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NICA is aimed at generation of intense heavy ion and polarized nuclear
beams for searching the baryonic matter of a high density at high
(comparatively) temperature and investigation of polarization phenomena.

T
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NICA Collider parameters:
Vs\n = 4-11 GeV heavy ion beams @ luminosity L~1027 cm2 ¢! (Au), and
polarized p? (d1) of Vsy, up to 26 (13) GeV at L ~ 1032cm-2 ¢




Physics

QCD matter at NICA :
» Highest net baryon density

Early Universe
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The Phases of QCD

= Energy range covers onset of deconfinement
= Complementary to the RHIC LES, FAIR CBM
and CERN (NA61) experimental programs

Freeze-out conditions

Net baryon density p, (fm”®)



Present and future HI experiments/machines
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NICA facility

In operation Under construction
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NICA @ Heavy lon mgde

' Llnac HiLac (3.2MeV/u) |<-
Booster (25

ESIS
CTTTTTTooTot [IRRIONT -
Linac LU-20 (5MeV/u) I<.I lon sources |
{ 1(2-3) single-turn injegtion, /~ =  '= = === =-===--- L
| storage of (2 + 4) X109

Nuclotron (45 Tm) ¥
injection of one
bunch
of <2X10° ions,
acceleration up to
%, 1-4.5 GeV/u max.
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~ 2 x 22 injection cycles

22 bunches per ring o
Fryrpmu mem i nSo ssesws
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JINR Krlon oT (ESIS) Tor NICA

B=6(5.4)T
Ee = 25 (15) keV
J_el (design) = 1000 A/cm?

Au30+32+ gchieved 6*108 ppp, (1*109)

Peak currect = 10 mA/pulse
t,n =20 ms @ 50 (100) Hz.
lon of Au®l*-- Au®** generated

Polarized particle (p, d, He®) source

up to 10'° p/pulse, 80% polarization




NICA collider magnets

Double-aperture SC Magnets for the NICA collider:

o Start of serial
80 + 8 Dipole Magnets By &l | production and
l BE o % cryogenic tests of
re e Y  the magnetsis
88 Corrector Magnets ~ TNy’ ®  scheduled for 2017.

86 + 12 Quadrupole Lenses
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Collider lattice:

FODO,
12 cells x 900
each arc

Electron
cooling &
stochastic

cooling

[T gls | JHIF‘ M’Dﬂﬁiﬁl
%,

%
The NICA Collider: two of 503 m 2
superconducting rings in the *7?;
common cryostat system, §
separated vertically by 32 cm §
&
N
Ay gy mamr T awssme o
Number of bunches 22
rms bunch length, m 0.6
B-function in IP, m 0.35
Kin. energy of Au”®*, GeV/u 1.0 3.0 4.5
Number of ions per bunch 2.0-108 | 2.4-10° | 2.3-10°
Ap/p,,s, 1073 0.55 1.15 1.5
&mss (N/V) T mm-mrad 1.1/0.95 1.1/0.85| 1.1/0.75
Luminosity, cm2 s 0.6-10%° 1-10%7 1-10%7
IBS growth time, s 160 460 1800




NICA @ Start-up configuration

The beginning of the NICA accelerator complex commissioning
is scheduled for 2020

The complex will be commissioned with
- Injectors chain
- Transfer channels
- Collider in start up version, i.e:
with RF-1 and RF-2, but without RF-3
with Stoch. Coolg system - one channel per ring (long. cooling)
without Electron Cooler
without feed-back system

It will allow us to provide collider operation in the energy range of
Vsyy ~ 5 - 9 GeV ( 197Au’* ions)
at the luminosity of

L. S 5x1025 — 3x1026 [cm™2-s"]

sta

Advantage in luminosity when full-scale NICA configuration:
a factor of 58 (@3 GeV) scaled to 13 (@4.5 GeV) times



" NICA: 3.detectors 1)

X -

v

Baryonic Matter at Nuclotron (BM@N)

the fixed target experiment
at the Nuclotron

Stage | - 2017

MultiPurpose Detector (MPD)

at the Collider

Stage Il — 2019/2020

SPD (Spin Physics Detector) at the Collider

Stage lll — after 2022



The whole Complex comprises several Objects to be commissioned:

