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THE CENTENARY OF
BRUNO PONTECORVO

Was already celebrated by series of events:

v" 'V International Pontecorvo School on Neutrino
Physics, 6-16 September, 2012, Alushta, Crimea.

v' Ceremony of EPS Historic Site Opening in
Dubna, 22 February, 2013.

v" XVI Lomonosov Conference, 22-28 August 2013,
Moscow.

v" Scientific Session of RAS on Perspectives in
Neutrino and Astroparticle Physics, 2-3 September,
2013, Dubna.

v" The Legacy of Bruno Pontecorvo: the Man and
the Scientist Conference, 11-12 September, 2013,
Rome.

Born on 22 August 1913 in Pisa

v Pontecorvo 100: Symposium on the centennial of
the birth of Bruno Pontecorvo. 18-20 September,
2013, Pisa.



1931-1936 — B.Pontecorvo was a student
and then a member of the widely known
group of “Via Panisperna boys”.

Under the guidance of Enrico Fermi
B.Pontecorvo studied the properties of
slow neutrons and took part in the
discovery of the phenomenon neutron
moderation
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1936-1940 — B.Pontecorvo worked with F.Joliot-Curie at the Radium Institute In
Paris.

Recent Experimental Results in Nuclear Isomerism

1939

INT EXPERIMENTAL RESULTS The research of nuclear isomerism
IN NUCLEAR ISOMERISM* ; .
led him to the discovery of a
The hypothesis that two atomic nuclei nuhxltngms_huhle i.“ :c.\pf:c! of ‘-l(l‘ll'llIL‘ :‘I.I'I'.l
S e Sl e e e R New phenomenon of nuclear

1921 uranium Z was discovered by Hahn [2]; by studying the chemical and radio

active properties of this element, Hahn deduced that uranium Z and uranium .\': are phosphorescence

isomeric nuclei. The problem of uranium Z has been taken up recently by Feather and
Bretscher (Proc. Roy. Soc., 1938, vol.165, p.542). It should be noted that, for many

(excitation of metastable states of a

After the discovery of artificial radioactivity, the study of isomerism received

considerable impetus on account of the experimental material assembled in the course beta_stab I e iSOtOpeS With M eV

of research on artificial radioelements. The first certain example of an isomeric pair

to which it has been possible to attribute a mass number (A = 80) in the domain of the t
artificial radioelements was furnished [3] by the study of the radioactivity produced gal I " I la-quan a

in bromine by neutrons (slow and fast) and by ¥y rays of great e ry

Then, as the experimental material on aptificial radioelements has increased, the
number of pairs of nuclei which are undoubtedly isomeric has grown to such an extent
that it is not possible to quote here all the investigations which have been published
on the question. More than thirty such pairs are known and there is no doubt that the
number still unknown is much greater. We can say, now, that nuclear isomerism is by
no means an exceptional phenomenon

It is natural to think that the physical difference between two isomeric nuclei is
connected with two states of different excitation of the same nucleus (let us say
ground state and first excited state). But in this case, how could the upper state be
metastable, that is, how could it live for any length of time ater than one day, i
some cases)? By what mechanism would it be preserved from destruction in a very
short time by the emission of an electromagnetic radiation? Weiszicker has answered
this question [4]

According to Weiszicker's hvpothesis, nuclear isomerism may be explained by
assuming that the lowest excited state of the nucleus has an angular momentum
differing by several units from that of the ground state. Selection rules may then be
invoked to weaken considerably the probability per unit of time of the transition from

*Nature, 1939, vc




1940-1942 — a private company in the USA
B.Pontecorvo studied geophysical methods of oil wells’ probing

utron Well Log

He suggested and worked

BASED ON NUCLEAR PHYSICS*

out a new effective 5 L9, e ety e o e i

11 Sus Inc., the laboratories of the company hav
- t irch for new curves. The devele 3 fortunately
become possible at time when the 2 X 3
method of oil g e, ol
! A second curve should nec ily operaie e 3 ng and
possess the detailed corre power of the radioactivity log, and, above all, should
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IO In th at to S the from the source are a constant amount throughout th The present experimental
subsur instrument is a single cylindrical unit, similar to the one used for
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instrument is 5.5 in. The total length of the subsurface instrument including the
amplified and the power supply is 7 it
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ard to the fluid content problem
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wells, It is certain that th
d holes alike with c a
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1934 - Bethe and Peierls evaluated the cross section of neutrino interaction with
matter (which turned out to be less than 10-*4cm?) it was thought that neutrino
was impossible to be registered.

Bruno Pontecorvo was the first to doubt it.

INVERSE B PROCESS*

He realized that it was the reactor that could be
an intense neutrino source (today we know that
it is antineutrino), and suggested in 1946 a
method to register these neutrinos by the
extraction of an argon isotope that was
produced at the inverse beta decay

(neutrino + 3’Cl — 3Ar + electron).

