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JOINT INSTITUTE
NUCLEAR RESEARCH

New elements 102, {103 104
1050h), 107>, 114115116,
117118

Hypothesis of neutrino
oscillations (1957). {NP: 2015)

Discovery of new particle:
anti-sigma-minus hyperon

And many other discoveries St e W T T RE e ¢ !
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R&D: 112

Med & Bio: 38

Nuclear & Spectra: 20

Particles: 148

Neutrinos & Astro: 161



Life Science

Proton beam profile
(flash-therapy wmode)

Andyrehy Mountain, North C - Lo . .
neyrehy Wountaim, Torth Caneasus Jan 31 million paired reads of
DNA fragments
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forms of life in the depths of SySt e m =
Mars and the origin of life on

the Earth. Functional

annotation of their genomes

makes it possible to identify / /

new metabolic pathways and S

adaptive mechanisms to AA’ y -

obtain new useful applied
for bi I .
B TR, New spices and genus have been named B eam

medicine and chemical
industry. in honour of JINR and INR RAS




Neutrino Physics



Bruno Pontecorvo worked in JINR (1950-1993)
establishing a School of Neutrino Physics




Nobel Prizes for Neutrino
Physics

1988. Discovery of muon neuvtrino.
1995. Discovery of electron antinevtrino

2002.SN 1987A.

2015. Discovery of nevtrino oscillations.



Breakthrough Prize for
Neutrino Physics - 2019

BREAKTHROUGH PRIZE FUNDAMENTAL PHYSICS

THE 2016 BREAKTHROUGH PRIZE IN FUNDAMENTAL PHYSICS IS AWARDED TO

Mavim %M«M/Zaﬂ'

AND COLLEAGUES AT DAYA BAY, KAMLAND, K2K & T2K,
SUDBURY NEUTRINO OBSERVATORY AND SUPER-KAMIOKANDE

For the fundamental discovery and exploration of neutrino oscillations, revealing a new
frontier beyond, and possibly far beyond, the standard model of particle physics.

NOVEMBER 8, 2015

Karl Johansson
w% Director

Breakthrough Prize Foundation




European Physical Society
PRIZE

The 2021 Giuseppe and Vanna Cocconi Prize

for an outstanding contribution to Particle Astrophysics and Cosmology

is awarded to the

Borexino Collaboration

for their ground-breaking observation of solar neutrinos from the pp chain and CNO cycle
that provided unique and comprehensive tests of the Sun as a nuclear fusion engine.

Y SICA
Py
s,

Luc Bergé e b Thomas Gehrmann

President Chair
European Physical Society EPS High Encrgy and Particle Physics Division

Mulhouse, France, 26 July 2021
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Discovery and precise measurement




Radiogenic heat: Borexino

"""""""""""""""""""""""" With M(Th)/M(U)=3.9
O\ &
best value DI M(K)/M(U) = 104 the
: i total terrestrial
radiogenic power :
; : P(U+ Th +K) =
éﬁeodynamica:! 33+28 ,, TW,
Geochem:ical vs global terrestrial
‘ : power output
Pt =472 TW

0 : .
0 10 20 30 40 50 60

H(U+Th) [TW
Red line: ROC+LOC+10, homo(g]gnfg))srrméntle

Blue line: ROC+LOC-10, radiogenic material on the mantle/core interface



Neutrino experiments at the Kalinin NPP

Pressurised Water Reactor (BB3P-1000) ver region, 285 kwm rom Dubna
Thermal Power: 3 100 MW ;“%:“ e e
Core: ©3.20m xh3.70 m e ‘ e

Fuel (70 ton): 238U + 235U (3.3-5.5%)

Neutrino Flux: ~6x10%° v / 4n / day

Campaign: 18 months + recharge (50 days)

1100 kg of 235U is burned out

200 kg of 2°°Pu is produced

which changes neutrino flux and spectrum

DANSS

(reactor monitoring and search for
sterile neutrino oscillations)

“



d,
3¢),

- S
c 28 3
o2 9
538>
o 3L
=3 .0 O
OLs 2
2 8s =

OgS
St 0
S 1

(7p)

Techn. room A336.
just under reactor

9 rn only!

5 x1013v/cm?2/s




PAIKAL GVD

Neutrino Telescope

GVD = Gigaton-volume-detector



Main objective:
Astrophysical Catastrophes in the Universe

o Sources of ultra-high energy particles

o We are made of star dust
o Modern stars are already of the third generation



Why Nevtrino?

Charged particles

o Charged particles loose direction and energy

o Photons get absorbed

o Neutrino astronowmy is possible becavse of weak
interaction nevtrino



There is no sunrise and
sunset with neutrinos
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https://wwwyoutube.com/watch?v=muZIYTXP-hl

Image of Sun with Neutrinos by

SuperKamiokande
Credit: R.Svoboda, K.Gordan (LSU)




Short History of Neutrino
Telescopes

M.A. Markov. 1960
«We propose to install detectors deep in a lake or in the sea and determine

the direction of charged particles with the help of Cherenkov radiations.
ICHEP Rochester. p578



A new boost in BAIKAL Neutrino Telescope history:
Discovery of UltraHigh energy Neutrinos by leceCube (2014)
JINR major contribution to construction of cubic-kwm BAIKAL GVD
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Why BAIKAL?

Accurate determination of arrival direction
in BAIKAL water

o A RN

J.,;,_. *3., . *- R % e Ak < e,

Light re-scattering in ice is large



The Plan

Main Goal Surface o «Dubnas
o Point sources of UHE nevtrino

30 Array of photo-sensors aniliia st St
o Phasel: 04 km3 (by 2021) ClusterTop 941 m
o Phasell: 1.5 km3 (by 2027)
Installation site

o South Baikal

o Depth 14 kwm Cluster Bottom 1276 m
o Distance from shore 2.9 kwm

Requirements

o Adjustable structure

o Synchronization < Ins

Lake Floor 1366 m




Peployment status

2015 2016 2017 2018

Nuwber of
clusters

Number of
oM

The largest Neutrino Telescope in Northern hemisphere



Events with a shower > 40 TeV before the final selection y
(muon signals search) ;

Energy distribution

Nii>19

E-2.46

— Atm. muons

3.5 4 . '
Ig(E/TeV) ‘ fpns bl 08.12.2021:
- P il lceCube + Baikal-GVD
NS detected two neutrino
events nearby radio-
blazar PKS 0735+17

Zenith angular distribution
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AlGA: Ultra-high enerc

jamma




EPELWEISS: Dark matter
and CEVNS




Medipix4

Timepix4 v2

* 19 wafers arrived last week
1 wafer sent for dicing = Expected to be back in ~2 weeks




LINAC200




