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The NICA Complex at JINR: status and plans
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NICA (Nuclotron dased lon Colider fAcility) —
the JINR flagship project in HEP

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 with max
energy up to \S,,= 11 GeV and L=~10%" cr2 ¢! (Au7%")

and polarized protons and deuterons with max
energy up to 26 GeV and L=~1032cm=?c (p)
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NICA accelerator opportunities

1: - Heavy ion colliding beams 97Au’9* x 197Au’°* at
Vs =4 = 11 GeV (1 + 4.5 GeV/u ion kinetic energy )
at L = 1x10%7 cm2-s1 (at Vs = 9 GeV)

average

- Light-Heavy ion colliding beams of the same energy range and L

2: Polarized beams of protons and deuterons in collider mode:
ptpt Vs,, =12+ 27 GeV (5+12.6 GeV kinetic energy )
d1d? Vs =4 + 13.8 GeV (2 + 5.9 GeV/u ion kinetic energy )
Loverage = 1x10%2 cm?:s7 (at Vs, = 27 GeV)

3: The beams of light ions and polarized protons and deuterons
for fixed target experiments:

Li + Au =1 + 4.5 GeV /u ion kinetic energy
p,pl =5+ 12.6 GeV kinetic energy

d, d? =2+ 5.9 GeV/u ion kinetic energy

4: lon beams for applied researches at kinetic energy
from 0.5 GeV/u up to 12.6 GeV (p) and 4.5 GeV /u (Au)
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The NICA Complex

existing
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The NICA Complex

KRION-6T+HILac (3MeV/u) s

LL’..“A B = t.
PS and ~ ~ > o existing
SRERC PN .
LU-20 (5MeV/u) O 22 (@ dndy :
T~ 6*?\::\(\*8-206 6\“ > | In preparatlon

/ XN 0\6 ‘

// Booster
/ W (600 MeV/u)

NUCLOTRON B
0.6-4.5 GeV/u

MuItiPur\pose
 Detector - MPD

S
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@i m _+» Complex NICA - civil construction (NICA
%oject of the CV was done by the Moscow design firm “Kometa”

and has passed through the State Expertise in 2013

For the first time at JINR an international tendering has been organized
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§

The preparatory Works
on ~60 000 m?!

In January 2015 20 test piles (up to 15 m)

Contract for Working Documentation has been pushed and additional drilling

signed in August’14. Ready — mid 2015 | for soil ina:ysri‘s fo; SPegial vibration
€eS1S nas peen aone

29 June 2015 Yu.Potrebenikov, 9th APCTP-BLTP JINR 7



A Contract for Civil Construction

/MPD KoHuenTyanbHbi rpaduk oprainsauuii pabot STRABAG
Notizen OnuT-cTb Anfang Fertig stellen 2015 2016 2017 2018
[ G2 [ Q3 [ Q4 Q1 [ Q@ | Q3 | Q4 Q1_[ Q2 [ Q3 [ Qa4 Q1_[ 02 [ Q3 [ Qa4 Q1|
03]04]05[06(07]08]09[10]11]12[01]02[03]04[05[06[07[08[09[10]11]12[01]02[03|04]05[06(07 [08[09[ 10[11]12]01[02[03[04[05]06(07 [08[03[10[11]12[01[02[03 !
LHorosop Fr20.03.15
Hozo8op
CMP 1050 Tage = Fr20.03.15 Do 28.03.19 CMP
v
MoarotoeutensHele Meponpustua 90 Tage Fr20.03.15 Do 23.07.15§TencHeie Mep;@ngﬂmﬂS
. Jul '
MPD 540 Tage Fr24.07.15 Do 17.08.17 MPD
24. Jul'15 @ 9 17.Aug 17
KaHbOH nonykonsua W 630 Tage Fr04.09.15 Do 01.02.18 KaHbOH nonykonbua W
04. Sep '15 @ : ¥ 01.Feb'18
KaHbOH nonykoneua E 540 Tage Fr08.01.16 Do 01.02.18 KaHbOH nonykonsua E
08./Jan'16 W W 01. Feb'18
SPD 750 Tage Fr13.05.16 Do 28.03.19 ) SPD
13. Mai '16 @ =
pazBunka 575 Tage Fr13.01.17 Do 28.03.19 pasBunkKa
13/ Jan'17 @
CTPOUrOTOBHOCTL K MOHTaXy 420 Tage Do 17.08.17 Do 28.03.19 CTPOWrOTOBHOCTb K MOHTaXy
17. Aug 17 @ =
MPD Do 17.08.17 MPD
17.Aug 17 &
KaHbOH nonykonsua W(est) Do 01.02.18 KaHbOH nonykonbLua W(est)
01.Feb'18 &
KaHbOH nonykonsua E(ast) Do 01.02.18 KaHbOH nonykonbua E(ast)
01.Feb'18 &
SPD Do 28.03.19 SP
28.Mrz'19 ¢
pasBunka Do 28.03.19 passu
28.Mrz'19 &

A contract for General construction works is under very final agreement
- planned to sign in July
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NICA - basic milestones

JINR 7-years plan (2010-2016) is approved 2009
NICA project is approved 2010
The 1-st stage of Nuclotron modernization
is completed 2010
9 runs are fulfilled in 2010-2015

The projects have been approved for:

v' accelerator complex 2010 - 2019
v MPD (Multi-Purpose Detector, start-up) 2010 — 2019
v" experiment with fixed target BM@N (Il stage) 2012 - 2018