Now the whole world knows this phenomenon
as the radiochemical chlorine-argon method to
detect neutrinos from the Sun.




In 1948 B.Pontecorvo designed a proportional counter of a small size with a big
signal amplification. While applying it, he observed for the first time in 1949 the
nuclear capture of L-electrons in argon and made the first measurement of the
tritium beta spectrum from which the first restriction on mass of the electron

neutrino of less than 500 eV was obtained.

The B Spectrum of *H

THE ABSORPTION OF CHARGED PARTICLES

FROM THE 2.2-MICROSECOND MESON DECAY*
~ollaboration th E.P. ck:
e In collaboration with G.C Hanna
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August 1950 — B.Pontecorvo came to live in USSR

1953 - Bruno Pontecorvo expressed a hypothesis on &
simultaneous production of kaons and hyperons and
together with L.B.Okun came to a conclusion that "§{" ¢
the quantum number “strangeness” can change by -
not more than 1 in weak processes.

1956 - B.Pontecorvo published a paper on a
possibility of exotic annihilation reactions forbidden
on one nucleon but allowed when the antiproton
annihilates in the nucleus. This type of reaction is
known today as “the Pontecorvo reaction”; it gives
new opportunities for meson spectroscopy.




In 1957 B.Pontecorvo for the first time expressed the idea on
possible existence of muonium transitions (ute-) iInto
antimuonium (p-e+). In this process the lepton numbers of
particles change immediately by 2 and, consequently, this
process is totally forbidden in the Standard Model. Discussing
the  muonium-antimuonium  transitions, B.Pontecorvo
presupposed that oscillations can occur not only in the case of
bosons (neutral kaons and muonia), but also in the case of
electrically neutral fermions. It was the birth of the neutrino
oscillation hypothesis.

ME30HHH U AHTHME30HHI*

It was founded on the deep analogy of the weak
interaction of leptons and hadrons that motivated Bruno
Pontecorvo long before the occurrence of the quark-
lepton symmetry in the modern Standard Model.

B.Pontecorvo regarded neutrino oscillations as a
phenomenon analogous to neutral kaon oscillations
possible only in the case when neutrinos possess small,
different from zero, masses.




HIEKTPOHHBIE H MIOOHHBIE HE

HEKOTOpHIE A0 CHX NOp HE 06
Cpean 3Tux fipo
OBANIH ABYX Nap HEMTPATLHLL

After 1957 the scientific interests of B.Pontecorvo turned
again to physics of weak interactions, and especially, to _
neutrino physics. In the paper “Electron and Muon Neutrinos” e

*4n)

(1959) he showed that neutrinos from the accelerator can be | ——
detected with big detectors and proposed an experiment that

Bere u [aiiepac [1] 8 1934 r. snepsuie nanm ouenky cevenns oGpazosanms

could give an answer to the question if electron and muon e

Ha OCHOBaNKH e 1roro BpeMent sthexThl, BHIBAHNBE CHO

H - ICTHHH AETOPOM 1 ANbBa

j 23] GaUI0 MOKAIAHO, HTO NOCTANOBKA TAKHX ONLITOB ARMETCA BIOANC peant:

neutrinos differed from each other. PR o o o, ot et o e

i& SHEL OWTH, B KOTOPHIX

HETPHINO, HX ABYXKOMIIOHEHTHYIO npupoay [4]
HiTpUHo — paskibie SacTiub [5]
Lenw nacroswedt paGoTh
pu3MHECKUX 3a0ay NPH NOMOIH HCCIE, y
AHBIME HEATPHHO. CoOTBETCTBYIOUINE ONBITH MOT
, Ho o0cyxaeH! KaK
CICBpEMEHHBIM, Yem oficyxnenne B CBOE BpeMa
AHTHHETPMIIO 3 PEAKTOPA.
O6cy®AacTCA NPHHLBNHAT BOIMO! TCs M
HEATPHHO, HCMYCK: c B T — l-pacnaie pacna-

Ae (V,), TOKICCTBERHLMI HaCTHLAMH

3T®, 1959, .37, aun.6, €. 1751—1

SCATTERING
UCLEONS*

In collaberation with I.M.Vasilevsky, V.I.Veksler, V.V.Vishnvakov, A.A.Tyapkin

After the first experiments on free antineutrino from reactors were successfully
done [1 rious types of experiments with high energy neutrinos from accelerators -

