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Introduction

The JINR Committee of Plenipotentiary (CP) approved the 7-y Plan
for the development of JINR, based on concentration of resources
for updating the accelerator & reactor base of the Institute

The CP also supported the efforts being taken towards integration
of the JINR basic facilities into
the common European research infrastructure

The project NICA/MPD
(Nuclotron based lon Collider fAcility & Multi Purpose Detector)
aimed to study of hot & dense baryonic matter (DBM)
& spin physics with polarized protons & deutrons

-Is the JINR flagship project in HEP
It was initiated & led by |A.N.Sissakian
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Introduction

d the study of DBM could provide us with information on

-in-medium properties of hadrons
& nuclear matter equation of state (EOS)

-onset of deconfinement (OD) & chiral symmetry restoration (CSR),
-phase transition, mixed phase & critical end-point (CEP)

-possible local parity violation in strong interaction (LPV)

Q the study of spin physics is aimed
-to shed light on the origin of spin
- to define the nucleon spin structure
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Creation of deconfined QGP state in HI collisions, study of
fundamental properties of QCD in various regions of QCD PD

QCD phase diagram
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Optimal energy region

J.Cleymans, M. Gazdzicki, M. Gorenstein , J.Randrup, A.Sissakian, A.Sorin,
V. Toneey, G. Zinovjev & others: to reach the highest possible baryon density
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Critical point and onset of deconfinement - CPOD-2010
22-29 August, 2010, Dubna

- very fruitful discussions on the NICA/MPD program
have indicated a great interest of the community to this project
- an importance of experiments at Nuclotron was emphasized

- essentlal contrlbutlon to the NICA Whlte Book (114 authors,19 countr.)
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Avalilable energy regions

& Its extension
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Veksler & Baldln Laboratory of ngh Energy Physics
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Nuclotron

0 JINR HEP basic facility, in operation since ‘93
O based on the unique technology of
super-conducting fast cycling magnets
developed in JINR
O provides proton, polarized deuteron
& multi charged ion beams

Nuclotron development plans:

a Nuclotron-M (vac., PS, orbit corr.) 2010
a Nuclotron-N (Krion-6, LU-20, RF) 2012
a Nuclotron-N* (New Linac, Booster) 2013

V.Kekelidze at 108 SC JINR

Parameter N obtained
Accelerated ions 1<Z<92 1<Z<42
Energy, GeV/amu 6,A/Z=2 5.2
Magnetic field, T 2.0 1.8
Inj. Ener. MeV/amu 5 5

B 1107 | 2109
pressure,Torr
.410-10 -410-10
cold chamber L, LS
Repetition rate, (Hz) 0,5 0,2
Field ramp rate, (T/s)
stand testing 4 2
in the ring 4.1 1,0
/ > ¥ 0 -
' N/ LT
i iy 7/ Ja
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Nuclotron beam intensity (particle per cycle) nlm

seam Current lon source type METUCIITIES s
booster (2013)
P 3-1010 Duoplasmotron 5.1012
d 3-1010 -y 5-10%2
“He 8-108 ==, e 1-1012
dt 2.108 ABS (“Polaris”) 1-101° (SPI)
Li 8-108 Laser 5.-101!
11,1OB 1_109,8 S —
40 1-10° “ 2-101
24Mg 2.107 S
14N 1.107 ESIS (“Krion-2”) 5.1010
24Ar 1-10° ==, 2-101
S6Fe 2-106 ST 5-1010
84Kr 1-104 =y, e 1-10°
124Xe 1-104 ==, 1-10°
197AuU - me= oy o= 1-10°
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Heavy lon Mode: Operation Regime & Parameters