The project preparation for Spin Physics Detector (SPD) is going on

Last PAC on PP approved all existing project on the NICA complex
up to 2020
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Research in Relativistic Heavy Ions

is intensively developing fields in the last two decades

many discoveries have been made,
interesting processes have been observed
and precisely measured in the series of experiments
at RHIC (BNL), SPS (CERN) and SIS18 (GSI)

The researches are carried out at LHC,
in preparation - at SIS100 (FAIR)

However interesting phenomena as
the mixed phase, the critical endpoint, max. of baryonic density etc.
are not observed yet

In this view the energy scan in wide energy region
is a high priority task
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QCD phase diagram - prospects for NICA

> oofgliaitice GEDEE Energy Range of NICA is
s < unexplored region of
- { the QCD phase diagram:
v
é "Highest net baryon density
g ® Onset of deconfinement
g— 100 phase transition
2 ® Strong discovery potential:
_ a) Critical End Point (CEP)
Color Super-
i copductor b) Chiral Symmetry

% 1 T Restoration
I\ Compact Stars Net baryondensity n/ n,
n,=0.16 fm™3

NICA experimental programme is complementary to the RHIC/BES, FAIR and
CERN and can be started already at Nuclotron-M

So, the NICA facilities provide unique capabilities for studying
a variety of phenomena in a large region of the phase diagram

29 June 2015 Yu.Potrebenikov, 9th APCTP-BLTP JINR 11




NICA White Paper - International Effort
(under preparation from 2010)

(NICA)

Draft v 8.03
January 24, 2013

SEARCHING for a QCD MIXED PHASE at the
NUCLOTRON-BASED ION COLLIDER FACILITY
(NICA White Paper)

Statistics of White Paper Contributions

111 contributions:

188 authors from 70 centers in 24 countries

Indicates wide /nternat/ona/ interest

Russia
63

Poland
|

USA
74  Germany

28

Japas

Swadan Auseria
Slovakia
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Research in Spin Physics

Physics tasks

* Nucleon spin structure studies using the Drell-Yan (DY) mechanism
« New nucleon PDFs and J/¥ production mechanisms

* Direct photons

« Spin-dependent high-pT reactions

« Spin-dependent effects in elastic ppand ddscattering

« Spin-dependent reactions in heavy ion collisions.

Proposal (SPD):

* to perform measurements of asymmetries of the DY pairs
production in collisions of polarized protons and deuterons which
provide an access to all collinear and Transverse Momentum
Dependent Parton Distribution Functions of quarks and anti-quarks in
nucleons; a set of these measurements will supply complete
information for tests of the quark-parton model of nucleons at the
twist-two level with minimal systematic errors.

* to perform measurements of asymmetries in production of J/¥
simultaneously with DY using dedicated triggers.
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Status of the accelerator complex
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Particle sources

m SRION-ET Lasersource Duoplasmatron “
Light ions up
31+ + N+ 2+ + +
m to Mg'®* 0 T it

c H*, D* ~ 5-1012

Unique Electron String Ion Source High intensity
KRION-6T: polarized particle source:
high intensity: Kr 28+, Xe 44+, Au 52+ up to 10! particles/s

ASSEMDIY OT Tne charge-excnange plasma ionizer

Solenoid

Extraction chamber

Spin precessor

Successfully tested in 2014 for light ions Successfully tested in 2012-2014 ready to use
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HILac: first in Russia high current (10 mA) heavy ion Linac,
first Linac with transistor RF amplifier

NICA HiLac: RFQ + IHL +1H2

4-rod 120 kw

TwoQD + 3 kw
buncher . (buncher)

DTL+QT - 296 kw

et i
o 1 1H2 DTL . 278 kw

Dsig and fabrication
under the contract with "BEVATECH OHG”
Germany, Offenbach/Main,

to be delivered at JINR in 2015
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Booster and Nuclotron

Booster synchrotron, 211 m, with ultra high vacuum and
electron coolmg inside the Synhrophaso’rr'on yoke

Dlole SC magnet

E-cooling
(optional)

Extraction,
stripping to
1974 g7

3100

Nuclotron provides now performance of experiments on accelerated pro T
beams (up to Fe24+, A=56, now Xed2+, A=124) with energies up to 6 AGeV \o/n - 1,2)

[N
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RF system for booster

| = SR e 1

In May 2014 2 RF stations
were assembled and tuned
in BINP (Novosibirsk)
in coop. with JINR specialists.

Project status:
all the works are performed
in accordance with the plans.

| —‘ B A\ € o
Qﬂ | & N -

The Booster RF station during
commissioning at test bench at JINR

Commissioning is planed in 2017

29 June 2015 Yu.Potrebenikov, 9th APCTP-BLTP JINR 18



Electron cooling system for booster

) LD
¥
1

A
g

|

O6wmit BMA oxnaguTens

There are purchased 80% of materials
~ 70% of items are produced

in workshop
Commissioning is planed in 2017
Project status: in schedule
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Colllder 2 aper"rur'e SC magne’r

Test on vacuum tightness of the tubes
for cooling the yoke

29 June 2015
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SC magnet assembling and testing area
(need to produce 450 magnhets including magnet for SIS100)

I

SC cable (JINR)  HTSC current He satellite
winding machine  |eads stand refrigerator

Workshops for SC coil production
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Magnet production plan

2015 2016 2017 2018 2019 2020
PNV E PN TP IE NI I e
pr—— Booster o3 Booster. in 2015:

- 16 dipoles
quadripoles 4ove - 24 quadrupoles
multipole correctors 40+4 | || | |

