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Organization of AP Research In
Russia

General Coordination — Russian Academy
of Sciences (RAS)

Management — RAS, RF Ministry of
Education and Science (MES), Russian
Space Agency (RSA)

Financing — RAS, MES, RSA, Russian
Foundation for Basic Research

Consulting and Expertise — RAS Councill
on Cosmic Rays, RAS Neutrino Councill



State Programs of Support for AP
Studies

 Program of the Presidium of RAS
“Neutrino Physics” (originally “Physics of
Cosmic Rays and Neutrino Physics”),
working since 2001

 Joint project “Neutrino and Neutrino
Cosmophysics”
(to be approved)

* Federal Program of Investigations of

Fundamental Properties of Matter
(under consideration)



Regular meetings on AP physics In
Russia

Russian Cosmic Ray Conference (biennial)
International School “Particles and Cosmology”
(biennial)

nternational Conference “Non-Accelerator New
Physics” (NANP)

nternational Workshop “UHE Cosmic Rays and
their Sources”

Schools of young scientists “Non-accelerator
High-energy Physics” and “Fundamental
Interactions and Cosmology”




Sites of priority experiments

» Oscow
roitzk

Baksan

Baikal



BAIKAL Neutrino Experiment

Search for high energy neutrinos & exotic phenomena

NT200+
» Simple deployment PY
(low cost); l
* Moderately low background;  ,\TARES 00
» Good water properties:
Scatt. Length ~ 30-60 m
Abs. Length: ~25 m

Amanda

NT200

AMANDA



Gigaton Volume Detector in Lake Baikal:
: . 91-100 str., 1700-2300 PMTs
Milestones: E. > 100 TeV

E_>10 TeV 25 M€

>1983: site studies; R&D:.
1991: Proposal for NT200 detector
1998: NT200 commissioned (192 PMTs, V=10°m?)
2005 - 2006: NT200+ completed, currently
operating (NT200 & 3 outer str., V=5 106 m3)

>2006 Activity towards Gigaton Volume Detector
in Lake Baikal, prototyping

2008 - 09 Technical Design .__. |

2010 - 14 Fabrication -

2011 - 16 Deployment (0.1 =0.3—+0.6 = 1.0) km3



Towards a km3-scale
Baikal neutrino telescope

2005 — 2006
NT200+ commissioned:
basic cell of GVD

2006-2008

In-situ tests of new
photomultipliers (PMT)
and electronics

April 2008
Start of prototype string
operation

NT200+
Basic cell of GVD

Prototype
string

N



Baksar Neutrino Observatory\
Mt. Andyrchi

. SAGE at 4700 m.w.e.

5 A
4 A

1,7 - Low-background chambers

2 - BUST

3 - Laser interferometer ~

4 - Acoustic gravitational antenna

5 - Geophysics laboratory Tunnel e‘f( _

6 - Ga-Ge Neutrino Telescope (SAGE) entrancg TVEULIINO

. village  Neutrino
- EAS array “Andyrchi” .villa e
village




SAGE

Global intensity of muons LGGNT
~(3.03+0.19)% 10° (cm?/s) | =60 m
Average energy of muon  Ga,__..,.~ 50 tons W=10m
- 381 GeV h=12m
Fast neutron flux (>3MeV) / \ Low background
—(6.28+ 2.20)x 108 (cm2s)? concrete—60 cm




SAGE

Measurement of the solar neutrino capture rate withmetal gallium
1Ga(v,, €)"'Ge, E, = 0.233keV

168 runs over 18 years (Jan 1990 — Dec 200765.¢4'0_4_1 SNU
Actual weighted average from all gallium experimers 66.1 r 3.1 SNU

Good agreement between SSM prediction including neriho oscillations and Ga results

Recent test ofSAGE with a reactor-produced3’Ar neutrino source indicates that SSM
predicted rate may be overestimated.

New test with very intense neutrino source is plared for clarification.

SAGE is currently the only operating solar neutrino expeiment measuring the

fundamental pp flux and continuously monitoring the low energy sar neutrino flux
over long time.



