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Nuclear collisions and the QGP expansion
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The Big Bang vs the Little Bangs

/The Universe

Afterglow Light
Pattern

about 400 million yrs.

I Big Bang Expansion

Dark Ages Development of
Galaxies, Planets, etc,

I 13.7 billion years
Credit: NASA
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Space-time Evolution of the Collisions
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Freeze-out conditions
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“Hilbert Problems”

of Dense Matter Physics:

- Which phases?

- Which degrees of freedom?

- Nature of the (spin) nucleon?
- How hadronization proceeds?

Challenging questions:
- Character of phase transitions (if any)?
- Signals for 1st order phase transition?
- Critical Point?
- When does the perfect fluid turn on?
- Duality of dynamical and thermal descriptions?
- Global polarization in HIC?
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Dense QCD Matter Physics

Nuclear equation-of-state, new forms of matter at high densities?
What are the properties and the degrees of freedom of QCD matter
at neutron star core densities?

Hadrons in dense matter:
What are the in-medium properties of hadrons?
Is chiral symmetry restored at very high baryon densities?

Production of single and double hypernuclei

How far can we extend the third (strange) dimension of the nuclear
chart?

Strange matter:
Does strange matter exist in the form of heavy multi-strange objects-




NUCLOTRON BASED ION COLLIDER FACILITY

http://nica.jinr.ru/






NICA (Nuclotron based Ion Colider fAcility)
— the flagship project in HEP
of Joint Institute for Nuclear Research (JINR)

Main targets of “NICA Complex”:

- study of hot and dense baryonic matter

- investigation of nucleon spin structure,
polarization phenomena

- development of accelerator facility for HEP @ JINR providing
intensive beams of relativistic ions from p to Au

polarized protons and deuterons

with energy up to
VS,y= 11 GeV (Au7*, L~ 10?7 cm2c’)
VS =27 GeV (p, L~ 1032 cm=2ct)




E-cooling
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NICA Complex

Baryonic Matter at Nuclotron (BM@N)

SPD (Spin Physics Detector)

Ring circumference
503.04 m.

SPD
(Detector)

Collider

‘  E-cooling

Yoke Cryostat ECal
SC Coil/ TOF

Nuclotron
Internal

target
station
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3 detectors
Baryonic Matter at Nuclotron (BM@N)

The fixed target experiment at the Nuclotron

Stage I: end 2017

Collider experiment at NICA

Stage I: 2020

SPD (Spin Physics Detector) at the NICA Collider
project is under preparation

15




All basic parts of the NICA complex
are at the stages of fabrication or TDR approval.

The major milestones for the commissioning:

accelerator complex

start-up configuration — 2020
the design configuration — 2023
BM@N
the | stage — 2017
the Il stage — 2019

SPD project is under preparation

16



Interaction rate [Hz]

10°

2,

—h
o

d

Present and future HIC experiments

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

2022 - 2025:

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

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

T
>
o

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

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

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

qo NICA/BM@N 1
S

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

......... ........ NlCA/ A

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

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

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

energy region of max

. baryonic density; |

i

10

Collision energy VS [GeV]

17



Maximal freeze-out baryon density
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Experimental modes

Fixed target mode

Advantages:

coverage of max. phase space « rate is limited just
minimum biased acceptance by detector capability
free of target parasitic effects « easy upgradable

NICA energy range: energy .
Independent homogenous
acceptance

Disadvantages:

 rate is limited by luminosity + alimited phase space

» limited combinations « momentum dependent
‘beam’/’target” corrections

. ... « target influenced

corrections



QCD phase diagram: prospects for NICA

Energy Range of NICA
unexplored region of the QCD
phase diagram:

® Highest net baryon density

® Onset of deconfinement phase
transition

Temperature T [MeV]

® Discovery potential:
a) Critical End Point
b) Chiral Symmetry Restoration
c) Hypothetic (e.g. quarkyonic)
phases

AR = /
A\ Net baryondensityn/ n
Compact Stars y ¥ Egl " Complementary to
n,=0.16 fm

RHIC/BES, NA61/CERN, CBM/FAIR
Comprehensive experimental program requires scan over the QCD phase diagram by varying collision
parameters: system size, beam energy and collision centrality

NICA provides capabilities for studying a variety of phenomenain a large region of the phase diagram




QCD matter at MPD@NICA :
= Highest net baryon density

MPD@NICA Physics

‘ = Energy range covers onset of deconfinement
' s e I ¢ »
RHIC-BES ' 4", Quark-Gluon », = Complementary to the RHIC/BES, FAIR,
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Hadronic freeze-out

= Bulk properties, EOS - particle yields I
& spectra, ratios, femtoscopy, flow

J.Randrup, J.Cleymans
Um 1 I 1 1 1 I 1 1 1 I 1 1 1
= [n-Medium modification of hadron properties oo Nemﬁ,mm pa,:f,;f, e

= Deconfinement (chiral), phase transition at high rg - enhanced strangeness production
= QCD Critical Point - event-by-event fluctuations & correlations
= Strangeness in nuclear matter - hypernuclei