Bld.#1reconstruction,

| g., 2019 SPD Hall, Il g., 2019
G East semi-ring - M
e e i ' Mty A0 P ey
Beam transport ch.,

| 9., 2019

West semi-ring,
Il g., 2018

T a1

: i !\ \H\

i MMPD Hall, Il g., 2018
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European and Asian Agencies

Presidential Council, Ministry, NRC KI, Russian institutes,

Support of President

5 July 2011



Status of the NICA mega-science @ JINR

IIPABUTEJILCTBO POCCHHUCKON ®E/IEPALIUU
PACITOPAXEHHUE

ot 27 anpeas 2016 r. Ne 783-p

MOCKBA

O noanucannu Cornamenus mexny lpasureascreom
Poccniickoii @eaepaunu 0 MeAKIYHAPOAHOH MEKNPABHTEILCTBEHHOI
HAYYHO-HCC/IEA0BATEIbCKOMH opranuiauneii O0beIHHEHHBIM HHCTHTYTOM
ANCPHBIX HCCAC0BAHKI O CO3IANHH H IKCILIYATALMH KOMILIEKCA
CBEPXNPOBOAALIMX KOJICI HA BCTPEUHBIX NyUKaX TskeabiX nonos NICA

I.B coorsercreun ¢ nyuktom | crateu 11 @eacpansHoro 3akona
"O mexaynaponusix  norosopax  Poccuiickoit  Menepaunu”  0n00pHTH
npeactasieHnblit Munobpuayku Poccun cornacopanueiit ¢ MHlom Poccun,
Miundunom Poceun, MuudkoHoMmpassutua  Poccun M MeRayHapoaHol
MEKNPABHTENBCTBEHHON
OObeaHHEHHBIM HHCTHTYTOM SIEPHBIX HecnenoBaHuil npoekt Cornawenus
mexay [lpasurenscrsom  Poccuiickoit  eaepaumn  # mexayHapoaHo

HAay'4HO-HCCIe1I0BaTeNILCKOH opranusauuei

MEKNPABHTENLCTBEHHOM HAay4YHO-HCC/1e10BATENLCKOH
OObeAHHEHHBIM HHCTHTYTOM ANCPHBIX HCCe10BAHU 0 CO3JIAHHH
H OKCIUIYaTalH KOMILICKCA CBCPXIPOBOJALUIMX KOJIEll Ha BCTPEYHBLIX MyHKax
Takenbix voHo NICA (npunaraercs).

2. Ilopyunts MunobpHayku Poceun NpOBECTH fneperoBopsi
C  MEKAYHAPOAHOH  MEXNPaBHUTENBCTBEHHOW — HAaY4HO-HCC/IE10BaTeTbCKOM

opraiu3auue

opranisauieil  OOBCAHHCHHBIM  MHCTHTYTOM  S/ICPHBIX  HCCIE/10BAHHH
M MO NOCTHAEHWH JIOTOBOPEHHOCTH Moanucats oT HMeHu [lpaBurenncrsa
Poccuiickoit denepaunn ykazaHHoe B MyHKTE | HACTOAIECrO PaciopakeHHs
Cornawenue, paipeuiMB BHOCHTL B TNpHIaracMbiii  MPOEKT H3IMEHEHHS,

On 27t April 2016 the RG Prime-minister
issued the Governmental Decree about
establishment of the NICA mega-science
on Russian territory at JINR.
Russia and JINR co-invest to the “NICA
Complex.

Agreement between RF Government and
JINR (signed on 2"d June 2016) in the
frame of Decree formulates basic
principles of the setting and development
of the International collaboration
“Complex NICA.

We assume that in coming years similar
Agreements will be prepared, agreed and
signed with other countries and
International Scientific centers,
expressed their interest to participate and
contribute to NICA.

We invite new countries to join NICA (Germany, China, India, SAR, ...) and
leading International centers (CERN, FAIR, ... ), also Universities.
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SUPERHEAVY ELEMENT FACTORY



Superheavy Element Research
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The future of SHE research we associate

with the construction of the
Superheavy Elements Factory.