were su ted in order to solve such questions as the identity of muon (v,) and

electron (v,) neutrinos [3] and the existence of intermediate bosons [4]. Such

B.Pontecorvo, an attempt was

The present investigation was d ned to search for such a meutrino-nucleon
anomalous interaction, which could not be classifi 5 k interaction. Qur
experiment was undertaken in connection with the theoretical paper of Kobzarev and taken at the J I N R
Okun’ [5], who discussed a model of anomalous muon interaction. In this paper the
possibility was considered that the muon-electron mass difference is connected with
the existence of an hypothetical interaction of the muon (but not of the electron) with
some neutral vector field X. If, in addition to muons, muon neutrinos and nucleons (or S nCh ro haSOtron to detect the
A particles) undergo also this interaction, then anomalous u — N and ' — N scattering
(besides muon-muon scattering) might be expected. Such scattering processes under

e el [ coction of neutral weak currents

Some information on the muon-nucleon anomalous interaction, for the existence
ich there is still no evidence, is already available: Okun® and Kobzarev took into
consideration the experimental error in the well-known measurements of g — 2 for the
muon [6] and hence concluded that F < 107" /M 2, where M is the nucleon mass. Thus V + N H v + N
values of F by four orders of magnitude larger than the weak interaction constant l,,[ l,[ ]
are not excluded. The above upper limit of F corresponds to cross
sections for anomalous p - and v —N scattering processes of the order of

1073 ¢m? at incoming particle lab cm:gm of the order of one GeV, It is seen that that We re Ia.ter d iSCOV@ red i n

the existing experimental evidence leaves of room for the possibility of an
anomalous muon interaction. It seem cia active 1o investigate the

possibility that the v, — N anomalous scatering cross section reaches a value close to 1 9 73 at C E R N Wi th m u C h m 0 re

its allowed maximum. In the present work a search was made for anomalous v,-p

R Intense neutrino beams.




Undoubtedly, neutrino oscillations is
the most outstanding idea of
B.Pontecorvo. He devoted many
years to its development.

It took years and efforts for the tiny
neutrino masses to become reality.

The discovery of neutrino
oscillations is the triumph of Bruno
Pontecorvo idea.

Now his name is eternized in the title
of the neutrino mixing matrix — the
Pontecorvo-Maki-Nakagawa-Sakata
matrix.




Neutrino Properties

v' Processes (decays, scattering) with neutrinos pushed
forward the Fermi theory, SM.

v" Neutrinos (together with photons) are the most abundant
particles in the Universe.

v' Relic neutrinos should be after Big Bang (together with
relic background radiation).

v" Massive neutrinos are crucial for construction of theories
beyond the SM.

v' They are hot Dark matter and responsible for Large
scale Structure.

v Solar neutrinos inform us about the Sun interior and how
the Sun works.

v' Supernovae exposures are impossible without neutrinos,
there are nuclear synthesis r-processes governed by
neutrinos.

v" Only neutrinos could supply us with the most distant
cosmic signals.

v" Neutrinos are very accurate probes of the structure of
hadrons (strangeness, charm, spin, 5Q, ...), they allow
test of QCD.

v' There is already practical use of neutrinos: nuclear plant
control (diagnostics),outer space, geo-neutrinos,
communications (“neutrino” was coded and decoded!).....

AN

Why are neutrino mixing angles so large (contrary to quarks)?
What is a source of too small neutrino masses, is it
connected with a new huge mass scale?

What is a correct ordering (hierarchy) of neutrino masses?

Do neutrinos have CP-phases and could they "save”

Baryogenesis (by means of Leptogenesis)?
Could we check directly that the matter effect really works?

Is the neufrino mass term Majorana or Dirac (neutrino =
antineutrino, or not)?

How does the Sun really shine?

Is oscillation already a unique description of neutrino flavor
changes?

How do the neutrino properties affect the other (very)rare
weak processes?

Where are the relic neutrinos?
Do neutrinos have magnetic moments (diagonal or transition)?

When we measure coherent low-energy neutrino scattering
off nuclei?

Could neutrinos explain beyond-GZK Cosmic Rays?

Is there any real possibility of seeing new (heavy) neutrinos
with the LHC?

Neutrino seems to be one of the most abundant fundamental and
interdisciplinary objects. The studies of the neutrino properties may
significantly influence our understanding of basic principles and

evolution of the Universe.

13



Neutrino Physics
at JINR



Neutrino Oscillations

Are well established in different experiments
with disappearance of neutrino flux

" 4 .
- ..
& A : v@ i _..
(A 2 = 7.6 % 10° Qviict RT3
Solar Reactor
Wll-[l
Atmospheric Accelerator
(Am,)2 =24 % 103 e
p, He ... : )_.".7
ek, K+
p* V-E-
Vo e+

Pontecorvo-Maki-Nakagawa-Sakata matrix:
Ve Vei Va2 V3 ”

V,u.l V,u.2 Vv 13 Vo

vy V'rl V—T2 VT3 Vg

Weak eigenstates Mass eigenstates

Vy

Amplification of oscillations by MSW effect
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JINR Neutrino Physics Program

