45— t1h 13§ 4400 4200 28,1 22,7 — — — —
9 th rg—rth 45 1300 1200 (9,7 11,5 - -— -
10 tth gg=—12h 10 230 150 11,0 o7 | - - —160? 63
('t 12hag—13h 12 | 140 ] 15,0 11,6 — —_ {pach der Landung in

Pieskow. Brandenburg)

MUcnonb3oBanochk 3 anekrpockona Bynbda. dnektpockon ¢ Homepom 3 6bin
OTKpPbIT Ha Bo3ayXx. [Mocne KOppeKLun Ha YyMeHblUeHue aaBrieHus (??) ator
3NeKTPOCKOoN nokasbiBan 2-KpaTHoOe yBerin4eHne MoHn3aLuum Ha Bbicote 4000 m
Mo CpaBHEHUIO C MOHMU3aLUMeNn Ha NOBEePXHOCTU 3eMNnn. ATO ObINo
cBUAeTeNIbCTBOM TOro, paguauus (Hohenstrahlung) nonagaet B atmocdepy m3
BHELLHero NpocTpaHCcTBa.
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Galactic CR

e The total energy density of
CR particles is about 1 eV/
cm3,

e About 1% of energy from SN
required to sustain CR
abundance.

e At 1 TeV, B~1uG, Gyro-Radius
~ 200AU, 0.001pc = Highly
Isotropic
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http://upload.wikimedia.org/wikipedia/commons/6/63/Messier_81_HST.jpg
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There is a large difference in data for the CR nuclear component flux

and composition around of the knee region
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Medium scale anisotropy |
_— —

The arrival direction of cosmic-ray muons recorded with 40 IceCube strings (Southern

Hemisphere). The variations are of order 1073 on a uniform distribution. The color scale

represents the relative intensity. The dots indicate the directions of Vela and Geminga - the

brightest gamma-ray sources in the sky. Also shown is the muon data of Milagro obtained by

the same method (Northern Hemisphere). Muon energy =20 T3B. The anisotropy contradicts

to the average value of the galactic magnetic fields about of few

MG: charge particle giroradius is ~0.1 pc for E ~ 100 TeV, distance up to Vela ~ 100 pc

that is possible source of GCR. NUCLEON provides good statistics to study anisotropy.
Alushta-2011 L. Tkachev



PAMELA

Launch
15/06/06

16 Gigabytes trasmitted
daily to Ground
NTsOMZ Moscow




STS-134 launch May 16, 2011 @ 08:56 AM
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AMS Nuclei Measurement on ISS
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Proton flux
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Search for structures =

AMS-02 Data »

Pamela Data @ BEELEE i o

llllll[

PAMELA Maniuramina of Cosmic-Ray Paoton and Mallim Speotr
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Cosmic Ray Energetics And Mass

CREAM: Results, Implications, and outlook

32 |CRC, Beijing, China
August 17, 2011.

Eun-Suk Seo
IPST and Dept. of Phys., University of Maryland
for the CREAM Collaboration







Five successful Flights: ~ 156 days cumulative exposure

CREAM-|
12/16/04 — 1/27/05
42 days
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CREAM-V /
12/1/09 — 1/8/10 ke
37 days 10 hrs

CREAM-IV
12/19/08 — 1/7/09
19 days 13 hrs

Eun-Suk Seo
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Many thanks to CSBFi WFFE NSF & RPSC for a great campaign!

=

- o
— R
—_——

CREAM-I|
12/16/05-1/13/06
28 days

.-.ﬁ?

o -,

‘
3
e . !

5 ¥

Mgy r"-\" o __;‘C-
W

15



CREAM-III with lower energy threshold
yoon et al. (CREAM collaboration) QG111 {his confere

Improved charge resolution with dual SCD

CREAM-l Top and Bottom SCD |

CREAM

Eun-Suk Seo
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O6umi Bux KA «Pecypc-II» Ne2 ¢ KHA «Hyxnon»
NUCLEON apparatus consists of
- NUCLEON detector as a monoblock inside of pressure container,
- Special telemetry system inside of separate container,
- Antenna-fider system,
- Mechanical support interface of the connection with base satellite system.

Main NUCLEON parameters:
-Total weight ~ 265 kg

(for detector ~165 kg);
-Power cunsumtion~150 W
(for detectors ~ 120 W);

- Number of chan. 14000

- Telemetry ~270 MB/day;
- Data taking period =5
years.