Superheavy Elements (SHE) Factory — the Goals

Experiments at the extremely low (<100 fb) cross sections:
Synthesis of new SHE in reactions with >°Ti, >*Cr ...(119, 120);
Shaping of the region of SHE (synthesis of new isotopes of SHE);
Study of decay properties of SHE;

Study of excitation functions.

Experiments requiring high statistics:
* Nuclear spectroscopy of SHE;

* Precise mass measurements;

« Study of chemical properties of SHE.



SHE Factory

SHE Factory Building

High-current cyclotron DC-280

New facllities:

New gas-filled separator
Pre-separator for SHE chemistry
Separator SHELS

Etc.



DC-280 cyclotron — stand-alone SHE factory

[

» Synthesis and study of properties of
superheavy elements.

» Search for new reactions for SHE-
synthesis.

» Chemistry of new elements.

DC280 (expected)
E=4--8 MeV/A

Ion Ion Output

energy intensity
[MeV/A]

TLi 4 1X10

130 8 1X10

OAr 5 6X1013

43Ca 5 0,6-

1,2X10

MCr 5 2X1013

BFe 5 1X1013

124Sn 5 2 X 1012

136X e 5 1X101

238y 7 5X1010




DC-280

Main Parameters

Ion source

DECRIS-4 - 14 GHz
DECRIS-SC3 - 18 GHz

Injecting beam potential Up to 100 kV
A/Z range 417

Energy 4--8 MeV/n
Magnetic field level 0.6+-135T
K factor 280

Gap between plugs 400 mm
Valley/hill gap 500/208 mm/mm
Magnet weight 1000 ¢t
Magnet power 300 kW

Dee voltage 2x130 kV

RF power consumption 2x30 kW
Flat-top dee voltage 2x14 kV




Assembling of the DC280 magnet

01.11.2016



SHE Factory. Time-schedule.

- - September, 2016

Lot

- Completion of the SHE Factory building and
its engineering systems (2016 — June 2017)

Assembling the DC-280 cyclotron. Installation of new Gas-Filled
Recoil Separator.  (September 2016 — December 2017)

- First experiments (2018)



New experimental setup - velocity filter SHELS
(Separator for Heavy ELement Spectroscopy)

This year 15t prize of JINR in the field of instruments and methods



New focal plane detector GABRIELA

-

\______\

GABRIELA - Gamma Alpha Beta Recoil Investigation with the Electromagnetic Analyser



New FLNR gas-filled separator (contracted)
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Reaction Transmission
244py(“8Ca,3n)?*8°114 60 %
244py(58Fe,4n)?%120 75 %




20162024 years FLNR accelerators running,
construction and modernization schedule (2016)

wl;\ 2016 2017 2018 2019 2020 2021 2022 2023 2024
Accelerato
Assembling

DC280

ﬁ::; 5000 5000 5000 5000 5000 ‘ ‘ 5000 5000
U400M- 5000 5000 5000 Reconstruction 5000 5000 5000 ‘ 5000 5000
U400MR
U400- 5000 5000 5000 5000 2000
U400R Reasse

mbling 2000 5000
Building
Assembling
Be:fm

Beam time
on the 10 000 10 000 15000 10 000 12 000 10 000 10 000 12 000 15000
targets

- annual beam time on the targets.




Neutrino program

Coherent neutrino-nucleus scattering (VGEN)
Precise measurements of neutrino oscillations
(Daya Bay, BOREXINO)

Neutrino mass hierarchy (JUNO, NOVA)
Neutrinoless 23 —Decay search:

(SuperNEMO, GERDA, Majorana)
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«-+»Daya Bay / JU%(

China'),;;' '
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Astrophysical neutrino sources

ical modules
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"White Book™ documents the JINR neutrino program

Every experiment — participant of the neutrino program — is described in a uniform
format in the Book (about 300 pages):

Chapter 3
Contents BAIKAL Experiment

Efiorr |4 Relcapikay, V.EBrudanin
JINR. Nentring Program
Baznic Coneepiz of Neutrine Phymien

