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The outline

> The physics case - an attempt to deconfine quarks through
density fluctuations of the fireball under critical
conditions

> A role of the rare probes (heavy hyperons and charmed
mesons) in search of hints of critical point

» Transition from strips to pixels and the MAPS "invasion”

» The new ALICE ITS2 saves NICA a generation period

> €ae MPD ITS project and plans for its implimenid®ion
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Look for a needle in a "hay" of tracks for rare events

D quark

£ Pre-Equiibrum
"' Phase (< 1)

The Inner Tracking System or Vertex tracker is a multilayer
telescope which measures the position of particle hits positions to
restore the track trajectory. It’s special task to be located as close as
possible to the interaction point and to be as precise as possible to
Identify specific decays of particles carrying strangeness, charm or

beauty 1.e. S, C, or B - quarks 3
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To deconfine quarks: to heat or to enhance density fluctuations

107 —Feae
N —2022 — 2025: SIS 100 FAIR
- It e St A T M
1T 10 = , =
@ 105 :_NICA/BI\/I@NII ___________ HENEE
gt = SRR ;
CG E o___o E E E o f"o Baryon densny -
- R A— L ............. —A . j,. .................... e
8 103 i STAREH i §.TA.F§.,.E.3_.E§._I.I....
= * *—
S = 1\/* -
I NA- 61/SHINE
8 102 E_ ........................................................................................................................................................................................
< -
10 S —— T 5 e e e
= 5 energy region of max.
1 B | ._batyonic density |

1 10
Collision energy VS_ [GeV]

October, 2019, Warsaw, NICA Days-2019 Yu. Murin for the MPD ITS Team



The basic task for the Inner Tracking System

A—p+m-

= > A+m
I——>p+7t_

O > A+K
I——>p+7t_

D—- K-+a*+n*

DO 5 K +x*

A—p+tK+rn*

Identification of particles through inspection of Inverse Mass
distributions M?=sum(E,)?-sum(P.)? (c=1)
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The MAPS “"Invasion”

ALICE LS2 Upgrade

Mimosa-26
2.7 cm?

2014 - First CPS

STAR HFT CBM MVD ALICE ITS Upgrade (and MFT) sPHENIX
0.16 m2— 356 M pixels 0.08 m2— 146 M pixel 10 m2 - 12 G pixel 0.2 m2— 251 M pixel
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New ALICE ITS#2: sharing of technology

A new [TS: closer to IP, thinner, higher position resolution

e - Closer to IP: 39mm = 22mm
——= Thinner: ~1.14% = ~ 0.3% (for inner layers)
Smaller pixels: 50um x 425um = 27um x 29um

Increase granularity: 20 chan/cm? = 2k pixel/cm3
Faster readout: x 102 Pb-Pb, x 103 pp

10 m? active silicon area: 12.5 G-pixels, 6 = 5um

New ITS

ALPIDE (ALICE Pixel Detector) - Developed for the ALICE upgrade (ITS and MFT)

1.55n1<15 will be used (or it is proposed) for several other HEP detectors and non HEP applications

NICA MPD (@JINR) proton CT (tracking) CSES — HEPD2

s Proton beam
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The ALPIDE sensor

ALICE CMOS Pixel Sensor

CMOS Pixel Sensor using 0.18.um CMOS Imaging Process i collection electrode
NWELL NMOS PMOS 7 :
DIODE TRANSISTOR TRANSISTOR _‘ S
. - '
PWELL /L NWELL
N, ~ 1015
e 2 x 2 pixel
Vg fe-d volume Artistic view of a
h N, ~ 10 SEM picture of

ALPIDE cross section

Epitaxial Layer P- S h""«:.'.'

| =5 fF

pixel capacitance =5 fF (@ Vy, =-3 V)

)= 1300 e = V = 40mV
» High-resistivity (> 1kQ cm) p-type epitaxial layer (251m) on p-type substrate

» Small n-well diode (2 um diameter), ~100 times smaller than pixel => low capacitance (~fF)

» Reverse bias voltage (-6V < Vgg < 0V) to substrate (contact from the top) to increase depletion zone
around NWELL collection diode

» Deep PWELL shields NWELL of PMOS transistors =» full CMOS circuitry within active area
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The ALPIDE Readout

ALICE Plxel DEtector (ALPIDE)