The observables in AA, pA and pp collisions: multiplicity of produced hadrons (7, K, p, 4,
=, ), electromagnetic probes: electrons, gammas, vector meson decays , event-by-event
fluctuations, femtoscopy of m, K, p, A



MPD detector for Heavy-lon Collisions @ NICA

Tracking: up to |n|<2 (TPC)
PID: hadrons, e, y (TOF, TPC, ECAL)

centrality & event plane (ZDC)
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SC Caoll
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MPD required features:

o hermetic and homogenous acceptance (2z in azimuth), low material budget

0 good tracking performance and powerful PID (hadrons, e, 7)
0 high event rate capability and detailed event characterization

Event characterization: Sta e 2. IT + Endcaps (tracker TOF, ECAL)

TOF

ZDE

Cryostat
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MultiPurpose Detector (MPD): Observables Staging

I stage: Barrel (TPc, TOF, ECAL), ZDC, FD

mid rapidity region (good performance)

Q Particle yields and spectra

Q Event-by-event fluctuations

Q Femtoscopy involving w, K, p, A

Q Collective flow for identified hadron species

Q Electromagnetic probes (electrons, gammas), vector mesons

I1 stage: extended rapidity + Vertex Tracker

Total particle multiplicities

Asymmetries study (better reaction plane determination)
Di-Lepton precise study (ECal extension?)

Exotics (soft photons, hypernuclei)



Hadron yields &

ratios

Hyperons:
yields, flow,
Polarization

Dileptons

Fluctuations &

Correlations

Chiral Magnetic
& vortical effects

(Hyper)Nuclei

MPD physics cases (2020-2023)

TPC, TOF,
FHCAL,ECAL

TPC, TOF
FHCAL

TPC, TOF
ECAL, FHCAL

TPC, TOF
ECAL, FHCAL

TPC, TOF
FHCAL

TPC, TOF
ZDC

Inl <15
pT < 4 GeV/c

In| <1.5
pT <4 GeV/c

In| <1.2
pT < 3 GeV/c

In|< 1.5

In| < 1.5
pT < 3 GeV/c

In| < 1.5
pT< 5 GeV/c

Data for 4<\s<7 GeV, critical
assessment of y-spectra and K/m-ratio

New data on yields, flow and
polarization at Vs < 7 GeV.

low statistics data for comparison

New data on Ev-by-Ev fluct.
for Vs > 4 GeV

Data @ \'s < 7GeV (CME)
Vortical @ 4 < Vs < 11 GeV

low statistics data for comparison

= |n stage-ll one should consider efficient measurements of open-
charm hadrons, di-leptons, and direct photons.



Strange matter production in heavy ion collisions at the
Nuclotron extracted beam:
Baryonic Matter at Nuclotron(BM@N)

 The goal of the experiment is the systematic
measurements of the observables for multistrange
objects (=, Q, exotics) in Au-Au collisions in energy range
of Nuclotron extracted beams (up to 5.5 A GeV)




Baryonic Matter at Nuclotron (BM@N)

at Nuclotron extracted beams




BM@N: the 15t stage

Participants from:

Russia: INR, MEPhI, SINP, MSU,

IHEP, S-Ptr Radium Inst.
Bulgaria: Plovdiv University;
China: Tsinghua University, Beijin;
Poland: Warsaw Tech.Uni.
Israel: Tel Aviv Uni.
Germany: Frankfurt Uni.
+ expression of interest from CBM

27



BM@N Run 52 (June 2016): tests & commissioning
of GEM CT located inside analyzing magnet

d beam (~5-10° [cycle) with 2.94 GeV/n




BM@N status and milestones

BM@N plan
technical runs with d, Li, C beams: 2016 — 2017,
physics run BM@N (I stage) with Kr int rate 20 kHz: IV q., 2017;
physics run BM@N (Il stage) with Au int rate 50 kHz: 20109.

next technical run in 2016: commissioning of GEM & Si inside magnet

_ A.Zinchenko, V.Vasendina

UrQMD & DCM-QGSM, Au+Au,  E,,. = 4.5A GeV, 2x106 events;

o 1201 | Invariant mass: & - A+ 7 “0 %00 Invariant mass: 3H — 3He + 7
$ 100 g =36 - = 400 ﬁ 3H, — 3He T
% 80| S/S+B=14.0 —— 2 0ol | S/B=16 Peak 271.8
-_'L;”__. 60: Eff.:O.S% 1 "E’ - | S/VS+B=22.4 H Mean 2.991
w - Peék 77.53 \ L 200—| Eff.=1.0% 8 Sigma 0.0025
40 Mean 1.321 -
20| Sigma 0.0027 +,+++ -------- +|, } 100; v .
: ““+ . 9:44_4_._.5’| 1 1 1 1 1 1 1 | |°W
P35 924 1 128 13 132 134 136 9 95 3 3.05 3.1

2
M., GeV/c® Mepie,ry GEV/C
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BM@N plans

year 2016 2017 2017 2019 2020
Feb.-Mar. Nov.-Dec.
Kr Au, p

beam d (4 C, Ar

maximum

intensity, Hz 1M 1M 1M 1M 10M

trig. rate, Hz 10k 10k 20k 20k 50k

central tracker 6 GEM 8 GEM 10 GEM 8 GEM 12 GEM or
half pl. half pl. half pl. full pl. 8+2Si

expiment status techn. techn. physics run physics physics

run run stage 1 stage 2

beam: E,;,, = 3.5, 4.0, 4.5 AGeV



NICA White Paper

SQM2015 in Dubna

. - - T————
T e g 2 o 4 ;