31 Front Matter

1
2 ]
: Project Tille
THE WHITE BOOK 3 BAIKAL Expensment BARAL Bxperiment Tap UNersalar Mo 301 nerin deieene i e Bkl [k,
JTNTE NELTTITNG PROGEAM 4 BOREXIND Expenment Project LEaners
5 sieN Project
+ L Beialapoioer
& DANSS Expennment
) Ahstract
7 T Say S, The BABAL GVD Projet i the Lae Bkl | ] 5 2 emenson o the e
g diavelopmment work parformed oeer the past several vaar by th Collsbarzron on
& GCEMMA Expenument tho Brrt phase. The optiesl properties of the deep wair Like have beon establishod, and
: the demenion of high Snorgy Heummine: hos bean demonmrd with the sdisting detestoc
% OERDA Expenment WTTI00 + . This achisvement reprecenes 3 proalal coaeepd g caranisioning 2 new
erumant, the Ggars Volume Deiseror [(BATRAL-GVIN with supscior demsewr parfoe-
10 JUND Project mLInes ndd In efferoive tlatE0pa 228 20 or 2bove the klomoinr oxla.
Tl s 2rags Do raleccnpe BATAL-FUT will e 2 nw e nfretmuenns
11 NOVA Experyment almea] primeeily @ snudying soepivses) murios Sose The domerr will wilizo [2ks
Bl warer e 2t Cepc with opiea] sorsars thar (e the Charenkey Sallation
],:mw fronm secomslary particles produced in interactions of kigh-mergy nestrinos insde or near
the imrmmenes wolume: The conospe of AAITALEVE iz taoed on 2 manier of evident
13 SuperNEMO Experiment requirsments w0 the design and archisecture of the ceconding syztem of the pew amay: the
wmost we of the advantages of amar deplovment from the (e cover of Lake Baikal, the
; 14 EDELWEISS Expeniment extengdability of the faciity mnd provizion of is effechve opemiion even m the Hirst stoge
"y of deplovment, and the posibility of implementing ditferent verzions of rangement and
spanal dasribucon of Bl senscrs within tha 13N METUTDG JFTN
Editors Vadim A Bednyakoy, Dmitry V. Naumaoy. lagwonrds: DEUTHRD CEelTons, Neutring mas: alarrehy, aswopiyaiel nau-
Diibmn ATINE. May 153, 2004 Lo

About 200 (100) participants (scientists) take part in the JINR neutrino program, 60 of them are
younger 35 years old. ]INR member-states are strongly involved. Internationality — NOvVA, JUNO,
EDELWVEISS, SuperNEMO, ... — http://dInp.jinr.ru/en/neutrino-research



BAIKAL-GVD Project Financing Schedule for 2017-2023 (MS$):

2017 | 2018 | 2019 | 2020 | 2021 | 2022 | 2023 | Sum
5.50 | 5.75 | 6.00 | 6.00 | 6.00 | 6.00 | 6.00 |41.25
April 2016
N ~— — )
300 m . .2 . |
~ Dubna (2015)
Il NT-36(1993) 2300 OM (2020) taking data
8-10 clusters -3 I
I NT-96(1996) |
N i L
NT-200(1998) 3 RRE
1EEE
- °% .:: %
SRS
S T
L S e |

~600 m

~1 km



JINR’s Large-Scale Basic Facilities

The IBR-2M pulsed reactor of periodic action is included in the
20-year European strategic programme of neutron scattering research.
Fuel: PuO,, Average power: 2 MW (8-10'2 n/cm?/s), 5Hz,
Pulsed power:1500 MW (5-1075 n/cm?/s), width: 215/320 us,
14 neutron channels.

Nanosystems and Nanotechnologies
Novel Materials Fo

(3-5 HMm)
. - Cr |
Biomedical (1-2 Hm)

Research

Engineering diagnostics.
Earth Sciences

Fundamental and applied research in condensed matter physics and related fields:
biology, medicine, material sciences, geophysics, engineer diagnostics - aimed at
probing the structure and properties of nanosystems, new materials, and biological
objects, and at developing new electronic, bio- and information nanotechnologies.
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