- Study of Neutrino mixing parameters
« OPERA at Gran Sasso Underground Laboratory

CERN NEUTRINOS TO GRAN SASSO

Zoom /
CERN
g~ .".I 3 /
v 3,732 Km .
r 4 - — -
"‘.:'J l’l’ JJJ i \i”w daugh — —
..’".'._v [ ] — —_ -
- GRAN SA$S0 ~

[ |

History of 613 measurements Apart from the mass hierarchy, with Daya
Bay-Il it would be possible to look for SN- and
geo- neutrinos, sterile neutrinos and may be
even CP-violation ... i

Only 2 years of measurements! S. Jetter, Nufact2013
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The Physics of Rare Decays

There is lepton flavor violation search at JINR Right time to recall:

with MEG. Good results are obtained. The experimental history of charged lepton flavor violation

Very clear probe for New Physics beyond the SM! search started from Bruno Pontecorvo as well !

‘n“_"”" N 0 S, cLFV History

Present Limit:
2410712 (90% C.L.). ~

.’?"
BR{x —» e'y]‘w = e 100 BRU o E_ﬂ|
m,

First cLFV search

=107

lsust m’

Am?, ‘ ;
: [100 Ge\."J tan 9 = 10
. Mgygy

MEG experimental method

Facy signal selection with - at resr

Plans

Uey = 180° *+ Sropped beam of >107 g fsecin a

) 175 i target » Present Data taking to

®--—-——
e w oy = ydetccidon reach 10'13
N ! Liquid Xenon calorimeter based
Ee = Ey = 528 MeV on the seintillation light

St g 22 fgsns + Obtain a "significant”
hen L -oa” Nl resuilt before the LHC
era

Pontecorvo in 1947

Upper limits of Branching Ratio

e detection

magnetic spectrometer composed
by solenoidal magnet and drift

Cliannbers for momentun » Eventual reach of
scintillation counters for timing 10-14 du[ing LHC era = mis 2 L 1940 1950 1970 1990

rear

() Phy. Rev. Lett. 110, 201801 (2013)

Summary of Results

[**) 90% C.L. upper limit averaged over psauda-
axparimants based on null-signal hypothesis with
expected rates of RMD and BG

Upper Limit (90% -
Best fit cL) Sensitivity

0.09x1072 1.3x1012 1.3x1012

0.35x1012 B.7x10712 1.1x1072

0.06x107% 5.7x10718 7710713

> ¢! y) <5.7x103 (all combined data) *




- allowed in SM - BBOV - forbidden in SM
T,,, ~10*% T,, =2 10%y
(A,Z)—>(A,Z+2) + 2 (A,Z2)=>(A,Z+2) + 2¢ + OV

P

1 AL=2

Vs
)l(and if m =0
I

Detection of BBOV will mean:

« Majorana neutrino
* Absolute mass scale
 Hierarchy of neutrino masses §

v'Super Nemo
and
v' GERDA/Majorana

Inverted ' Degenerated

nemN,  mempmsingmy Collaborations



Neutrino Astronomy

Borexino detector at Gran Sasso:

300 tof LS, 3500 Mmwe overburden Northem Hemisphere projects and lceCube move

through coorclination towarcs a future Global
Neutrino Observatory. Baikal-GVD s involved.

. 2200 8" Thom EMI PMTs
Stainless Steel {1800 with light collectors
Sphere 13.7m & e . A00 without light cones)

Wuon veto:
— 200 outward-
’ poirting PMTs

_100ton
( fiducial volume

_ Nylon film
Rn barrier

ANTARES+NEMO+NESTOR: | *4

Joint effort for km-scale
detector KM3NeT oo
1¢ feeCube Deteclor

v s,

Helding Strings
ss Steel Water Tank ™ Steel Shielding Plates
Bmx 8m x 10cm and 4m x 4m x dc

Physics Programme of Borexino-ll includes:

SOLAR Neutrino study.

Improvement of 7Be neutrino flux measurement (3%) and seasonal variations.
pp-neutrino flux measurement with 10% precision

pep neutrino measurement with better prec >3

B-8 neutrino measurement with x4 statistics

Measurement (or establishing strong limits) on the CNO neutrino flux.
Borexino-ll measurements will allow discrimination of solar models.
Geoneutrino flux measurement with higher statistics

Measurements with artificial neutrino source

(search for sterile neutrino, neutrino magnetic moment).

Project SOX: Short distance Oscillations with BoreXino.




Experiments at Kalinin NPP

Overburden

(reactor, earrir=icin, efc.):

~70 m of W.E.