JOURNAL OF PHYSICS: CONFERENCE SERIES

The open access journal for conferences
15th International Conference on
Strangeness in Quark Matter
(SQM2015)

Dubna, Russia
6-11July 2015

Editors: David E. Alvarez-Castillo, David Blaschke, Vladimir Kekelidze,
Victor Matveev and Alexander Sorin
Volume 668 2016

jpcs.iop.org

I0P Publishing

111 contributions,
188 authors

from 24 countries

['he | uropean Physical Journal volume 52 - number 8 - august - 2016

A

@ Recognized by European Physical Society

Hadrons and Nuclei

Topical Issue on Exploring Strongly Interacting Matter
at Hig ities - NICA White Paper
edited | sC

Marek

T. D. Lee:

“The NICA heavy

lon collider will be

a very major step
towards the formation
of a new phase of
guark-gluon matter.”

http://theor.jinr.ru/twiki-cgi/view/NICA/WebHome



Fixed Target Experiments at the Nuclotron

— |deally suited for exploration of reaction mechanisms & in-medium properties
— Energy range formerly not accessible or of limited experimental information
— Expectation of a rich structure of the QCD phase diagram @ high densities

TOOL:
— Subthreshold production of (multi-)strange hadrons: @, K*, K*, A, £, =, Q

— Extend studies at SIS18, observe Q™ as result of multi-step production here
— Extract information about densities reached in the collision — EoS

Important:
— Systematic study of production mechanisms by measurement of

excitation functions for hadron production in p+p, d+p
— High enough statistics for multi-dimensional analysis (centrality, y, p;)

Production of hypernuclei: — study recommended!

— Two mechanisms: (1) Absorption of produce A by spectator nuclei
(2) Coalescence of A nucleons at midrapidity



Collider Experiments at MPD

First round of MPD/NICA experiments:

— diagnostic observables of beam energy scan programs at SPS, RHIC
— MPD detector to be optimized to study fluctuations an correlations
— excitation functions of fluct./corr., dependence on centrality & system size

Observables:

— EBE fluctuations of multiplicty and p, of charged and identified part. (p,K,)

— long-range angular correlations like v, v, of (p,K,m,A) and light clusters

— three-body correlations (for CME) and short-range two-particle corr. (size)

— coverage in rapidity and p- shall be large, low p, extremely important!

— measurements as function of collison energy for following systems:

— p+p collisions

— d+d collisions with possibility of off-line event selection of reactions with
(p,p), (p,n), (n,n) spectators

— d+Pb collisions

— collisions of identical heavy nuclei, such as Pb+Pb (later also smaller A)

— second stage: open-charm hadrons, di-leptons, di-photons at NICA



Spin Physics in Heavy-lon Collisions

e Spin-dependent observables might also be manifested in HIC
* No beam polarization but plenty of effects in final state

e Especially interesting is the polarization of hyperons

* Self-analyzing: revealed in weak P-violating decay

* Related to P-odd effects in QCD medium: Vorticity and
Hydrodynamic helicity

* Detailed study at MPD planned

* Extensive theoretical investigations and simulations performed at
JINR:

O.Rogachevsky, A.S., O.Teryaev, Phys. Rev. C (2010);
M.Baznat, K.Gudima, A.S., O.Teryaev, Phys. Rev. C (2013), Phys. Rev C (2015);
A.S., O.Teryaev, arXiv:1606.08398

Spin effects in heavy ion collisions might be used as
a complementary probe.
Spin physics program involving all the NICA detectors
(MPD, SPD, BM@N) is possible.



Vorticity & Polarization effects in HI coII|S|ons CNICA)

* Data STAR

O. Rogachevsky, A. Sorin, O. Teryaev, AU + Au, K = 0.0

Phys. Rev. C 82, 054910, 2010. 4t — 2289 M.Baznat, K.Gudima

10 — b=48fm .
o . A.Sorin, O.Teryaev
One would expect that polarization 1s proportional to the larXiv:1701.00923

anomalously induced axial current [ 7]

2pun : |
'P: 2 - UP‘M
Ja ™ 1 ( 3(E+P))E WV (6)

A
<HO >

. 0 I5 1b 1I5 2I0 2I5 3I0
where n and € are the corresponding charge and energy Sy GeV _
densities and P is the pressure. Therefore, the p dependence STAR C,O,l,l,"arx,'v'1701',06657,

of polarization must be stronger than that of the CVE, leading Al i Rurh 2050 1
to the effect’s increasing rapidly with decreasing energy. & o Ko
This option may be explored in the framework of the 6 O & PRO76 024915 (2007) |
program of polarization studies at the NICA [17] performed at al- i
collision points as well as within the low-energy scan program —
at the RHIC. 2 4 #M % _
M.Baznat, K.Gudima, A.S., O.Teryaev 0 %'?
Phys. Rev. C (2013); Phys. Rev C (2015); SN &
A.S., O.Teryaev Phys.Rev. C95 (2017) 011902 10 e o)
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SPD (Spin Physics Detector) at NICA NICA