Collider
dipoles 80+5
quadrupoles 86+5
multipole correctors
nonstructurals

SIS-100
pre-series quadrupole 2
pre-series sextupole correctors 1
pre-series dipole correctors 2
pre-series multipole correctors 2
quadrupole 166
sextupole correctors 48
dipole correctors 83
multipole correctors 12
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Stochastic Cooling System

Stochastic Cooling System
installed in Nuclotron is a
prototype for Collider:
W=2-4 HGz, P=60 W
Collaboration JINR-IKP FZJ-
CERN

e

Kicker sfation Pick-Up station

ZY June 2ul1bd JINR 23




Stochastic Cooling System

Stochastic Cooling System

. . . -
installed in Nuclotron is a =% / ‘
5 _ . :
prototype f 4 P . Becember 2013
W'2'4_HG Stochastlc coolmg of the ca rbon beam Z\SGeV/ u
Collaboration
CE Spectrum analyzer Computer reconstruction
. | M o] O =0.15x 10"_
9 z O fa = 0.07x10
tgw v . 0 22 //\\/*.,‘ T~ 27s
§ %ﬂ’Aw_.-. : — ‘-? s \\J"’—
Froqeens Hz)
. e | O = 0.2x107
% . O o = 0.13x 107
b5 £ o T~ 64s
6 04
c / \ o.=4.2m
=5
N Srscuere — EERUE (), e—

ZY June ZU'1o

v, [GH2)
RF voltage of 2 kV at plateau duration up to 25 sec,
bunching factor (peak/mean current) ~ 5 (for NICA~ 15)

Nearest plans: heavy ions, large bunching factor



Collider Electron coollng

JINR + AREI (American Renewable
Energy Institute )

6,3m

99m

llllllllll

Maximum electron energy, MeV 2.5
Cooling section length, m 6.0
Electron beam current, A 0.5-1
Electron beam radius, cm |
Magnetic field in cooling section, T 0.1-0.3

29 June 2015 Yu.Potrebenikov, 9th APCTP-BLTP JINR 25



JINR cryogenic complex

LHe Liquefier 0G-1000 Gaseous He
(instaliation & commissioning): purification system:
96% completed 0% completed
(2010-2015) (will start in 2016)

He satellite refrigerator
for Booster & Collider:
5% completed
(2014.2018)

(hiquefier + 2 compressors)
12% completed
(2012-2018)

LN2 Re-condensation <

@crew !
compressors
(delivered): ,
94% completed ' -
(20112015) , LHe 40m3 reservoir:
V y 0% completed

(will start in 2016)
e

The cooling power
Reconstruction of bld. 32:

14% completed should be doubled
(2014-2015)
from4 kW to 8 kW @ 4.5K

Technical design project is in final stage. The goal is:
the cooling power will be doubled up to 8 kW @ 4.5K with new plant;

2 new screw compressors are under design
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NICA MPD and BM@N experiments

29 June 2015 Yu.Potrebenikov, 9th APCTP-BLTP JINR
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The MultiPurpose Detector (MPD)
The goal:

search for the mixed phase and phase transition
of strongly interacting matter in processes:

AA, pA and pp interactions

using variety of nuclei A (from p to Au)

scanning over energy range: vSyy = 4— 11 GeV
with fine steps ~ 10 MeV/u in selected regions

at high Luminosity allowing the high statistic (precision)
studies
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MPD observables

Q Hadron multiplicities (4x particle yields :
m, K, p, A E Q)
Q Event-by-event fluctuations
a Femtoscopy involving m, K, p, /A
a Collective flow for identified hadrons and resonances

Q Electromagnetic probes:
electrons, gammas, vector meson decays

Q Hypernuclei & other exotic
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MultiPurpose Detector (MPD)
9 m length, 6 m in diameter

SC Call

Magnet: 0.5 T
superconducting solenoid

Yoke ECT

Tracking: TPC, IT, ECT
ParticlelD: TOF, ECAL, TPC
TO, Triggering: FFD

Centrality, Event plane: zZDC
Cryostat

Stage 1: TPC, barrel (TOF, ECAL), ZDC, FFD
Stage 2: Endcaps (tracker, TOF, ECAL) +IT

MPD potential advantages:
0 Hermetic & homogenous acceptance (2x in azimuth), low material budget
a Good tracking performance and powerful PID (nuclei, hadrons, e, y)

Q High event rate capability and reliable event separation
29 June 2015 Yu.Potrebenikov, 9th APCTP-BLTP JINR 30




Time Projection Chamber

TPC Prototyp Reconstructed

Sketch of TPC HV-electrode
1] laser tracks

3400 y TBKY

—

12 Readout
chamber R N
\ ‘ beam —

vy - % ,'- beam
iZ [iE B / ///////////////////////////////////////////ﬂ W S\

~ 110 000 readout channels
|

mﬁ
B A AW

Momentum
resolution — 3%,

dE/dX - 8%

Detector production area is under construction

29 June 2015
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TO

* TOF geometry & module based on multi-gap

resistive plane design optimized f—“l‘

» Nuclotron test beam line upgraded
= mMRPC performance:

3000

2500

2000

1500

1000

500

_89
Oprpc1™ V2

—=63 ps

required efficiency,
rate capability

& time resolution
are reached

F

Zhu Weipinga, Wang Yi, Feng Shengqin, Wang Jingbo, Huang
Xinjie, Shi Li, V. Babkin, V. Golovatyuk, M. Rumiantcev,
G. Eppley, T. Nussbaum, NIM A 735, 277-282, 2014