1024 pixel columns il i 130,000 pixels / em? 27529525 Lifm3
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L. Musa (CERN) — International Winter Meeting on Nuclear Physics, Bormio, 8-11 Jan 2019 4 pixels
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New ALICE ITS#2 beats records on material budget

ALICE Plxel DEtector (ALPIDE)

Inner Barrel Production completed and all layers assembled

Inner half-barrel g

Material budget \

H .0, H H i & 70
Single stave, — aee ¥ ] Tilted staves with e
perpendicular tracks M overlap, inclined tracks |~ koo 07,

o L —— Carbon (26.3%) —— Carbon (26.5%)

£ - Silicon (13.5%) Silicon (13.8%)

u 05— — Other (5.9%) Other (5.8%)

& 1 q —eee————{
2 & | Mean X/X0 = 0.260% | 0sH] Mean X/X0 = 0.358%
%

1
o (rad) 9 (rad)

L. Musa (CERN) — International Winter Meeting on Nuclear Physics, Bormio, 8-11 Jan 2019

10
October, 2019, Warsaw, NICA Days-2019 Yu. Murin for the MPD ITS Team



New ALICE ITS#2:

ALICE Plxel DEtector (ALPIDE)

=%
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Plans for ALICE ITS#3: exchange of the IB

Vertex Detector (innermost 3 layers)

Truly cylindrical vertex detector i s
ylindrica

Structural Shell 4

~acm

Half Barrels

0.05% x/X, per layer

Pipe:r=16mm , AR =0.5mm
LO:r=18mm, L1:r=24mm. L2: r =30 mm

Layers supported by high-thermal conductive carbon foam
Open cell

END-WHEEL (C-side)

Open cell carbon foam
carbon foam
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@
MPD-ITS (OB) is now recognized at Stage | (NlCA)

Stage I TPC, TOF, ECAL, ZDC, FFD + ITS(OB)

Stage Il : ITS(IB) + EndCap (CPC, Straw, TOF, ECAL)

Transfer of High Tech Instrumentation

-
Know-How from CERN to NICA-MPD .
4wl TOF
THE CO-O[‘L'R: TI(?"'\' AGREEMENT : -
THE JOINT INSTITU TL]IOR NUCL R RESEARC II ‘ II - e _t
and ‘ , T |I
— — |
HEFLRO[’[\\ ORG\\I? ATION 111 11 1 — . By
e e e B O k]
I ‘ I FHC&'
fied on, 4.2 7 208 Signed on 16 ¢ by 208 | FFD
- [
] o u
Stage I. overall commissioning || Cryostat

starts in 2022 (t.b.c.)
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ST I~y

Items to be shipped from CERN formulated in
Addendums to the Protocol

CERN will procure, test and deliver to NICA

19'000 ALPIDE Monolithic Active Pixel Sensors for the MPD ITS

4’500 SAMPA electronic circuits for the TPC readout

5'000 FEAST DC/DC converters for the ECAL MPD

Jigs and fixtures for module and supermodule assembly for the MPD ITS

Training of personal for assembly and QA certification modules and
supermodules of the MPD ITS

Provision of complete technical and commercial information on parts of the

new ALICE Inner Tracking System, including drawings, internal technical
reports, quotes, etc.
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MPD ITS based on the ALPIDE MAPS CERN technology
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ITS pointing resolution within STAR-ALICE toy model

R-¢ Pointing Resolution .vs. Pt
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Selection criteria

- . 0 - +
D° selection parameters: \ D - K +x

« distances of closest approach to the
collision vertex DCA,_ .,

« two-track separation DCA,,

« decay path Ay,

* pointing angle 6.

Selection criteria:
DCA_ > C, && DCA( >C, && DCAL < C3&& Ay >C, && 0y < Cg

The parameters of the corresponding selections are optimized by maximizing
the signal significance :

where S and B are the estimated numbers of the

¢ S
Sg(a) = da|
.([ /S 4+ B signal and background events.