Baksan Underground Scintillation Telescope

(in operation since December of 1978)

Goals:

Neutrino physics

Atmospheric neutrinos — upward—going muons
Neutrino burst from gravitational collapse.

Cosmic ray physics

Shape of primary spectrum
Chemical composition
Anisotropy

Exotic

% % Search for magnetic monopole
Observations of high energy
muon (E > 200 GeV) bursts

% % during powerful solar flares
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Baksan Underground Scintillation Telescope
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Plans

Modernization of BUS:

New electronics
Add target to increase probability of SN detection

Long-term consideration:
New large-scale scintillator detectors

Geo & SN antineutrinos
~5kt, nenergy 1, 50 MeV

Solar & SN neutrinos
~ 1 kt, nenergy 0.5,, 20 MeV

Proton decay & atmospheric neutrinos
~ 100 kt, nenergy >0.5 GeV



NEUTRINO PROPERTIES

 Magnetic moment
Krasnoyarsk reactor (IAE, SPINP)
(3-5) « 101 p; (2010)

Kalinin nuclear plant (ITEP,JINR)
(3-4.5) 10 g (2009)
1.5 10 g (2011)

 Mass
Troitsk -mass Il experiment (INR)
0.8 eV (2010)



Troitsk -mass Il experiment

From 1993 on, regular
measurements of beta
spectrum with the
“Troitsk nu-mass” set-up.

Results give best upper limit

for neutrino mass in direct
beta decay experiments

m, <2 .05 eV

Spectrometer enlarged to
obtain better resolution

New spectrometer Sensitivity to neutrino
resolution about 1.3 eV. mass 0.8 eV



Troitsk -mass Il experiment
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Study of cosmic ray modulation processes
in the energy range 10 8 — 1011 eV

Russian network of neutron monitors, muon telescopes and balloon
stations (CR fluxes from ground up to ~ 35 km)

Investigation of modulation processes of galactic CR in the
heliosphere, of generation of particles in powerful s olar flares and

of the propagation of accelerated solar particles in t he interplanetary
medium.

- 14 neutron monitors

- 3 muon telescopes

- 1 ionization chamber
- 3 ballooning stations

Continuous measurements since more than 50 years.



Worldwide network for CR monitoring (neutron monito rs, red circles — Russian
stations, yellow circles — neutron monitors of other countries) and Russian

stations for measurements of cosmic ray fluxes in t he Earth’s atmosphere from
0 to 35 km altitude (red balloons).



Long-term CR monitoring with Russian neutron monito IS



Time dependence of primary CR fluxes at the top
of the atmosphere (polar latitudes).
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Russian contributions to high-energy
cosmic ray experiments — status 2008
|
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PAMELA
Height: 1.3 m
Mass 470 kg
Average power
consumption
355 W
Average

magnetic field
043T



Questions addressed by PAMELA

Cosmology: antimatter, dark matter, new particles, antiproton and
positron spectra in a wide energy range (up to 200 GeV);

Generation and propagation of cosmic rays in our Galaxy;

Solar and heliospheric physics: solar cosmic rays, cosmic ray
anomalous component, processes of cosmic ray modulation);

Particles in the terrestrial magnetosphere.

PAMELA was launched on 15 June 2006 onboard of the
Russian satellite RESURS - DK1 and takes data since
then.



Direct CR measurements
at 1012-1015 eV

5 years (2010-2014) on
regular Russian satellite

Main goal: clarify the
origin of cosmic rays
below the “knee” .
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Concept:
large aperture, moderate weight and size

Measure spectra and composition of cosmic rays in
a wide energy range with high charge resolution.

Multi-layer structure:

1)charge measuring
system,

2) tracker and energy
measuring system,

3) the trigger system,

4) control electronics.




TUS

Skobeltsyn Institute of Nuclear Physics of Moscow State University
in cooperation with JINR (Dubna), Universities of Japan, Korea and Mexico.
“A Search for Sources of Extreme Energy Cosmic Rays (> 30 EeV)

with the Space Detector “TUS” (Track Ultraviolet Set-up)”.