100
tdc_dt_ch5 -

Entries 42144
Mean 0.07346
RMS 0.1126
2 I ndf 366/15 | =

<
Constant 4366 + 29.6 z
Mean 0.06225 + 0.00047 §
Sigma  0.08862+0.00044 | £

L

0
-
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Efficiency and time resolution

versus flux rate for several glass thickness
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TOF Barrel Design

The barrel of consist of 12 super-modules (two modules connec

Active area of TOF barrel ~56 m?
Number of channels 13 824

ed\together)

TR

mRPC full scale prototype
& 24 ch. FEE based on NINO

Project status:

- R&D and tests of prototypes are finished,

- 80% readiness for the mass production

33
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Area for mass-production of the TOF mRPC

? /
) | ]

[z
/ \

5 I |y
T ¢ Materials ss drying GIa%ﬁing
= ; e | Warehouse (Cl room ] (Clean room)

— Glass

Supermodules assembling

‘ @ & testing area \

Mechanical

oo

I I MRPC assembling

(gean room)

29 June 2015 Yu.Potrebenikov, 9th APCTP-BLTP JINR




ECAL - TDR in preparation

Preparation for tests with electron ECAL tests with e beam(December '13):

beams at DESY (December’13) i = performance study of two ECAL modules (35
- cm length, 14 radiation length) with different
Wavelength Led Scintillator fibers
» Tests of the ECAL read-out electronics
(amplifiers and ADCs)
*Energy scan (E,=1 - 6 GeV)

Analysis of the recorded data indicates
good performance:
Energy resolution  2.5% | NE

Time resolution 80 ps / VE
fits the requirement

: ECAL response to 4 GeV electrons
ray test “!‘" T
_- Eatrle €238 o g g

B s
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Zero Degree Calorimeter (ZDC)
ZDC coverage: 2.2<|n|<4.8

Together with the RAS Institute for Nuclear Research

Pb-scintillator sampling (51)
Read-out: fibers+ Avalanche PD

g Ei Fig.2
® 0.3 ]
E : o(E)/(E) = 55%/\E(GeV) +2%
© I +16%/ “NE(GeV)
§ o2}
Fig.1. Beam tests of ZDC modules @
at PS/CERN 0.1
Fig.2. ZDC energy resolution N —. .
0 50 100 150

ZDC provides required resolution
in deposited energy

E (GeV)
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Fast Forward Detector (FFD)

= Design and MC simulation

= TDR preparation

ical fiber
input

= Construction of prototypes and beam tests

= Ordering of components for mass production

dt_FFD1_FFD2_ch0

r Entries 6471
- Mean -0.001711
r _54_
- GFFD___\E 38 ps RMS 0.05683
L »2 I ndf 23.76 /17
L Constant 1143 + 18.1
r Mean -0.001697 + 0.000680
— Sigma 0.05421 + 0.00052
L | N P B R
& 05 0.5 1
T T ns

FFD1~ | FFD2"

FEE board
Based on Quartz radiators and Microchannel

The achieved time resolution

photomultiplier tube (MCP-PMT) is better than required

29 June 2015 Yu.Potrebenikov, 9th APCTP-BLTP JINR
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Readout Electronics
have been developed for TPC, TOF, and ECAL

1. Ultra fast NINO pre-amplifier for mRPC readout:
24- and 8-channel, rise time < 400 ps

2. ALTRO-based TPC Front-End card prototype.

3. High performance ADC for ECAL read-out:
64 channels, 13-bit, 65 MSPS conversion rate
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MPD Superconducting solenoid: challenging project

- to reach high level (~ 10%) of magnetic field homogeneity

B=066T Technical design — completed,
V\? aht — 800 t Survey for contractors:
€9 on * the cold coil / cryostat;
* cryo infrastructure,
» the warm coill;
* the yoke;
* PS;
* engineering infrastructure

Correction coil
(warm)

simulated map of magnetic field

Design: “Neva-Magnet” (Russia); production: ASG SC (ltaly), TOSHIBA (Japan)
29 June 2015 Yu.Potrebenikov, 9th APCTP-BLTP JINR 39



The MPD Hall

A A ‘
"(A\U.

PD operation
(parking & in-beam positions)

push-pull s

The &l of the magnet (~ 980 t)
and Whole detector (~1200 t)
led to rather teugh

eal reqt

technie
e

A

Z
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Study of MPD performance

Yu.Potrebenikov, 9th APCTP-BLTP JINR
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Efficiency

MPD performance

Efficiency vs n (primaries, p > 0.2 GeV/c)

—

0.8

0.6

seesessisessessecesfescannssencdrnccssnsceduscescrsesedeessescsneodrrcccesnssefessuscrsnscionssescrnespescsnescsncdersscesschocssnscene

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

0.4

0.2
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IIIIIIIIIIIIIII
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PID: TOF, TPC, ECAL

2 22 24

Pseudorapidity
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y
m?2 (GeV?/c

Yu.Potrebenikov, 9th APCTP-BLTP JINR

1.2

4).