________________________ . (preliminary)
I Injector: 2x10° ions/pulse of 197Au32* |
: at 6.2 MeV/u I PRI
L e e e e e e e e e e, e, ————— 1 , N
V4
Collider (45 Tm) ¢+ Booster (25Tm) *,
Storage of 11(2 -3) smglef ;urzlgjfi:(t)lgo?,
26 bunches by ~ 1x10° ions per ring !: storage of 20J(4-6)
t1-45 GeV/u acceleration up to 100 MeViu,
a ' ' _ eIQctron cooling, accelerat,( n
electron and/or stochastic cooling \ upto600MeViu
r==> AR 7
/// ~ § S o N PR
| ‘ Stripping (80%) 197Au32+ => 19779+ ||
i 7 <
Twl(lj dSC I /' Nuclotron (45 Tm) °
IP-1 @ COllder g, I injection of one bunch
| rings ' of 1.1x10° ions, I
. acceleration up to 1
2X26 injection \ /
% cycles \ 1-4.5 GeV/u max. ,
N 27 N ”
: = f / S ~ //

-
-—
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Collider—general parameters (preliminary)

Bpmax [ T-m ] 45.0

lon kinetic energy (Au79+), [GeV/u] 1.0 = 4.56
Dipole field (max), [T] 2.0

Free space at IP (for detector) Om

Beam crossing angle at IP 0

Vacuum, [ Torr] =
Luminosity per one IP, cm-2-s-! @

Structure & details of the storage rings
- subject of consideration by the forthcoming MAC)
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NICA: works schedule

2010 | 2011 | 2012 | 2013 | 2014 | 2015 | 2016

ESIS KRION
LINAC + channel
Booster + channel

Nuclotron-M
Nuclotron-M—NICA
Channel to collider
Collider

Diagnostics

Powes supply

Control systems

Cryogenics
MPD
Infrastructure

Design anufe S Mount.+commis commis/opr operatio
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Accelerator expertise ECFA members in Dubna,
11 October 2009
Machine advisory committee K
meetings: - ‘ . :
- forthcoming meeting in , @
4-5 Octo | -

- previous meeting in Dub d
Janu
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The plan of Nuclotron and experimental zones
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Nuclotron external beam lines
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Baryonic Matter @ Nuclotron (BMN)

Schedule (preliminary)

Q Start of project preparation 2010
O presentation for the consideration at PAC 2011
O Experimental area preparation 2012

major subdetector for the starting kit
are prototyped & mounted

O BMN starting kit commissioning 2013

0 Start of physics runs 2014
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Fixed target experimental area

Should be properly developed in parallel with
Nuclotron upgrade & NICA collider construction

This is the high priority task, because it provides:

> relevant experimental program in BM, (could be started in 2014)

> proper monitoring of Nuclotron performance & beam parameters

> highly required beams - to test MPD various subsystems

> development of modern experimental infrastructure, organization
necessary services, & training of corresponding personal

> better integration of the JINR HEP facility into
the common European research infrastructure
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Energy regions covered by present
& future experiments
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MPD

[ Concept of universal detector for collider experiments;

a central part inserted into
0.5T superconducting solenoid (D=5m, L=8m)

] Could be used for both studies: DBM & SP

O Three stages of putting in operation
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. MPD: 3 stages of putting into operation =Im

U

Ii | ™ 2-nd stage
L Yoke Cryostat ECal = |T EC-subdetectors

SC Call

TOF

Forward
spectrometer-8
3-d stage
F-spectrometers
(optional ?)

1-st stage
barrel part (TPC, Ecal, TOF)
+ ZDC,FFD, BBC, magnet, ...

Z



List of Tasks for MPD

.. To measure a large variety of signals at systematically changing
collision parameters (energy, centrality, system size).
Reference data (i.e. p+p) will be taken
at the same experimental conditions.

bulk observables (hadrons): 4rn particle yields (OD, EOS)
multi-strange hyperon production : yields & spectra (OD, EQOS)
electromagnetic probes (CSR, OD)

azimuthal charged-particle correlations (LPV)

event-by-event fluctuation in hadron productions (CEP)

correlations involving &, K, p, A (OD)
directed & elliptic flows for identified hadron species (EOS,0OD)

CcCop0 00000

NICA White Paper (http://nica.jinr.ru)
Round Table materials (http://jinr.ru/theor/)

22
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Timetable MPD

Stage/Year

1 | MPD Conceptual Design Report
MPD TDR

3 | R&D program

TPC

TOF

ZDC

Si inner tracker

EMC

Straw Tracker

DAQ

4 | Production and tests (the 1* stage detectors)
Superconducting Magnet of MPD
TPC

EMC

ZDC

TOF barrel

Slow Control

DAQ

Installation& Commissioning

Si inner tracker

5 | Production and tests (the 2" stage detectors)
TOF(EndCap)
Straw Tracker
DAQ

Slow Control
Installation

6 | Production and tests (the 3" stage, Forward Spectrometer)
Toroidal Magnet construction
Coordinate detectors production
Coordinate detector testing
Installation& Commissioning
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Status of MPD project & physics

® MPD project (1" stage)
was recommended for approval
by PAC of PP in January 2010

Version 1.2.