To be launched in late 2010- early 2011 together with the BION satellite,
Samara Enterprise, RF Space Agency.

e

TUS before undocking from BION satellite.

TUS in operation



KLYPVE

Skobeltsyn Institute of Nuclear Physics of Moscow State University

in cooperation with JINR (Dubna), Universities of Japan, Korea and Mexico.
“Energy Spectrum and Composition of Ultra High Energy Cosmic Rays

(>10 EeV) with the Space Detector “KLYPVE” on-board the Russian Segment
of ISS”. Under consideration in program of RS ISS operation for 2012-2015.
RSC “ENERGIA”, RF Space Agency.

Detect fluorescence light from
extremely energetic air showers
from cosmic rays and neutrinos.

1. Mirror concentrator of 10 m? area,
consisting of 37 segments.

2. Photo receiver of 2500 pixels
photomultiplier tubes.



The Yakutsk EAS Array
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B »  TRIGGER STATIONS have

? 2 x 2 nf scintillation detectors

+ W - operate from 1973
X - operated from 1973 to 1990
M - operate from 1991

+ ® - CERENKOV LIGHT DET.

H - MUON DETECTORS S=20 n{

' = - additional scintil. detectors S=2°
B - Big Muon Detector, S=180°

.................................

Now more compact than previously. Lower energy, but better accuracy.



Plans for modernization of the Yakutsk array

e Synchronization accuracy from presently 100 ns
to 10 ns, improving the directional accuracy from
5to 1 degree (at 1018 eV).

* |Increase total number of detectors by factor 2-3.

e Tasks after modernization:

— high-precision measurement of energy spectrum
101°-10%0 eV

— mass composition
— search for non—isotropies of cosmic rays



Tunka-133:

Search for Acceleration Limit of Galactic Sources

- Energy range 1016_1018 eV - KASCADE-Grande terminated
- need 1 km?, smaller spacing than - IceTop/IceCube 50% ready
standard Auger - Tunka-133 (calorimetric) 70% ready
- need complementary techniques - Auger low energy extension planned
R
lceTop

IceCube



Tunka-133:a 1l km 2 “dense”, wide-angle Cherenkov
Array in the Tunka Valley (Siberia)

Moscow State University
Irkutsk State University
Institute for Nuclear Research (Moscow)

IZMIRAN (Moscow) - based on existing Tunka-25 array
University Torino - 30 times larger aperture than Tunka-25
DESY, Zeuthen

- possibility of further area increase for the
highest energies (5-10 times)

Status:

- 70 % installed

- commissioning of full
array Summer 2009



SPHERE Project

study of very high energy cosmic rays by reflected
Cherenkov light from a snow surface

« SPHERE Baikal:
Investigation of primary CR energy
spectrum and nuclear composition
at 10%6-1018 eV with a calorimetric
method.

* Role of extragalactic CR.

* Fine structure of the energy spectrum.

Snowed ice




European experiments with
participation of Russian scientists

LVD (Gran Sasso) ~ ¥, of apparatus
NEMO-3, SuperN EMOQO isotopes, Nemo-3 scintillation
(Frejus) calorimeter
PAMELA rocket/satellite, neutron
detector

GERDA (G 'an Sasso) 6Ge, part of veto system
OPERA (Gran Sasso) part of scintillation system
KATRIN (Karlsruhe) methods, auxilliary measurements

ANTARES, NESTOR,
Double ChOOZ, Edelweiss smaller contributions




Summary

Russia has a long and strong tradition in APP.

Decline of USSR and the following period had
desastrous impact, many plans canceled, a lot
of young researchers left the field or the country.

Conditions for research are improving since a
while  time to develop long-term strategy.

Many exciting experiments to come.
Russia provides several unique infrastructures.

Envisaging strong national plans, inviting foreign
collaborators.
Close collaboration with Europe was successful

and forms a natural component of the Russian
APP strategy.