Collider provides both:
transversally & longitudinally
polarized p & d

with energy up to VS =27 GeV |- ——

Top‘ics
. . . Scientific Program The Veksler and Baldin Labaratory of High Energy Physics of the
Th e |SS u es tO be St u d Ied . On-line Translation Joint Institute for Nuclear Research is arganizing the International
List of Participants Workshops,
RCEaedain "NICA-SPIN 2013"
Contact : ; : :
MMT DY —— which will take place in Dubna, Russia.
> - r O Ce S S e S Viza and Registration o v
p Transportation The Woarkshops are open to all scientists, regardless of their
Useful Links citizenship and nationality. The Workshop are hosted by the Joint

Institute for Nuclear Research.

> J/ TprOduction processes We invite you and your colleagues to participate in these

Workshops at Dubna in 2013.
The first meeting is temporary scheduled for March 17-19, the

. . . . next one - for June-July (to be specified), and the last one -
> Spln EffECtS In In CIUSI Ve during the DSPIN-2013 (Dubna, September 17-22) as a separate
. . session:" Proposals for spin physics experiments at NICA".
high-p; reactions

The Collaboration is forming
Project is under preparation

|
SPD@NICA will provide unique opportunity
to study all PDFs in one experiment and
obtain the comprehensive information on
nucleon spin structure at high statistical
level with min. systematic uncertainties

» Spin effects in one and two
hadron production processes

» Polarization effects in
heavy ion collisions




Current and future experiments towards exploration of nucleon spin structure

experiment CERN, FAIR, FNAL, RHIC, RHIC- NICA,

COMPASS-II | PANDA E-906 STAR PHENIX |SPD
mode F.T. F.T. F.T. collider collider collider
Beam/target m, p anti-p,p |-, p pp pp pp, pd,dd
Polarization:b/t |0; 0.8 0; 0O |0; O 0.5 0.5 0.7
Luminosity 2-1033 2-103 3.5-10% | 5-10% 5-1032 1032
Vs, GeV 14 6 16 200,500 (200,500 |10-26
X1(beamy fange 0.1-0.9 0.1-0.6 0.1-0.5 0.03-1.0 0.03-1.0 |0.1-0.8
g, GeV 0.5-4.0 0.5-1.5 0.5-3.0 (1.0-10.0 1.0-10.0 [0.5-6.0
Lepton pairs, | p-p+ M-p+ H-p+ M-yt H-p+ H-p+, ete-
Data taking 2015 >2025 2013 >2016 >2016 >2020
Transversity NO NO NO YES YES YES
Boer-Mulders | YES YES YES YES YES YES
Sivers YES YES YES YES YES YES
Pretzelosity NO NO NO NO YES YES
Worm Gear NO NO NO NO NO YES

NO NO NO YES YES YES

Direct y
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NICA International collaboration

Belarus Ukraine
NC PHEP BSU (Minsk) BITP NASU, KSU (Kiev)
GSU (Gomel) Bulgaria KhNU, KFTI NASU (Kharkiv)
= Germany INRNE BAS (Sofia) :
GSI (Darmstadt) TU-Sofia Russia
JLU (Giessen) suU INR RAS (Moscow) '
UR (Regensburk) ISSPBAS NRC KI (Moscow) CERN-JINR cooperation
Frankfurt/Main Univ. | Tp BAS BINP RAS (Novosibirsk)
FIAS SWU MSU (Mscow) i
~. FZJ (Julich) PU (Plovdiv) ;PLR‘:%(MOSCQ:;)
FAU(ErIangen) t.Pet. Univ ersi
TULBiagnengrad) RI (St.Petersburg)
Poland
Tech.University (Warsaw)
Austialis Warsaw University ; Ital
arnatian Fracoterm (Krakow) Czech Republic i J; -
CERN J Wroclaw University TUL (Liberec) M :I e
Chi INP (Krakow) CU (Prague) ;
ina RSA Rzezh, ... Mongolia
France UCT (Cape Town) Romania
ey UJ (Johannesburg) St
India : iThemba Labs USA

JINR- France (IN2P3) MoU Workshop on NICA Megaproject



” ceremony, JINR, March 25, 2016

corner stone

NICA



The NICA Civil engineering |

General Contract (duration 43 months)

STRABAG — main contractor; KomeTta — main designer

The works are in progress: piling, subcontractor for iron/concrete works

The whole Complex comprises several Objects to be commissioned

/ “-31 '\
/ N

S\

B | Beam transport ch.,

East semi-ring, oy
IV q., 2018

~/‘

MPD HaII Iq 2018




The construction is in progress

09-20-2016 09:55:18
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Examples
of architectural
solutions

At this time, several
architectural solutions
proposed by different project
organizations are actively
discussed. Here are two
examples of such solutions.
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NICA schedule

(NICA)

2015

2016

2017

2018

2019

2020

2021

2022

2023

Injection complex
Lu-20 upgrade
HI Source
HI Linac

Nuclotron
general development
extracted channels

Booster

Collider
startup configuration
design configuration

BM@N
| stage
Il stage

MPD
solenoid
TPC, TOF, Ecal (barrel)
upgraded end-caps

Civil engineering
MPD Hall
SPD Hall
collider tunnel
HEBT Nuclotron-collider

Cryogenic
for Booster
for Collider

running time
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(NICA)

Accelerator elements

Machine Advisory Committee

Boris Sharkov, ITEP, chairman

Pavel Beloshitsky, CERN o
Sergei lvanov, IHEP .
Thomas Roser, BNL .