® White Book

o o The MultiPurpose Detector - MIPD
- the last version in August 2010 tsudy Heavy Tow Collins 3t NICA
(>100 authors from>40 centers) Comcanaieon B

® MPD COR
- the first version -June 2009
- the last v.1.2 - August 2010

® MPD LoI - the first version
in February 2008 S

V.Kekelidze at 108 SC JINR 23 September 2010




MPD working packages
& corresponding groups

» Magnet > EC DC

» TPC (*prototyping) > TT
> ECal
» TOF

> ZCal

> DAQ
> Slow Control

> FFD » Infrastructure & Integration

> CPC > Soft ware

> Straw wheels > Physics performance

The CBM-MPD 55D consortium:
6SI - JINR - THEP - .. in IT silicon module development
is well progressing
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Time Projection Chamber (TPC)

hXYhitNeg | hXYhitPos
E

ntries 20164 | Entries 16347 a 21alar=

Field Cage:
Kevlar laminated
by Tedlar film

|
-50 0 50

Event#2 b=0-3fm Pt >30(MeVic)

oy

Readout Eumher,--”'“ / ) e e M—O-n-'l' SO ution ApP/P < 3% (0.
dE/dx resolution < 8%




T

TPC Readout Chamber
“’ " Pad Plane:

0 2 sets of 4x10 mm & 6x12mm pads
O 256 channels of readout electronics

FEE :
O Amplifier/Shaper — PCA16/ILC and PASA
O 12 bits ADC — ADC12EUO050

| O FPGA VIRTEX5
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RPC prototype (China group)
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MPD performance for physics tasks

was evaluated using a powerful tool based on
MPDRoot including various physics generators,
Detector simulation, event reconstruction

& analysis
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Angle coverage of MPD

TPC (|7 <2) Charged  ¥Sw= 3 9 GeViu ~
77 5.
ECAL (|7|<1.2) g 50: L
FD (2<|7|<4) R 0 o
TOF (|1i<3) g | Tege "2
IT (I7l<2.5) B 2
S~ - =
> —_— b
7 ZDC (|n>3) e gl %
A L&
{ B L1 é
205 0
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Q . 10—
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BER /, , | B=05T
Z0C ) BBC/ CPC Tracker Ty
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Particle yields in Au+Au collisions

Luminosity L =10%cm-2s-!

\/SNN = 7.1 GeV (10% Central) Event rate (central) 700 Hz

Particle Multi- decay yield yield
(mass) plicity | mode (s1) 10w
K+ (494) 55 -- 7.7°103
K- (494) 16 -- 2.2°103
p (770) 23.6 ete” | 1.6°10°2
w (782) 14.2 efe- | 1.4'1072
¢ (1020) 2.7 efe- | 1.1:1072
= (1321) 2.4 A 67
Q- (1672) 0.16 AK- 1.5

DO (1864) | 7.5°10% | K*m | 2.0°104 | 1200
J/w (3097) | 3.8:105 | e*e | 8.0'105 | 480
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Vertex & hyperon decay reconstructions
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50—
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§ i vertex reconstruction
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g L
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Q- -> AK- decay reconstruction
(vertex + particle ID)

| Invariantmass: Q' - A K |

100

S Integral 694

2 90 p0 76.55

g 1) pi 1.672

0 p2 0.002825

£ 70

c p3 1406

“ 60 p4 1586
pS 448.8

50
40
30
20

+

e b oS b bevna by naa Bana 150

I+J"I.ILIIJ

.63 1.64 165 166 167 168 1.69

23 September 2010
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Lepton pairs (e*e’) reconstruction

e / 1t separation (using TPC + RPC) Signal = (+-) - 2\/(++)(")
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To be done:

estimate of ability to measure charge asymmetry w.r.t.
reaction plane as a possible signature of strong P violation

excess of positive

Reaction charge

plane

EXCESS Of negative
— |charge

o X (defines ) pK ‘04 Phys.Lett.B633(2006)260
Electric dipole moment of QCD matter!
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Spin Physics (SPD)

NICA design allows to reach effectively polarized
- protons up to s ~ 26 GeV with average L = 2 1039 cm?/s
« deuterons up to Vs ~ 12 GeV with the average L= 102° cm?/s.