Technological
room | —

just under reactor |
13.9 m only! i |
2.7x10% viem?/s &8
|

Ear] ? 3 Pbl%‘IHCK
g TyTaes
ya y na : Yo Kocd

[~ : Fundamental and Applied Research:

]
Bblu?HVll?l Y Apocnaene

Bonovek

v" Search for Neutrino Magnetic Moment

Ko Fowgpos OCEW;B o v Measurement of Neutrino Fluxes and Spectra

Mocaa Bnapémum

Mocksa
Q

o Snectpborand v’ Search for Sterile Neutrino States

o\ o
OpuHuoso® [ JloBepubl

i g o \
Rapo-GomuHck Moaonsck ©BockpeceHck !

G OOSI@ Oﬁ.HVI“r;CK o Hexos© © KonomHa

o C'rymHo
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Neutrlno Magnetic Moment

In the (extended) Standard Model
Magnetic moment of neutrino is connected to the neutrino mass
and is very small.

,~10-19 45 x (m, /1eV) 1 =0

if neutrino if neutrino
Dirac Majorana

1 But some models predict:
w, £10-" g x (m, /1eV) = 1, ~10-10 - 10-11 45
And this is already in the present sensitivity region

Detection of the Neutrino Magnetic Moment could be an
argument in support of Majorana neutrino nature

GEMMA: Results and Prospects

HpGe detector
Present: Future:
1.5kg, 14m 6.0kg, 10m
<2.9x1011 <1.0x1011

v = vV =



DANSS conmmz s

(u-shield)

CH,+B
(n-shield)

e (y-shield)

Segmental solid ) Cu (carriage

plastic S=SSSsS==== frames =

scintillator e v-shield)

(2500 cells) e ——

Sensitive
volume=1 m3

4 I TEP/JINR



[=]

Direct detection of the reactor
(anti) neutrino would allow:

Measure the actual reactor power (N,)

Deduce the actual fuel composition (E,)

On-line reactor monitoring (tomography)

Non-proliferation (tfo prevent unauthorized

extraction of 43°Puy)

But also
Search for Sterile neutrino
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What do we know about the number of

E
E

A ILL

* Savamnsh River
O Bugey

X Rovno

+ Goesgen

a  Krasnoyarsk

O Palo Verde

Cosmology:

Num of Nus:
Netf = 3.62 + 0.48 (SPT+WMAP7Y)

Nett = 3.71 £ 0.35 (SPT+WMAP7+Ho+BAO)
Nesi = 2.97 £ 0.56 (ACT+WMAP7Y)
Nett = 3.60 £ 0.42 (ACT+WMAP7+Hg+BAO)

Bli+1)c,/(2n) [10*mK?)

1000

1500

neutrino types?

Solar

Reactor

Atmospheric

P, He ...
e, MY
(L
n"'n e
] Vi d

Accelerator

Another Am2 ??

[SAGE, PRC 73 (2006) 045805, nuch-ex /0512041

Objective:
Search for neutrino sterile
states in oscillations at very
short distances

2000
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Sterile Neutrinos:
Testing Reactor Anomaly

. - ' N .
ShE 3 . "\‘ ity
iy m|d H Ry

Possible to move DANSS by
~2.5m (from 9.7 to 12.2)
on-line

Or by longer distance (up
to 18.8 m), but with partial
dismounting




-~
/,
Ep =3.5-4.5 MeV
Ep=4555 I\M

/\Rea/ reactor BBAP-1000 (h=3.50m d=3.12m)

N
f o
y
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CM-3
research reactor




 freactor } Ga [N

10 Am? Reactor
i % anomaly

1T LSND ¥ MiniBooN

0.01
0/o01




There Is already a well working prototype:
DANSSIno

20 cm = 20 cm = 100 cm P Z =
40 kg (movable) = =

e

DANSS = 25 DANSSino i =

Purpose:
i B& conditions
M{ON)-N{OFF | o
[c(.;.un}ts } 0.5 |}||,'|gu I day] Run# 043+044 test SHLD efficiency
acq Hard Trigger
btw IBD count rate ~400/day

(1.0<Ed<8.0) - 3 Conclusions :
and {15 =T=< 300} : » Tt works=ll @ (even withoudt sl ADNWs fr:?a‘)f-fppf:!
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i » Imposzible to operate on-ground

+ BB3P-1000 shiclds well against cosmic m &

- pproduced (secondary) fast neutrons = &

= » Improve eff. of p-vete ( 47 + "sandwich")
This is a|ready measured reactor ; + Aveid heavy materials inside.  hange the
. . stueld composition (and mecharveal canstruction?)
(anti)neutrino spectrum!
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Expected parameters:

Sensitive volume: 1 m?3

Total mass: 13t+ hift+ ...