NUCLEON on the RESURS-I1 satellite

Dubna-2011 L. Tkachev
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Charge Measurement Block

Pad Silicon Detec T Microcalorimeter

Target Imteraction Identification Block

I V/icroStrip Silicon Detectors

Scintillators
s [ungsten (or Lead) Converter

. Energy Measurement Block
[ Z ,} Trigger System

Alushta-2011 L. Tkachev
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Space qualification tests of the technological NUCLEON
prototype at the “ARSENAL"” workshop



Beam test at CERN - Nov. 2011
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RJ1 npeaenbHO BbICOKUX

3Heprmn. kcnepmmeHT TYC




KocMmuueckue

Myun MpeaensHo wuthern Pierre Auger Observatory

BbICOKUx
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Cherenkov tanks
(eriangular grid of 1.5 km)

4 fluorescence detectors
(24 telescopes in total)

Erserva

Puc.18. MectononoxeHue un coctaB Pierre Auger Observatory



This picture shows an animation of a shower caused
by a proton with an energy of 101° electron volts.
The colors represent different kinds of particles
(photons, electrons, muons) contained in the shower
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CnyTHUK GOTOH
2008 -2009

TUS1L mode

TYC Ha cnyTHuke PECYPC [OK-1
2002 - 2007

The TUS is the main detector at
“Mikhail Lomonosov” satellite 2011-2014
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The technologlcal mirror module test in thermo vacuum camera
at temperature £80° C and pressure 0.02-1.0 atm







Space qualification tests of the technological Fresnel mirror
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Detector TUS at “Mikhail Lomonosov” satellite during tests at 2013
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raMma-acTpoOHOMMUA




H.E.S.S.

Germot Maier | Te'' Astronomy | August 2012
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Cherenkov Telescopes

y-ray

0.01 to 100 TeV ( \

R e, S i TP R R il T ey Ul Y G
The Avmosphere

0~:1.5°




- Four 12m telescopes (H.E.S.S |) + one 28 m (H.E.S_S II) in Namibia
HESS Il

first light a few weeks ago

significant lower energy threshold




Germot Maier | Tel Astronomy | August 2012




MAGIC — KaHapCKMne ocTpoBa
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La Palma ~282 N, ~182 W, 2200 m a.s.l.
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Fermi Gamma-ray Space Telescope .
Y, incoming gamma ray
Large Area Telescope
20 MeV - >300 GeV

Gamma-ray Burst Monitor

10 keV - 30 MeV

electron-positron pair

<> The LAT 1s a unique resource providing

+ Broad energy coverage, overlap with ACTs
+ Large Fol: all-sky coverage every 3 hours — transients
< Observatory 1s operating smoothly

+ Instruments and spacecrdaft operate as designed, no degradation in science
performance since launch




Where we ar'e...

1/10 frequency

CTA 1

L)

Dragonfly
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Fermi Pulsar Detections

GQGQ“o@m@Oe@@% - ;&9

O Gamma Only
[ MSP
@ Radio+Gamma

Geminga

G

Pulses at
th
@ New pulsars discovered in a blind search 1/ 1 O fr‘ue r‘afe

@ Millisecond radio pulsars
@ Young radio pulsars

© Confirmed pulsars seen by Compton Observatory EGRET instrument




The Fermi LAT 1FGL Source Catalog

1451 Sources (>4c
significance)

e
-;‘ E":.l .‘ .‘
AGN-BI S| i B A SO ~ SNR
-Blazar s o e L
AGN-Non Blazar ::: wa:WN
~ No Association 630 | Starburst Galaxy w
] Possible Association with SNR and PWN  Galaxy o Globular Cluster

Possible confusion with Galactic diffuse emission < HXB or MQO




NEUTRINO ASTRONOMY

AND ASTROPHYSICS




Fluxes of (cosmic) neutrinos

—-—10*

=

g 102°

10

:"‘ 10"

Y108

=

= 10*

1

104
108
10—12

1 0—16

_ under- optical: - air sh
Cosmological v .

ground . deep water - radio

Solar v - deep ice - dCOUS

Supernova burst (1987A)

/ Reactor anti-v

o Background from old supernova

Terrestrial anti-v

Atmospheric v

owers

tics

v from AGN
10°%°
107 GZK v
-| 0—28 7
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
10° 103 1 10° 10° 10° 10'2 10> 108
peV. meV eV keV MeV GeV TeV PeV EeV 53

Neutrino energy



Fish-Eye View of Super-
KamiokaNDE's Interior

LeTtekTop SuperKamiokanda



The Sun as seen by V'S
and 1ts orbit 1n the
(Galactic coordinate.