17
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Example : cuts selections for D°

DO path significance

%.14

0.12

— Signal

— Background

—— Significance

0.1

0.08

0.06

0.04

0.02

e |
1 0.12 0.14 0.16 0.18 0.2

Path, cm
DO dca(nK) significance
Z L
—— Signal
0.12
—— Background
0.1 —— Significance
0.08?
0.08-
0.04—
0.02]—
I:’:i [ |M~ | | |
GO 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.1
dca(nK), cm
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7| 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 L1 1 | I |
%0z 04 06 08 1 . 14

DO pointing angle significance

—— Signal

—— Background

—— Significance

1.2
Angle, rad

dcaK>0.01 cm &
dcaPi>0.01 cm & distPiK
<0.02 cm & path(DY) >
0.025 cm & angle(D°) <
0.2 rad
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D* and D° reconstruction

t1=t2=t3=50p (IB ITS3)  t4=t5=700u (OB ITS2)

M(n+,K-): signal+background(100M)

M(nnK): signal+background(100M)

2 860k
c

§600__ S/sqrt(B+S) = 5.3 M(:;Q)T.sssmj.z:fz GeV §840§: S/sqrt(B+S) = 7.0 -
580/ - 820;_ S;B =4 ;2 o(D+)=0
Eff = 0.8% 800 = 9%
560— 7800
540 7502—
Tl o S Yl
WT T WT T T 0 L i
UL NS Y ST EUEE PR EE B
M(nK), GeV M(zrK), GeV
DCA(m, K,DY), path(D?), angle(D°) cuts
19

October, 2019, Warsaw, NICA Days-2019

Yu. Murin for the MPD ITS Team



Strange particle reconstruction results

M(n,p): signal+background (5K)

3
o 410
e C
=
83'5—_ H ‘M(A}=1.116+-D.002 GeV |
3
F LAQGSM: 5K events
25 } TPC+ITS(5 layers of MAPS)
= Sisqrt{B4+S) = 112.6
2; S/B=113
C Eff = 8.0%
1.5
1=
0.5 . L
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M(A,K-): signal+background (1M)
2] E
‘©900
g - M(Q2-)=1.672+-0.003 GeV TPC + ITS(5 layers of MAPS)
O800 | Mult(©-)=0.1, BR(Q-)=68% Sisqri(B+S) = 30.1
i 3 SB=12
700; Eff =25%
600;
500—
400:
300
2005—
1005—
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1
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M(A,rt): signal+background (5K)

45F
40 ; ‘.M(E-J=1.321+-n.nc.2 GeV i
351
E LAQGSM: 5K events
30 — TPC + ITS(5 layers of MAPS)
E Sisqri(B+5) = 8.4
25: S/B = 9.0
20: Eff = 1.3%
15F
10F i
5: 1 T l’L
Eo 4 III R I U 41
AN e A T o S T Nt O T U
10.26 127 1.28 1.29 1.3 1.31 1.32 1.33 1.34 1.35 1.36
M(A,), GeV
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Impact of Beam pipe diameter on efficiency

D-meson parameters in 100M central Au+Au collisions at s« 9 I'2B

Particle DO D+

Decay channel D' K +x* D> K +xn*t+n*?
Multiplicity (HSD 102 10-2

BR,% 3.9 9.1

IB option ITS3(50p) ITS2(200p) | 1TS3(50p) |1TS2(200u)
S/B(26) 0.43 0.10 0.65 0.27
Significance 15.1 2.2 28.5 7.6
Efficiency,% 1.9 0.13 2.3 0.3
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Current limitations of experimental data on D meson

Pt-spectrum
x10°°
1.8
1.6 f(Pt)=Pt*exp(-1."sqrt(Pt*Pt+m"m)/T)
1.4 DO meson: T =0.154 GeV, m = 1.8648 GeV
1.2 A0
2'2_AuAu {8y = 200GV 1.0<p <120

2-20.0M 0-80% Events 3
N .8 Projected 5/1S+B =220 S/1S+B=33 3
%’ 16 Counts = 2387 t82_

0.8

STAR Preliminary E

0.6

PP PO FUTY FTUL PRI SR PR
171751818518 185 2 205 2.1
Invariant Mass m,_(GeV/c?)

0.4

DP — K mproduction in Vsyy = 200GeV Au+Au collisions

0.2

0 0.5 1 1.5 2 25 3
Pt, GeVic

Thermal generator: D meson’s p, - spectrum

Abdel Nasser TAWFIKt and Ehab ABBAS
Thermal Description of Particle Production in Au-Au Collisions at STAR Energies
Physics of Particles and Nuclei Letters. November 2013
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N

Pt spectrum of genergted and recanstrucied D0

reconstructed p,-spectra of D°-mesons and their

decay products
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ITS realization in two Steps (OB first) due to BP sequence

Stage I: Installation of OB (2022-
23)

Stage Il: OB+IB (2022+25) ?