<Cos(('¥, — YR)>

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

centrality & event plane (ZDC)

Reaction plane & impact

parameter definitions

1k

0.9; =

0.8

0.7

o.ef—

0.5;

0.af

P o = UrQMD-g3

0.2;— m QGsSM-g4

o.é_ » UrQMD-g4
OEIIllllllIlllllllllllll]llllll

2 4 6 8 10 12 14
b, fm

b, fm
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Study of electron-positron pairs

dileptonic decays of vector mesons p, w, ¢

signal-to-background ratios in M(e+e-)

- signal+bkg.
N (R comb. bkg. (Pluto)

—e— signal (Pluto)

H -
[
: " :
r" H
e :
ey ]

Entries / 20 MeV/c 2

"""""""""" °'~.o o“'-..- integrated signal-to-background ratios

A B i1 P after identification
<10  |.. S R N4 $ tiithen i

S/B=68%| ++#++ ++x o o F comb. bkg. |
Y S ¥ S ¥ S R i T ) | total bkg. )

10.1 i
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The CBM - MPD consortium: The clean room for assembling

development & production of STS of STS modules is designed and
for CBM (FAIR), MPD & BM@N  .,nstructed at LHEP

LN

mock-up carbon-fiber ladder (15g/1m) ~

and module circuit board AT
DO/
“‘ (<‘,,,, AL
NNSZLLD
\ e
MW M * ,A' ’
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VO performance (TPC+SIT)

-

5 Epa

1l

Improved Sg-to-Bg

b L
1 i [ ERETF
(=1 o 0 EE
[, [RL BE-1._ .
L L | TN
e EL "l el
(=] o T Tl = Gl
= Ll - 1T

e L T e T— —_—

1.0 118

s Contral AusAu 4 @9 Gev ratio (S/B) with the e
A0 50 o w vertex IT detector
=TPC only | Invariant mass: O — A K
% 300 i . 4 ITS+TPC %122 e =
‘§ I Overtex <60 um § 80 2(1) :G‘SZ
§ I é 70 p2 0.002825
EOC 5 0 S
g i 50 p5 448.8
i " 40
100~ . L 30
- - - 20
I Lo A A A A 4 A A 10 *
% 200 400 600 Peé"1'1;21"1'('55'""""""""'""'1'7'"1"7%"1"7'2"1'73
Charged multiplicity M., GeV/c®
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Hypernuclei @ MPD

Precise information on Y-N interaction:
nuclear EQOS, astrophysics
Hypernuclei ground, excited states and

life times: Hypernuclei production

critical assessments for QCD calculations
and model predictions

enhanced at high

baryon densities (NICA)

Production mechanism of bound states =

with hyperons: 3 400

coalescence versus spectators-participants
interactions, exotic states, dibaryons 2 0

3

~ 3 e - H

-=-"He, *He 4
— = . H

= “He,He ab
-o-,.He

lll 1 1 lllllll 1 11 11

>

% 10°
Requirements MPD detector has = 10
to fulfill: 2
= efficient PID for hadrons and 107
nuclei 107
= ability of precise reconstruction of 107

secondary vertex 10 $ @

10 5 )‘Al :AIN | 1
10

Yu.Potrebenikov, 9th APCTP-BLTP JINR
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Hypertritons at NICA-MPD. Feasibility study
PID is achieved by dE/dx (TPC) and time-of-flight (TOF) measurements

Min. # of cuts 1500
(values ~ used by STAR)
— 0 T 2
p/Z (GeV/c) Max. # of cuts

= Mass square from momentum (p), m* = p’(
time-of-flight (T) and trajectory length (L)

Particles are selected within 3o cuts in dE/dx or
dE/dx (m?) in momentum bins
Secondary vertex technique
Quality cuts to maximize significance

(tuned for max. significance) o S/B=0.12
....................................... | ' I
¥ : : : ; : ’ M Gevics
"""" 9 ‘ Invariant mass: SH — *He + | Entries 826 How (GOVICT)
80 PO 61.07 |
.................... s p1 2.992
™ P2 0.00192
- [ s/\SeB = p3 3.781|
.g 60 S/\S+B = 8.4 pd 361.3
o '.‘é' - S/B=2.9 p5 -4039
o w | eff.=08% P6  1.175e+04
?‘—1 3 40

L

N N S I S | | N S I |

20
/‘Mid’*&% \Hﬁgﬁ.& | Mw %

| N N N I |

We expect ~106 3 H
for 10 weeks @ 5 AGeV

29 June 2015

992 2.04 2.96 2.98 3 3.02 3.04 3.06 3.08
(CHe+n)?
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Experiment with the extracted beam:
Baryonic Matter at Nuclotron - BM@N

MR

project.approved in 2012

i :“‘\' 9. J ,fi‘
DR

29 June 2015
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0

e

eam test facility ‘-**

e e

“§=

beam polarimeters

Experimental zones in bld.205
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Intensities, particles per cycle

pearm Nuclotron | Planned with |
Energy GSI (SIS18) (2011) Nuclotron-N booster
(2015) (after 2016)
o] 4,5 GeV 2-1010 - 5-10™ 1-1012
d 2,2 GeV 5-1011 6-1010 5-10™ 1-1012
“He 2-10° 3-1010 5-101
df 2-108 2-10'° (SPI) 2-10'° (SPI)
Li%* 7-10° 3-1010 1-10™"
12C6+ 300 MeV 7-1010 6-10° 3-1010 1-10™"
24Mg'2* 300 MeV 5-1010 7-108 4-10° 5-1010
40Ar18+ 300 MeV 6-1010 8-106 2-10° 2-1010
S6Fe28* 4-106 2-10° 2-1010
S8Nj26* 300 MeV 8:-10°
8K 34+ 0,3 -1 GeV 2-1010 2-10° 1-108 1-10°
0,3 -1 GeV 1-1010 1-10° 7-107 1-10°
18161+ 1 GeV 2:10°
197 A 465/79+ 3.10° 1-108 1-109
238y28+/73+ | (0,05-1 GeV | 6-10°9/2-1010




BM@N: the 15 stage

Target & T0 19 scientific centers: INR, SINP MSU,
detector IHEP + 2 Universities (Russia);
GSI, Frankfurt U., Gissen U. (Germany):