The SPD (Spin Physics Detector) program includes:
* Drell-Yan / MMT processes,
« J/¥ production processes,
- Spin effects in elastic pTpT, pTd & dTdT scattering,
» Spin effects in inclusive high-pT reactions,
» Polarization effects in heavy ions collisions

All these give unigue possibilities to investigate "spin puzzle”
- one of the main tasks of the modern hadron physics

The 1-st stage could be started already at MPD

essential extension of COMPASS (CERN SPS) program
V.Kekelidze at 108 SC JINR 23 September 2010
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MPD Collaboration

Members of the Collaboratlon
QJoint InsutUtNl@r Nuclear Researd_lﬁ)o

QO Institute ﬁ)@{tpféqairr%qﬁgﬂé@ Rg& RF : >

0 Bogolyubov Institute.for Theoretical PhyS|cs NAS Ukralne ‘ S,

0 NuclearPhysics Institute of MSU, RE2” T R !
© O Institute Jﬂﬂ@@l&l@é@@ Bxperimental. Physlcs RF
0 O St.PetersbdigNRate University, RF ©

2 Insttute af popieStROVEE A MPIEBRIries

Q Institute for Nuclear Research & Nuclear Energy-BAS; Sofla Bulgarla

O Institute for Scintillation Materials, Kharkoy, Ukraine

0 State Enterprise Scientific & Technolog = ¥ % oo

Research Institute for Apparatus construction, Kharkov Ukrame
- Particle RiNEIee GifalsoPARGIRIS BRI roRA
O Department of Engineering PhyS|c Tsmghua University, Beulng, Chlna

O Physics Institute Az.AS, Azerbaidjan )
New part|C|pa ts — are welcome !




CERN-JINR agreement

signed by two directors in Jan. 2010, opens
the door for bilateral activity in LHC & NICA %

The four big drift chambers of NA48
delivered to Dubna for MPD ¥
— good contribution to this agreement
& good memory for Alexel Sissakian
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Major milestones for 2011

» launch the magnet production line

(final assembly, test, QC & certlflcatlon) m 7 )b
M RS
required for booster, collider, FAIR +.... P

| brd 51’

» to complete Nuclotron-M & start Nuclotron-Nica project
with beams required for both NICA & BMN

» to approve project for collider civil engineering & start works on
Collider layout design, & construction + infrastructure

» to complete design works on MPD solenoid,
& launch a tender for the production

» development of fixed target area, & infrastructure upgrade (bld.205)

» to start the BMN project
V.Kekelidze at 108 SC JINR 23 September 2010



Resources for NICA & MPD, in k$

35000

30000

25000

20000

15000

10000

5000

0)

® MPD budget
MPD external

Budget 2010:  spent/ allocated , M$ A budget

Accelerator 445 | 5.34
Detector 0,85 / 0,92

/| 2,03
Others 0,60 / 0,71

2011 2012 2013 2014 2015 2016
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Summary

O NICA/MPD project to study hot & dense baryonic matter
IS progressing well

0 The accelerator part is properly supervised

a The 1st stage of MPD conception is completed,
& the project is recommended for realization

a The scientific program in DBM will be extended
for low energy region by FT facility — BMN

O External collaborations are invited to present proposals
O Project schedule & financing are fulfilling

a The Collaboration around NICA/MPD is growing
New members are welcome !
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"..Why is there something rather than nothing?”