Outﬁim'ﬂ‘FFD - 9 500

Sliding —— h

P e _ ALPIDE MAPS
X in 5 cylinders of 2 barrels

Outer Barrel (2)

tentative assembly ™ 4,9 +10° pixels, active area 3,9 m2,

Fsteel T MPD beam pipe

D130x1,5
@83x1,5 @83x1,5

©150x1,5
B6hx1 @83x1,5 @83x1,5

3185 185 Stage II:
End part of vacuum chamber MPD Stage I: 64 mm In diameter um chamber MPD 38 mm in dlameter
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Current Activities
1.Mechanics for integration of ITS with Beam Pipe and TPC - JINR
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Current Activities
2. Start production of ultralight CF mechanics in SPbSU and VBLHEP

M55) thread
M55) thread

Interier1/3 wedge M5

Internaldké3wedge M55J pregreg

mandrels M35J thread
_M55] thread

30,4 mm Carbon fleece (20um)

o

10 mm ) " Carbon paper {30um)
m m . / ,./"/I[Goﬁnq Pipes {ID=2.05 mm)
(\ (’\ " Carbon fleece (20um)
O. é l yd /{‘_'crrbon Prepreg k13D2U (120um)

~ " Carbon fleece (20um)

-

. s o

A

.« o

.
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Current Activities
3. Start Assembly of HICs in Dubna and China (2020 Q1) and Staves(2021 Q1)

POWM

FPC — .-.-.-:-:~:~:15:'5":':'2“ -

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

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

2x7sensors . _

Cold Plate - Y

—— g 7/ " Truss length is 1540 mm. Modules (HICs)
' ' are are located on two cooling plates .

OB stave carriers 196 sensors.

The MPD ITS need is 42 OB staves.

102 Million pixel, average noise uniform ~ 5e
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Planned Activities
4. Development of ITS3 together with ALICE ITS3 team

Vertex Detector (innermost 3 layers)

Truly cylindrical vertex detector

Celindrical  ___
Structural Shell

Half Barrels ~
0.05% x/X, per layer

Pipe:r=16mm . AR =0.5mm
O:r=18mm, L1:r=24mm. L2: r =30 mm

Layers supported by high-thermal conductive carbon foam 157 END-WHEEL {Aside]
A YA S
,_-='-"-f"/" Open cell

END-WHEEL |C-side)
|

Open cell carbon foam
carbon foam
L. Musa (CERN) — International Winter Meeting on Nuclear Physics, Bormio, 8-11 jan 2019 ' 33
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Planned Activities
5. Preparing the Technical Design Report and Organization of the MPD ITS Consortium

Technical Design Report

The Inner Tracking System

of the MPD experiment

Dec. 2019

October, 2019, Warsaw, NICA | MPD ITS Team



Conclusions
and summary

Yu. Murin for the MPD ITS Team
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major miiestones o1 the o
MPD ITS project (NICA)
(tentavily!) ©

2018 —2019 - simulations and start of delivery of parts from CERN
2019 — organization of the Russian-Chinese Consortium
2019 — Writing TDR ( Dratft)

2019-2020 - Production of first HICs at VBLHEP and CCNU
2020 —2021 — Mechanics including parts for integration

2020 —2021 — updating the readout chain (with China and ?)
2020 —2023 — R@D effort on IB together with ALICE

2021 -2023 — Production HICs, assembly of OB staves (with
China)

2023 (?) — ITS-OB assembly, bench testing, commissioning
2025( ?) — ITS-OB+IB commissioning (Stage II)
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summary CNECA)

» The MPD-ITS project is both scientific- and time-wise well justified

> The project has a solid reason to be accomplished in two stages

» The MPD-ITS(OB) (stage 1) oneis now recognized and approved
for financing at JINR

> The MPD-ITS(IB) (stage 2) contains R@D proposed to be
performed under the supervision of ALICE Collaboration (ITS-3)

> The project effort due to its technical complexity cannot be
undertaken by JINR alone and calls for organization of a
Consortium of Institutes from Russia and China (and elsewhere!)
functioning at least till 2025
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