2m | RPC2 + CBM-MPD IT-Consortium,
,E I \ + .... expressed an interest
/
Analyzing Al
magnet = ZDC ReqUired SetUP:
« central tracker inside analyzing
4 magnet to reconstruct AA interactions
Physics : « outer tracker behind magnet to link
« in-medium effects for strangeness and central tracks to the ToF detector
vector mesons decaying in hadron modes || « ToF system based on RPC
 hyperon production and TO detectors
+ hadron femtoscopy to identify hadrons and light nucleus
« pp and pA reactions as reference * ZDC calor ’;Z\jer t/(l) measur 3 ?e’z trality
for AA interactions O. .CO 1slons and to trigger
* electromagnetic probes (optional) * ECAL to identify y,e
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Simulated GEM tracker configuration

12 stations: Z= 30-45-60-80-100-130-160 - 190 — 230 — 270 — 315 — 360
Stereo angles: 0 — 7.5 deg in stat. 1-4; 0 — 15 deg in stat. 5 - 12
Pitch: 400 um in stat. 1-4, 800 um in stat. 5-12

Gas In/Out-Let

Entrance Foil

Drift Foil

GEM foil

GEM foil

GEM foil
2D Readout

Honeycomb plane

FRONT (cut) VIEW

R/O board width: R/O connectors
mmmmmmmmm

place for v | © o T e e e e Y e e o e e Y e
P e e e e o e o e A e e e e e e

0°strips

~— 3
3
©

150

ql:ll:ll:ll:ll:ll:ll:ll:ll:l o
«
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GEM tracker: acceptance / momentum
resolution / detection efficiency

Momentum resolution / detection efficiency

o
)

Ap / p vs p: 12 stations, B = 0.44 |

® 45,
: o a4
Phase space / acceptance to primary 2 ;5
. = ]
protons: 3:
Eoe
2.5 e, .
o 3 Phase space: primary protons | 450 2F * TS \
> R 150 ' '
& 2.5 B o e =400 g
- r R :,t ' ‘Cc”':: . —350 1:
Q r . H : YL -
2" i —1300 0.5
.. i 5250 T2 3 4 5
SRR ; S 1200 p, GeV/c
1 4 & i —150 2 | "Reconstructable” primaries: B = 0.44 |
C . 100 c 1
0.5 et & 2 B S W
E_, ' ; ; . {:;. 50 ‘g B MfﬂM Mﬁ%
0__1 B : i) ' H it " 0 m 0-8_
21705 0 05 1 15 2 25 3 3.5 J/-
Rapidity 0.6-

o
b

o
¥

%llll1lI112Illl3llll4llllsllll6
p, GeV/c
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GEM tracker: A\°, =-, 3H, reconstruction

AutAu, 4.5 AGeV, UrQMD, 900k central

© i Invariant mass: A > p+ .
g 1000 T e o 1201 Invariant mass: & — A + ©
~ [ NV—-pm 2 100
» 3000 = 1079536
e - [S/B=3.9 Peak 3221.9 ~ F
E [ |s/s+B=835 Mean 1.115 @ 80| S/VS+B=14.0 ()

- | Eff. =8.9% j x Sigma 0.0023 E ol Eff. = 0.8%

B £ 60r

1000 : - Peak 77. 53

B J 40

I .wo‘b. , - | Mean 1.321

e Rk P 11.'141 116 20— S1gma 0.0027 o

M.y GeV/c? - » “* o
P22 124 126 1.28 13 132 134 136
Au+Au, 4.5 AGeV, 2M central events M., GeV/c?
=- - 0 -
“% 9900 Invariant mass: 3H — He + & =T +A —pTr
> B e
% 400f - 3H/\ > SHe 1T ®B
= C | S/VS+B=22.4 Mean 2.991
w 200 { Eff.=1.0% Sigma 0.0025
100 <
C ®
;_4_‘_.5[1 1 1 1 I ..W H—(K—“
99 .95 3 3.05 3.1
GeV/c?

3He+7r )
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Tasks for BM@N technical run:

- deuteron and C'?beams with T,= 3.5 AGeV
» Trace beams, measure beam profile and
time structure

» Test detector response: ToF-400, ToF-700,
TO+Trigger, DCH-1,2, ZDC, ECAL modules,
Beam monitors BM

» Test integrated DAQ and trigger system

penikov, 9th APCTP-BLTP JINR 55



Start Cherenkov detector and TO+Tr detectors in @
technical run

Time resolution of start CD detector measured using standalone
seamasscen | readout electronics:

BM@N trigger group

2500 -

2000

et * 85 ps for deutron beam

N, counts

« 27 ps for carbon beam

1000 -

10,5 12,0
TOF, ns

Time resolution of TO+Tr detector arranged at different angles
to dipole magnetic field of SP-41:

TO+Tr(0°,180°): 07 = 72 pS, TO+Tr(60°,120°): 0;oe=124 ps

3000 A
60° - CD3

—u— T wave9-Twave15

8 2000
Q
N
o
[ y0 = 84,85006, xc = 11,17424

w =0,24741, A = 894,56559

1000 sigma = 0,1237, FWHM = 0,2913 T
Height = 2884,94669
/
. \
0 T _f T T.- T T
10,0 10,5 11,0 11,5 12,0 12,5 13,0
Lns Yu.Potrebenikov, 9th APCTP-BLTP JINR 56
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Time difference chambers 1 (chans (43+52)/2) and 2 (chans (107+116)/2)