from the speech of
President of the French Republic
at the XXV ICHEP in Paris

Thank you
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Quark Matter

T T T T T T T T T = ID_B -
\- Sommal Quark Matier |
Color Syma. =

-|QSC; Stipuu}ndurnng -

Y NN

S J, P PR e e
03 06 09 12 15
n [fm”]
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D.Blaschke et.al. NICA White book
rr 1T 1T v 1T 1T T

2k [e——°2A GeV [URQMD 7
e—a 4A GeV |b=0 vy
B —y 6A GEV =05 fm/e ' s . |
— —a BA GeV >4

mE 1.6F | 10A GeV 7S
= s |

= full symbols: QE
v 12k after thermalization r: 3

S 1 52
o E : 1
Z — 3 v
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LHCsSeS Nlcgls

RHIC M.Gazdzicky, CPOD2010

quark gluon plasma

200~

chemical freeze-out
A SIS, AGS
B SPS (NA49)

’m

Y& RHIC

100

color
super-

- hadrons

- M. conductor
0 1 1 l 1 | 1 1 1 ."'k I l
500 1000
the onset of w_ (MeV)
. B
deconfinement
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Extracted beam Max T,.,, GeV/u | Max \Sy,, GeV/u

proton (Z/A=1)
deutron (Z/A=1/2)
Au (Z/A=0.4)

V.Kekelidze at 108 SC JINR

11.0
5.1
3.9
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= STAR Run10 Physics Programs

STAR BUR
200 11 1.8 56
62.4 4  apo-an7 0
39 1.5 ws_am 5 (24M)
57 15 (33m) BES programs
18 16 (15M) (1) QCD T¢
(2) QCD phase
113 2 87 -21 19 (5M) boundary
e 4 a21-_5m 56 (5M)
5 0.5 612-5 5 (0.1M)
Weekly planning info: http#www.c-ad_bnl gov/esfd/RMEN _10/rhic_planning htm
Nu Xu CBM Physics Workshop, GSI, April 141, 2010 14/20
V.Kekelidze at 108 SC 23 September 2010
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Nuclotron slow extraction

S o VA Beam profiles at the F; focus.
arameter @ nits alue Deuterons, Ppe,m = 4.3GeV/c, o, = 2.6 mm, o, = 3.0mm
Momentum range ZIA= Gev/c/amu 0.6—6.8
1/2

Momentum spread, o % 0.04-0.08

Extraction time sec 10

Beam emittance P max mm-mr 2n

Beam size in a waist, © P max mm <1

Extraction efficiency % >90 : , |

-32 -16 0 16 32 -32 -16 0 16
Beams p, d, d?, o, 67Li, 1011B 12C, 14N, 24Mg, 55Fe
X, mm VY, mm
|, au :
An extracted beam spill
2000
V.Volkov ¢t al., EPAC 2004

1500
1000

© (@] 1000 2000 3000 4000 5000 60'()0 7000 80'(30 9000 10000
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Relativistic Nuclear Physics
Colliders & Synchrotrons: Luminosity vs Energy (\s)

Synchrotrons: S!S300 —
f SIS100..
1e32 ¢ T
L(E) I SPS
1e30 U-10/T \
1628 Nuclotron |j.7q
: N A
: A A Ll /nL\R’+)
le26 ¢ = Cric(ro
: L1 79H)
E g% v T
1624 A A A A A
GeV 0 100 1.0 TeV 10
\s
npo¢ J¥ Y WEZ0 t
V.Kekelidze at 108 SC 23 September 2010

JINR



Thresholds accessible at proton accelerators
(intermediate energy region)

_l LI | LI | L L | L L L] | LI | LI | LI | L | UL I:
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Electron identification

. V' P<O. '}
0.6 GeV/c < P < 0.8 GeV/c , . bGeVic<P<0.8GeVic
21000 . £10°: Inl<1 e
£ 1401l Inl<1 ) Sk
51402 w - -7
il - T 3
1200 w/o TOF-cut 107 TOF-cut
100~| m-contamination ~ 5% - n-contamin. < 0.3%
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0O Rejection of protons, kaons and most of pions by TOF
O« contamination in the e* sample < 0.3%
O ECAL provides extra suppression factor
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Hyperon reconstruction