Composition: 5 sections (Im x 1m x 0.2m)
of (56X + 5Y) modules = 2500 cells
{1 module =5 x 10 =50 cells }

IBD detection efficiency: ~72%

Count rate: ~104 IBD-events/day @11 m

Background: 40-50 events/day

Energy resolution: ¢ <30% @ E =4 MeV

Due date: section NeO - 4 — 2010 - 2012

Installation at KNPP

DANSS+Iifting gear + shielding -2012
Start tests and data taking - 2013
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CONCLUSION
TO THE PREVIOUS PART

v The Neutrino Physics and Astroparticle Physics, in general, are
among the main flagship topics of the JINR research program.

v It is a pleasure to acknowledge the contribution to this field of a
great scientist and a man of the XXth century — Bruno
Pontecorvo.

v We are very proud that the scientific program of our Institute
has been influenced by his outstanding talent, genius intuition and
human personality.



JINR has at present 18 Member States:

Armenia
Azerbaijan

Belarus

Bulgaria

Cuba

Czech Republic
Georgia
Kazakhstan

D. P. Republic of Korea
Moldova

Mongolia

Poland

Romania

Russian Federation
Slovakia

Ukraine
Uzbekistan
Vietnam

Participation of Egypt, Germany, Hungary, Italy, the Republic of South Africa and
Serbia in JINR activities is based on bilateral agreements signed on the
governmental level. 32



International collaboraton

In total, the JINR collaborates with more than 700 scientific
centers and universities In 63 countries all over the world.

REFUBLICS

mm or

-—m FORMER USSR

AUSTRALLA
AMD
OCEAMILA
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Russia—JINR—-European
Commission

A working meeting with representatives of the European Commission — the Executive Committee for development of
research infrastructure and coordination of joint mega-science projects, which are being implemented in Russian scientific
centers and JINR, was held on 16 May 2013 in the Ministry of education and science of the Russian Federation. Meeting
participants were received in the JINR Directorate in Dubna on 17 May 2013.

Head of the Department of development of priority scientific and technical fields Sergei Salikhov and his colleagues
Head of European Commission Research Infrastructures Department Anna Arano Antelo, European Union experts Ex-
Director-General of CERN Robert Aymar, CEA representative Suzanne Gotha Goldman, member of the European Strategy
Forum on Research Infrastructures Jean Moulin (ESFRI), Professor Steve Myers (CERN), GSI Director Horst Stocker
(Germany), Science and Innovation Advisor Richard Burger took part in the negotiations.

The members of JINR Directorate have presented JINR’s programme of scientific and research activities, they spoke
about international cooperation and participation of the JINR member states and JINR associate members in projects of the
JINR Seven-Year Development Plan, focusing on the mega-project NICA.

The guests visited the Veksler and Baldin Laboratory of High Energy Physics and main scientific and technical sites,
where working process on the NICA project is being held, met leading scientists.

The large scale of design and research activities as well as extensive cooperation with leading scientific centers and
experts, in particular, with specialist from Germany, who design the accelerator complex FAIR, which is supplement to the
collider NICA, made deep impression on visitors.

Professor Horst Stocker, who is well informed about working process in VBLHEP, noted the significant progress at all
sites, which were visited by members of the European Commission delegation.

During the final exchange of opinions participants expressed interest of the European Commission in participation in
the Dubna’s mega-science project, enhancing international cooperation in this direction. .



The 1s' meeting of the Standing Committee on Cooperation
between the National Institute of Nuclear Physics (INFN, Italy) and the
JINR was held on 22 February 2013 in the Dzhelepov Laboratory of
Nuclear Problems.

[=] The meeting was attended by Representatives of INFN and the Italian Embassy in Russia and by
members of the JINR Directorate and representatives of laboratories: DLNP, FLNR, BLTP and
VBLHEP.

O Members of the INFN delegation made presentations on research in various areas of particle physics,

nuclear physics and INFN applied research. JINR Director and representatives of JINR laboratories
also gave overviews of the JINR activities, which are interesting for cooperation.

O The Committee identified the prospects of cooperation between the two research centers. In the
frame of the INFN-JINR collaboration, an Agreement on cooperation between INFN (Section in Pisa)

and JINR was signed during the meeting.




Celebration of 100" anniversary of Bruno Pontecorvo

O Members of the JINR Scientific Council, members of the Committee on JINR-INFN cooperation,
DLNP staff members participated in the opening ceremony of the memorial board of the European
Physical Society (EPS) at the office of B.M. Pontecorvo on 22 February 2013 at the Dzhelepov
Laboratory of Nuclear Problems.

O EPS President Luisa Chifarelli (National Institute for Nuclear Research, Italy) opened the
ceremony.

= If Bruno Pontecorvo were alive today, he undoubtedly would have received the Nobel Prize.

Dj He had a lot of ideas - the existence of different types of neutrinos and their oscillations, and these
ideas came to him when only one type of neutrino was known.