You have to excuse the
poor angular resolution
because the neutrino
astrophysics is still in
its infantile stage.

The Sun by Neutrinograph
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NEUTRINO TELESCOPE NT-200
Toshore  Gaibration aser -8 strings: 192 optical modules
_ 1

> 96 measuring channels
- T, Q measure

*Timing ~ 1 nsec

*Dyn. Range ~ 103 ph.e.

Effective muon-area: 1 TeV~2000m 2
Eff. shower volume: 10TeV~ 0.2Mt

63 3¢3 38 3o

§ 3

gilel el addedied

¢ 3
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v § ol

Quasar PMT: d = 37cm

Height x & = 70m x 40m, V_,,=105m3= 0.1Mton

geo




® 86 strings

*1.5km-2.5km
deep

e typically 125 m
spacing between
strings

* 60 Modules per
string

e 1km?®--1Gton
instrumented
volume

2010 July 24

S0 m

1450 m

2450 m

2820 m

IceCube Lab

A

lceTop

_—:,,//Bﬂ Stations, each with:

2 IceTop Cherenkov Detector Tanks
2 Optical Sensors per tank
320 Optical Sensors

|
| ‘ | IceCube In-lce Array

| BE Strings, 60 Sensors
B2 L el 5160 Optical Sensors

MANDA-II Array

{Precursor to lceCube)

Deep Core

//’E Strings - Optimized for low energies
i 360 Optical Sensors

Eiffel Tower
& |324m




(Very Basic)

THE UNIVERSITY

IceCube DeteCtion PrinCipIe WISCONSIN

Interaction

i ]
" Neutrino

“~
~
~

AMANDA/IceCube
ISVHECRI
Paris, September 2008
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The ANTARES apparatus
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~23m telescopes

4 -6° FoV

0.08 - 0.12° pixels

Parabolic/Hybrid f/D~1.2  12m telescopes

7 -8° FoV

0.16 - 0.18° pixels
_ 4-7 m telescopes
Hybrid f/D =1.35 8 - 10° EoV i

0.2 - 0.3° pixels
DC or SO f/D 0.5-1.7
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Third stage (2017-2019)
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2013 roa?
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International Space Station (155)
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Extensive Air Shower (EAS)
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HUNTING GRAVITATIONAL WAVES USING PULSARS
. 2 Telescopes on
~ 'Earth measure tiny
differences in the
arrival times'of the
radio bursts caused
by the jostling.

1 Gravlitat_ii:'_b'n'al'ﬂavgg"f'rﬁmj5|.gm?_,rma'$__éi§e__ . &7
black-hole mergers.in-distant galaxies-subtly
shift the position of Earth.

NEW MILLISECOND PULSARS §

An all-skysmap'as seen by the Fermi
Gamma-ray Space Telescope in its firstyear

3 Meacuring the
effect on an array of
pulsars enhances the

! _ O chance of detecting the
O gravitational waves,
O
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ALMA will be the world’s most powerful telescope for studying the Universe

at submillimetre and millimetre wavelengths, on the boundary between infrared
light and the longer radio waves.
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B TeueHue 2009 roaa nepBble TPU aHTEHHbI BECOM 115 TOHH 6b1n YCTAHOBJIEHbI Ha
CBOU pa6qu|e TOYKM Ha BbIiCOTE 5000 M. ACTpOHOMbI N NHXXEHEPDLI COCTbIKOBAJ/IM dHTEHHbI
B ED,VIHbIﬁ KOMIMMEKC 1 yCnewHOo npoBeEsin COBMECTHbIE UCTbITaHNA, UHTO OTKPbIJ10 3eN1eHbIN
CBET A1 MaCCOBOIro Npon3BoACTBa aHTEHH B CTpaHaX-y4aCTHUKaX MpoeKkTa ALMA u

oTnpaBKy B Yunu.
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