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[. General aspects

II. Phases of QCD matter at high baryon density
ITII. Femtoscopy, correlations and fluctuations
IV. Mechanisms of multi-particle production

June 20, 2010

V. Electromagnetic probes and chiral symmetry in

SEARCHING for a QCD MIXED PHASE at the

NUCLOTRON-BASED 10N COLLIDER FACILITY dense QCD matter
(NICA White Paper)
VI. Local P and CP violation in hot QCD matter
VII. Cumulative processes
VIII. Polarization effects and spin physics

IX. Related topics
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~ correlations involving &, K, p

~ directed & elliptic flows for
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ent-by-event fluctuation in

hadron productions

identified hadrons

ed to study of hot & dense baryonic matter
y= 4-11GeV/u,L = 10 cm=3s!
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Particle yields in Au+Au collisions Vs, = 7.1 GeV

Luminosity L = 102?cm2s? Event rate (central) 700 Hz

Particle Multi- | decay BR £ (%%)]| yield yield
(mass) plicity mode (s1) 10w
K* (494) 55 20 7.7-10° |F.6 10
K (494) 16 20 2.2-10% | |1.3-10
p (770) 23.6 e+re 4.7-102 2 1.6-102 ||9.4-104
w (782) 14.2 e+re 7.1-10*% 2 1.4-102 ||8.6-104
P (1020) 2.7 e+re 3-104 2 1.1-102 | |6.8-104
= (1321) 2.4 A 1 4 67 4.0-108
r (1672) 0.16 MK 0.68 2 1.5 9.2-10°8
Df (1864) | 7.5-104 KT 0.038 1 2.0-104
J/w (3097) | 3.8-10-% e+e 0.06 5 8.0-103
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CD 1-st stage

Yoke Cryostat ECal barrel part
2 Lol / TOF Magnet, TPC, TOF, Ecal,

ZDC, FFD, BBC ...

2-nd stage
IT, ECT ...

3-d stage
FS (optional ?)
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Item Dimension .

Length of the TPC H0cm Requlrements

uter s e v low material budget, max. transparency
Quter radius of the drift volume 100cm .

Inner radius of the drift volume 3hem for forward tracklng

Length of the drift volume 150cm (of each half .

Catﬁode Memhri,ne at the ce)nter of the TPC v hlgh event rates (UP to ~ 7 kHZ)

Electric field strength ~140 V/em

Magnetic field strength 0.5 Tesla v small distortions, stable conditions, B/B, < 5*10+
Drift gas 90% Ar+10% Methane at Atmospheric + 2 mbar

Drift velocity 5.45 em/pis

Drift time ~ 28ys

Transverse diffusion 230 i/ +/em at magnetic field 0.5 Tesla

Longitudinal diffusion 360 pim//em

Number of readout chambers 24 (12 per end plate)

Multiplisity (central collision) ~ 800

Number of pads ~ 80000 Rout=1100

Pad numbers after zero suppression | < 10%

Pad size 4x10 mm in inner sector area
(x12 in outer sector area
Spatial resolution oz~ 1mm, ox ~ 0.6 mm, oy~ 0.8 mm
AE/dX resolution ~ 8% (75 samplesx 2 cm)
Maximum rate ~5—6kHz (Lum. 10%em %s7)
Electronics shaping time ~180 ns (FWHM) 2
Signal to noise ratio 20:1 Drift volume
Signal dynamical range 10 bits (Ar+CH)
g:igﬁﬁg :lit;th [liiayt?rillizhuckets Readout Camber Cenlral elecirode
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Event rate~7 kHz

nl<1

—

TPC Efficiency

Tracking efficiency)

~
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—- My window, HV

- Fisld Cags

- Ednwo

. Readout
~7 Ghamber

— — Bux flosk

Pad Plane:
0 Two sets of 4x10 mm
and 6x12 mm pads

O 256 channels of
readout electronics
Electric field — 140 vicm

Drift distance - 40 cm
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e /Tt separation efficiency
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Photon energy, GeV Efficiency of neutron identification - 95% with 3% of

photon contamination
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Cross - section of ITS

Layer4- R4 R4I0mm
18 ladders 24 detectors each

4w Layer3-  R314 R3320 mm

14 ladders 21 detectors each

Layer2- R212 R220mm
ers 19 detectors exch

er1l-  R1Z4 mm

ers 16 detectors each
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Results for physics analyses will be shown later
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walled drift tubes

1

hid

low mass/size exotic

egments =
spacers and joints

along the anode)

Beam test at SPS 2009

wires for the external
connections
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| Spatial resolution vs distance to anode |
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Transverse size 10x10 cm?, length~160 cm, weight ~120 kg. 3 F
60 lead/scintillator Sof
sandwiches. T [
o
O
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Beam energy, GeV

Energy resolution v.s..beam energy
in range 4-158 GeV

Beam test of 3x3 supermodule at low energies

(May 2010) 5 _
@ 0.3 |3
E i o(E)I(E) = 56.1%/E(GeV) +2.1%
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+ - Integral 9842