600

500

400

300

200

100

o

RPCdiff

Entries
Mean
RMS

Overflow
Integral
x2 I ndf
Constant
Mean
Sigma

Underflow

2795

0.08977

0.1106

7

4

2763

9.691/3

6384 £ 18.3
0.08845 + 0.00199
0.07924 + 0.00220

.64
[}

04

0.2 0

0.2 0.4

0.6 08

Time RPC1+RPC2 (slewing) - TO
700 - 22 | ndf 7.336/7
600; Constant  695.6 + 14.2
500 ; Mean 75+0.0
400 ; Sigma  0.1388 + 0.0028
300 f—
200 ;
100 f—
0 - ‘ E.IS 7 ‘ 75 8 = 8.I5 -

29 June 2015
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ToF system performance in technical run

BM@N ToF-400 and ToF-700 groups
Deutron beam profile in ToF-700

45000

40000

35000

30000

25000

20000

15000

10000

5000

0

Beam profile, chamber 1

BeamProfile_0

Entries 163213
Mean 11.25
RMS 2.148
Underflow 0
Overflow 0

Integral  1.632e+05

Strips along horizontal axis, strip width 1 cm

BM@N DAQ readout electronics:

» Time spread between two ToF-700

chambers: 80-90 ps, time resolution of one

chamber — ~60 ps

 Time resolution of ToF-400 chamber ~50 ps
* Time resolution of ToF-400, ToF-700 relative

to start CD detector (TO) — ~140 ps
Yu.Potrebenikov, 9th APCTP-BLTP JINR
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Deuteron tracks and momentum reconstruction in Drift Chambers

Deutron beam inclination at different values of
magnetic field

[ atehax_out-apre@407 1.87 1.74 1.53 1.36 T-m Inclination angle vs magnetic field
02 ool T;=3.5/GeV/nucl
018 _|:|_ 0045; [ 0 /
0.16F 0051 ! \\
0145 - N P, ._=8.68GeV/c
012 -o0ssf I \ ......
.7 Sy,
0.061- - \L /
0.04;— —0.065: \‘
0.02}- - —0.07: ot
8960075 —0.07 —0.065 _0.06 -0.055 0.05 -0.045 -0.04 0.035 - \
Y7/ YA SRR IR ST S R S S e

1.3 14 1.5 1.6 1.7 1.8 1.9 2 21

B,=f(x,z)atY=2cm Im(BdL), TI'm
Momentum

Vertical component 3 F

of magnetic field — o 10F
9.5;
85; i ? {
se-Momentum -measurement:

7E
<L 8.68 GeV/c x 2:5%
Drift chambers = 3 T4 15 16 17 18 19 2z a1

F 21
Int(BdL), TI*'m

Integral of magnetic field, TI-m
29 June 2015 Yu.Potrebenikov, 9th APCTP-BLTP JINR 58

DCH-1,2



Yimm]

Y:X Signal Y:X Signal Y:X Signal Y:X Signal
g E b E b FOF
0= 5 0 5 40— ; 40—
E E EE SNl | LN Foo
300 300 - 30— W0
B F mEnm Y | LN Eo
E 200; HE 200;* EE .- o= s o oa s 200;7 ..........
i - Bl w- == W= - o s oo
= B = F = = = H H = n . .
o £ |
F ®m m = - F -HN -
W= . . . o e . 100~ = o= = -
S e - .
WL wr .
-0 b
Bl bl Lol Bl [ [ Ll
400 300 200 100 0 100 200 300 400 400 -300 200 100 0 100 200 300 400

» Special runs with carbon beam with ZDC
at different positions

« Calibration of cell amplitudes to get beam
energy in cluster

» Spread of energies reconstructed in
different runs ~7%
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BMN Data Flows, 2017

BMN DAQ Data Connections

ToalTOMESs . ki Tiggerrae | o« 80 kB/event
Z: , FLP —Mﬂb’fuj « 10 kHz trigger rate
EB —  60% beam on time

o B 20% DAG |

o] Formating e . 0 standby time
B e on (=300, Sorting | auaiy | « 950 MB/s readout rate

Reduction — (4800 MB/s peak)

o S . 25 TB RAW data per day
|y « Upto 5 PB RAW data
B | emummews | peryear

Together with MPD (2020) - more than 10 PB RAW data per year

Needs:
- Comp. CPU — 5000 GHz
- Cpmp. CPU cores - 1600 - Disc storage — 2200 TB
- Comp. RAM — 10 000 GB - Mass storage — 20 PBl/year
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Tentative schedule for NICA

2014

2015

2016

2017

2018 |

2019

Injection complex

HI Source

HI Linac

Nuclotron development

Booster

Collider

in i wv

iV

BM@N

| stage

extracted channels

MPD

solenoid

TPC, TOF, Ecal (barrel)

Civil engineering

MPD Hall

SPD Hall

Collider tunnel

HEBT Nuclotron-collider

i v

iV

mnamiv i

nniv

Cryogenics

for Booster

for Collider

29 June 2015
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Scientific cooperation of VBLHEP on the NICA projects

Belarus Ukraine
NC PHEP BSU (Minsk) BITP NASU (Kiev)
GSU (Gomel) Bulgaria ~KhNU, KFTI NASU (Kharkov)
Germany INRNE BAS (Sofia) .
GSI (Darmstadt) TU-Sofia Russia
JLU (Giessen) Sy INR RAS (Moscow)
UR (Regensburk) ISSP BAS KI (Moscow)
Frankfurt/Main Univ.. | 1p BAS ZI"SVLIID ﬁfé o( CVV;JVOSIbIrsk)
FIAS '
. FZJ (Julich) f,LVIVl(.LI ovdiv) LPI RAS (II_/Ioscqw)
FAUETnge) T Blagoevrad) Sty
Poland
Tech.University (Warsaw)
Australia Warsaw University _ Italy
Azerbaijan Fracoterm (I_(rako_w) Czech Bepubllc s
CERN Wroclaw University  TUL (Liberec) A
China ISR ) €Y (Prague) Mongolia
RSA :
France UCT (Cape Town) Romania
g?:é’g;a UJ (Johannesburg) gleg “/’; 7( &
India iThemba Labs USA