Alexei Fedotov , BNL o
Markus Steck, GSI .
Nicholas Walker, Desy .
Sergei Nagaitsev, FNAL .

- Alexander Zlobin, FNAL

Takeshi Katayama, Tokyo Univ.
Valeri Lebedev, FNAL

Rolf Stassen, FZJ

Yuri Senichev, FZJ

Evgeny Levichev, BINP

Victor Yarba, FNAL

Pavel Zenkevich, ITEP
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(NICA)
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MultiPurpose Detector (MPD)

Detector Advisory Committee:
Hans Gutbrod, GSI - chairman
ltzhak Tserruya, Weizmann Institute
Hans Rudolf Scmidt, Tubingen Uni.
Jean Cleymans, Cape Town Uni.
Nu Xu, BNL
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(NICA)

Baryonic Matter at Nuclotron (BM@N)

Detector Advisory Committee:

Hans Rudolf Schmidt, Tubingen Uni. - chairman
Hans Gutbrod, GSI

ltzhak Tserruya, Weitzmann Istitute

Peter Hristov, CERN

Karlheinz Hiller, DESY
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Agreement between Government of Russian Federation and JINR on the NICA realization

COTJMAINEHHWAE
- - mexay llpaeutenseTeom Poccuiickoii @eaepauun
IMPABUTEJIBCTBO POCCHUHMCKOMN DEJEPALIMU H MeKAYHAPOAHOH MeKIPABHTEILCTBEHHOH HAY YHO-HCCIEN0BATENLCKO
oprannzanueii O6beIHHEHHBIM HHCTHTYTOM SAEPHBIX HCCIeA0BAHHMI
0 CO3ANHH H DKCIUTYATALHH KOMILICKCA CBEPXNPOBOAAIHX KOIEn

PACIIOPAXEHMHWE

ot 27 anpenst 2016 r. Ne 783-p HA BCTPEYHBIX NYYKaX TixKelbiXx noHos NICA
MOCKBA
[MpaBuTesibcTBO Pocculickoit denepauru u MEXAyHapoaHas
O noanucanuu Cornamenus mexxay Ilpasurenncreom p Aepat AyHapon
Poccuiickoii Meaepanum U MeK/AyHAPOAHONH MeKINPABUTEILCTBEHHON MEKIIpaBHTEIECTBEHHA Hay4HO-HCC/IeoBaTE/IbCKaA opraHu3anusa
HAYYHO-HCCIEI0BATENLCKOH oprannzanmuei O6HLe/IMHEHHBIM HHCTUTYTOM OObeAMHEHHBIH MHCTHTYT SACPHBIX Hccnenosanui (aanee - OObedHHeHHbIH

AACPpHBIX HCCJIeIOBAHHH O CO31aHHUM M IKCIJIyaTaldu KoOMIuiexkca

MHCTUTYT SIJIEPHBIX UCCIeIOBAHHI), B AaJITbHEHLIEM HMEHYEMbIC ¥
CBEPXMPOBOAALIHX KOJIEIl HA BCTPEYHBLIX NMy4YKaX TsxKeabiXx nonos NICA YT anep A ). B A ¥ CTOPO 1amMH,

BbBIpaxas obliee ’KelaHWe COAEeHCTBOBATH YKPEIJIEHHI [roTreHuHana
Poccuiickoit ®Menepaunu 1 OO0beIMHEHHOI'O HHCTUTYTA AACPHBIX HCCIIENOBAHMH
1. B coorserctBun ¢ nyHktom | cratbu 11  denepaibHOro 3akoHa B obsactH HPOBOIMMBIX Hay4YHO-TEXHHUYECKHX U HHHOBALIMOHHBbIX

O mexcayHaponusix  norosopax  Poccuibickolt  denepaunu onoGpuTe vMccAeNOBaHHUIT B COOTBETCTBHM cO  cTaThbeit 30  CornamieHus  Mew1y
npencrasjieHHbli Muno6puayku Poccum cornacoBannbiit ¢ MHMJlom Poccuwn,

Misiduition Pocdiii; MiiSioloMpassiitis /Poccil B MEKIVHApERIGH [lpaButensctBom Poccuiickoit ®enepaurn v OObeIHHEHHBIM HHCTHTYTOM

AACPHBIX HcenenoBaHHii o Mec‘ronpeﬁbmauuu " oo YCIIOBHAX ACATEIIBHOCTH

MEXITPaBUTEJILCTBEHHOM Hay4YHO-HCCJIe/I0BATEIbCKOH opraHuszauHei

O6BbEAMHEHHBIM MHCTHUTYTOM SIAECPHBIX HccaenoBaHuili npoexkt CornaimueHus O0be/IMHEHHOTO MHCTUTYTA S/IEPHBIX UCCiieOBaHHIA B Poccuiickoii Meaepalivu
MEXJ1Y INpaBuTesibCTBOM Poccuiickoit  ®Denepaumu H  MEeXAYHapOJHOH ot 23 0].("[‘5[6p;[ 1995 roxa,