T %2 1 ndf 175/ 94

2800~ cG 624.9
s | i u 0.4968
S __ Signal _ = ++ o 0.006188
. background co -47.9

c1 637

600/~ c2 -877.9

400

200

w
e r

- IIIO.G

8. 0.55
P M, (GeV/c?)
S~ UrQMD AuAu |
N Integral 6641
,\I *? # ndf 47.78 1 40
S = 9 GeV/u @ cG 1264+ 27.8
S r Signal 1 1.116 = 0.000
@ Primary Vertex (PV) 1 DCAofVOto PV b —_ 0 - 3 [=] 'Y = 7 =/. - o 0.002402 =+ 0.000040
B Decay Vertex & BeRmechery = S background co 2.674+04 2213
L DecayLength 4 DCAofP+toP- c1 4.717e+04 + 3954
| 1000 events 1000 — c2 -2.074e+04 + 1765
0
DCA (cm) N° KL :
Positive to primary vertex >0.2 >0.2 500 —
Negative to primary vertex >1.0 >0.2 B (RS REL
Between daughters <0.5 <0.5 i
Decay length =0.5 =05 N L
0 L 1 1 _ !
1.08 1.1 112 1.14 1.16 -
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Track acceptance: in TPC with [n| <1.3,N__ =10 & reaching outer TPC layer
“Perfect” particle ID

o8 analys|s (10k events) Q anaIYSiS (200k eventS)

Cut Only TPC  +ITS Only TPC:
soeston Asabore  As bove. Ef. = L3%
Mass, +30 +30 S/B(*30)=211/238=09
Wit ITS: R $/1(5+8) =100
Aoy > 100 ~ 0, iy 10 26
ookt mm 00 515 o ooman S50 a0 winrs:
bon - S /B (30) = 245/18 = 13.7 — oo - Eff ~2.1%
“ALmmo <1 “,mmo <3 < 1. st e
S1s+8) »15.1 Do mm <25 <50 A
homm | >100 100 S/V(S+B) = 15.4

i = O (]
Invariant mass: = — A’ + 1 Invariant mass: @ > A’K |

% I "uﬂm Integral 694
g‘lﬂuj po ‘>; : po 76.55
2 p1 = | p1 1.672
o S Full p2 0.002413 Y g0 p2 0.002825
g 801 u p3 I p3 1406
E L p4 g [ pé -1586
g p5 W oggl— pS 4488
60— L
L Pl
40— =
200 20 417
= +
F +~+_+++¢I+¢++++ ) ) P A LA A | ] T AT
Oaalta =
P26 127 128 120 13 131 132 133 134 135 136 Lol e 1'71,“ 1'7629\”:{3
v

M, GeVic?

Estimated particle yields (central AuAu collisions at [Is = 9 AgeV,
event rate 300 Hz)

®
@
Particle Multiplicity Decay mode BR &, % Yield, s-1 Yield, 10w i 5
=(1321) 0.64 AT 1 38 7.3 4.4-107 -
|
@
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Direct

T o3 ©
= - ® E895, b=5-7fm
E O  NA49, midcentral
— O  UrQMD NICA, b=5-9fm
=2
0.2 —
®
®
0.1 L .
il =) O
[ J T =
(|
i
o o
o
N . l
10 102
E., (AGeV)
Elliptic
Mean -0.006424 + 0.007376 Mean -0.004703 + 0.007871 «
150 AMS  0.71250.005216 AMS  0.7536 + 0005565 = e
0.05 5 G
0 . Q @
2 2 v s 2 So®
p,— P f e
X A
100 Y g - Y ol « v Fop
2+ 2 R : 4 O EOS
A E895
- pX py W E877
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—0.05— = ;1; m NA49
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50 vy O STAR
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20M events: Pluto hadron cocktail with
decays to electron pairs
10k events: UrQMD central (0-3 fm) Au+Au
@ 7 GeV (25 GeV fixed target)

| e'e invariant mass |

3 : f
2,10-1 —— Data
o | 1 > yee
m,_ (GeV/c?) g 3 o — n- yee
S | ooeelnee
10 Eita | S g ee
P %%ii J — Sum
c b
w 7 :
att] 10° f’{? S
1 e 7
09 77 o
08 10-5 7 / /
V000
08y . 107 % L
dSE? dX, keVicm n 0 2 0'4

Electron selection:
if (p>=0.3&&dE/AX>1.7|| p<0.1&&dE/dX <2.2)
if (p,>0.1&& p<0.3) ellipse in B-dE/dX
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'(pl,Pz) __real event pairs
P(p,)P(p,) mixedevent pairs

C (—q» i() ) — 1 + A (j(b) e_QiutRiut_q;'de Riide_qlzongR?ong
b
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Can be measured with MPD
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Chiral Vortaic Et

Min.Bias AuAu\/S,,=9GeV

ries @ NICA
ive 1006.1331 (hep-ph) )
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Theoretical Physics, NAS, Ukraine

ite of MSU, RF

& Experimental Physics, RF

ite University, RF

2d Physics, AS, Moldova

Nuclear Research & Nuclear Energy BAS, Sofia, Bulgaria
| or Scintillation Materials, Kharkov, Ukraine

te Enterpnse Scientific & Technology

Research Institute for Apparatus construction, Kharkov, Ukraine

U Particle Physics Center of Belarusian State University, Belarus

U Department of Engineering Physics, Tsinghua University, Beijing, China
U Physics Institute Az.AS, Azerbaidjan

Members of the Collaboration

= JINR ~ 100
= Other institutes 54
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Timeline of the MPD works

Stageiear

MPD Conceptual Design Report

MFD TDR

2010 | 2011 | 2012

2015

2018

RE&D program

Straw Tracker

]

Production and tests [the 1 stage detectors)

Superconducting Magnet of MPD

Installation& Commissioning

Si inner tracker

Production and tests [the 2™ stage detectors)

TOF(EndCan)

Straw Tracker

]

Slow Cantrol

Installaficon

Production and tests {the 3 stage, Forward Spectrometer]

Toroidal Magnet construction

Coordinate detectors production

Coordinate detector tesiing

Installationf Commissioning

O.Rogachevsky
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