29 June 2015
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Scientific cooperation of VBLHEP on the NICA projects

The MoU'’s in cooperation are signed with:

Germany (BMBF, GSI) — tech. lines for SC magnets & Si trackers;

China (ASIPP, Univ.) — NTSC current guides , SC magnets, RPC’s;
USA (FNAL) — systems for e- and stochastic- cooling;

CERN - systems for BM@N and MPD,;

RSA — cryostats, diagnostic for SC ion sources.

SWu iy
N PU (Plovai) StPet, Univ sraity
FAU(Erlangen) TUL (Blagoevgrad) - (St ey bug)y
Poland
Tech.University (Warsaw)
Australia Warsaw University Ital
Agerbai'an Fracoterm (Krakow) Czech Republic o }; .
e J Wroclaw University TUL (Liberec) " 5’ doua
. INP (Krakow) CU (Prague) ;
China RSA Mongolia
I;rance_ UCT (Cape Town) I;onb‘l?ma
s Ul dohamneshurg S
India iThemba Labs USA
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PROTOCOL 6 of them + JINR signed the Protocol
of the International Meeting on Prospects for Collaboration

in the Mega-Science Project “Complex of Superconducting Rings for Heavy lon Signed:
Colliding Beams™ — the NICA Complex
Dubna, 8 August 2013

for the State Committee of Science and Technology
of the Republic of Belarus

lov
1. The Participants of the Mecting representing: k
o the State Committee of Science and Technology of the Republic of Belarus; / Cg é’ for the Nuclear Regulatory Agency of the Republic of
. the Nuclear Regulatory Agency of the Republic of Bulgaria: L. Kostov Bulgaria
. 2 MBF bli

- the Federal Ministry of Education and Research (BMBF) of the Federal Republic the Federal Ministry of Education and R n

of Germany; (BMBF) of the Federal Republic of Germany
. the Atomic Enecrgy Committee of the Ministry of Industry and New

Technologies of the R lic of Kazakhstan: O—/ for the Atomic Energy Committee of the Ministry of

e cpublic o Mok Industry and New Technologies of the Republic of
. the Ministry of Education and Science of the Russian Federation; N. Buztebaev Kazakhstan
. the State Agency for Science, Innovation and Informatization of Ukraine; - &’h
- the Joint Institute for Nuclear Research (JINR), an intemational research ' for the Ministry of Education and Science of the
. A. Povalko Russian Federation

organization,
hereinafier referred to as the Partics, —— for the State Agency for Science, Innovation and
have discussed the possibilities of collaboration in the mega-science project “Complex of B. Grynyov Informatization of Ukraine
Superconducting Rings for Heavy lon Colliding Beams™ - the NICA Complex.

for the Joint Institute for Nuclear Research

2. The Partics take note of the information concemning the proposal for V. Matveev

and quality of ion bea
NICA Complex will bg
research, as well as to

o e

3. The Parties express

aimed at construction &

4. The Parties note the
countrics and their
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PROTOCOL 6 of them + JINR signed the Protocol
of the International Mecting on Prospects for Collaboration

in the Mega-Science Project “Complex of Superconducting Rings for Heavy lon Signed:
Colliding Beams™ — the NICA Complex

/ 5. The Parties have agreed to inform theim ( KI; £
Governments about the Meetlng on ,fKostovs g»:l:a;l:uclearRegulatoryAgcncyofthcRepublicof

Prospects for Collaboration in the Mega- S e P st ofEdcton nd s
Science Project “Complex Of B. Vierkorn-Rud (BMBF) of the Federal Republic of Germany

S U pe rCO n d u Ctl n g Rl n g S fo r H eavy I O n 0_:1,1% for the Atomic Energy Committee of the Ministry of

Industry and New Technologies of the Republic of

Colliding Beams” — the NICA Complex N Biebacy Kazakhstan
and to express their interest in preparing

for the State Committee of Science and Technology
of the Republic of Belarus

for the Ministry of Education and Science of the

a corresponding multilateral Agreement o =3 l:us;m:dzy o St monaion
and in taking steps towards its approval B Grynyov Informatization of Ukraine
by their countries J QS = O
;cxwhm R ' L Y .accv 5 A
and quality o ' 9

NICA Comy

5. The Partics have ag ‘\,_;
Collaboration in the M ‘( ';-,'
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The meeting with EU experts in Brussels on 19-th June 2013

|
J %
" 1
4 P L‘ \

“The fact that NICA/JINR is a part of the European research infrastructure landscape
has already been recognized by ESFRI.
The Expert Group recommends that the NICA project be fully taken into account
in the forthcoming discussions on the next update of the ESFRI Roadmap”

In 2015 the NICA project is presented by Bulgaria (supported by Czech and Poland)
to be include to the next update of the ESFRI Roadmap
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Concluding remarks

> NICA complex has a potential for competitive research
in the field of dense baryonic matter

> a construction of the accelerator complex and its elements
IS in progress

> both detectors BM@N & MPD are in preparation for experiments
at the extracted Nuclotron beam & at the NICA collider

> the R&D phase of MPD is practically completed
> the BM@N project is progressing since 2012

> The SPD project is under prepration
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