MEXKIPaBUTEBCTBEHHOM HayY4YHO-HUCCIIe/I0BATEIbCKOM opraHu3zanmei CTPEMSICh CO3/1aTh KOMIUIEKC CBEPXIPOBOMSLLMX KOJIEll HA BCTPEUdHBIX
OO6BbEeAMHEHHBIM HMHCTHUTYTOM SACPHBIX vccre1oBaHui o CO3/1aHUH

nyuykax Tsokenbix uoHoB NICA (Nuclotron-based Ion Collider fAcility),

H SKCIUlyaTallMid KOMIUIEKCAa CBEPXIIPOBOAALIIHMX KOJICLLI Ha BCTPCYHBIX IIyYKax -
obnanaroumii  GecnpeueIeHTHLIMHU  napaMeTpaMu B 00JacTH  MCcCled0BaHUs

TsoKesnbix MoHoB NICA (nipunaraercs).

2. l'Nopyuursb MuHoGpHay K Poccun IIpOBECTH neperoBopskI ¢M3HKH 4acTHU M SIJACP BBICOKHUX JHEPruil M obecrieuuBalOIUMA BO3MOXKHOCTH
C MEe>XK1y HapOAHOH MEXIPaBUTEILCTBEHHON HayYHO-HCCIIEA0BATE/ILCKOH €ro NMpUMEeHeHHUA 11 HHHOBallHOHHBIX pa’spa6o‘r01< B MPUHOPUTETHLIX obnacTax
opraHu3zaLHeH OGBeAMHEHHBIM HHCTHTYTOM SIAEPHBIX ucclIeIOBaHHU I HAYUHBIX 3HAHHH, TEXHHKH H TEXHOJIOTH,

M O JOCTHXXEHHHU JIOFOBOPEHHOCTH IMOAMNHUCATHL OT uMeHH [lIpaBuTenbcTBa
Poccuiickoii Menepaumm ykazaHHOe B IIYHKTe | HaCTOsLIEro pacrnopsi>XeHHs
CornameHnue, pa3pelldB BHOCHTE B TMpHIIaracMelii  IMPOEKT H3MEHEeHUs,
HE MMEIOLUHE NMPUHLHITUANILHOIO Xapakrepa.

COTJIACHIIHCH O HHYKECJICAYIOLICM |

CraTey 1

NICA in ESFRI road map update 2016

PARTICLE PHYSICS NUCLEAR PHYSICS

2947103

COLLIDERS

COMPASS  HIPA

DAONE-INFN Frascati ~ MAX-lab

LEPTON/
PHOTON

ELI-NP  ELSA MAMI

Alice
[

: r\ tlas

2 HADRON BEAMS
HIPA  DAONE-INFN Frascati

PLASMA WAKEFIELD
ACCELERATORS

COSY  Antiproton decelerator-CERN  GSI
SACLAY STFC-Daresbury o

HEAVY ION BEAMS

Uni-Glasgow INFN-Frascati

ESS JST GANIL  ALTO

GSI  DESY MPI-Munich ISOLDE ~ SPIRAL2  ECT* Gl

ELl-beamline INFN-Legnaro JYFL
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Concluding remarks

(NICA)

> NICA can provide a competitive research of dense

baryonic matter and spin physics

» Construction of the accelerator complex is in progress

> Constructions of both BM@N and MPD are well

progressing
» The SPD project is in preparation

» The NICA collaboration is growing

> New NICA partners are welcome
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Round Table Discussions on NICA/MPD@JINR

Round Table Discussion |: Searching for the mixed phase of
strongly interacting matter at the JINR Nuclotron, July 7 - 9, 2005
http://theor.jinr.ru/meetings/2005/roundtable/

Round Table Discussion Il: Searching for the mixed phase of
strongly interacting matter at the JINR Nuclotron: Nuclotron
facility development JINR, Dubna, October 6 - 7, 2006

http://theor.jinr.ru/meetings/2006/roundtable/

Round Table Discussion Ill: Searching for the mixed phase of
strongly interacting QCD matter at the NICA: Physics at NICA
JINR (Dubna), November 5 - 6, 2008,

http://theor.jinr.ru/meetings/2008/roundtable/

Round Table Discussion IV: Searching for the mixed phase
of strongly interacting QCD matter at the NICA: Physics at
NICA (White Paper) JINR (Dubna), September 9 - 12, 2009
http://theor.jinr.ru/meetings/2009/roundtable/

Round Table Discussion V: Searching for the mixed phase of
strongly interacting QCD matter at the NICA: Physics at NICA (White
"""""""" Paper) JINR (Dubna), August 28, 2010
http://theor.jinr.ru/~cpod/Dubna_ 2010 program?2.htm




JOINT INSTITUTE
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RESEARCH
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06pasoBaHnA CMeWaHHOR assl U KPUTHYECKOU

MEMOPAHIYM
CoemecrHOT0 cemuHapa HI3®-OHAH
HHCTHTYT TeOPeTHYeCK0i H 3KCIEPHMEHTLIEHOMN (HIHKH
27 mas 2009 roga, r. Mockea

V9acTHHKH ceMHHAPA 3aCAYIIATH JOKTIAIBI:
AH. Cucaxss “YcROpHTeILHBIN KoMILTeke NICA: ¢TaTYC H DepCHeKTHBEI".
B.IO. Mapxos “Hosere H yeKOp il s

IKCT L
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MePCHeKTHBEL".
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NICA™.