The research policy of JINR is determined by the
Scientific Council, which consists of eminent scientists

from the Member States and worldwide
(at present from China, France, Germany, Greece,
Hungary, India, Italy, and CERN).
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7-Year Plan (2010 — 2016)

The concept of the Seven-Year Plan is based on the
concentration of resources to upgrade the own
infrastructure and to participate in major
international projects with visible contributions.
The key elements of the JINR research
infrastructure are the following basic facilities:

JOINT INSTITUTE FOR
NUCLEAR RESEARCH

—the ion collider NICA (Nuclotron-based lon
Collider fAcility) for research in the field of
high-energy heavy-ion physics ;

— the cyclotron complex DRIBs-I11 (Dubna
Radioactive lon Beams) for the search for new
superheavy elements of Mendeleev’s Periodic
SEVEN-YEAR PLAN Table and for studies of the properties of

e - e radioactive and exotic neutron-rich nuclei;

(Approved by the Committee of Plenipotentiaries of the Gove

of the JINR Merber States at its session held on 19-21 November 2009 — the modernized reactor IBR-2M for research in

Dubna 2009 condensed matter physics and particularly in the
fields of nanoscience and nanotechnology.
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7Y plan: implementation & update
JINR @ CERN, BNL, Fermilab, GSI/FAIR, KEK

I. CERN (LHC): LHC development — consolidation of SC magnets;
CMS, ALICE and ATLAS — data taking & analysis;
upgrade of all 3 detectors — moderate additional resources;
Il. CERN (SPS):
COMPASS — finished 15t phase. Detector modification to
measure GPD (DVCS) and polarized/unpolarized D-Y;
NA61 — neutrino and heavy-ion programs;
NA62 — measurement of extremely rare decays (K* ->xw*vv) ;
DIRAC — lifetime measurement of t and K atoms completed at PS;
collaboration formed to continue at SPS;
lll. BNL (RHIC):
STAR - energy scan HI program and physics with polarized beams
(important experience for future research at NICA)
IV. Fermilab: CDF, DO — finishing the data analysis
MuZ2e (u— e), ORKA (K* ->x*vv) —in discussion

V. GSI, FAIR (SIS-18/100/300): HADES — on the beam
CBM, PANDA —in preparation

VI. J-PARC & KEK: COMET (u—> e), in progress
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Main targets of the “NICA Project”:
- study of hot and dense baryonic matter
& nucleon spin structure

- development of accelerator facility
for HEP in JINR providing
Intensive beams of relativistic ions from p to Au
polarized protons and deutrones
with max energy up to

VS = 11 GeV (Au™*) and =26 GeV (p)
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NICA CoIIaboration

UHV test bench (up to 10! Torr) A e Curved UHV vacuum chambers
(with Czech assistance) ] = for Booster (Germany, Belarus,

lluIH Budker INP :
& . = RF systems for NICA, s

=  ==u2@ beam diagnostics, =
' beam transportation

channels, electron CERN, NRC KI (KI, ITEP
cooling for Booster IHEP), FNAL, BNL, INR
RAS, FZJ, AEl,...

| | One of the main partners-Germany: (GSI/FAIR) + BMBF.
' ! New Test facility for assembly and cold test of SC magnets
for NICA and FAIR

NICA project at JINR is additionally strongly supported by Russian Federation.

It was accepted for financing among the mega-science infrastructural projects.
41



Developing the Fixed Target
program at NICA / Nuclotron

45% and 46™ Nuclotron Run demonstrated stable and
reliable operation of the accelerator complex;

two test runs with a 3.42 A-GeV carbon beam and a 4

A-GeV deuteron beam have been performed for the
BM@N project;

total run durations were 1650 hours;
more than 1000 hours were delivered for the physics
(FAZA-3, Quinta, DSS, Delta-LNS).

BM@N, CBM-0 @ NICA & FAIR, SPIN Physics @ NICA
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NUCLOTRON, March 2013
Stochastic Cooling (Van der Meer S., 1984)

of the ion beam (deutrons)
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First time In
Russia In
collaboration with
IKP FZJ (Juelich)

Spectrum of
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NICA schedule

Existing & Future HI Machines

20?? SIS-300 (FAIR)
2018 (FAIR)
2017 NICA (JINR)
2015
< INR)
9
£ RHIC
. (BNL)
oy SPS (NA-49/61, CERN)
£
2 20 40 60 80 S\, GeV
1 107 for Au+Au
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Heavy Ion Physics at Low
Ener‘gies U-400M: accelerated ion

U-400: energy factor K 305+650 mass 4+238
mass-to-charge ratio range 5+12 energy 20+120 MeV/n;
mass-to-charge ratio 2+5

DRIBs (I,11,111) -
Dubna Radioactive
lon Beams

U400 and U400M isochronous cyclotrons are combined into accelerator
complex — the project DRIBs — which deals with production of beams of
exotic light neutron-deficient and neutron-rich nuclei in reactions with

light ions.
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Dubnium and Flerovium

As recognition of the outstanding contribution of JINR scientists to the research
In the modern physics and chemistry, the International Union of Pure and Applied
Chemistry named element 105 of the D.Mendeleev Periodic system of chemical
elements "Dubnium”.