Invariant mass: = — A" + 1

Integral 335

po 77.93

C p1 1.321

Y.F AutAu 9 Gev 2 ooy
moum Eff. = 3.8%

w p5 -862.9

S/B (#30) = 245/ 18 = 13.7
o S/V(S+B) = 15.1
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30 Excellent capabilities
AR for hyperon measurements!
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n/y separation efficiency

by using information on X-Y(transverse) and Z (longitudinal)

shapes of profiles of the cluster in the ECal

Efficiency of neutron identification - 95% with 3%
admixture of photons
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Nuclotron beam intensity (particle per cycle)

Beam current on source type Nuclotron-M Nuclotron-N e e senTes -
(2010) (2012) booster (2013)
p 3-1010 Duoplasmotron 8-1010 5.1011 5.1012
d 3-101 | - 8-1010 5.101 5.10%2
“He 8108 | @ - 3-10° 3-1010 1.1012
dt 2.108 ABS (“Polaris”) 2.108 1-101° (SPI) 1-101° (SPI)
Li 8-108 Laser 5.10° 3-1010 5.101
11,108 11008 | . 2.109.8 2.1010.9
12C 1109 | - 3-10° 2-1010 2-1011
24Mg 2.107 | - 2.108 1.10°
14N 1-107 ESIS (“Krion-2”) 3.107 3.108 5.1010
24N 110° | .- 3-10° 2.1010 2.101
56Fe 7250 I I—— 6-106 1.108 5.1010
BAK 1 1104 | 105 1.107 1-109
124 e 1104 | .- 105 1.107 1-109
197AU - 1.107 1-109
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TOF performance study

TOF coverage (barrel + endcap)
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[=]
(=]
J—Hlllll|III|III|III|III|III|III|III|III|

0.6
d PID: 20 n/K ~ 1.7 GeV/c, (=,K)/[p ~3 GeV/c ,
[ MatchedTofAl | THistMass2Al 02 |
Entries 48370 0% —
.............. Meanx 0.1957 -
P ——— ggig? = 15 =
E E ...................................................................................................................... p . 0:4299 E 0 9; 'Wwwmﬂ++ ______ |
i e — S S
................ s 10—
...................................................... E:
= -
...................... ‘E u.E;
R E 0.5 E_t...
2 E
= 0.4;
o3f—- TOF matching efficiency -—-
RO 0s f

s
=

V.Kekelidze at 108 SC JINR 23 September 2010



e —:

n/y separation efficiency

by using information on X-Y(transverse) and Z (longitudinal)

shapes of profiles of the cluster in the ECal

Efficiency of neutron identification - 95% with 3%
admixture of photons
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Nuclotron beam slow extraction

Parameter Design Obtained
Energy range, (GeV/amu) 0,2-6,0 0,2-2,2
Duration, (s) up to 10 10
Extraction efficiency, %
at 0,2 GeV/amu 90 95
at 2,2 GeV/amu 95 95
Extraction angles, (mrad)
horizontal 5 5
vertical 96+6 96+1
Nominal ES voltage, (kV) 200 140
Exploitation ES voltage, (kV) up to 200 up to 120
LM supply current, (kA) up to 6,3 6,3
Repetition rate, (Hz) 1,0 1,0




Fixed Target Experiment Area (bld. 205)
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NICA operation regime & parameters

Injector: 2x10° ions/pulse of 197Aus2*

at energy of 6.2 MeV/u /’\

Booster (25 Tm)
3) single-turn injectio
storage of 2 (4-6)x10°,
acteleration up to 100 MeV!u,
electron cooling,
acceleration
to 600 MeV/

1

Collider (45 Tm)
Storage of
32 bunches x 1-10° ions per ring
at 1+4.5 GeVlu,
electron and/or stochastic cooling

Stripping (80%) 197Au32+ = 197Ay 79+

N

Two Nuclotron (45 Tm)
superconducting “ injection of one bunch
collider rings of 1.1x10°%ions,
. acceleration up to
IP-2 2 x 32 injection 1+4.5 GeV/u max.

cycles (~ 6 min) \/

Option: stacking with BB and S-Cooling
~ 2 X 300 injection cycles (~ 1 h) : :
V Kekelidze at 108 SC JINR Bunch compression (RF phase jump) |