OTMederbl:
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MEpOBOTO YPOBHS;
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coBMecTHBIX ¢ OFLH padotax no npoexty NICA;
4) HeofxomgHMOCTE Golee TecHOH KOONEPAHN B pemIeHNH TPOGem,
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A.C.Copun B.J1.Toreer A.J KoBazeHKO I.B.TpybHukos
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ITEP-JINR seminar at ITEP, 27.05.09

TOYKMW B CTONKHOBEHUAX TAXKENbIX UOHOB

IHEP-JINR seminar at Protvino, 14.02.08
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JINg . puBRY

Round Table Discussions I, II, Ill, IV, V...
JINR, Dubna, 2005, 2006, 2008, 2009,2010...
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Vuactauxn cexmmapa “llpoexr NICA ( FLIAHB
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2. A H. Cucaxsn, A.C. Copnr "Iporpaa d 8 na
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3. FLH. Meunxcon "KoMUeNTyanLiil npoexs yekoprreannoro koamexca NICA"
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4. [lnn yemeumore @ GrCTPOro mrmomicHus llpockra
" ko
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P ——

6. Yenemuan peamnsans TTPOSkTa NoanoanT neem yuacTinkan [IpockTa 3aHams Bwmpyromme
NOTALWIH B (IUINKS BEICOKHX IHEPIMH 11 BONTH B UHCAO CAMBIX NIEPEIOBLIX HCCICAOBE
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All Moscow-JINR seminar at INR, 27.03.08



Critical point and onset of deconfinement - CPOD-2010

August 22—29 2@1@ Dubna




NICA/JINR-FAIR Bilateral Workshop

Frankfurt Institute for Advanced Studies, April 2 - 4, 2012

Topics:

- Phases of QCD at high baryon densities

- Effects signalling phase transitions

- Observables in heavy-ion collisions and in astrophysics
- Simulations of ion collisions and supernovae

Aims:
- identify discovery potential of Nuclotron-NICA and FAIR
in the canon of current and future HIC experiments
- chiral symmetry restoration
- onset of deconfinement
- in-medium modification of hadron properties . _
- color superconductivity, multiquark states, etc. m

Results:

- Most promising and feasible suggestions for ol
experiments at Nuclotron-NICA and CBM/FAIR é%% f«?§ '

- Priorities for detectors and formation of
international collaborations




NICA White Paper prioritization meeting

JINR Dubna, November 5, 2013

J. Aichelin (SUBATECH Nantes, France)

D. Blaschke (JINR & Univ. Wroclaw, Poland)
E. Bratkovskaya (Univ. Frankfurt, Germany)
J. Randrup (LBNL Berkeley, USA)

V. Toneev (JINR)

O. Teryaev (JINR)

THEORY

V. Friese (GSI Darmstadt, Germany)
M. Gazdzicki (Univ. Frankfurt, Germany & Univ. Kielce, Poland)
O. Rogachevsky (JINR)

EXPER.




Strangeness in Quark Matter 2015
Dubna, 6.-11. July 2015

DUBNA 2015

Satellite Meetings:

» Summer School “Dense Matter”, Dubna, June 29 — July 11, 2015
» Round Table “Physics at NICA”, Dubna, July 5, 2015



DIAS-TH: Dubna International Advanced School of Theoretical Physics
Helmholtz International Summer thool

Dense Matter in

Heavy lon Collisions and Astrophysics

—

Helmholtz International Summer School

Bogoliubov Laboratory of Theoretical Physics ‘ i : : ;
SINI Dubria, Toaniin, Aot 21 Septemner 1 2005 Bogoliubov atory of Theoretical Physics

JINR, Dubna, Russia, July 14-26, 2008

TOPICS: | ORGANIZERS:

T
- Hadrons in the Medium -J. Wambac“ (GSI, TU Darmstadt)

",ﬁadrons in the Medium ; 7 Equation of state and i VOI‘OI'IOV (JI NR)

* lfqua!inn of State and : o '- S :— r, oh 0 Tha%;)]orsn\;!l(ms ,

5 Phase Transition A\ 1 B . - Hac I’OﬂI r UC_.I()I.I ?I’I

* Hadron Production in = L ‘ Ll 5 Hea :_:ton ‘(()HISIOHS
Heavy-Ion (nllmmns? " 5 y - Dense Matter in

* Color Superc nn(Il[(‘f!(‘l,y - J. =1 . (UR ok &1 C()mpa‘:t §tars \ - A. Sorin (J 'NR) ~
and sQGP F 1 2 0 v ( - Future Experimental - |- ). Schmelzer (U Rostock, JINR)