Very recently IUPAC has officially approved the name Flerovium, with symbol Fl,
for the element of atomic number 114 and the name Livermorium, with symbol
Lv, for the element of atomic number 116. Priority for the discovery of these
elements was assigned to the collaboration between the JINR (Dubna, Russia)
and the Lawrence Livermore National Laboratory (Livermore, California, USA).

104 Pesepdoprmii 105 Ayoni 106 Croopr

Rt Db

[261] [262]
Rutherfordium Dubnium

114 drrepoRHid 1 16 JTBepMopii

K _. Lv
[287] [291]
Flerovium Livermorium
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PROSPECTS

Road map
Superheavy elements (SHE)

Nuclear structure and
properties of SHE

Chemical properties of SHE
Electron structure of SH atoms
Search for new nuclear shells
Search for SHE in nature

Project «DRIBs-111»
experimental base

» Upgrade of the running
accelerators U400 and U400M

» Construction of the new
experimental hall (= 2600 m?)

» Development and construction
of the next-generation set-ups

» Development of high current
heavy ion accelerator



Upgraded IBR-2

Pulsed reactor with fast neutrons

mean power 2 MW

pulse frequency 5 Hz

pulse width for fast neutrons 200 us

thermal neutrons flux density on the moderator surface: 10'3n/cm?/s

maximum in pulse 1016 n/cm2/s

eComplex Liquids and Polymers

%Gé 0
2012 e

eStructure and Dynamics 2
of Functional Materials

*Molecular Biology and
Pharmacology

‘ﬁ! w0

oStructure of rocks and minerals

*Engineering Diagnostics




FULFILLMENT OF THE USER PROGRAMME
AT THE SPECTROMETER COMPLEX OF THE
MODERNIZED IBR-2 FACILITY

195 proposals received for
realization in 2013 during two calls
(20% increase compared to 2012)
70 % accepted for realization
according to recommendations of
Expert Committees

Most of the proposals accepted for

the first half of 2013 were realized .

=
A

Real-time studies
charging/recharging processes in Li
accumulators for improving the
technological processes in production
of accumulators

Univ., Hsinchu, Taiwan)

1= half of 2013 -

Proposals from 14 countries and
JINR

lteneany (ks uzieh
R

Neutron diffraction studies of structural phase
(proposal from National Tsing-Hua transition in PbMg,,W,,0, perovskite under pressure

(proposal from Institute of Physics, Azerbaijan)




Basic Supporting activities

= Theory of PP, NP, CMP
= Networking and computing

= Training of young staff
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Theoretical Physics

Main fields of research
UTheory of Elementary Particles and Fields

UNuclear Theory, Nuclear Structure and
Dynamics

UTheory of Condensed Matter and New
Materials Publications, 2012

OModern Mathematical Physics Total ~ 430
Journals ~ 250

LResearch and Education Project

“Dubna International School of Conferences and Schools
Theoretical Physics (DIAS-TH)”

Total - 15 (> 1000 participants)

DIAS-TH and Helmholtz Schools -3
(> 20 countries were represented)
Educational Activity

> 50 lecture courses at JINR UC,
DIAS-TH, Moscow U., Dubna U., MPTI, etc.




N

Jobs run by JINR Laboratories and
experiments executed at CICC
January - September 2013.

,Mi-ﬂmwhﬂ R |

I

BLTP 8,00% -BES 0.86%

JINR-LCG2 Normalised CPU time by LHC ANDA 27 3998
VOs. January - September 2013.

MPD 39,12%
VBLHEP 3,57%

FLNP 0,40%
DLNP 3,84%

COMPASS 13,23%
LRB 1,00% LIT 1,61%

56 800 jobs run (Jan. - Sep. 2013)
Total normalised CPU time — 2 081 683 kSI2K-hours

More than 3 million jobs run
Total normalised CPU time — 20 346 183 kSI12K-hours



JINR Students statistics
____-

Other 116 83 121 108
Universities
R e

Distribution of students over JINR Laboratories

90 | 47 | 74 | 60 | 86 |46 ] 48



Dubna branch of
Moscow State University
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Bruno Pontecorvo was leading for 20 years the Chair of Elementary Particle
Physics at Physics Department of Moscow State University -



l

Opening of the monument to Bruno Pontecorvo and Venedict Dzhelepov at
Dubna on 20 September 2013
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Conclusions

= To stay at the forefront of Science, JINR has
proposed and Is realizing the ambitious
projects within the 7-year planning horizon
and beyond it.

= This main mission of JINR as International
Research Center Is strongly supported by
the JINR’s Member States and governing
bodies.
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