* Dense Matter in % A anili_tjes_ £ | - V. Zhuravlev (JINR)
- : | '(ﬂ NR)
R)

Compact Stars : 7ova . ‘ - V. Skokov (sc. secretary,
SUPPORTED BY: & oMY ) ; SUPPORTED BY: % - A Dolya (secretary, JIN
Helmholszssoc'iatwn % Hel h-ll A iati ‘
S nholls O, ntﬂbe andlis S ; - Helmholtz Association AD > !
S "{‘I‘o N % : “ | SR o - Helmholtz Centers - o CONTACT DRESS:
‘ DESY and GSI FAX: +7-49621-65084
- Joint Institute for E-mail: dm2008@theor.jinr.ru
Nuclear RC“C““‘-? W WW hitp://theor.jinr.ru/~dm2008
- Russian Foundation for -
Basic Research > “u-f_f_ g
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DIAS-TH Dubna International Advanced School for Theoretical Physics
HIC-for-FAIR School and Workshop

Dense QQCL Ehases
~,

.

(2

Heavy-Ton Collisions

/
—

August 21- September 4, 2010 @ Joint Institute for Nuclear Research

Organisers

M. Bleicher (Frankfurt)
D. Blaschke (JINR & Wroctaw)

Local Organisers

T. Donskova (JINR)

A. Khvorostukhin (JINR)

E. Kolganova (JINR)

A. Sorin (JINR)

D. Zablocki (Wroctaw)

NONEQUILIBRIUM AND TRANSPORT PHENOMENA IN DENSE MATTER
QCD PHASES IN COMPACT STARS, SUPERNOV A AND MERGERS
EQUATION OF STATE AND QCD PHASE TRANSITIONS

HADRON PRODUCTION IN HEAVY-ION COLLISIONS

ﬁ HELMHOLTZ
| ASSOCIATION

Bogoliubov Laboratory of Theoretical Physics, Joint lnstltute for Nuclear Research

Dubna International Advanced School of Theoretical Physics
Helmholtz International Summer School

Lattice QCD, Hadron Structure
and Hadronic Matter

Dubna, Russia, September 5 - 17, 2011

Introduction to Lattice Gauge Theories

Hadron structure and spectroscopy

Nonzero temperature and baryon number density
Heavy quark physics

Beyond the Standard Model

Strong magnetic fields

Simulation algorithms and analysis techniques

9.
LECTURERS: 05.5:
D. Blaschke (/TP, Uni. of Wroclaw & BLTP, JINR)
S. Catterall (Syracuse U.)
M. Goeckeler (ITP, Regensburg U)
M. Mueller-Preussker (Humboldt U., Berlin)
K. Jansen (NIC, DESY, Zeuthen) ORGANIZERS: AnHACTHA
F. Karsch (Bielefeld U. & BNL) R. Sommer (NIC, DESY, Zeuthen)
D. |. Kazakov (BLTP, JINR) A. Sorin (JINR, Dubna)
M. Peardon (Trinity College, Dublin) s 4 m
P. Petreczky (BNL)
M. Polikarpov (ITEP, Moscow)
M. Polyakov (S.-Pb. Nucl. Phys. Inst., Gatchina & Bochum U.)
A.V.Radyushkin (JLAB, USA & JINR, Dubna, Russia)
C. Schmidt (Frankfurt U. & GSI, Darmschtadt)
R. Sommer (NIC, DESY, Zeuthen)
A. S. Sorin (BLTP, JINR)
0. V. Teryaev (BLTP, JINR)
C. Urbach (Bonn U.)
V. |. Zakharov (ITEP, Moscow)
Bogoliubov Laboratory of Theoretical Physics, Joint Institute for Nuclear Research

CONTACTS: 141980 Dubna, Russia; Phone: (+749621) 65084; e-mail: diastp@theor.jinr.ru
http://theor.jinr.ru/~diastp/summer11



DIAS-TH: Dubna International Advanced School for Theoretical Physics

. Helmholtz International Summer School
Dense Matter in Heavy lon Collisions

and Astrophysics:

| .Theory and Experi

ment

. Dubna, Russia, Augusti28 - September 8, 2012

Organisers

H. Stocker (GSI)
A. Sorin (JINR)

. D.Blaschke (Wroclaw & JINR)

Topics

+ Equation of state & QCD:phase transitions

* Transport properties in dense QCD matter .

- Hadronization & freeze-out in heavy ion
collisions (HIC)

+ Astrophysics of compact stars (CS)

- Simulations of dense QCD, HIC and CS

+ Experiments and observational programs

ﬁ HELMHOLTZ

| ASSOCIATION

Dynasty

Local Organisers

V. Zhuravlev (JINR)

J. Schmelzer (Rostock & JINR)
A. Khvorostukhin (JINR)

A. Friesen (JINR)

V. Nesterenko (JINR)'

.V. Novikova (JINR)

Cpnta_ct

dmi2@theor.jinr.ru
http:/theor.jinr.ru/~dm12

p—




‘wase There's two possible outcomes: if the result
2 confirms the hypothesis, then you've made a
%...  discovery. If the result is contrary to the
hypothesis, then you've made a discovery.

(Enrico Fermi)

izquotes.com




